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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia neededdo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subjg

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patenf+ights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information.

The commitftee responsible for this document is I[SO/TC 211, Geographic information/Geomatics.

This second
revised. It a

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

edition cancels and replaces the first edition (ISO 19119:2005), which has been techn
so incorporates the Amendment ISO 19119:2005/Amd 1:2008.

cally

Vi
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Introduction

The widespread application of computers and use of geographic information systems (GIS) have led to
the increased analysis of geographic data within multiple disciplines. Based on advances in information
technology, society’s reliance on such data are growing. Geographic datasets are increasingly being
shared, exchanged, and used for purposes other than their producers’ intended ones. GIS, remote
sensing, automated mapping and facilities management (AM/FM), Spatial Data Infrastructure (SDI),
traffic analysis, geopositioning systems, and other technologies for Geographic Information (GI) are
entering a period of radical integration.

This
spec
varig

«

I
1

q

q

q

q

q

q

The

version is thefollowing:

This
spec

:

|from a variety of sources” means that users willhave access to data acquired in a var
‘lacrossagenericcomputinginterface” meansthatISO 19119interfacesprovidereliable con

Ibetween otherwise disparate software resources that are equipped to use these interfa

|within an open information technology environment” means that this Internation|

manipulation functions;

3lso be categorisedaecording to a usage life cycle perspective, as well as according to dorj

fication of services that can enable users to access, process and manage geographic
ty of sources, potentially for various distributed computing platforms (DCPs).

a framework for platform neutral and platform specific specification of sepyices” me3
nternational Standard provides requirements for how services shall be 'specified in|
hat one service can be specified independently of one or more underlying distribute
latforms. The framework provides requirements for a further mapping to specific |
rder to enable conformant platform specific specifications to ensure€conforming and iy
ervice implementations.

access, process and manage” means that geodata users can‘query remote databases
emote processing resources and also take advantage of ather distributed computing t
uch as software delivered to the user’s local envirenment from a remote envi
emporary use;

ind stored in a wide variety of relational and-non-relational databases;

bnables geoprocessing to take place outside of the closed environment of monolithic
ensing, and AM/FM systems\that control and restrict database, user interface, netwq

ervices shall be categorised according to a service taxonomy based on architectural ar|

ind user defined\service taxonomies, providing support for publication and discovery o

Hifference between this version of this International Standard and the previous ISO

International Standard has defined a set of requirements and related abstract t
fication of services according to enterprise, computational, information, engir

rm specific
data from a

ins that this
such a way
I computing
platforms in
teroperable

and control
chnologies,
onment for

iety of ways

hmunication
ces;

al Standard
GIS, remote
rk and data

eas and may
hain specific
[ services.

19119:2005

bsts for the
eering and

technology viewpoints. This International Standard has defined a set of requirements for categorizing
services according to service taxonomies. The service metadata has been moved to ISO 19115-1.

Service policies, service contracts including service level agreements (SLAs) are currently not specified
as part of this International Standard, as these are considered most relevant for service deployment
and service ownership, which is not currently a focus for this International Standard.
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Geographic information — Services

1 Scope

This International Standard defines requirements for how platform neutral and platform specific
specification of services shall be created, in order to allow for one service to be specified independently

of on

e or more underlying distributed computing platforms.

This
platf
impl
This
refer
This
serv

to a
taxo]

2

2.1

Any
pass

2.2

This
Sixr
requ
conf
to on

2.3
The {

brm specific service specifications, in order to enable conformant and intereper
bmentations.

International Standard addresses the Meta:Service foundation of the [SO\geographic
ence model described in ISO 19101-1:2014, Clause 6 and Clause 8, respectively.

International Standard defines how geographic services shalkbé categorised acq
ce taxonomy based on architectural areas and allows also for setwvices to be categorisg
usage life cycle perspective, as well as according to domdin specific and user def
nomies, providing support for easier publication and discovery of services.

Conformance

Claiming conformance

product claiming conformance with the.conformance classes in this International St§
all the associated requirements described in the abstract test suite given in Annex A.

General

International Standard defines six conformance classes shown in Table 1 to Table 6, n

rements class in this-nternational Standard shall pass all of the tests listed in the co
rmance class, which;are described in detail in the abstract test suites in Annex A. Each
e or more specificsrequirements, which are explicitly indicated in the description of th

Enterprise viewpoint

enterprise viewpoint conformance class is shown in Table 1.

International Standard defines requirements for a further mapping from platforrJl neutral to

hble service

information

ording to a
d according
ned service

indard shall

hatching the

pquirements classes described in Clause 7 to Clause 12. Any service claiming confornjance to any

rresponding
testrelates
e test.

2.4

Table 1 — Enterprise viewpoint conformance class

Conformance class /conf/enterpriseviewpoint
Requirements /req/enterpriseviewpoint (Table 11)
Tests All testsin A.2

Computational viewpoint

The computational viewpoint conformance class is shown in Table 2.

© ISO
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2.5 Information viewpoint

The informa

:2016(E)

Table 2 — Computational viewpoint conformance class

Conformance class

/conf/computationalviewpoint

Dependency /conf/enterpriseviewpoint
Requirements /req/computationalviewpoint (Table 12)
Tests All testsin A.3

tion viewpoint conformance class is shown in Table 3.

2.6 Servi

The service

2.7 Engiry

The enginesd

Table 3 — Information viewpoint conformance class

Conformance class

/conf/informationviewpoint

Dependency /conf/uml (2.4)
Requirements /req/informationviewpoint (Table 18)
Tests All testsin A.4

ce taxonomies

taxonomy conformance class is shown in Table 4.

Table 4 — Service taxonomies conformance class

Conformance class /conf/servicetaxonomies
Dependency /conf/umiy2.4)
Requirements /req/servicetaxonomies (Table 19)
Tests Alltestsin A.5

jeering viewpoint

ring viewpoint conformance class is shown in Table 5.

Table 5~ Engineering viewpoint conformance class

Conformance‘class

/conf/engineeringviewpoint

Dependency /conf/uml (2.4)
Requirements /req/engineeringviewpoint (Table 26)
Tests All testsin A.6

2.8 Technology viewpoint

The technology viewpoint conformance class is shown in Table 6.

Table 6 — Technology viewpoint conformance class

Conformance class

/conf/technologyviewpoint

Dependency /conf/uml (2.4)
Requirements /req/technologyviewpoint (Table 27)
Tests All testsin A.7

NOTE The definition of an abstract test suite appears in ISO 19105.

© ISO 2016 - All rights reserved
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3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 10746-1, Information technology — Open Distributed Processing — Reference model:
Overview — Part 1

ISO 19101-1:2014, Geographic information — Reference model — Part 1: Fundamentals

[SO 19103, Geographic information — Conceptual schema language

ISO 19115-1:2014, Geographic information — Metadata — Part 1: Fundamentals
[SoaML] Service oriented architecture Modeling Language v 1.0.1, May 2012, OMG standard?)

4 Terms and definitions and abbreviations

4.1 | Terms and definitions

For the purposes of this document, the following terms and definifions apply.

4.1.1
capability
real-world effect that a service (4.1.12) provider is able tp provide to a service consumer

[SOURCE: SOA-RAF]

4.1.2
computational viewpoint
viewpoint (4.1.15) on an ODP system andits environment that enables distribution through functional
decomposition of the system into objects which interact at interfaces (4.1.8)

[SOURCE: ISO/IEC 10746-3:2015,4,1:1.3]

4.1.3
distribution transparency
property of hiding fromCayparticular user the potential behaviour of some parts of a distribpted system

Note[1 to entry: Distribution transparencies enable complexities associated with system distribution to be
hiddgn from applications where they are irrelevant to their purpose.

[SOURCE: ISOAEC 10746-2:2009, 11.1.1]

4.1.4
engipeering viewpoint
viewpoint (4.1.15) on an ODP system and its environment that focuses on the mechanisms and functions
required to support distributed interaction between objects in the system

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.4]

4.1.5

enterprise viewpoint

viewpoint (4.1.15) on an ODP system and its environment that focuses on the purpose, scope and policies
for that system

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.1]

1) http://www.omg.org/spec/SoaML/1.0.1

© IS0 2016 - All rights reserved 3
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4.1.6
entity
something that has separate and distinct existence and objective or conceptual reality

4.1.7

information viewpoint

viewpoint (4.1.15) on an ODP system and its environment that focuses on the semantics of information
and information processing

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.2]

4.1.8
interface
named set of operations (4.1.10) that characterize the behaviour of an entity (4.1.6)

Note 1 to entfy: See 8.2 for a discussion of interface.

419
interoperability
capability tp communicate, execute programs, or transfer data among various-functional unitq in a
manner that requires the user to have little or no knowledge of the unique characteristics of those inits

[SOURCE: ISO/IEC 2382:2009, 2121317]

4.1.10
operation
specificatiop of a transformation or query that an object may he called to execute

Note 1 to enty: An operation has a name and a list of parameters.
Note 2 to entfy: See 8.2 for a discussion of operation.

4.1.11
real world effect
actual result of using a service (4.1.12), rather than merely the capability (4.1.1) offered by a sefvice
provider

Note 1 to entfy: See 8.3 for a discussiop-of.service.
[SOURCE: OASIS RAF, 3.2.3]

4.1.12
service
distinct parf of the funttionality that is provided by an entity (4.1.6) through interfaces (4.1.8)

4.1.13
service chajin
sequence o?rservices (4.1.12) where, for each adjacent pair of services, occurrence of the first action is
necessary for the occurrence of the second action

4.1.14

technology viewpoint

viewpoint (4.1.15) on an ODP system and its environment that focuses on the choice of technology
in that system

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.5]

4 © IS0 2016 - All rights reserved
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4.1.15

viewpoint (on a system)

form of abstraction achieved using a selected set of architectural concepts and structuring rules, in
order to focus on particular concerns within a system

[SOURCE: ISO/IEC 10746-2, 3.2.7]

41.16

workflow

automation of a business process, in whole or part, during which documents, information or tasks are
passed from one participant to another for action, according to a set of procedural rules

4.2 | Abbreviations

API Application Programming Interface
BPE] Business Process Execution Language
BPMN Business Process Modelling Notation

CORBA Common Object Request Broker Architecture

CSL Conceptual schema language
DAG Directed Acyclic Graph
DCP Distributed Computing Platform

DEM Digital Elevation Model

DTD Document type definitions
E]B Enterprise Java Beans
ERP Enterprise Resource Planning

GIOP General Inter-ORB Rrotocol
GFM General featuré model

HTI Human Teéhnology Interface
HTM|L Hypertext Markup language

HTTP Hypertext Transfer Protocol

[aaS Infrastructure as a Service
IDL Interface Definition Language
[IOP Internet Inter-ORB Protocol

INSPIRE Infrastructure for Spatial Information in Europe
IT Information Technology

J2EE Java 2 Enterprise Edition with EJB

JDBC Java Data Base Connectivity

OASIS Organization for the Advancement of Structured Information Standards

© IS0 2016 - All rights reserved 5


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

ISO 19119:2016(E)

OCL
ODBC
ODMG
ODP
0GC
OMG
ORB
OWL
Paa$S
QoS
QVT
REST
RDF
RMI
RM-0ODP
RPC
SaaS
SDI
SDAI
SOA
SoaML
SOAP
SOF
SPS
SQL
UML
URI
W3C
WES
WMS

XML

0
0
0
0
0
0

S

S
S

S

P
Q
Q
Representational state transfer
R
R
R
R

bject Constraint Language

pen Database Connectivity

bject Database Management Group

pen Distributed Processing (see RM-ODP)
pen Geospatial Consortium

bject Management Group

boject Request Broker

Web Ontology Language

atform as a Service
juality of Service

uery/View/Transformation

psource Description Framework

emote Method Invocation

pference Model of Open Distributed Processing,(ISO/IEC 10746)
emote Procedure Call

pftware as a Service

Spatial Data Infrastructure

Standard Data Access Interface (1SO 10303-22)

brvice Oriented Archjtecture

ervice oriented architecture Modelling Language (OMG)

Simple Objectdeccess Protocol

brvice Organizer Folder

Spatial Planning Service

Structured Query Language

8]
U

nified Modeling Language

niform Resource Identifier

World Wide Web Consortium

Web Feature Service

Web Map Service

Extensible Markup Language

© ISO 2016 - All rights reserved
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RDF XML Resource Description Framework

XSLT XML Stylesheet Language Transformations

Concepts from schemas defined in some other International Standards are designated with names that
start with bi-alpha codes as follows:

™ IS0 19108:2002 Temporal Schema, Temporal Objects
5 Notation
5.1 | General
This|International Standard describes how to describe a service. In addition tocstating the rules for
creating service descriptions, this International Standard provides guidance through examples.
5.2 | Conformance class
Confprmance to this International Standard is possible at a number of levels, specified by donformance
classes (Clause 2). Each conformance class is summarized using the‘téemplate shown as Table 7.
Table 7 — Conformance classtemplate

Conformance class /conf/{classM}

Dependency [identifierfor another conformance class]

Requirements /reg/{classA}

Tests [reference to clause(s) containing tests]
All tgstsin a class shall be passed, so dependencies are on other conformance classes (see Resolution 570
of ISP/TC 211, N3262). Each conformange class tests conformance to a set of requirements|packaged in
arequirements class (Clause 7 and Clause 8).
5.3 | Requirements class
Each|normative statement (requirement or recommendation) in this International Standard forms part
of a dpecific requirements class. In this International Standard, each requirements class is flescribed in
a disfrete clause ogsubclause and summarized using the template shown as Table 8.

Table 8 — Requirements class template

Requirements class /req/{classM}

Target type [artefact or technology type]

Dependency [identifier for another requirements class]

Requirement /req/{classM}/{reqN}

Recommendation /req/{classM}/{recO}

Requirement /req/{classM}/{reqP}

Requirement /Recommendation [repeat as necessary]

All requirements in a class shall be satisfied, so the requirements class is the unit of re-use and

depe

© ISO

ndency. Hence, the value of a Dependency requirement is another requirements class.
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5.4 Rules

All rules are normative and each rule is presented using the following template where /req/[classM]/
[reqN] identifies the requirement or recommendation. The use of this layout convention allows the

normative p

rovisions of this International Standard to be easily located by implementers.

/req/[classM]/[reqN]

[Normative statement]

5.5

Each requir
partial URI|
from each ¢
identifies th|
class, requit
the URI schd

http://stand

Identifiers

ement or recommendation to be identified in an external context. For examiple, follo
me for ISO standards [IETF RFC 5141], a URI denoting the ISO 19109 standard is as fol

ards.iso.org/iso/19109/2

The URI for

each requirements class has the following form:

http://stand
The URI for

http://stand

ards.iso.org/iso/19109/2/req/[classM]
each requirement or recommendation has the following form:

ards.iso.org/iso/19109/2/req/[classM]/[regN]

5.6 Conc¢

Conceptual
Modeling L3
with ISO/IE

5.7 Desci

Concepts frq

5.8 Archi

An archited
services. It ]
for organizi
design pattg

Table 9 proy

pptual schemas

schemas in the normative part of this International Standard are presented in the Ux
nguage (UML) in conformance with 1SO:19103. UML diagrams are presented in compl
C 19505-2.

riptions of concepts

m UMLare presented inaall-eapitals, e.g. CLASS, PACKAGE, ROLE, ATTRIBUTE, ASSOCIA

tecture patterns

ture pattern-expresses a fundamental structural organization or schema for soft
dentifies aset of services, specifies their responsibilities, and includes rules and guidg
hg the relationships between them. Services, implemented by classes and objects, cal
rns hutthis level of detail is outside the scope of this International Standard.

ified
ance

'TON.

ware
lines
N use

fined

ides a listing of the elements of a pattern. When specific architecture patterns are de

in this Inter

atiomat Starmdard; these efementsare Suggested to be used:

Table 9 — Elements of a pattern

Element of a pattern

Description of element

Name

is extremely important since it is used to reduce communication overhead. Nick-
names or synonyms may be provided.

The name is a word or short meaningful phrase that describes the pattern. The name

Problem

objectives, as well as each other.

This is a statement of the problem which describes its intent, goals and objectives it
wants to reach within the given context and forces. Often, the forces oppose these
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Table 9 (continued)
Element of a pattern Description of element
Context Context defines the preconditions under which the problem and its solution seem to

applied.

recur, and for which the solution is desirable. This defines the pattern’s applicability.
It can be thought of as the initial configuration of the system before the pattern is

Forces

hard problem?”

The forces are considerations that should be weighed to reach the best solution.
Forces define the kinds of trade-offs that should be considered in the presence of the
tension or dissonance they create. The forces answer the question: “Why is this a

Stru

realize the desired outcome. The structure description is accomplished t
collaboration diagram.

fture Structure defines the static relationships and dynamic rules describing ]Low to

hrough a

6

6.1

The
acce

for dervice producers, standardization of the interfaces te/ those services allows inte
between proprietary products. Geographic information system and software developers
Interjnational Standard to provide general and specialized services that can be used for al
inforjmation. The approach of this International Standard is integrated with the appro
deve|oped within the more general world of information technology, in particular relate
oriented architectures.

The

meet the following purposes:

Overview of geographic services architecture

Purpose and justification

definition of service includes a variety of applications with different levels of fun

beographic services architecture specified in this International Standard has been d

provide an abstract framework to allow coordinated development of specific services;
¢nable interoperable data sérvices through interface standardization;

gupport development of'a-service catalogue through the definition of service metadata
dllow separation of data instances and service instances;

eénable use of @ne'provider’s service on another provider’s data;

define ancabstract framework which can be implemented in multiple ways.

rtionality to

$s and use geographic information. While specialized ser¥ices will appropriately renjain an area

roperability
ill use this
geographic
aches being
d to service

eveloped to

6.2 | Relationship to ISO 19101-1
Table 10 — Reference model conceptual framework
Reference model conceptual framework
Level\Foundation Interoperability Procedural standards
Semantic foundation | Syntactic foundation | Service foundation
Meta-meta Meta-meta:Semantic Meta-meta:Syntactic Meta-meta:Service Meta-meta:Procedural
Meta Meta:Semantic Meta:Syntactic Meta:Service Meta:Procedural
Application Application:Semantic Application:Syntactic  |Application:Service |Application:Procedural
Instance Instance:Semantic Instance:Syntactic Instance:Service Instance:Procedural
© IS0 2016 - All rights reserved 9
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Table 10 shows the service ISO 19101-1 Reference model conceptual framework with the Service
foundation for Interoperability, which is being addressed by this International Standard as follows:

— Meta-meta:Service

Meta-meta:Service consists of standards that serve as foundation for the definition of rules and
methodologies for the development of geographic information processing and services for, but not
limited to, the discovery, the access and the processing of geographic information.

This International Standard is relating to other standards for this level (Meta-meta:Service), in
particular, ISO RM/ODP, OASIS SOA RM, ISO 19101-1:2014, ISO 19103, ISO 19109 and OMG SoaML.

— Meta:Service

Meta:Service consists of standards defining rules and methodologies for the madellingl and
development of geographic information processing and services. This Internationak Standajrd is
addresging this level in particular.

— Applicdtion:Service

Application:Service consists of definitions of standardized geographic?information seryices.
Capabiljties of the service agree with the Application:Semantic level. Application:Service includes
the follgwing:

— standards for geographic human interaction services;
— standards for geographic model/information managemeént services;
— standards for geographic workflow/task managemeént services;
— standards for geographic processing services:
— |spatial (i.e. vector, coverage, and imagery and gridded data);
— |thematic (e.g. web services for mapping, delivering data about features, and filtering data);
— |temporal;
— | metadata;
— standards for geographie.communication services.
— Instande:Service

Instancg:Service isgincluded in the reference model conceptual framework for completeness but is
not part of the scope of this International Standard. It consists of service instances (includingl Web
service§) complying with services defined as part of Application:Service.

6.3 Interoperability reference model based onlISORM-ODP

This International Standard is developed based on a system architecture approach to system design
known as the Reference Model of Open Distributed Processing (RM-ODP); see ISO/IEC 10746-1.
Architecture is defined as a set of components, connections and topologies defined through a series of
views. The geographic infrastructure enabled by this International Standard will have multiple users,
developers, operators and reviewers. Each group will view the system from their own perspective.
The purpose of architecture is to provide a description of the system from multiple viewpoints.
Furthermore, architecture helps to ensure that each view will be consistent with the requirements and
with the other views.

Table 11 shows how the RM-ODP viewpoints are utilized in this International Standard.
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Table 11 — Use of RM-ODP viewpoints in this International Standard

Viewpoint name Definition of RM-ODP Viewpoint How viewpoint is addressed in this
(ISO/IEC 10746-1) International Standard
enterprise viewpoint See 4.1.5. See Clause 7, enterprise viewpoint.
computational viewpoint See 4.1.2. See Clause 8, computational viewpoint.
information viewpoint See 4.1.7. See Clause 9, information viewpoint.
engineering viewpoint See 4.1.4. See Clause 11, engineering viewpoint.
technology viewpoint See 4.1.14. See Clause 12 technology viewpoint; also
to-be-addressed-by-platform-gpecific ser-
vice specifications.
The ¢nterprise viewpoint is concerned with the purpose, scope and policies of an enterprisq or business
and lhow they relate to the specified system or service. An enterprise specification ‘ofia servite is a model

of th f the service

in th

ht service and the environment within which the service operates. It covets the role o
b business and the human-user roles and business policies related to the service.

The
(sery
amo
requ

computational viewpoint is concerned with the interaction patterns between the components
ices) of the system, described through their interfaces. A computational specification off a service is
del of the service interface seen from a client and the potential set of other services that this service
res to have available, with the interacting services described‘as sources and sinks of information.

The information viewpoint is concerned with the semanticsiof information and information
An iffformation specification of a system is a model of the information that it holds and of the
procgessing that it carries out.

processing.
information

The

infra
netw
spec
folloy
pers

The

engineering viewpoint is concerned with the design of distribution-oriented aspg
structure required to support distribution’/An engineering specification of a syste
orked computing infrastructure that supports the system structure defined in the co
fication and provides the distribution transparencies that it defines. This viewpoint
ving distribution transparencies;(access, failure, location, migration, relocation,
stence and transaction. Security may also be a mechanism.

technology viewpoint desceibes the implementation of a system in terms of a conf]

cts, i.e. the
m defines a
mputational
defines the
replication,

iguration of

tech
is copstrained by cost and awvailability of technology objects (hardware and software pr
would satisfy this specification. These may conform to platform-specific standards that ar
temp]lates for technolegy-objects.

ology objects representing the hardware and software components of the implementation. It
bducts) that
e effectively

rd, specific
ded. For the
ular service
bQL, CORBA,

In the computational and information viewpoint clauses of this International Stande
apprpaches thatsshall be followed for defining geographic information services are provi
engineeringand technology viewpoints, this International Standard defines how a partic
shalllbe mapped on to an implementation technology, such as Web services, REST services, §
Internet or similar technologies.

6.4 Service abstraction

Various definitions for services exist; however, in this International Standard, the following definition
for services is used:

A service is a distinct part of the functionality that is provided by an entity through interfaces.

Other standard developments in this area have introduced more elaborate definitions. The following
definition for a service can be found in the OASIS SOA Reference Architecture Framework [SOA-RAF].

A service is a mechanism to enable access to one or more capabilities, where the access is provided using
a prescribed interface and is exercised consistent with constraints and policies as specified by the service
description. A service is provided by an entity (the service provider) for use by others, but the eventual
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consumers of the service may not be known to the service provider and may demonstrate uses of the service
beyond the scope originally conceived by the provider.

OMG SoaML defines service as follows [SoaML].

A service is value delivered to another through a well-defined interface and available to a community
(which may be the general public). A service results in work provided to one by another.

A Service represents a feature of a Participant that is the offer of a service by one participant to others
using well defined terms, conditions and interfaces. A Service designates a Port that defines the
connection point through which a Participant offers its capabilities and provides a service to clients.

In this contekt, participants, ports, service description and capabilities are defined as follows.

— Participgants: participants are either specific entities or kinds of entities that provide or useservices.
Particigants can represent people, organizations, or information system componentsyParticipants
may prgvide any number of services and may consume any number of services.

— Ports: pprticipants provide or consume services via ports. Aportis the partor feature of a particjpant
that is the interaction point for a service, where it is provided or consumed.'A’port where a sefvice
is offered may be designated as a “Service” port and the port where a setvice is consumed may be
designated as a “Request” port.

— Service|description: the description of how the participant interdcts to provide or use a servjce is
encapsylated in a specification for the service (there are two ways to specify a service interadtion)
as asimple UML Interface or as a two-way Servicelnterface. These different ways to specify a sefvice
related tto the service oriented architecture (SOA) approagh and the complexity of the servicg, but
in each [case, they result in interfaces and behaviours that define how the participant will provide
or use 3 service through ports. The service descriptions are independent of, but consistent with,
how thg provider provides the service or how (or why) the consumer consumes it. This separption
of concgrns between the service description and how it is implemented is fundamental to SQA. A
service gpecification specifies how consumers-and providers are expected to interact through their
ports td enact a service, but not how they do it.

— Capabiljties: participants that provide.a service should have a capability to provide it, but diffgrent
providers may have different capabhilities to provide the same service; some may even “outsotirce”
or delegate the service implemeritation through a request for services from others. The capability
behind the service will provide-the service according to a service description and may also |have
dependencies on otherservices'to provide that capability. The service capability is frequently intpgral
to the provider’s business'process. Capabilities can be seen from two perspectives: capabilitieg that
a particjpant has that.can-be exploited to provide services and capabilities that an enterprise needs
that car] be used to identify candidate services.

Regardless [of how+«services are identified, they are formalized by service descriptions. A sefvice
description |defines- the purpose of the service and any interaction or communication protocql for
how to properly use and provide a serv1ce A serV1ce description may defme the complete intefface
for a servicd d to.
Alternatively, the agreement between a consumer request and prov1der service may be captured in a
common service contract defined in one place and constraining both the consumer’s request service
interface and the provider’s service interface.

This approach to service modelling relies on model-driven techniques to separate the logical
implementation of a service from its possible physical realizations on various platforms. This separation
of concerns both keeps the services models simpler and more resilient to changes in underlying platform
and execution environments. Using this approach, service models can support a variety of technology
implementations and tool support can help automate these technology mappings.

Figure 1 defines the relationship between the various types of service specifications. SV_
ServiceSpecification defines services without reference to the type of specification or to its
implementation. An SV_PlatformNeutralServiceSpecification provides the abstract definition of a
specific type of service but does not specify the implementation of the service. Service types are
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given in the geographic service taxonomy in 10.8. SV_PlatformSpecificServiceSpecification defines the
implementation of a specific type of service. There may be multiple platform-specific specifications for
a single platform-neutral specification. CodeList ServiceMetadata:DCP contains different alternatives
for target technology platforms. SV_Service is an implementation of a service. The requirements for
these specifications are addressed in this International Standard, in particular in Clause 10.

SV_ServiceSpecification

+ name : CharacterString
+ opModel : SV_OperationalModel

A +abstSpec ’ 1

6.5

Inter
func

+typeSpec 1

SV_PlatformNeutralServiceSpecification

+ serviceType: SV_ServiceType
From ISO 19115-1 Metadata

«CodeList»

+typeSpec 1
ypesp DCPList

COM

CORBA

FTP

HTTP

JAVA

SOAP

SQL
webServices
XML

73950

+implSpec 1

SV_PlatformSpecificServiceSpecification

+ DCP: DCPList

+ 4+ F + o+ o+ o+ o+ o+

+specification 1.*

+implementation \|/ 1%

SViService

Figurel — Abstract and implementation service specifications

Interoperability

operability is the capability to communicate, execute programs, or transfer data am
ioral‘units in a manner that requires the user to have little or no knowledge of]

char

ong various
the unique

hcteristics of those units.

Two components 1 and 2 (see Figure 2) can interoperate (are interoperable) if 1 can send requests 3 for
services to 2, based on a mutual understanding of 3 by 1 and 2, and if 2 can similarly return mutually
understandable responses 4 to 1.

© ISO
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Figure 2 — Interoperability
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This means that two interoperable systems can interact jointly to execute tasks. For the geographic
domain, the following description of the term “geographic interoperability” is applicable:

“Geographicinteroperability” is the ability of information systems to a) freely exchange all kinds of spatial
information about the Earth and about the objects and phenomena on, above, and below the Earth’s
surface, and b) cooperatively, over networks, run software capable of manipulating such information.

Interoperability in the geographic information context is further described in ISO 19101-1.

The ODP viewpoint abstraction provides a framework for describing a system at several abstraction
levels. In this International Standard, interoperability is viewed in terms of the different abstraction

levels provi how
semantic an

When two
described a
discussed W]

For each in
semantic inf
that the dat
understood
in a given cq

6.6 Useo

A service s
information|
be used in t]

7 Entery

d syntactic interoperability of geographic metadata and geographic data can be suppe

lifferent organizations have independently developed distributed systems, éach cg
ccording to the RM-ODP viewpoints, and interoperability between the systems c3
ith respect to each of the five RM-ODP viewpoints.

teroperability aspect, a distinction is made between syntactical-interoperability]
eroperability. Syntactical interoperability ensures that there is a technical connectio
h can be transferred between systems. Semantic interoperability.ensures that the cont
in the same way in both systems, including by those humang ifiteracting with the sys
ntext.

f other geographic information standards in service specifications

pecification shall include relevant information.médels from the appropriate geogr
in the ISO geographic information suite of standards. The corresponding UML modelg
e definition of the service interfaces as appropriate.

)rise viewpoint: A context for.services

7.1 Entenprise viewpoint

The Enterp
on the objeq
enterprise 9
service inte

ise viewpoint describes(the context for a system and a set of services. It concent
tives, business rules and policies that need to be supported by systems and service
pecification of a serfvice is a model of that service and the environment with whic
Facts. It covers therole of the service in the business and the human-user roles and bus

policies related to the service In the context of service specifications, there is a particular focus o

use cases an

Experience
enterprise v
helps to sh

d external functionally related to the particular services.

with theldevelopment of services has shown that it is very useful to have models fo
iewpaint, focusing on generic descriptions of the usage, and typical process for usage.
e‘the understanding of the functionality and constraints that are placed on system

and
n, i.e.
entis
tems

iphic
may

rates
5. An
n the
ness
n the

Ir the

This
b and
and

services. It plso helps concrete project and development activities to place the needs of project

development activities in the context of both existing and available standards and services, as well as
supporting the identification of new services.

The enterprise viewpoint contains the scope and structure of the service being described. This
viewpoint will explain why the service is needed and what it is intended to do, and relates the service to
its objectives. It should be clear and concise and targeted for a nontechnical audience.

The Enterprise viewpoint is a human-oriented description of the service. The purpose of this viewpoint
is to provide a good understanding of the service and its actions for people who may have an interest in
the service. The other viewpoints will also have a computer-oriented specification of the service for the
purpose of supporting realization and conformance testing of the service.

Geographic information services aim at supporting a multitude of users and organizations to support

the variety of work processes in which they are involved. In order to reach their goals of enhanced spatial
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data sharing and processing, they should cover the business requirements of as many organizations
and processes as possible.

A work process is defined as the way in which organizations create products, services or policies. It is
a succession of structured and interconnected activities across time and space which, starting from
an identifiable input, result in a defined output in the form of a product or service. In order to obtain
the desired output, the input should be transformed. Ideally, the transformation that occurs in the
process should add value to the input and create an output that is more useful to the recipient either
upstream or downstream. Traditionally, work processes occurred within single organizations, but
increasingly cross organizational and even country boundaries. Often, a process is divided into several
sub-processes due to complexity, which can in turn be sub-divided in a series of activities and tasks.
Ther interconnected
inpuf-throughput-output chains whereby the output of one sub-process serves as the input for another
sub-process. Services with service chaining can be used to support such work processes.

Many processes create products based on other products, which is, for éxample, the case for
manfifacturers of cars. For work processes dealing with policy preparation, menitoring and evaluation,
decidion making, or service provision, the notion of data and information flows is crucipl. Data and
inforymation are needed as input, to services and service chains, in order'to process them and to create
new |data and information that can be used to make decisions, to,serve other organisafions, policy
makérs or even individual citizens.

7.2 | Enterprise viewpoint service specifications

The requirements for creating a service specification in‘the enterprise viewpoint are forjalized as a
requjrements class summarized in Table 12.

Table 12 — Requirements class for Enterprise viewpoint service specificatigns

Requirements class /req/enterpriseviewpoint

Target type Service description

Requirement /req/enterpriseviewpoint/servicename
Requirement /req/enterpriseviewpoint/servicetypes
Requirement /req/enterpriseviewpoint/purpose
Requirement /req/enterpriseviewpoint/scope
Requiremernt /req/enterpriseviewpoint/capabilities
Requirement /req/enterpriseviewpoint/community
Recommendation /rec/enterpriseviewpoint/scenarios

/req/enterpriseviewpoint/ |Service name shall be described as a textual string stating|the name
seryicename of this service.

NOTE1 This is a human-readable identification for this service (e.g. Web Map Service, Web Feature Service,
Sensor Planning Service, Feature Extraction Service). The name might also have a corresponding short name (e.g.
WMS, WFS, SPD, FES).

/req/enterpriseviewpoint/ |The service shall be categorised according to its service type based
servicetypes on the architectural service taxonomy in this International Standard,
and may also be categorised according to other service taxonomies.

The service purpose should clearly describe the intentional goals of the service. Defines the purpose
the service intends or resolve, to perform or accomplish.

/req/enterpriseviewpoint/ |Service purpose shall be described as a textual paragraph stating the
purpose scope and objective of the service
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The service purpose should clearly describe the intentional goals of the service. Defines the purpose
the service intends or resolve, to perform or accomplish.

/req/enterpriseviewpoint/ |Service scope shall be described as a textual paragraph stating the
scope capabilities that will be provided through the service, and may also
state relevant capabilities that are out of scope.

NOTE 2  The capabilities can be described as a list of different capabilities and the real world effects provided
by the service. Capabilities generate real-world effects that can be as simple as sharing information or can involve
performing a function as part of a complex process or changing the state of other related processes

/rec/enterpriseviewpoint/ |Service capabilities shall be specified as a list of the functionalitieg
capabilities offered by the service and their corresponding real world effect.

NOTE 3  The capabilities can be described as a list of different capabilities and the real world effects proyided
by the servic¢. Capabilities generate real-world effects that can be as simple as sharing information or can involve
performing affunction as part of a complex process or changing the state of other related prdcesses.

/req/enterjpriseviewpoint/ |Service community shall be described as a textual paragraph stat{ng
community roles of potential actors involved in using the service

The roles shHould be described in terms of the high level provisioning and use of capabilities with|data
exchanges between the user/consumer roles and the role of the service:

/rec/enterpriseviewpoint/ |Service usage may be specified through a process diagram (i.e. BPMN
scenarios and/or UML use cases) to show<service usage in the context of a pgssi-
ble usage process.

This is a description of relevant usage scenarios. These scenarios represent the conceptual model for
the use of the interfaces/operations provided by theservice.

The scenarips are used to describe a typical.usage of the service from an enterprise viewpoint| The
scenarios should describe the primary flow. If'the scenarios have alternative flows, these should also
be documenjted.

Simple alterjnative flows can be documented in text within the primary flow. Complex alternative flows
should be d¢scribed separately.

The scenarios could be desctibéd as a sequence of steps, but it is recommended that diagranms be
utilized to augment the narrative description of each business scenario. The use of BPMN and/or|{UML
use case di:l;rams/templates is recommended.

Scenarios wlill betterdescribe the service than explanatory text, since they are illustrations of th¢ role
the service 1s enwvisioned to play. This should be done for representative scenarios and it does notjneed
to be exhaustive.

The scenarios can also be related to test cases that describe the specific functions and objectives for
validating usage of a service. Specific actions are identified and might be measured against expected
testing results and outcomes.

Specifications of Quality of Service (QoS) can be useful to associate with service descriptions. For this
purpose, there is a recommendation to use the “UML Profile for Modeling Quality of Service and Fault
Tolerance Characteristics and Mechanisms (QFTP) [QoS].

7.3 Examples of relevant standards

— Business Process Model and Notation (BPMN). This a standard from OMG that is used for the

purpose of both enterprise and business-oriented modelling, as well as for technology mapping to
process execution with technologies, such as BPEL.
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Use cases (UML). Use cases with use case templates[5] have been the most used form for
documentation of typical user needs for system and services functionality, within the geographic
information community. The UML standard provides only a graphical form for diagramming of use
cases, while the geographic information community typically has adopted various forms of use case
templates for the technical documentation of use cases.

Agile requirements engineering with user stories. The software engineering community has
recently evolved a set of approaches around agile methods that focuses on close interactions

between potential system users and developers, and focuses on more light-weight user stories as
input to a system development backlog. A user story can be expanded further into a use case.

BusinessMotivationMetamode ttp /A w-omsg-org/spet; A/ —Fhis—is  a standard
from OMG that provides a foundation for modelling of vision, goals and objectives foran enterprise,
yvith mappings to tactics for solutions including use of processes and services.

UML40DP Enterprise specification profile (ISO/IEC 19793). This standard provides a[UML profile

or all of the main concepts defined in the RM-ODP enterprise viewpoints.Itis a good r¢ference and
oundation for doing full RM-ODP enterprise viewpoint modelling but in the'geographicfinformation
¢ommunity, it has so far been a preference to use a more light weighf approach with BPMN and/or
Use cases. See example in Reference [41].

Example and tools

7
Anngx D provides an example of a use case-based methodology for the identification of needed

ing both data and service resources.

Justrate service specifications for the various viewpoints, some elements of exam
ed to parts of ISO 19123 and a Sensor Planning Service and in particular, the Get
htion used in both WMS and WEFS.

Computational viewpoint: Abasis for service interfaces and chaining

Component and service-interoperability and the computational viewpoin

computational viewpoint is concerned with describing the entities of a distriby

independent of implementation and semantic content. It describes the interaction patterns

entit]
shou
they
entit
from|

ies and their interfaees. To be able to interoperate from the computational viewpoints,
Id be interface<and-services-interoperable. Two systems are interface-and-services-intg
agree on théset of services offered by the entities of the two systems and the interf3
ies. If standardized interfaces are defined, the entities of one system will be able to reqy
entitiesiw another system.

Clause-8 provides the following:

b in Annex E

ples will be
Capabilities

[

ted system
between the
wo systems
roperable if
ces to these
lest services

defines the concepts of services, interfaces and operations and the relations between these concepts;

provides an approach to physical distribution of services using an n-tier architecture;

defines a model for combining services in a dependent series to achieve larger tasks,

chaining;

e.g. service

defines a service metadata model to support service discovery through a service catalogue.
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8.2 Services, interfaces and operations

Definitions and relationships of several terms are provided in 8.2. The following terms are used
extensively in this International Standard:

— service: distinct part of the functionality that is provided by an entity through interfaces;
— interface: named set of operations that characterize the behaviour of an entity;

— operation: specification of a transformation or query that an object may be called to execute. It has
aname and a list of parameters.

These termg are related to each other as depicted in Figure 3, which shows that services are spedified
by a set of interfaces that are a set of operations. Interfaces are implemented as ports that make'seryices
available to jusers.

SV| ServiceSpecification SV_PortSpecification SV_Service

+ address : URI

+ name : CharacterString adr ) <>
+ opModdl : SV_OperationModel + binding : DCPList o
| .
I
1.* |
I
I
I
I
I
I
+theSV_Intprface 1.* : +theSV_Port
I 0.*
Interf: :
SV-Interface +theSV_Interface SV_PortSpecificaton +theSV_Port SV_Port

+ typeName : TypeName

0.* 0.*

operatjonName : MemberName

+interface 1.*

+opgration 1

SV_Operation

+ operatipnName : MemberName

Figure 3 — Service definition relationships

The aggregation-of interfaces in a service is for the purpose of defining functionality of value tp the

users. Usersiin=this context are either software agents or human users. A service prnvidnc function allty

o
that adds value. The value is apparent to the user who invoked the service.

The aggregation of operations in an interface and the definition of interface are defined for the purpose
of software reusability. Interfaces are defined in order to be reusable for multiple service types. The
syntax of an interface may be reused with multiple services with different semantics.

Services of multiple types may be aggregated. The service types are defined consistent with the service
taxonomy described in Clause 10. When a service provides functionality beyond that of a single category
in the service taxonomy, it will be an aggregate service. Service chaining results in aggregate services
as defined in 8.4.

Interfaces are abstract specifications separate from the concrete deployment or data format bindings.
The specification of an interface includes a static portion that includes definition of the operations. The

18 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

ISO 19119:2016(E)

specification of an interface includes a dynamic portion that includes any restrictions on the order of
invoking the operations.

An implementation of an interface is a port. The implementation includes implementation of the
platform-specific specification and a method to identify the service, e.g. an address.

An implementation of a service may be associated with a specific dataset or it may be a service that can
be used to operate on multiple, unspecified datasets. The first case is referred to as a tightly coupled
service while the second case is referred to as a loosely coupled service (see 8.4.1).

Interfaces are defined through operations. An operation specifies a transformation on the state of the

target nhjprf or a query that returns a value to the caller of the operation An operatia

shall be an

abst]

The
(sery
amo
requ
In th
gene
orier
core

8.3

8.3.1

The
form|

act description of an action supported by the interface. Operations contain parameter

computational viewpoint is concerned with the interaction patterns betweén the

del of the service interface seen from a client and the potential set of other services that
res to have available, with the interacting services described as sources-and sinks of
e context of multi style SOA, the service specification might also include signals (eve
rated or received and support both synchronous and asynchronoeys interactions ar
ted and document-oriented/RESTful styles of interaction. The computational view
viewpoint for the identification of interfaces and services.

Computational viewpoint service specifications

Requirements class for computational viewpoint service specifications

requirements for creating the service specification part for the computational vig
alized as a requirements class summarizedin Table 13.

Table 13 — Requirements classfor Computational viewpoint service specifica

Requirements class /req/computationalviewpoint

Target type UML service model

Dependency ISO 19103 (Conceptual schema language)
ISO 19115-1 (Metadata)

Requirement /req/computationalviewpoint/interfaces

Requitrement /req/computationalviewpoint/operations

Recommendation /rec/computationalviewpoint/behaviour

Recommendation /rec/computationalviewpoint/pre_and_post_con-
ditions

Requirement /req/computationalviewpoint/servicechaining

S.

components

ices) of the system, described through their interfaces. A computational specification of a service is

this service
nformation.
ts) that are
d both RPC
point is the

bwpoint are

tions

Requirement /req/computationalviewpoint/servicemetadata

Recommendation /rec/computationalviewpoint/servicechaining

8.3.2 Service interfaces with operations

/req/computationalviewpoint/ |Services shall be described in a platform neutral way using
interfaces abstract interfaces for simple one way interfaces and <<Service
Interface>> for more complex multi-way interfaces. Interfaces for
a service can be categorised as mandatory or optional.
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These two approaches to specifying a service can be described as follows.

— Simple Interfaces: The simple interface focuses attention on a one-way interaction provided by a
participant on a portrepresented as a UML interface. The participant receives operations on this port
and may provide results to the caller. This kind of one-way interface can be used with “anonymous”
callers and the participant makes no assumptions about the caller or the choreography of the service.
The one-way service corresponds most directly to simpler “RPC style web services”, as well as many
object-oriented programming language objects. Simple interfaces are often used to expose the “raw”
capability of existing systems or to define simpler services that have no protocols. Simple interfaces
are the degenerate case of the Servicelnterface where the service is unidirectional (the consumer
calls operations on the provider) the provider does not call back the consumer and may not even know
who thg consumer 1s. For the Kind of Interiaces that reflects two messages only to realize a request
and reply interaction, there is no need to split this into a bi-directional service on the specifi¢ption
level, as|the two-way interaction then is given by the patterns of the architectural style.

— Servicelnterface based: A Servicelnterface-based approach allows for bi-directional'services, those
where there are “callbacks” from the provider to the consumer as part of a conversation between
the parties. A service interface is defined in terms of the provider of the serviceand specifies the
interfade that the provider offers, as well as the interface, if any, it expects) from the consuymer.
The serice interface may also specify the choreography of the service,"what information is| sent
between the provider and consumer and in what order. A consumeryof a service specifief the
service [interface they require using a request port. The provider ahd consumer interfaces should
either e the same or compatible. If they are compatible, the previder can provide the service to
that conpsumer. The consumer should adhere to the provider’s:service interface, but there may not
be any prior agreement between the provider and consumer.of a service. Compatibility of sefvice
interfades determines whether these agreements are consistent and can therefore be connected to
accomplish the real world effect of the service and any exchange in value. The Servicelnterface |s the
type of & “Service” port on a provider and the type of alRequest” port on the consumer. In sumiary,
the congumer agrees to use the service as defined byfits service interface and the provider agrdes to
provide|the service according to its service integface. Compatibility of service interfaces determines
whether these agreements are consistent and~can therefore be connected. The Servicelntefface
approadh is most applicable where existing_capabilities are directly exposed as services and|then
used in various ways or in situations that involve one or two parties in the service protocol.

/req/computationalviewpoint/|Operations in interfaces shall be described in a platform neutrpl
operations way showing their input and output parameters (and exceptiohs).

Operations [shall be specifiedCas follows: for each operation (main action), describe the operption
(action) nanpe, operation (actioh) purpose and operation (action) input/outputs in terms of parameters,
and further refined and~described through the Information viewpoint. For the document/megsage
centred dochment style, the input and output parameters shall be typed <<MessageTypes>>.

The SoaML|standard”also provides support for the specification of service contracts and sefvice
architectures, represented through UML collaborations, but the use of these is not required in this
InternationglStandard.

In an abstract interface, all operations are shown with their input and output parameter in a logical
form, related to the definition in corresponding UML models described in the information viewpoint.

Experience has shown that most services are being specified with simple interfaces, where there is
no complex two-way protocol between the user and the provider of a service. Sometimes, however,
it is the case that more complex two-way interaction is needed. This International Standard is
following the recommendation of SoaML to use specifications with standard UML interfaces for
simple protocols and to make use of the service interface concept of SoaML only when more complex
two-way protocols are needed.

Figure 4 gives an example of description of simple interfaces (source: 0GC SOS 2.0).
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Mandatory Interface

«interface»
BasicSensorPlanner

+ describeResultAccess(DescribeResultAccess) : DescribeResultAccessResponse
+ describeTasking(DescribeTasking) : DescribeTaskingResponse

+ getCapabilities(GetCapabilities) : Capabilities

+ getStatus(GetStatus) : GetStatusResponse

+ getTask(GetTask) : GetTaskResponse

biFSubmi--SubaritR
SHefeotot - Stomitrespotise

«interface»
SensorProvider

+ describeSensor(DescribeSensor) : DescribeSensorResponse

Optional Interface

«interface»

ReservationManager

«interface»
FeasibilityController

+ confirm(Confirm) : ConfirmResponse + getFeasibility(GetFeasibility) : GetFeasibilityResponse

+ reserve(Reserve) : ReserveResponse

«interface»
TaskUpdator

«interface»
TaskCanceller

+ update(Update) : UpdateResponse + cancel(Cancel) : CancelResponse

«interface»
SensorDescriptionManager

+ updateSensexDescription(UpdateSensorDescription) : UpdateSensorDescriptionResponse

Figure 4 — Example of description of simple interfaces

EXANPLE BasicSensor planner with operation GetCapabilities. This operation allows a client tp request and
receiye-Service metadata documents that describe the capabilities of the specific server implemgntation. This
opergtion also supports negotiation of the specification version being used for client-server interacfions.

8.3.3 Service behaviour and constraints

/rec/computationalviewpoint/
behaviour

The behaviour of services should be illustrated with UML se-
quence diagrams, showing possible sequence operations. The
potential states and state transitions for a service should be illus-
trated with UML state diagrams.

Figure 5 gives an example on use of sequence diagram showing possible sequenced use of operations

(source: OGC SPS).
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% Catalogue

Client

service

1.Search request()?

Service

Figure 5 —

2.Search results
| 0

3a. Invoke service()

3b. Return results()

I

-

- Example of use of sequence diagram showing possible sequenced use of operations
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All lock requests failed

LockFeature Request

Lock

Some lock requests failed &
Lock action = All

/ LockFeature Response @

Requesting

O / LockFeature Response

All lock requests succeeded

t Lock J

Some lock requests failed &

1 3 .
LUCK dCLIUIT = OSUIIIT

Transaction Request &

R PR~ B
/ LULKICAUUIc RESPUIIST

Error occurs, e.g., invalid lock
/ Transaction Response

Transaction Request
/ Setlock ID = invalid,
LockFeature Response

Processing complete &
Release acton = all
/ Transaction Response

/ LockFeature Response

Lock expires /

®

Processing compléte,

Some featuresatet modified, &

Release acton = some

/ SetlockiD = valid,
Transaction Response

Processing
Transaction

Processing complete,
All features modified, &
Release acton = some

/ Transaction Response

®© @

Figure 6 gives an example-en-a locking process during transaction (source: ISO 19142).

Figure'6,— Locking process during transaction

/re¢/computationdlviewpoint/

The pre-conditions and post-conditions and invariants|of an oper-

ation should be shown through expressions in OCL.

preand_post_conditions
8.4 | Service.chaining
8.4.1 C-General

A model for combining services in a dependent series to perform complex tasks is defined in 8.4.

© ISO 2016 - All rights reserved
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The syntactic issues of service chaining, e.g. the data structure of a chain, is addressed in 8.4. Examples
of service chaining are provided in Annex B.

/rec/computationalviewpoint/
servicechaining

Possible composition/construction of services may be shown
through service chaining. Review the data structure for a service
chain and determine whether it is a directed graph. Determine
whether the nodes of the service chains are services. An architec-
ture should provide a means to make a chain extant and transfera-
ble between users and for users to evaluate the validity of a chain.
An extant service chain is required for the translucent chaining
pattern. If an architecture claims to implement the transparent

chaining pattern, confirm that a human user is controlling the
execution of the chain. If an architecture claims to implement the
translucent chaining pattern, confirm that a service chain-can|pbe
made extant separate from human users and that control of t
chain execution is accomplished separate from human users. Hor
the transparent chaining pattern, the architecture should proyide
the human user with mechanisms to determine services of value,
e.g. a service catalogue or service organizgrfolder.

This International Standard enables users to combine data and serviees-in ways that are not| pre-
defined by the data or service providers. This level of data/service ifiteroperability will be achjeved
in stages. At first, service catalogues will hold entries with tight data/Service binding. Eventually, the
infrastructyre will be available for a user to determine which data¢an be acted on by a loosely coypled

service. Thi$ capability will be enabled by the infrastructure of the larger domain of IT.
8.4.2 Andtomy of a service chain

8.4.2.1 UML modelling of a chain

Figure 7 prqvides a UML model of a chain.

24
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Dependencies

SV_Operation 0..n
(from Service Model)

+ operationName : MemberName

+dependsOn

1.n

{ordered}
+operation

Chaining

<> +chain

SV_OperationChain

+ name : CharacterString
+ description[0,1] : CharacterStrihg

Figure 7 — Basic service chain

In acpordance with ISO 19103, the modelling of directed graphs for service chains can be done using the
Unified Modeling Language (UML) activity graphs. An activity graph represents the states pf executing
a service chain. Table 14 identifies the-elements of an activity graph. A related approach is o use BPMN
as a mnodelling language for service.composition and orchestration. BPMN (see ISO/IEC 19510) has been
deve|oped with an explicit aim{of being able to support web service composition in BPEL,[43] in addition

to the aim of supporting businéess process modelling from a user point of view.

Table 14 — UML Activity Graph entities

Element of an UML-activity graph

Description for service chaining

Activity State State that represents the execution of a service, typically triggered by the
invocation of an operation.
Transition Relationship between two states. A transition indicates that specified Ac-
tions are performed in the first state and the second state is entered when
a specified Event occurs and specified Guard Conditions are satisfied.
Branch/Merge Beginning/end of alternative threads in an activity graph.
Fork/Join Beginning/end of concurrent threads in an activity graph.
Signal Asynchronous communication between services intended to trigger tran-

sitions in an activity graph.

8.4.3 Service chain modelling

8.4.3.1 Chains as directed graphs

A directed graph is a set of nodes connected by edges, where a direction is associated with each edge.

© ISO 2016 - All rights reserved
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The action of making the input of one service dependent upon another service leads to treating
service chains as directed graphs, where each service is a node in the graph and references to service
interactions form the edges. In some cases, the directed graph structure is implicit. In other cases, it is
necessary to make the notion of a processing graph explicit and allow such graphs to be considered as
entities in their own right.

Explicit representation of a service chain allows the chain to be visually represented and passed to a
chain-execution service, e.g. workflow service. When explicitly formed into a data structure, a service
node contains two types of information: parameters and sources. Parameters in a service node provide
the configurations of the service for the particular chain in which the service class is being used.
Sources in a service node indicate the sources of input data to the node.

The arcs of 4 directed graph can be of several types and these are detailed below as service interactions.

The following are some characteristics of directed graphs when used for service chains.

Cyclic o acyclic directed graph. Directed graphs without loops, i.e. acyclic, are simpler. In fome
applicatjions, an iterative approach is needed; therefore, the chain will be cyclic with conditions in
the control function to address convergence.

Chains fan be considered templates or as immutable graphs. A templatelisa directed graph that
defines [the chain based on abstract classes, including identification of edch'service type. A template
can be ipstantiated, as an immutable graph, at which time the service instances are fixed.

/rec/complutationalviewpoint/ |Directed graphs should be used fer the model of service chaing
servicegraphs and the characteristics of the ¢hain should be described.

/req/computationalviewpoint/|If directed graphs are used, then
servicenodesandarcs

— the nodes in the directed graph shall be a representatign of
service, and

— the arcs of the directed graph shall represent the service chain.

/rec/complutationalviewpoint/ |If directedgraphs are used, the following additional elements should
servicenodesandarcs be used-to characterize the service chain when modelling (th¢ list

ismot'exhausted):

- parallel or serial chains;
— iteration;

— data transport types;

— parameters in nodes;

— variations in control design pattern.

The following-presents the additional elements that should be used to characterize the service ¢hain

when modelling:

26

parallel against serial chains: Does the directed graph have parallel paths based on branches or are
only serial chains permitted? Potential branch types include if/else, merge, switch and trigger.

iteration: Does a node in the directed graph operate as an iteration, e.g. while and count loops?

data transport types: Does the directed graph allow variations in the links between nodes reflecting
different methods for transporting data or invoking the service?

parameters in nodes: Do the description of nodes in the directed graph contain parameters that
can be changed?

variations in control design pattern: Pull processing against push processing.
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Directed graphs can be modelled using a number of different methods, one of these are UML sequence
diagrams. An example for this can be found in 8.4.6, where sequence diagrams are used to model the
different architectural patterns.

8.4.4 Services organizer folder

Services are of many types as indicated in 10.1. Only a subset of available services is applicable to a
specific situation, e.g. image analysis. A service organizer folder (SOF) is an aid for users in finding
services applicable to their situation. A user may construct an SOF and then make that SOF available to
other users performing tasks in a similar situation.

A se
are g
indiy

8.4.5

Tabld
can k
to ge

idual services.

[Vices organizer folder is a data structure that contains references to a set ol-s
pplicable to a given situation. The SOF need not contain service chains but may

Services to enable service chaining

15 provides a list of services that are needed to enable service chaining. Details on
e found in Clause 10. Some of the services are generic to all IT domains. Other serviceg
ographic data and the large size of geographic datasets.

Table 15 — Services that enable service chaining

brvices that
rontain just

the services
are specific

Architectural types GenericIT services Geographic services
Bourndary/human — Service-centric service for definjing, — Catalogue-centric service that locates,
interjaction services |controlling and providing status infer- browses, and manages metadafa about

mation of the service chains

— Catalogue-centric service‘that views
and browses metadata about services

spatial data
— Spatial-centric service for ¢diting, dis-
playing, querying, and analysing map data
— Calculation-centric service{allowing
viewing and manipulation of geographic
data using a spreadsheet format

worK
vices

flow/task ser-

— Workflowsenactment service to define,
invoke, proyide status information and
control service chaining (interaction with
othet'workflow services, optional)

=~ Service chain validation service

— Resource reservation and co-allocation
mechanism for both storage system and
other resources, such as networks, to sup-
port the end-to-end performance guaran-
tee required for predictable transfer

proc

PSsing services

— Geographic processing seryices (see

10-8°5)

model/Information
management services

— Service instance metadata catalogue,
with discovery and management sub-ser-
vices

— Service type registry, with discovery
and management sub-services

— Brokering

— Mediation

— Geographic dataset instance

— Geographic metadata catalogue
with discovery, access and management
sub-services
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Table 15 (continued)

Architectural types Generic IT services Geographic services
system management |— Authorization and authentication —
service

— Payment methods
— Privacy of client

— Performance measurement and estima-
tion techniques for key resources involved
in data grid operation, including storage
systems, networks, and computer

— Instrumentation services that enable
the end-to-end instrumentation of storage
transfer and other operation

communicatjon ser- |— Messaging mechanisms — Geographic format conversions

vices — Large data object transfer

— Remote file and executable manage-
ment: provides access to secondary storage
as if it were local

— Format conversions

8.4.6 Architecture patterns for service chaining

8.4.6.1 Ge¢neral

The archite¢ture patterns for service chaining use the stfucture defined in 5.8.

There are iany options for the allocation of service chaining services to components. Diffgrent
allocation approaches reflect different priorities for different applications: user in the loop agdinst.
user supervjsion. To demonstrate the breadth.efthe trade space defined by this variation, the following
three design patterns are offered that vary the allocation of the control function:

— user-defined (transparent) chaining:the human user manages the workflow;

-managed (translucent)chaining:inwhich the humanuserinvokesaworkflowmanagement
service that controls the chain/and the user is aware of the individual services;

— aggregdte service (opaque): in which the user invokes a service that carries out the chain, with the
user haying no awaréness of the individual services.

In addition fo the difference in visibility of the services to the user, a key distinction between these
patterns is the difference in control. In transparent chaining, the control is exclusively with the user. In
translucent|a workflow service is present which controls the chain execution, perhaps with overjsight
by the humgn:Th the aggregate pattern, the aggregate service exclusively performs the control function
with no visibility by the user.

8.4.6.2 User-defined (transparent) chaining

8.4.6.2.1 Name

Asthe name implies, the user defines and controls the order of execution of the individual services. Details
of the services are not hidden from the user; hence, the alias for this pattern is Transparent Chaining.

8.4.6.2.2 Problem

In this pattern, the user is knowledgeable about how services can be combined. The user discovers
and evaluates the available services, determines their fitness to the need, determines a valid sequence
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of services and controls the chaining. This pattern presupposes a knowledgeable user. The user is
provided information sufficient to make the control decisions.

8.4.6.2.3 Context

The user refers to a service catalogue in order to discover services of interest. A specific chain does not
exist before the user begins. The user has the ability to define a valid chain and/or be able to modify the
implied chain if there are failures in execution.

8.4.6.2.4 Forces

The

the individual services should be compatible, or an intervening service shall be added

trang
user
auth
are 1
acce]
the v

8.4.6

The Giser-defined chaining architecture pattern is shown in Figaire 8. The steps are described

NOTH
the fi
servi

ser should be able to design an efficient chain that will execute. The inputs ang

lation. These patterns assume that each service has sufficient resources to run gfficig
may need to choose services based on network considerations, e.g. network-bandwid
pbrization. The semantic correctness of the chain is judged by the user; issues such a
e-gridded in a chain will affect the validity of the results. A user may“iterate a ch
ptable result is achieved, resulting in a chain that can be saved and used by others, pg
forkflow-chaining pattern.

.2.5 Structure

outputs of
e.g. format
ntly, but the
th, security,
5 when data
ain until an
rhaps using

lin Table 16.

The unique feature of the transparent pattern is thatthe chain is defined and controlled by the user. In

oure, the user discovers an available service through a'catalogue service. Alternatives for the
Ces are part of this pattern. For example, a service organizer folder could be substituted for thg

user to select
» catalogue.
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Figure 8 — Transparent chaining — User-defined chaining architecture pattern
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Table 16 — Description of steps in Figure 8

Step 1. Search request

service. The catalogue service provides queries on service metadata.

A human uses a client to send a search request (or series of searches) to a catalogue

Step 2. Search results

example, the user has found three services that will be chained.

Catalogue service returns metadata about services of interest to the user. For this

Step 3a. Invo

Step 3b. Return results

ke service
quent service. Results are returned to the client.

User invokes a service using the client, causing a result to be available for a subse-

Step 4a. Invo

User invokes a second service using the client. The request includes a reference
the results from the previous step. The service creates a result that is available

ke service

et daaaas

to
for

Step 4b. Req
Step 4c. Rety

+
presSTTITpTe

the next service. Results are returned to the client.
rn results

Step 5a. Invo

User invokes a third service using the client. The request includes referénces to
two previous services. This third service returns a result to the client/Results

ke service

the
\re

Step 5b. Reqpest input returned to the client.

Step 5c. RqueSt input

Step 5d. Retyrn results

8.4.6.3 Wprkflow-managed (translucent) chaining (Orchestration)

8.4.6.3.1

As the nam{
multiple wo}
chain execut
A key disting

This patter
community.
services in (
that a Web {

8.4.6.3.2

In this patt
user has de
may need td

8.4.6.3.3

Name

e implies, in this pattern, the execution of the chain‘{s’managed by a workflow servig
'kflow services). The user’s involvement in the stepsof the chain is mostly one of watchi

tion for this pattern is the existence of a defined'chain prior to the user executing the pat

h is similar to that of orchestration that is well known in the Information Techn
An orchestration defines the sequence+and conditions in which one service invokes
rder to realize some useful functiofiythat is, an orchestration is the pattern of interac
ervice agent shall follow in ordeft to achieve its goal

Problem

brn, the user relies oma workflow service to execute a predefined chain of services
termined an existingChain assumed to produce results of interest to the user. The

Context

The user kn|

workflow sg¢rvice to execute the chain including providing parameters specific to the data instang

ws.of a workflow service and has selected a chain of interest. The user interacts wit

e (or

g the
e the individual services that are apparent to theuser, hence the alias of translucent charaning.

tern.

logy
hther

tions

The
user

provide paraméters particular to specific instance, but relies on the workflow service to
carry out thle chain.

h the
es of

interest to the user.

8.4.6.3.4 Forces

To reduce the user’s workload, the workflow service handles details of the distributed computing
aspects of executing the chain. Although the predefined chain is assumed to have a degree of semantic
validity, by evaluating interim results, the user can evaluate the semantic validity of the specific
instance of this processing. For example, for a service that includes an iterative algorithm, the user may
need to judge if convergence to a sufficient degree of accuracy has been achieved.
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The workflow-managed (translucent) chaining architecture pattern is shown in Figure 9. The steps are

described in Table 17.

There may be multiple workflow services. If there is more than one, the workflow services should
coordinate to carry out the predefined chain. In the extreme case, each service in the chain contains
a workflow service and the chain is passed along with the service results. The unique features of the
translucent pattern are the existence of a predefined chain and the user’s awareness of the chain.

% Workflow Service Service Service
service
Client
I [ [ [ [
I 1.Invoke chainﬂI_ I I [
I I |
2a.Invoke serviceal I I
I I
2b. Return results() I I
2c. S i tatus() ! I
c.Service status
[T | | |
3a. Involke service() L |
JI_ .3b.ReguestinEut“ I
Return results() I
gin! |
3c.R tT 1ts() I
c. Return results

T 1 I
. I

3d. Service status(
D‘ : |
4a.Invoke service() I >

_!_ l4b.ReguestinEut!!

)
|
|
I
I
I
I
I
I

Return re sults()>[
1

L
4c. Requestinput()
[

1
Return results()

]

I 4d. Return results()I
[

1
4e.Service status()

: 5. Chain results()

Figure 9 — Translucent chaining — Workflow-managed chaining architecture pattern

Table 17 — Description of steps in Figure 9

Step 1. Invoke a chain

A human uses a client to request that a workflow service execute a chain. The user
may be allowed to modify some aspects of the chain prior to execution.

Step 2a. Invoke service

Step 2b. Return results

Step 2c. Service status

The workflow service determines the services in the chain and invokes the first
service. The service informs the workflow service of the completion of the task.
Return the results to the workflow service. Status of the service may be provided

directly to the client. The client may stop the workflow.
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Table 17 (continued)

Step 3a. Invoke service
Step 3b. Request input
Step 3c. Return results

Step 3d. Service status

Upon notification of completion of the first service, the workflow service deter-
mines the next service in the chain and invokes it. The second service requests
results from the first service. The service informs the workflow service of the c

may be provided directly to the client. The client may stop the workflow.

pletion of the task. Return the results to the workflow service. Status of the service

om-

Step 4e. Sery

Step 4a. Invoke service
Step 4b. Request input
Step 4c. Request input
Step 4d. Retllll‘l’l results

Upon notification of completion of the second service, the workflow service det
mines the next service in the chain and invokes it. The third service requests re

sults from the first and second services. The service informs the workflow service
of the completion of the task. Return the results to the workflow service. Status of

er-

the service may be provided directly to the client. The client may stop the work

ice status

flow.

Step 5. Chain

results Upon notification of completion of the last service, the workflow service'inform

the client of the completion of the chain.
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yoregate service (opaque-chaining - Choreography)

Name

implies, in this pattern, the services appear as a single servi¢e that handles all coordin
[dual services behind the aggregate service. The user hasho awareness that there is a
ind the aggregate, hence the alias of opaque chaining,

Choreography is the definition of the sequences and conditions under which mu
independent agents exchange messages in grder to perform a task to achieve a goal st

Problem

rn, the user relies on an aggregate service to execute a predefined chain of services. The
ed the aggregate service and may have no knowledge of how the aggregate accompl
The user may need to provide parameters particular to the specific instance, but reli
[e service to carry out the.chain.

Context

ke. The userfinteracts with the aggregate service to execute the chain including prov
specific to\the data instances of interest to the user.

Forces

htion
bet of

0 is similar to that of choreography that is well'known in the Information Techng¢logy

tiple
hte.

user
ishes
bS on

lows of an aggregate service, perhaps not knowing that a chain of services implenpents

iding

. . : :
e Uuser s worktoad;, theaggregate service tramdtes altt detaits of the mutti-service as

ects

of executing the chain. Although the aggregate service chain is assumed to have a degree of semantic
validity, by evaluating interim results, the user can evaluate the semantic validity of the specific
instance of this processing. For example, for a service that includes an iterative algorithm, the user may
need to judge if a sufficient degree of convergence has been achieved. These intermediate results need
not reveal the underlying services.

8.4.6.4.5 Structure

The aggregate service (opaque-chaining) architecture pattern is shown in Figure 10. The steps are
described in Table 18.
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L
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Figure 10 — Opaque chaining

Table 18 — Description of steps in Figure 10

Step|l. Invoke service A human uses a client to request that an aggregate service executes a clain. The
service will appéar to the user as a single service (the user might be ungware of the
service chain).

Step|2a. Invoke service The aggregate service determines the services in the chain and invokes|the first
servige, The service informs the aggregate service of the completion of the task and

Step 2b. Return results returnsthe results to the aggregate service.

Step[3a. Invoke service Upon notification of completion of the first service, the aggregate servide deter-
mines the next service in the chain and invokes it. The second service rgquest
results from the first service. The service receives the input from the fixst services.
Step[3c. Return results The (second) service invokes a third service, without the knowledge of the aggre-
gated services (actions specified in Step 4 are performed). After the third service
has completed its tasks, the second service is informed. The (second) sefvice then
informs the aggregate service of the completion of the tasks and returnf the results
to the aggregate service.

Step|3b. Request input

Stepallnvoke service Upon notification of completion of the second service, the aggregate service deter-
mines the next service in the chain and invokes it. The third service request results
from the first and second services. The service informs the second service of the
Step 4c. Request input completion of the task and returns the results to the second service.

Step 4b. Request input

Step 4d. Return results

Step 5. Chain results Upon notification of completion of the last service, the aggregate service informs
the client of the completion of the chain and returns a result to the client.

8.4.7 Variations on chaining patterns

The five chaining patterns in Figure 10, and further explained in Table 18, could be combined in a
variety of ways.

© IS0 2016 - All rights reserved 33


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

ISO 19119

:2016(E)

Each of the lowest level services shown in the pattern diagrams could in turn implement a chain. This is
recursive composition of services supported by the opaque pattern. A service chain can become a new
service. The ability to define recursive composition of services provides scalability and support for top-

down progr

essive refinement, as well as for bottom-up aggregation.

The patterns could be used to define how a library of chains is constructed. A knowledgeable user
could build chains using the transparent pattern. Through iterative use of the transparent pattern,
a chain is constructed that produces valid results. Chains are then made available for wider use
following the translucent pattern. Certain chains may become routinely used and an aggregate service
is built as an interface.
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8.5 Service metadata
/req/computationalviewpoint/ |Service metadata shall be described according to
servicemetadata [SO 19115-1:2014, 6.5.14.
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34

operation and, separately, the data should be accessible through a separate operation.

Stateful service against stateless service. For simplicity, it is desired that a service be stateless, i.e.
that a service invocation be composed of a single request-response pair with no dependence on past
or future interactions. This will not always be possible. For some services, preconditions should
be set and iteration may be required; then it will be necessary to model the service with a state
diagram having multiple states. Transitions between the states are triggered by operations.

Known service type. All service instances are of specific service types and the client knows the type
prior to runtime. Clients shall contain software for accessing the service type prior to encountering
service instances of the type in an implemented architecture. The assumption is that the client
knows the service types.
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— Adequate hardware. The services described in this International Standard are software
implementations running on hardware hosts. This International Standard assumes that the issues
of hardware hosting of the software are transparent to the user. It is assumed that the service has
adequate hardware, i.e. hardware assignment is transparent to user.

8.7

— Service-oriented architecture Modeling Language (SoaML) (see htt

Examples of relevant standards

WWW.0mg.or

spec

SoaML/1.0/). This is a standard from OMG that provides a UML profile and a metamodel for the
modelling of services. All major UML tool vendors support it, but the support for the collaboration
modelling part of SoaML has had less tool features and is thus not required for use within this

I
1

1
§

8.8

The
and :
are {
deve
Inter
and (

A fur

9 1

9.1

Achi
suite
etc.,
serv
stati
what

The ]
oper
be rd
stan

profile for all of the main concepts defined in the RM-ODP computational viewpoint. It

nternational Standard.

JML40DP Computational specification profile (ISO/IEC 19793). ISO/IEC 19793 proy

eference and foundation for doing full RM-ODP computational viewpoint modelling
reospatial community, it has been suggested to do have a more lightweight approach.

Examples and tools: Service modelling with SoaML

Service-oriented architecture Modeling Language (SoaML) specification defines a
i metamodel for the design of services within a service-oriented architecture. The go{
o support the activities of service modelling and design’ and to fit into an overall n
opment approach, supporting SOA from both a business and an IT perspective.
national Standard, it is, in particular, the part of SoaML for the specification of simp
omplex service interfaces with use of message types that is being used.

ther description of the metamodel of SoaML¢can be found in Annex F.

nformation viewpoint: A basis for semantic interoperability

Information model interoperability and the information viewpoint

bving information model interoperability is one of the main goals of the ISO geographic
of standards. Many of the other International Standards in this suite, i.e. ISO 19107,
are primarily focusing)on defining the content of the information that is being procg
ces and exchanged-between services. The information viewpoint is defined in the ODH
C information model and a dynamic information model. The semantics of service inte]
services make'sense to chain, are developed in 8.4.

nformation'Model describes the data which comprises the inputs and outputs of the se
htions.SInformation content representations (logical description) of the inputs and out
presented in a platform neutral way, conformant with ISO 19103 and ISO 19109 and ot
1ards in the ISO geographic information suite of standards.

ides a UML
is a valuable
but for the

UML profile
ls of SoaML
1odel-driven
Within this
e interfaces

information
SO 1911541,
tssed by the
to include a
actions, e.g.

rvice and its
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To be able to interoperate in the information viewpoint, two systems shall be information model
interoperable. To achieve information model interoperability, the two systems shall be both syntactically
interoperable and semantically interoperable.

Syntactically interoperable: two systems are syntactically interoperable if they use the same

structure for the information that flows between the systems and is processed by the systems.

Semantically interoperable: two systems are semantically interoperable if they have a common

understanding of the semantics of the information that flows between the systems and is processed
by the systems.

The common structural models with use of the general feature model (GFM) address syntactic
interoperability. In the ISO geographic information suite of standards, the models based on GFM allows
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for representation of various types of features, all having the same structure. To achieve semantic
interoperability for feature types, it is, in addition, necessary to match or make mappings between
feature-type definitions from feature-type catalogues. This issue does not fall in the scope of this
International Standard but is introduced in ISO/TS 19150-1, to be further developed in ISO 19150-32).

The information viewpoint in ISO RM-ODP describes the information that flows in a system and is
processed by a system. It focuses on feature type definition, i.e. the definition of geographic concepts,
their properties, and the relation between geographic concepts. As such, the GFM is the metamodel for
feature type definition which lead to development of application schemas. An application schema may
be exposed in various languages; ISO 19109 provides UML rules while ISO 19150-2 provides OWL rules.
An application schema can be further in a physical model which describes how feature type are stored

in databasef

The informa
particular s
through des
done throug
described ir

9.2 Infor

The requirg
formalized 4

8.3.

and communicated between system components

mation viewpoint Service specifications

ition viewpoint is also concerned with the semantics of the information processing. |[Each
ervice will need to define its syntactical interfaces through operations and-its\semantics
cription of the meaning of the operations and their legal sequencing. The latter cdn be
h pre-conditions and post-conditions and invariants in OCL, and by UMI¢state diagrams, as

bments for creating the service specification part for thé information viewpoint are
Is a requirements class summarized in Table 19.

Table 19 — Requirements class for Information viewpoint service specifications
Requirements class /req/informationviewpoint
Target type UML service.nmodel
Dependency ISO 19103-(Conceptual schema language)
Requirement /reqfinformationviewpoint/servicemodel de-
pendencies
Requirement /req/informationviewpoint/operation input/out-
put/exception parameters
/req/informationviewpoint/ __ [The service model shall be shown as a UML package with depjend-

service mddel dependencies

encies to other UML models that are used.

2) This International Standard is under development.
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Figure 11 — Service model dependencies

Figure 11 shows service model dependencies for a Sensor Planning Service.

A sel

'vice Operation is any Operation of an Interface provided or required by a Service
Serv

ce Operations may use two different parameter styles: document-centred (or mess3
or RPC (Remote Procedure Call)-centred. DoCument-centred parameter style uses NlessageType
for gwnedParameter types and the Operation‘can have, at most, one in, one out and ore exception

parameter (an out parameter with isException set to true). All parameters of such an operation shall be
typefl by a MessageType.

or Request.
ge-centred)

/req/informationviewpoint/ |The input/output parameters and exceptions of operatiorns in the

operation input/output pa- _sfsService interfaces (service payloads) shall be described ag regular

ramieters UML types for classic RPC centred parameter style or with use of
<<MessageTypes>> for document/message-centred parareter style,
using information models according to ISO 19103 and [S0[ 19109
and further in a UML model data dictionary table for each operation
with name, definition, data type/value and multiplicity/ufe for each
element.

For 4

erviceanodels not using document/message-centred style, other classes with other

stereotypes
(like|featureType) is allowed as input/output parameters.
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«interface» «messageType»
Servicelnterfaces::AccessFeature @ 0—————— > MessageAndDataTypes::
+ getMapinformation(XQuery) :FeatureTypesDataSet FeatureTypesDataSet
U
/
// 0..*
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/
/
/
/ 0.*
/
// «messageType» «featureType»
7 MessageAndDatatypes: MessageAndDatalypesaXMapFeature
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«messageType»
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ol* 0.* Filter
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MessageAndDataTypes::

Code
«m@éssageType» «messageType»
MessageAndDataTypes:: MessageAndDataTypes
SpatialFilter TemporalFilter

Figure 12 — Operation Input/Output parameters defined as MessageTypes for document
centred parameter style

Figure 12 shows input/output parameters defined for the operation getMapInformation, with XQuery
input paranjeter and FeatureTypeDataSet as output parameter (result) defined through MessageTypes.

Input/outpyt parameters for Operations with a document/message centred parameter styl¢ are
modelled uging the << MessageType>> concept from SoaML [ref SoaML], as described in 9.2.

A MessageType is a kind of value object that represents information exchanged between particjpant
requests arld services.' This information consists of data passed into, and/or returned from, the
invocation ¢f an_opération or event signal defined in a service interface. A MessageType is in the
domain or $ervice-specific content and does not include header or other platform specific details,
implementafion or protocol-specific information.

There will be a transformation from the specification of a MessageType in the information viewpoint
to the representation and encoding of the corresponding data in a platform-specific specification and
implementation in the technology viewpoint.

MessageTypes represent service data exchanged between service consumers and providers. Service
data are often a view (projections and selections) on information or domain class models representing
the (often persistent) entity data used to implement service participants.

MessageTypes are used to aggregate inputs, outputs, and exceptions to service operations as in WSDL.
MessageTypes represent “pure data” that may be communicated between parties. It is then up to the
parties, based on the SOA specification, to interpret this data and act accordingly. As “pure data” message
types may not have dependencies on the environment, location, or information system of either party.
This restriction rules out many common implementation techniques such as “memory pointers,” which
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may be found inside of an application. Good design practices suggest that the content and structure
of messages provide for rich interaction of the parties without unnecessarily coupling or restricting
their behaviour or internal concerns. The terms Data Transfer Object (DTO), Service Data Object (SDO),
or value objects used in some technologies are similar in concept, though they tend to imply certain
implementation techniques. A DTO represents data that can be freely exchanged between address
spaces, and does not rely on specific location information to relate parts of the data. An SDO is a standard
implementation of a DTO. A Value Object is a Class without identity and where equality is defined by
value not reference. Also, in the business world (or areas of business where EDI is commonplace), the
term Document is frequently used. All these concepts can be represented by a MessageType.

MessageType should generally only be applied to DataType since it is intended to have no identity.
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SO 19109.

possible to do a mapping to a RPC style of operations, as well.as to other communic
e a service Operation may have any number of in and out parameters and may h4
meter as in UML2. This can be done based on rules specified in the operation mapp

pstract specification with potentially different implenyentation technologies. Transfq
Fent encodings can be handled according to the encoding framework of ISO 19118, wif]
example for how to realize the ISO 19118 framework for the GML specification based

the intent of message type that it represents data values that can be sent between [
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" objects, those references will likewise be converted to value data types.

hments are used to model elements that have their own identity when they are takg
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direct part of the messagévitself). In general, this is not likely to be used greatly in
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Cing the data-sent between consumers and providers unless it is needed.
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10 Service taxonomies

10.1 Need for multiple service taxonomies

as part of the

This subclause contains a description of taxonomy of various services. There exist multiple possible
taxonomies for services based on various classification dimensions. The purpose of defining taxonomies
in this International Standard is to have ways of identifying geographic services

There are many ways to classify services, depending on the selected perspective. The taxonomy introduced

in the first version of this International Standard created a taxonomy based on an architectural reference
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model. Later, a need has been seen for classifying services based on a usage life cycle perspective,
for instance, as the classification into one more of the following service types: “discovery”, “view”,
“download”, “transformation”, or “invoke”. Sometimes, a service is a composition from other services and
represents an aggregate that might include more than one basic service. In such situations, it might be
relevant to categorize the aggregated services to be of more than one type within the taxonomy. The
need for, and evolution of, service taxonomies might evolve and change in the same way as codelists, and
it needs thus a more flexible representation than being represented as only one type.

This International Standard presents two different service taxonomies, based on an architectural
perspective and a life cycle perspective. A service shall be classified according to at least one of these
taxonomies. The representation of this will be done in the service metadata, as described in ISO 19115-1.

10.2 Service taxonomies and requirements

The require ed as

arequireme

ments for classifying a service related to one or more service taxonomies areformaliz
nts class summarized in Table 20.

Table 20 — Requirements class for Service taxonomies

Requirements class /req/servicetaxonomies
Target type Service description
Dependency [SO 19103 (Conceptual schemalanguage)
Requirement /req/servicetaxonomies/service type - architec-
ture
Requirement /req/servicetaxonemies/service type - lifecycle
Recommendation /rec/ servicetaxonomies /service type - user-de-
fined
10.3 Architectural reference model
The Architedtural reference model defines a structure for geographic information services in the contgxt of
generic IT s¢rvices. The basis for the Architectural reference model has been an analysis of various kinds
of reference| models for system interfaces in the IT domain focusing on main IT architectural elements

and how thd
and servicef
been moved

tems
now

se potentially might neéd,to be extended to support the special needs of geospatial sys|
. The Architectural reference model was described previously in ISO 19101-1, but has
to this InternatiodabStandard, because of its close relationship to service taxonomies

10.4 Definlition of the Architectural reference model

The Architedtural reference model defines a structure for geographic information services and a mgthod

for identifyi

ng standardization requirements for those services. This model provides an understar

of what ty
distinguish

!

es’ of services are defined in the ISO geographic information suite of standards

1ding
and

s these services from other information technolagy services. The Architectural refe

rence

model shows how to determine which aspects of geographic information will need to be standardized
to support the operation of those services. Thus, the model provides guidance to the program of
standardization undertaken in the ISO geographic information suite of standards, as well as for
geographic services in general. Other standards bodies that are standardizing geographic information
may also consult the Architectural reference model for guidance.

10.5 Uses of the Architectural reference model

The Architectural reference model is intended for developers of geographic information services, for GIS
developers and for GIS users. This model

defines classes of information technology services, providing a framework for identifying individual
geographic information services, and

40 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

ISO 19119:2016(E)

— provides a method for determining requirements for specification of services related to
geographic information.

The Architectural reference model ensures an integrated view on geographic services. Service
developers who need to ensure consistency with the ISO geographic information suite of standards
should refer to Clause 10 to identify which services are supported by their specification. These services
should fall within the six classes of geographic information services described in Clause 10, Figure 14.

10.6 Overview of the Architectural reference model

10.61—Services-and-service-interfaces

The Airchitectural reference model shown in Figure 13 also shows how GIS applications utilizd capabilities
provided by services.

GIS applications GIS,applications
[ K
API , API
API Geographic API Services API Geographic API
Information Services access Information Services

A

‘ {

Information Technology Services Information Technology Servjces

|1 1] |
!

i § s fot s s m)
] Ej e \1 NNIZ¢7 Ej |

1 Data sharing and transfer based'on common conceptual models

Key

APl Application Programming Interface
HTI Human Technology Interface

ISI [nformation Servicestnterface

CSI Communications-Sérvices Interface
NNI Network to Nétwork Interface

Figure 13 — Architectural reference model
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network. Services are capabilities provided for manipulating, transforming, managing, or presenting
information. Service interfaces are boundaries across which services are invoked and across which data
are passed between a service and an application, external storage device, communications network, or
a human being. The diagram shows the following four interfaces.

— Application Programming Interface (API) is the interface between services and application
systems. This is the interface used by application systems to invoke geographic information services.

— Communications Services Interface (CSI) is the interface across which applications and services
access data transport services to communicate across a network. Different computing networks
may be connected through a special interface known as the network-to-network interface (NNI).

— Human Technology Interface (HTI) allows the human end user to access the computing system.
This interface includes graphic user interfaces and keyboards.
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allowin

g persistent storage of data.

10.6.2 Identifying services and service interfaces for geographic information

The architectural Reference Model for geographic information has two key aspects.

Information Services Interface (ISI) is a boundary across which database services are provided,

— Theseparation of geographic information services from more generic information technology services
defines capabilities that are specific to the manipulation, transformation, storage and exchange
of geographic information. Figure 13 shows the separation of geographic information services. In
10.7.2, the Architectural reference model describes six classes of geographic information services.
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Information Technology services do not meet the requirements.

Figure 14 = Six classes of services

odel/Information Management Services are services for management of the development,
anipulation and storage of metadata, conceptual schemas and datasets.

uman/Boundary Inté€raction Services are services for management of user interfacgs, graphics,
ultimedia and for pfesentation of compound document, user interface dialogues and interaction
ith other system.boundary elements like physical sensors.

orkflow/Task) Services are services for support of specific tasks or work-relat¢d activities
onducted by, humans. These services support use of resources and development |of products
involving@ysequence of activities or steps that may be conducted by different persons.

rocessing Services are services that perform large-scale computations involving| substantial
moeunts of data. Examples include services for providing the time of day, spelling checkers and

i i i e i s expressed
using one reference system and converting them to a set of coordinates in a different reference
system). A processing service does not include capabilities for providing persistent storage of data
or transfer of data over networks.

— Communication Services are services for encoding and transfer of data across communications
networks.

— System ManagementServicesare services for the management of system components, applications
and networks. These services also include management of user accounts and user access privileges.

Not every information technology service needs to be changed or specialized to be useful for processing
geographic information. The different standards in the ISO geographic information suite of standards
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should indicate whether a service is a generic information technology service or whether itis specialized
for geographic information.

10.7.3 Extension of service types for geographic information

The six service classes identified in 10.7.2 may be extended to define classes of geographic information
services. Standards in the ISO geographic information suite of standards that address these
specializations are identified below.

— Geographic Information Model/Information Management Services. The specialization of this
class of services focuses on management and administration of geographic information, including
conceptual schemas and data. Specific Services within this class are identified in this Internatjonal
Standard. These services are based on the content of those standards in the ISO geegraphic
informgtion suite of standards that standardize the structure of geographic information ang the
procedyres for its administration, including ISO 19107, ISO 19108, ISO 19109, ISO 19110,1S0 19111,
[SO 191[12, ISO 19115-1 and ISO 19157. Examples of such services are a query and update sefvice
for accelss and manipulation of geographic information and a catalogue service for managemsgnt of
feature|catalogues.

— Geographic Information Human/Boundary Interaction Services: This class of seryices
focuses|on providing capabilities for managing the interface between*humans and Geographic
Informdtion Systems, and other system boundaries like physical sen$ors. This class includes graphic
represehtation of features, described in ISO 19117.

— Geographic Information Workflow/Task Management Services. The specialization of] this
class offservices focuses on workflow for tasks associatedswith geographic information, involving
processjing of orders for buying and selling of geographiciinformation and services.

— Geographic Information Communication Services. The specialization of this class of seryices
focuses|on the transfer of geographic information across a computer network. Requirements for
Transfef and Encoding services are found in [SO-19118.

— Geographic Information Processing Services. The specialization of this class of services fo¢uses
on prodessing of geographic informatjons ISO 19116 is an example of a processing service. (ther
examplgs include services for coordifate transformation, metric translation and format conversion.

— Geographic Information System-Management. The specialization of this class of services foquses
on user{management, security\and performance management.

10.8 Geographic architecture services taxonomy

10.8.1 Geographic.architecture services taxonomy requirements

The geographic Services taxonomy consists of the titles of the categories (see Table 21) and the
definitions forthe categorles Systems comphant to thls Internatlonal Standard shall use the geogr iphic
services taxesomy dl only
one category, unless it is an aggregate service that may perform services from more than one category
which then allows the aggregated service to belong to multiple categories.

It is not required that a system provides any service listed. It is required that if a system provides a
service named in 10.8 that the service shall be categorized as defined. A service catalogue compliant
with this International Standard shall categorize service metadata instances in the categories of the
geographic service taxonomy.

If a service uses the name of an example service, the service provides the functionality that is defined.
For example, if a service entitled “catalogue viewer” is provided, it performs the services defined for the
catalogue viewer in the geographic human interaction services category. Systems providing services
should name services as found in the service examples.
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Table 21 — Geographic architecture services taxonomy

Geographic boundary/human interaction services
Geographic model/information management services
Geographic workflow/task management services
Geographic processing services

Geographic processing services — spatial
Geographic processing services — thematic

Geographic processing services — temporal

Geographic processing services — metadata

Geographic communication services

Geographic system management and security services

2 Geographic boundary/human interaction services

raphic boundary/human interaction services is a category in the geographic service taj
ving are examples of human interaction services for working with geographic data an

[atalogue viewer: client service that allows a user to interac¢twith a catalogue to locate,
manage metadata about geographic data or geographic services.

[eographic viewer: client service that allows a user'to view one or more feature cq
¢overages. This viewer allows a user to interactwith map data, e.g. displaying, ovg
querying. An example is the viewer client generator defined in ISO 19128.

Leographic viewer — animation: geographicviewer that allows a human to sequence
ame geographic location at different tintes.

q

[eographic viewer — mosaicing: gedgraphic viewer that allows combination of views o
data for adjacent areas into a single'view.

[eographic viewer — perspective: geographic viewer that allows the viewpoint to be
example, to specify how-high off the ground, what direction, and from what angle a |
eeing a scene.

q

[eographic viewer =~ imagery: geographic viewer that visualizes coverage data if
mapping of sample’dimensions in the coverage to colours in the display.

[eographicispreadsheet viewer: client service thatallows a user to interact with multiple
ind to request calculations similar to an arithmetic spreadsheet, but extended to geogr

q

$ervice editor: client service that allows a user to control geographic processing ser

konomy. The
1 services.

browse, and

llections or
rlaying and

views of the

f geographic

thanged; for
yiewpoint is

iIcluding the

data objects
iphic data.

vices. Views
b, status of a

inelude understanding a service, composing/scripting service chains, invoking a servic

service, scheduling services for peak performance times, and invoking a service chain.
Chain definition editor: provides user interaction with a chain definition service.

Workflow enactment manager: provides user interaction with a workflow enactment s

ervice.

Geographic feature editor: geographic viewer that allows a user to interact with feature data, e.g.
displaying, querying; supports feature annotation. The user controls view orientation, perspective,
depth cueing, hidden-line/surface, light-sources, transparency, and texture mapping onto the
objects. Objects in view can be picked or drawn on to generate new objects in the model.

Geographic symbol editor: client service that allows a human to select and manage symbol libraries.

[SO 19117 is relevant to symbol libraries.
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Feature generalization editor: client service that allows a user to modify the cartographic
characteristics of a feature or feature collection by simplifying its visualization, while maintaining
its salient elements — the spatial equivalent of simplification.

Geographic data-structure viewer: client service that allows a user to access part of a dataset to see
its internal structure, to request creation of new objects from parts of an object being browsed and
to request a check of an object, e.g. type checking.

10.8.3 Geographic model/information management services

The following are examples of model/information management services for working with geographic

data and seffvices.

46

Feature|access service: service that provides a clientaccess to and management of a feature storje. An
access service may include a query that filters the data returned to the client. ISO 19125,1S0 19142
and [SO|19143 are relevant to feature access.

Map acgess service: service that provides a client access to a geographic graphics, i.e. pictures of
geographic data. ISO 19128 is relevant to map access.

Coverage access service: service that provides a client access to and management of a covgrage
store. Cpverage is considered as a special case of Feature. An access service may include a query that
filters the data returned to the client. ISO 19123 and ISO 19111 ar€ nelevant to coverage access.

Coverage access service — sensor: service that provides access:to coverage where the source df the
coverage data are a real-time sensor, i.e. not a persistent store:

Sensor fescription service: service that provides the description of a coverage sensor, including
sensor location and orientation, as well as the sefiSor’s geometric, dynamic and radiometric
charactgristics for geoprocessing purposes.

Producf access service: service that provides access to and management of a geographic prgduct
store. A[product can be a predefined feature collection and metadata with known boundarie$ and
content| corresponding to a paper map ¢r report. A product can alternately be a previously defined
set of cqverages with associated metadata.

Feature|type service: service that provides a client access to and management of a store of feature
type ddfinitions. The static and’dynamic information models for a feature type catalogu¢ are
provided in ISO 19110.

Catalogpe service: seryice’that provides discovery and management services on a store of metgdata
about irfjstances. The’metadata may be for dataset instances, e.g. dataset catalogue, or may contain
service |metadata, '@:g. service catalogue. ISO 19115-1 is relevant to catalogue service for daftaset
metadaga. [SO 19115-2 is relevant for service metadata.

Registry sérvice: service that provides access to a store of metadata about types. Type$ are
vocabularies that can be organized and related to each other. Example registries are informption
community registries, type dictionaries, service registries and schema registries.

Gazetteer service: service that provides access to a directory of instances of a class or classes of
real-world phenomena containing some information regarding position. An information model for a
gazetteer is provided by ISO 19112.

Order-handling service: service that provides a client with the ability to order products from a
provider, including the formulation of quotes on orders, selection of geographic processing options,
submission of an order, statusing of orders and billing and accounting of users’ orders.

Standing order service: order-handling service that allows a user to request that a product over a
geographic area be disseminated when it becomes available. Such dissemination includes receiving,
preparing (i.e. reformatting, compressing, decompressing, etc.), prioritizing, and transmitting the
geographic information requested through standing queries or profiles.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

ISO 19119:2016(E)

10.8.4 Geographic workflow/task management services

The following are examples of workflow/task management services for working with geographic
data and services. A geographic workflow enactment service should support tracking of lineage and
provenance information during the workflow.

— Chain definition service: service to define a chain and to enable it to be executed by the workflow
enactment service. This includes information about its starting and completion conditions,
constituentactivities and rules for navigating between them, user tasks to be undertaken, references
to applications which may be invoked, definition of any workflow relevant data which may need to
be referenced, etc. Chain definition service may also provide a chain validation service.

— Workflow enactment service: the workflow enactment service interprets a chain and/controls the

instantiation of services and sequencing of activities. This is done through one or more ¢o-operating

orkflow management engines, which manage the execution of individual instanees of the various

ervices.Aworkflow enactmentservice maintains control data either centralizedor distriputed across

set of workflow engines. Workflow control data include the internal state‘\informatioh associated

ith the various services under execution and may also include check-pointing and recoyery/restart
information used by the workflow engines to coordinate and recover from failure conditjions.

— S$ubscription service: service to allow clients to register for notification about evé¢nts. Events
gre defined by a service that performs an activity resulting in‘the event. Events arg catalogued
Iby the subscription service. Clients identify events of intefest, e.g. receipt of data with a specific
geographic extent. When an event occurs, the subscriptien service sends notification to all clients
yho have registered an interest in the event. Once an event occurs, a subscription servide may cause
dn activity to occur, e.g. delivery of a product.

10.8{5 Geographic processing services

10.8}|5.1 Relation of geographic processingservices to general feature model

The ftaxonomy within the processing-gervices category is based on the General Feature Model as
pres¢nted in ISO 19109. Processing Services modify the properties of Features; therefore, processing
services categories are based onthie property types for features given by the General Fegture Model.
The processing services categor¥-is subdivided into the categories for geographic procesding services
shown in Table 22.

Table 22 — Geographic processing services taxonomy

— Geographic processing services — spatial
— Geographic processing services — thematic

— Geographic processing services — temporal

— Geographic processing services — metadata

10.8.5.2 Geographic processing services — spatial
The following is a non-exhaustive listing of geographic processing services — spatial.

— Coordinate conversion service: service to change coordinates from one coordinate system to another
coordinate system that is related to the same datum. In a coordinate conversion, the parameters’
values are exact. Coordinate conversion services include map projection services. ISO 19111 is
relevant to coordinate conversion.

— Coordinate transformation service: service to change coordinates from a coordinate reference
system based on one datum to a coordinate reference system based on a second datum. A coordinate
transformation differs from a coordinate conversion in that the coordinate transformation
parameter values are derived empirically; therefore, there may be several different estimations (or
realizations). ISO 19111 is relevant to coordinate transformation.
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Coverage/vector conversion service: service to change the spatial representation from a coverage
schema to avector schema or vice versa. A standard relevant to vector schema definition is ISO 19107.
A standard relevant to coverage schema definition is ISO 19123.

Image coordinate conversion service: coordinate transformation or coordinate conversion service
to change the coordinate reference system for an image. A standard relevant to image coordinates
is ISO 19123; standardization relevant to image coordinates is also discussed in ISO/TR 19121.

Rectification service: service that projects a tilted or oblique image onto a selected plane or other
surface. The plane is often horizontal, but can be tilted to achieve some desired condition, such as to
better fit the local surface of the earth.

Orthordctification service: rectification service that removes image displacement due to variption
in terrajn elevation. Orthorectification requires use of digital elevation data, usually in grid*form.

Sensor geometry model adjustment service: service that adjusts sensor geometry models to impgrove
the matgch of the image with other images and/or known ground positions.

Image geometry model conversion service: service that converts sensor geemetry models ipto a
differerft but equivalent sensor geometry model.

Subsett|ng service: service that extracts data from an input in a continueus spatial region eithr by
geographic location or by grid coordinates.

Samplirjg service: service that extracts data from an input usifig a consistent sampling scheme
either bly geographic location or by grid coordinates.

Tiling change service: service that changes the tiling of gedgraphic data.

Dimensjon measurement service: service to compute dimensions of objects visible in an image or
other geodata. An alternative name for this servieé is “image mensuration services”.

Feature| manipulation services: register oneifeature to another, an image, or another dataset or
coordinfte set; correcting for relative tramslation shifts, rotational differences, scale differences,
and perspective differences; verifying that all features in the Feature Collection are topologically
consisteént according to the topology-rules of the Feature Collection, and identifying and/or
correct|ng any inconsistencies thatare discovered.

Featurelmatching service: service that determines which features and portions of features represent
the samie real-world entity/frem multiple data sources, e.g. edge matching and limited conflation.

Feature| generalizatiom\sérvice — spatial: service that reduces spatial variation in a feature
collectipn to increase'the effectiveness of communication by counteracting the undesirable effects
of scale|reduction.

Route dtermination service: service to determine the optimal path between two specified ppints
also
rties
supported in the Feature Collectlon further, may determme the length of time it takes to follow a
route through the geographic data in the Feature Collection.

Positioningservice:service provided byaposition-providing device touse, obtainand unambiguously
interpret position information and determines whether the results meet the requirements of the
use. A standard relevant to position services is ISO 19116.

Proximity analysis service: given a position or geographic feature, finds all objects with a given set
of attributes that are located within a user-specified distance of the position or feature.
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10.8.5.3 Geographic processing services — thematic

The following is a non-exhaustive listing of geographic processing services — thematic.

Geoparameter calculation service: service to derive application-oriented quantitative results that
are not available from the raw data themselves.

Thematic classification service: service to classify regions of geographic data based on thematic
attributes. Classification of coverages (including images) subdivides a coverage into regions based
on attribute values. Classification of features sorts features into groups based on attribute values or

feature associations.

Feature generalization service — thematic: service that generalizes feature types
¢ollection to increase the effectiveness of communication by counteracting the undesi
f data reduction.

$ubsetting service: service that extracts features or coverage elements from a larger ¢
thematic characteristics.

$patial counting service: service that counts geographic features’ of a given tyj
gpecified area.

Leographic information extraction services: services supporting the extraction of
lerrain information from remotely sensed and scanned images.

Image processing service: service to change the values*of thematic attributes of an
3 mathematical function. Example functions include convolution, data compress
¢xtraction, frequency filters, geometric operationSynonlinear filters and spatial filters.

Reduced resolution generation service: service‘that reduces the resolution of an image

Image manipulation services: services forymanipulating data values in images; changin
¢ontrast values, applying various filters, manipulating image resolution, noise removg
gystematic-radiometric correction$,.atmospheric attenuation, changes in scene illumin

image differencing, significdnee-of-difference analysis and display and area-based and
ifferencing.

Image understanding services: services that provide automated image change detectioII,

n a feature
rable effects

tet based on
be within a
feature and
mage using

on, feature

g colour and
1, “striping”,
ation, etc.

registered
odel-based

mage synthesis services: services for creating or transforming images using comjputer-based

patial models, perspective transformations, and manipulations of image characteristic
isibility, sharpéntesolution, and/or reduce the effects of cloud cover or haze.

ulti-band \image manipulation: services that modify an image using the multiple h
age. Examples include ratioing, principal components transformation, intensity-hu
olout;space transformation, de-correlation-stretching.

S to improve

ands of the
p-saturation

bject detection service: service to detect real-world objects in an image.

Geoparsing service: service to scan text documents for location-based references, such as a place

names, addresses, postal codes, etc., in preparation for passage to a geocoding service.

Geocoding service: service to augment location-based text references with geographic
(or some other spatial reference).

10.8.5.4 Geographic processing services — temporal

The following is a non-exhaustive listing of geographic processing services — temporal.

coordinates

Change detection services: service to find differences between two datasets that represent the

same geographical area at different times.
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10.8.5.5 Geographic processing services — metadata

The following is a non-exhaustive listing of geographic processing services — méetadata.

10.8.6 Geographic communication services

Temporal reference system transformation service: service to change the values of temporal
instances from one temporal reference system to another temporal reference system. ISO 19108 is
relevant to temporal reference systems. Using the terminology of ISO 19108, a temporal reference
system transformation service replaces the TM_Position value of a given TM_Instant with an
equivalent TM_Position value associated with a different temporal reference system.

Subsetting service: service that extracts data from an input in a continuous interval based on
temporal position values.

Sampling service: service that extracts data from an input using a consistent sampling scheme
based on temporal position values.

Temporpl proximity analysis service: service that, given a temporal interval or event, find all
objects [with a given set of attributes that are located within a user-specified intervatfrom the
interval or event.

Statisti¢al calculation service: service to calculate the statistics of a dataset, e.g. mean, meldian,
mode and standard deviation; histogram statistics and histogram “ealculation; minimum| and
maximym of an image; multi-band cross-correlation matrix; spectral statistics; spatial statiptics;
other stjatistical calculations.

Geographic annotation services: services to add ancillary infermation to an image or a feature in
a Feature Collection (e.g. by way of a label, a hot link, or,an’entry of a property for a feature ipto a
databade) that augments or provides a more complete description.

The following are examples of communications services for working with geographic data and servyices.

Encodirjg service: service that provides)implementation of an encoding rule and providgs an
interfade to encoding and decoding functionality. A standard relevant to encoding is ISO 19118.

Transfef service: service that provides implementation of one or more transfer protocols, which
allows data transfer between-distributed information systems over off-line or online communication
media. To successfully transfer data between two systems, the sender and receiver need to agrge on
the trarsfer protocol to be'used. A standard relevant to transfer is ISO 19118. For some geographic
datasets, large data-object transfer is required.

Geographic compression service: service that converts spatial portions of a feature collection t and
from compressedform.

Geograﬂ)hic format conversion service: service that converts from one geographic data fornjat to
anothe

Messaging service: service that allows multiple users to simultaneously view, comment about, and
request edits of feature collections. This service allows collaboration involving geographic data.

Remote file and executable management: service that provides access to secondary storage of
geographic features as if it were local to the client.

10.8.7 Geographic system management and security services

The following is an example of system management and security services for working with geographic
data and services.

50

GeoRM - Geospatial Right Management (I1SO 19153).
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10.9 ISO suite of International Standards in geographic architecture services taxonomy

Table 23 provides a mapping for some of the standards in the ISO geographic information suite of
standards to the architectural reference model categories, as classified for the geographic architecture
service taxonomy in 10.8.

Table 23 — Mapping examples from the ISO geographic information suite of standards to the
geographic architecture services taxonomy

Architectural reference model category Relevant ISO geographic information standards
Geo r:\phir‘ hnnndnry]/hnmnn interaction IS0 19117 ﬂpngrnlnhir infnrmnf'inn — Portraval
services . . ;
IS0 19128 Geographic information — Web Mapysérier interface

Geographic model/information management |ISO 19107 Geographic information — Spatidlschemja

services ISO 19110 Geographic information — Methodology for feature
cataloguing

ISO 19111 Geographic information - Spatial referehcing by
coordinates

IS0 19112 Geographic information — Spatial referepcing by
geographic identifiers

ISO 19115-1 Geographic information — Metadata

ISO 19123 Geographic information — Schema for cdverage ge-
ometry and functions

ISO 19125-1_(Geographic information — Simple featiire access —
Part 1: Cominon architecture

ISO 19428 Geographic information — Web Map serVer interface

Geographic workflow/task management (not currently specialized in the ISO geographic infofmation
services suite of standards)
Geographic processing service IS0 19107 Geographic information — Spatial schema

ISO 19108 Geographic Information — Temporal schema

ISO 19109 Geographic information — Rules for appljcation
schema

ISO 19111 Geographic information — Spatial referepcing by
coordinates

ISO 19116 Geographic information — Positioning seyvices

ISO 19123 Geographic information — Schema for cdverage ge-
ometry and functions

ISO 19118 Geographic information — Encoding

Geographic communication services (not currently specialized in the ISO geographic infofmation
suite of standards)

Geographic system management services ISO 19153  Geospatial Digital Rights Management Reference
Model (GeoDRM RM)

10.10 Geographic service chaining validity

A service chain combines services to produce results that the individual services could not produce
alone. The early parts of this clause have defined type of services that could be chained. The syntactic
issues of service chaining, e.g. data structure of a chain, architecture patterns for chaining, is defined
in 8.4, which also defines how to construct chains; it does not address whether the results of a chain
are semantically valid. The human user that constructed a new chain or invoked an existing chain of
services should determine semantic validity of the results of a service chain. Here, it is assumed that
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the chain is syntactically correct, i.e. the input and output types internal to a chain match and the chain
produces a result. Some factors to consider in the semantic evaluation of a chain result are listed below.

— Appropriateness of starting data: Are the based datasets suited to the subsequent processing? For
example, are the accuracy and resolution of the data and thematic values relevant?

— Effect of services on data: How do the individual services affect the data, e.g. error sources and

propagation?

— Sequence of the services: How does the order of the chain affect the results? For example, should
a spatial operation, e.g. orthorectification, be performed before or after a thematic operation, e.g.

resamp ing the attribute values?

The evaluatjons depend upon understanding the services, e.g. through review of the service metaldata,

but also rely upon the users’ understanding of the combinations of the services.

10.11 User-perspective Lifecycle model for Services

/req/servi¢etaxonomy/ ser-
vice type - lifecycle

)«

If a service is classified from a lifecycle perspective, the service shal
categorised to belong to one or more (aggregatéd-service) of the follpw-
ing service lifecycle types for geographic information services: discd
ery’, ‘view’, ‘download’, ‘transformation’, ot/'invoke’.

be

V-

The lifecyclg-based perspective for the description of services has originated from the develop
related to networked services for spatial data infrastructures (SDIs). This suggs
the need to|describe services from a more usage oriented life,cycle perspective, from publicati
services in 4 Register service, then discovery of services with.a Discovery service, to View service
Download/4ccess services, and potential for various invoked services. Security and right manage
is in this Infernational Standard suggested to be orthogenal to the lifecycle. This service taxonol
adopted as 3 service type lifecycle taxonomy.

in INSPIRE

The core components of the SDI reference model are shown in Figure 15.

ment
psted
bn of
5 and
ment
my is

Application <}—— GeoPortal
i
1
A\

SDI Conpponents Reference Model Orchestration
Service
Centric View
Security,
Regigter Discovery View Download Invoke Rights
Management
Spatial Spatlal.Data Spatial Spatial IDs &
Dataset Service Dataset Data Licenses
Metadata Metadata Services

Data Centric View

Figure 15 — Core components of the SDI reference model

The primary organizing structure is determined by the following generic core lifecycle components:

— register (publish): for describing and publishing resources;

— discovery: for searching and discovery of resources;
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— view: for visualizing of resources;

— download: for downloading and exchanging resources with the following two possible subtypes:

— download-bulk-transfer (i.e. FTP);

— download-API-access (i.e. WES);

— invoke: for interacting with resources;

— orchestration and composition: for providing aggregated resources including, in particular,
workflows for service composition;

— gecurity and rights management: for managing access rights to resources.

10.12 User-defined service taxonomies

/red/informationviewpoint/ |Services may be categorised according to new user-defingd service
service type - user-defined |taxonomies. Typically agreed as a servige\taxonomy with

community.

n a domain

The
also

taxonomy, allows also for the creation of new user-defined setwice taxonomies.

10.13 Services organizer folder (SOF)

10.1

Serv
spec
serv
role

10.1

Imag
prec
are T
expl(

custdm interfacess

Tabld
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hpproach to support classification of services according to more than one service ta
to allow for one service to potentially belong to more than one service type with

B.1Grouping of services

ces organizer folders (SOFs) were introduced in 8.4.4 as groupings of services that aj
fic task. The remainder of 10.13 proyides examples of SOFs based on the geographic
ces taxonomy defined in 10.8. Data,models/application schemas/ontologies plays a
n thematic processing and modél finformation management for processing services.

3.2Image exploitation SOE

sion measurement®fground positions and of object dimensions. For example, a variet
eeded for extracting features from images or digital elevations from stereoscopic im
itation services)are widely implemented and used in photogrammetric systems, cur

b 24 prevides an example Image exploitation SOF.

Table 24 — Image Exploitation SOF

konomy and
in a service

e used for a
hrchitecture
n important

e exploitation serviges.are required to support most aspects of image exploitation, including

y of services
ages. Image
rently using

Geographic architecture services Image exploitation services
taxonomy

Geographic boundary/human interac- |Geographic viewer — mosaicing
tion services

Geographic model/information man- |Coverage access service

agement services .
Feature access service

Catalogue service

Geographic workflow/task services Chain definition service

Workflow enactment service

Geographic processing services
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Table 24 (continued)

Geographic architecture services
taxonomy

Image exploitation services

Geographic processing services —
spatial

Coordinate conversion service
Coordinate transformation service
Image coordinate conversion service

Orthorectification service

Geographic processing services —

thamatic

Geoparameter calculation service

Thematic classification service Geospatial
matching service

Image processing service

Geographic processing services —
temporal

Subsetting service

Subsampling service

Geographic processing services —
metadata

Statistical calculation service

Geographic communication services

Geographic format conversjon service

Geographic system management
services

Registry service

10.13.3 Geographic data fusion SOF

Geographic
sources. It
will depend
linking disp,
or more ged
and unstrud

Table 25 prd

tured data from distributed sources:

vides an example of Geographic data fusion SOF.

Table 25 — Geographic data fusion SOF

data fusion is a framework of services for the synthesis of data originating from different
nims at obtaining information of greater quality; the exact definition of greater qyality
upon the application. Geographic fusion i$;accomplished through organizing, relating and
arate sources of location-based informdtion. Geographic fusion relates to the fusion of two
graphic elements and the fusion of geographic elements with other sources of structured

Geographic architecture services
taxonomy

Image exploitation services

Geographicdoundary/human interac-
tion services

Geographic viewer

Geographic model/information man-
agemnjent services

Map access service

Feature access service
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(‘nfn]ngnp service
Gazetteer service

Feature type service

Geographic workflow/task services

Geographic processing services

Geographic processing services — spa-
tial

Feature matching service

Geographic processing services — the-
matic

Object detection service

Change detection service

Geoparsing service

Geocoding service
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Table 25 (continued)

Geographic architecture services Image exploitation services
taxonomy

Geographic processing services — —
temporal

Geographic processing services — —
metadata

Geographic communication services Encoding service

Messaging service

Geographic system management ser- —
vices

10.14 Semantic information models

From the services perspective, the information viewpoint is focusing orthe informat
services. The information viewpoint is concerned with the semantics of information and
processing. An information specification for a system is a model of thé€)information that
of the information processing that it carries out. In the context of the computational vie
partEular focus on the information being used and provided by the particular services.

This|also provides the foundation for the information viewpeint for services. From the co
view] the focus within the information viewpoint is on the identification of the inform:
used|and produced by services. A key aspect is the model-driven approach. Specific spat
define thematic information areas that are modelled using information models. The
application schemas that provide conceptual models. The conceptual models are publig
specifications including feature catalogues and these are implemented in data warehouse
with|standardized and SOA conforming encoding, the result is clearly structured and s
accesgsible spatial data.

Recent developments in the field of disclosing spatial information on the web has evolved ar
data] Linked data are a concept of a Web of Data where data can be found on the web and d
to other data distributed over the Web. As data are published conforming to the Web 3
integration of data and multipleusage become more prominent and less design dependent
it slightly different to the traditional SOA approach. Traditionally, the information structt
is based on identification of domains in which information and semantics are defined.

bridges the gaps betweet/the thematic domains by providing a mechanism to work withou
inforymation boundaxsies. In this regard, linked data fits into the web 2.0 philosophy of p|
information sharingby interlinking of data. The input/output parameters of services can b
for linked data, Lintked data has also been applied for the description of services in efforts sy
USDIL (see http://www.linked-usdl.org/).

Linked data when related to the SOA should be seen as a complementary way to enlarge the

on used by
information
it holds and

v, there is a

mputational
htion that is
ial domains
results are
hed in data
5. Combined
tandardized

ound linked
ontain links
rchitecture,
This makes
iring in SOA
Linked data
[ predefined
articipatory
e references
ch aslinked

possibilities
outside the

for spatial data integration and spatial to non-spatial data integration and broaden its use

geospatial community.

Linked data are published in the Resource Description Format (RDF). This is an alternative way of
representing information in class diagrams based on expressions known as triples in the form

of subject-predicate-object expressions. GML is closely related to RDF and can be tra

nsformed if

considerations on HTTP URI’s and stable links are taken care of. Figure 16 (from Reference [7]) shows

the integration of linked data in the SDI concept. The structured geospatial data serve as
for linked data interfaces.
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Structured geospatial data Text
Sensor Coverage Feature
Data Data Data Metadata
[ 1
A\ 4 A4
Information
1. Data . RDF-izers retrieval
Preperation
tools
\ 4
v v v ¥
2.Data Spatial Datasource 0GC 0GC RDF RDF
storage Databases with API Web Services GeoSPARQL Store files
A4 A4 A4 A £ A4
2.Data RDB-to CMS + Linked Data Lihked'Data Web
publicafion RDF RDFa Wrapper Tnterface server

The essentia
for data moq
reference pq
map a URI t

Linked Datg
machine-pr
of the Sema
basic typing
allows for ¢
vocabulary
The key ele
(pointers o1
means, user]
contains lin

v v v

ISO Standardized Geo Linked Data on the Web

Figure 16 — Technologies and standards‘involved in Linked Spatial Data

I pillars of Linked Datal3] are traditional web technologies and use of lightweight techn
lel representation. The former depernds on the use of Uniform Resource Identifiers (UR
ints. A URI may be used to uniquely identify both data and non-data resources.[1] Reso
b the physical location of the resource or, in the case of non-data resources, to a descrij

are usually implemented as common HTML for human interfaces, plus RDF for links
pcessable semantics.(RDF provides a structure for any form of description and is the
htic Web.[2] RDF déseribes resources in the form of triples (subject-predicate-object).
mechanism for.subjects, predicates and objects is available as RDF-Schema (RDF-S). R
xtensions inorder to specify domain-dependent subtypes and thus allow for a do
in its owni{namespace. RDF comes with different encodings, one of which is RDF/
ments of\RDF/XML for linking are “rdf:about” (identifiers or anchors) and “rdf:reso
links)s Resources become a set in which elements are connected with links. By {
5 can havigate between data like browsing through web pages. Generally, each piece of]

ques
[s) as
lvers
tion.

with
basis
40] A
DF-S
main
XML.
irce”
hese
data
pther

K(S)'to other data. However, leaf nodes or end points of the graph may make use of any

format, which may not support linking. Content-negotiation in HTTP allows client applications (like
browsers) to negotiate various data representations.[2]

Although RDF is recommended for implementing the Linked Data as a single global model for all data
sources, other structured formats such as GML can support semantic linking and it is expected that also
other technologies will evolve around this.

10.15 Examples of relevant standards

— UML, XML, GML as general languages (graphical and text-based) for information modelling.

56

ISO 19103 for modelling of information and application schemas using UML.
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ISO/IEC 19793 provides a UML profile for all of the main concepts defined in the RM-ODP information
viewpoint. It provides a foundation for full RM-ODP information viewpoint modelling but within the
geographic information community, it has so far been a preference to use an approach with UML
class diagrams, in combination with the use of XML, GML and potentially semantic technologies like
OWL and Linked Open Data with RDF.

10.16 Examples and tools

The INSPIRE program provides an example of establishing a spatial information base in this case
to support env1ronmental pollcy on national and _pan- -national level. Several technical reports,
. Regarding
the information viewpoint and the actual production of data specifications, a set of; d)cuments is
availpble. The presentation of the documents in the order below in itself is already an.éxample of how
the information viewpoint is addressed.

efinition of Annex Themes and Scope

and scope.
reology.

dentification and description of 34 spatial data domains regarding their definition
xamples of domains are hydrography, transport networks, administrative units, and

ethodology for the development of data specifications

he process and proposed methodology of developing application schema and featur¢ catalogues
is explained. Use cases lead to identification of information requirements. These are|transferred
o initial spatial object types and subsequent application schemas. An iterative profess to test,
alidate and restructure is described to arrive at specifications that fulfil described refjuirements.

SPIRE Generic Conceptual Model

asic rules and principles are laid down\to which all application schema should d
ocument bridges the gap between the conceptual standards on geo-information mods
pplication in specific domain models;For instance, reusable patterns are introduced d
nique identifiers, temporal modelsand a meta model is presented by defining dedicated

[uidelines for the encoding of spatial data

Luidelines are presented-toguide this implementation in GML application schema in a

omply. This
lling and its
n modelling
stereotypes.

harmonized

yay and provide additional specifications on top of general GML standards.
— INSPIRE data specificdtions

There are 34-documents each dealing with a separate theme. Each includes the domain definition,
se case desgription, application schema, feature catalogue, and portrayal.

11 Engineering viewpoint: A basis for distribution and communication patterns

11.1 Distribution transparencies and the engineering viewpoint

The engineering viewpoint focuses on mechanisms for distribution, distribution transparencies, and
support services such as security and persistence. Distribution transparencies enable complexities
associated with system distribution to be hidden from applications where they are irrelevant to
their purpose. The engineering viewpoint also introduces various possible architectural styles and
communication patterns.

Location transparency masks the need for an application to have information about location in order
to invoke a service. Location transparency is handled by name-servers that transparently map logical
names to physical server addresses. The underlying mechanisms used may differ between physical
communication solutions.
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Replication transparency masks the fact that multiple copies of a service may be provided in order to
provide reliability and availability. Replication transparency is handled to the extent that different
calling semantics can be transparently implemented in the framework, dependent on the policies
desired. The supported semantics are a shallow copy (copy of one object without its associated objects),
a partial copy (copy of one object with its direct associated objects) and a deep copy (copy of one object
and transitively, a copy of all its associated objects until no more objects are reachable).

There are other distribution transparencies that are also important to relate to, such as the following:

— failure transparency: masks failures and recoveries of objects;

— federati

n transparency: masks infprv\mrking across mn]fip]p administrations:

— group tfansparency: masks the use of a group of objects to provide an interface;

— migrati

— Tresourc

— persistgnce transparency: hides the actual activation and deactivation of objjects from a persi

store, a

— transac

— security transparency: hides the mechanisms that are being“used for authentication

authori

In order to
between thd
layer which

11.2 Distr

To support
architecturd
variations il
and associa
the arrange
are hosted d

bn transparency: masks the relocation of an object;

e transparency: masks passivity and reactivation;

d the actual storage mechanisms and representation format used;

Lion transparency: hides coordination for achieving the transactional properties;

ration.

achieve interoperability between different platfopms, it is necessary to have mapj
platforms’ support for these transparencies. This can be done through a higher abstra
maps to the implementation and representation of these services in various platforms

jbuting components using a multi-tier architecture model

flexible deployment, IT architeetures are structured as multi-tiered distril
s. As a reference model, logicalfour-tier architecture is presented with discussig
 different physical architectures. The logical architecture is the arrangement of ser
fed interfaces that are present in the system (see Figure 17). The physical architecty

n hardware computing resources or nodes.

stent

and

hings
ction

uted
n on
vices
re is

ment of components and asSociated interfaces that implement the services. The compoments

58

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=b4fe53bf30bd81cb21a6cf9087877010

The

ISO 19119:2016(E)

Human interaction

services
User processing Workﬂm./v/ Task
services services
Communication
services —
Shared processing manag.ement
services services o

Model/Information
management
services

Figure 17 — Logical multi-tiered architecture

hrchitectural reference model, as defined in 8.4, structures the types of services of a

Each|tier can contain both IT-general services and GIS-extended services for that tier.

The human interaction services tier is responsible for physical interaction with the u

tier and a dialogue tier.

The user processing services tier is apart of the processing services responsible for the f}
fequired by the user.

The shared processing seryices tier is part of the processing services responsible
gervices (both domain spetific and general) that can be used by multiple users.

The model/informatjon-management services tier is responsible for physical data
dlata management,

The workflow/tasK services are a set of services that can be viewed as a specialized proces

The commuftiication services are responsible for connecting the various tiers td

Thé system management services are orthogonal to the multi-tiered architecture a

¢ommunicdtion services are present as the connections between the other service tiers

h IT system.

ser, through

display and input media and an appropriate‘dialogue. This might be separated into a presentation

unctionality
for common
storage and
sing service.

gether. The

D.

hd might be

introduced in multiple tiers

The logical architecture can be mapped to multiple physical architectures. All tiers could be mapped
into one monolithic application or could be mapped using different physical client-server architectures.
Figure 18 to Figure 20 show mappings to various physical architectures.
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| { Human interaction services | 1W| User interface client

User interface
client

User processing services

Application server

X

Shared processing services

&

Data server Data server

Model/Information
management services

two-tier physical three-tier phySical

Logical

Figire 18 — From logical four-tier to physical two-tier or three-ti€r architecture
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, a data server contains the logic that interfaces either with‘a data storage system or
ype of external data source, such as a data feed or an external application system. Thej
des model/information management services.

n server contains components that are responsiblé for processing services. An applic
pbrovide both user processing services and shareédprocessing services.

face client provides interaction services, €ontains the logic that presents informati
source and obtains input from that source. In most cases, the external source is a ht
rking at their own computer, although ‘the external source might also be process-orie
gic generally provides menus of options to allow the user to navigate through the diff
application and it manipulates thejinput and output fields on the display device. Frequ
ition component also performs a limited amount of input data validation.

W Figure 18, a two-tier physical architecture typically consists of a user interface
lirectly with a data server. User services are normally executed in the user interface c
ta server provides shared processing services.

Figure 19, a three*tier physical architecture introduces an intermediate application s
nsible for thé.execution of shared processing services, sometimes also for user servig
itage of using'a three-tier distributed information system is that the user can choose
components to perform tasks. In an interoperable component environment, the use
bnents-that perform similar tasks and combine the chosen components to best produd
thatis needed for application.

with
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bn to
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. "\ Human interaction services | Y| Web Browser client
User interface r'd

client

\ ] ] Web-server
User processing services

Application server

Application server |%|

Shared processing services

Data server P Model/Information Data server
management services
Thick client Logical Thinclient

Figure 19 — Mapping logical four-tier to thick andthin clients

As shown in Figure 19, a thick user interface client architecture will typically contain a Igrger part of

the f
cont
with

A pla
serv
party
cant

linctionality in the user service. A thin user interface cliént/(typically, a web browser) will mostly
hin user dialogue and presentation code. A web browserglient is a user interface client that interacts
a web server, using the Internet HTTP protocol with:«centent represented in HTML and/or XML.

tform-independent abstract specification can inchide specification of both user interface (UI) plus
ce and data/information aspects. This means-that a large specification can be broken into different
, each addressing a different part of a total'system specification (see Figure 20). The various parts
ypically be mapped into different kind ofispecific technologies.

5

Platform —> Human interaction
independent UML Map to Web, services
User interface model PC, PDA,

GUI

User processing

D/D—E services

Rlatform Platform >
independent »| independent UML Map to COM,
UML model Processing model J2EE, CORBA, Shared processing

Webservices, ...

services

Abstract D/D_g

specification Model/Information
Platform ——» management services
independent UML Map to RDB,
information model OODB, file, -

Figure 20 — Mapping from platform independent UML models

11.3 Distribution transparencies

The
infra

© ISO

engineering viewpoint is concerned with the design of distribution-oriented aspects, i.e. the
structure required to support distribution. An engineering specification of an ODP system defines
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anetworked computing infrastructure that supports the system structure defined in the computational
specification and provides the distribution transparencies that it defines. ODP defines the following
distribution transparencies:

— access;
— failure;
— location;

— migration;

— relocatipn;
— replicatjon;
— persistgnce;
— transaction.

Security may also be a mechanism. There is a particular focus on the differentmechanisms to support
a multi style service-oriented architecture (SOA) in a unified logical model, including both RESTfull and
Synchronoufs services, as well as events.

11.4 Engineering viewpoint Service specifications

The requir¢ments for creating the service specification part.-for the engineering viewpoin{ are
formalized as a requirements class summarized in Table 26.

Tahle 26 — Requirements class for Engineerihg viewpoint service specifications

Requirements class /req/engineeringviewpoint

Target type Mapping models

Dependency /xeq/computationalviewpoint/

Dependency /req/informationviewpoint/

Requirement /req/engineeringviewpoint/architectural
style mapping

/req/engineeringviewpoint/ | The architectural style(s) supported for the service shall be de-
architectural style mapping |scribed and reflected in refined interface and operation specifica
tions that show how the specified operations from the computational
viewpoint will be realized in the selected architectural style(s) (i.e.

RPC, OWS, REST, SOAP, etc.). This includes a mapping for the req“;]ﬂre-

ments of the computational viewpoint, with interfaces, operations,
behaviour, pre-conditions and post-conditions, and service chainling.

The form of the platform specific interfaces and operations might vary depending on the chosen
architectural style and platform, i.e. RPC-oriented, message-oriented, RESTful, and document-oriented.
It is possible to describe different alternative architectural styles and technology representations for
the same service.

Services with interfaces and operations should be described in an architectural style dependent
way showing how concrete interfaces are derived from the interfaces specified in the computational
viewpoint. Describe the mappings from interfaces in the computational viewpoint to interfaces in the
engineering viewpoint, according to chosen architectural style(s). This can either be done through the
description of transformation rules (i.e. using QVT or similar transformation language) or through
tables or other forms of mapping descriptions.
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Operations in the concrete interfaces should be described according to the selected architectural style(s)
showing their input and output parameters (and exceptions). Each input and output parameter shall be
further described through the technology viewpoint. Describe the mappings from operations in the
computational viewpoint to interfaces in the engineering viewpoint, according to chosen architectural
style(s). This can either be done through the description of transformation rules (i.e. using QVT or
similar transformation language) or through tables or other forms of mapping descriptions.

The behaviour of services may be shown through the use of UML sequence diagrams, showing
possible sequenced use of operations, if the concrete sequences need to be further refined from the

computational viewpoint.

The
expr
the c

In 11

11.5

lJl < \.Ullditiullb Cllld lJUDt \.Ullditi\}llb Cllld illV al iauto Uf all UPCL CltiUll lllCl_y bC DhU
pssions in OCL, if the concrete pre-conditions and post-conditions need to be furthery
omputational viewpoint.

.5 and 11.6, examples of some various possible architectural styles are presegnted.

Multi-style SOA

vn through
efined from

A multi-style service-oriented architecture is one in which the\sérvice-oriented alrchitectural

style
arch
serv

Most
mod

Inre
[e.g.

arch
Somyd
arch

coexists with other architectural styles, whereas service-eriented architectural
tectural style that restricts the roles, characteristics and @llowed relationships of §
ce consumers.[43]

initiatives for the specification and standardizationof geo-information resources (¢
ls, and formats) have adopted various Web technologies as their protocols and encodi

Ccent years, the World-Wide Web has undergone important changes. The advent of new {
AJAX and JSON (see http://www.json.org/)], new services (e.g. Web 2.0 service
tectural approaches (e.g. REST) has implied'a more common usage of multiple architeq
e of the following constraints are stillkadhered to within the different styles of serv]
tectures.

Lommon payload (the actual data that is being exchanged) and protocol: each serv

q

interfaces.

in interface that is invoked through a payload format and protocol that are understo
otential clients of a servigce,

ublished and discoverable interfaces: each service has a published and discoverable i
llows systems to s€arch for services that are best suited for their purposes.

oose coupling:services are connected to other services and clients using standard, ¢
educing, deéoupled message-based methods such as XML document exchanges.

style is an
ervices and

.g. services,
ngs.

echnologies
S5) and new
tural styles.
ice oriented

ce provides
bd by all the

iterface that

lependency-

ultipleneemmunication interfaces: services can implement separately defined communication

omposability: Because services are coarse-grained reusable components that €

xpose their

functionality through a well-defined interface, systems can be built as a composition of services
and evolve through the addition of new services.

In 11.6, a number of relevant architectural styles are briefly described.

11.6 Relevant architectural styles

11.6.

1 Service-oriented architectures

Service-Oriented Architecture (SOA) can be considered both from an organizational and business
perspective, as well as from a technical perspective. SOA is a means of organizing solutions that
promotes reuse, growth and interoperability. It is not itself a solution to domain problems but rather
an organizing and delivery paradigm that enables more value to be gained by using capabilities which
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are locally “owned” and those under the control of others. SOA reflects the reality that ownership
boundaries are a motivating consideration in the architecture and systems design.

The central focus of SOA is the task or business function. The central concept of SOA is the service: a
mechanism to enable access to a set of one or more capabilities. A service enables users to perform
arbitrarily complex tasks involving the resources which are handled by the service provider and not
directly exposed to the user. SOA defines a class of architectures which enable loosely-coupled access to
generic capabilities provided by service providers. The generality of services in terms of information,
structure, semantics, behaviour, action and process models require the provision of functionalities
supporting visibility and awareness through service description and policy definition. This makes SOA

powerful but complex, especially if only simple tasks are required.

In the Worl@-Wide Web, the emergence of Simple Object Access Protocol (SOAP) provided a cenj
specification for service invocation between Web components. SOAP, originally designed for(Convg
remote methods invocation in XML, being fully suitable for generic messaging between objects, ev
in a more g¢neral standard for sending services calls targeted to end points exposed inthe Wel
addressed through a specific URL. Further specifications such as WSDL (see http://fwww.w3.org

wsdl), UDD

org/), WS-*
OASIS (see |i

(see http://www.oasis-open.org/committees/uddi-spec/), WS-I (see. http://www]|

\mon
pying
blved

and

TR/

WS-i.

etc. from various standardization bodies, mainly W3C (see http://www.w3.org/)
ttp://www.oasis-open.org/) make the SOAP suite, a complete set\of'standards for bui

SOA over t]

currently the most widespread solution for e-Business and e-Government systems.

SOAP Versi
decentraliz
optional SO4
etc.) about {
an ultimate
message co
Infoset to f
application-
loss of prot
level protoc

11.6.2 Representational State Transfer (REST)

The W3C dd
the fundam|
resources. H
did not guj
requiremen

banking transactions;\travel reservations, commercial orders) implemented in background faci

which can |
capabilities
However, cd

ne Web providing service description, cataloguing, securitycand so on. Indeed, tH

bn 1.2 is a lightweight protocol intended for exchanging structured information
d, distributed environment. A SOAP Message is made up of a header and a body.

he SOAP message. The SOAP body provides a miechanism for transmitting informati
SOAP receiver, which is the service provider*An important characteristic is that a §
1ld be transmitted using any protocol as;leng as it allows the transfer of the seri
he destination. Several transport mechahisms (bindings) are defined for SOAP
evel protocols such as HTTP and SMTPR-This generality is obtained at the expense g
col-specific characteristics. For example, the HTTP binding utilizes HTTP as a trans
bl: the semantics of the request ling'and of most of the HTTP headers are actually lost.

cument “Web Services Architecture” (see http://www.w3.org/TR/ws-arch/) makes |
ental basis for a ‘new” Web, a Web of exposed services instead of shared docum
ut the great success of SOAP in many application fields like e-Business and e-Govern
irantee the same success in other fields and applications characterized by diff
[s. SOAP fits¢well to SOA, where different organizations expose complex services

pe composed in workflows for carrying out high-level business processes. These
haye\the drawback of a complex infrastructure for services discovery, description

1

and
lding
is is

in a
The

AP Header element contains application specific information (like authentication, payment,

bn to
bOAP
ized
sing
f the
port-

5OAP
ental
ment
brent

(e.g.

llities

breat
etc.
vices

mmon Web applications, in particular the so-called Web 2.0 services, are light ser

dedicated t

pubiisiT and access Structured and Semi-Structured Information (e.g- WeDSITES,

Web

interfaces to databases and repositories, Content and Document Management Systems, blogs, etc.), a
context where SOA seems to be overloading. W3C have proposed a new vision of the Web architecture
to make it conform to its original concept. Such architecture is based on an architectural style named
Representational State Transfer (REST).

REST is a resource-oriented style for distributed systems defined to describe the original Web
architecture and to guide its future evolution preserving its fundamental characteristics, scalability.
Although REST is defined bearing in mind the Web, all the architectures satisfying the REST constraints
are REST-based architectures, not only the Web itself. The term “RESTful” was introduced to describe
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system architectures based on the REST style. RESTful architectures present the following two
essential characteristics deriving from the Uniform Interface constraint:

a) all the significant resources are addressed and accessible through the same set of methods
(common interface);

b) 1

NOTE

ogical connections between resources are made explicit as hyperlinks.

seems to be a common misunderstanding.

11.6

3—Web-2.0

REST is not a technology. In particular, REST is neither simply XML+HTTP nor any HTTP API which

Itis
techr
disti1
of th
Web

a)
b)
‘)
d)
€)
f)
g)

\
I
|

q

In or]
and
ofter

E
LL

still difficult to agree on what the Web 2.0 really is. One definition is “a set of economi

ology trends that collectively form the basis for the next generation of the Internét}>— a 1
ictive medium characterized by user participation, openness, and network effect”. Comj
e most known applications, some commonalities that can be considered. the principle
2.0 are the following:

Veb As Platform;

{arnessing Collective Intelligence;
Data are the Next Intel Inside;

ind of the Software Release Cycle;

ightweight Programming Models;

$oftware Above the Level of a Single Device;

Rich User Experiences.

der to facilitate the development of the so-called Web 2.0 applications, specific strategi
fechnologies have been developed or improved. They are often indicated with well-
misunderstood) terms.

r, social, and
nore mature,
baring some
5 behind the

es, patterns,
known (and

]

Vash-up (or mashup): A mashup is a technique for building applications that combi

data from

nultiple sources to create/an integrated experience. In the Web 2.0, this is often done dr;liectly in the

prowser (consumer,mashup) using open Web APIs (e.g. Google Maps API, Wikipedia AP],

¢tc.). The mashup-approach helps to achieve the “Web As Platform” and “Lightweight Pj

— |
(
|

odels” principles:

ightweight >technologies: technologies that do not require a heavy upfront iny
pperational requirements. These are simpler and less cumbersome to work with. The
hat lightweight technologies can be less feature rich than their more “heavyweight”

xamples of technologles con51dered llghtwelght are ]avascrlpt Object Notatlon (]SO

DpenLayers,
ogramming

estment or
downside is
hlternatives.
N) for semi-

d. In the Web

2.0, they help to reach therapld development requlred by the ‘End of the SoftwareRelease Cycle”
and the “Lightweight Programming Models” principles.

— AJAX: The term AJAX (or Ajax) was coined to a new approach to web applications development
characterized by the following:

— standards-based presentation using XHTML and CSS;

© ISO

dynamic display and interaction using the Document Object Model;
data interchange and manipulation using XML and XSLT;
asynchronous data retrieval using XMLHttpRequest;

JavaScript binding everything together.
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The term was actually a shorthand for Asynchronous Javascript and XML. However, Ajax now
encompasses the use of specific technologies like Javascript and XML. Other technologies can
be adopted for scripting (e.g. Adobe Flash instead of Javascript) or data representation (e.g.
JSON instead of XML). Even the XMLHttpRequest object can be replaced by other techniques for
asynchronous retrieval of Web resources (e.g. by use of IFrames). What actually characterizes
Ajax is its application model: an Ajax application eliminates the start-stop-start-stop nature of
interaction on the Web by introducing an intermediary, an Ajax engine, between the user and the
server. The Ajax engine allows the user’s interaction with the application to happen asynchronously,

independent of communication with the server.

12 Technplogy viewpoint: A basis forcross piatfornr inmteroperability

12.1 Infrastructure interoperability and the technology viewpoint

The technology viewpoint of ISO RM-ODP is concerned with the underlying infrastructure
distributed pystem. It describes the hardware and software components used in a,diStributed syj{

in a
tem.

To achieve ipteroperability in the technology viewpoint, an infrastructure that alows the compomnents

of a distriblited system to interoperate is needed. This infrastructure, which-may be provided
distributed [computing platform (DCP), allows objects to interoperate across computer netwj
hardware platforms, operating systems and programming languages. This’'viewpoint also repre
the platform specific specification with mappings to any technology specific aspects of the relg
distributed computing platform that has not been covered by the afchitectural style description
the engineefing viewpoint.

by a
orks,
sents
vant
from

+ ) +
cichta O Cﬁ ent B N Oqﬁ
+ S +
A
) 4
Communication Service A I< >| Communication Service B
A A A A
v A4 A4 v
Geographic Geographie™ | Geographic Geographic
Data Server A Proce.s Data Server B Processing
Service Service B
Geographic Services on Platform A Geographic Services on Platform B

Figure21 — Technology viewpoint model of the interoperability reference model

The communication service allows the components in a distributed system to interoperate. In the two
systems depicted in Figure 21, communication service A allows the components of system A (client A,
geodata server A and GIS service component A) to interoperate, while communication service B allows
the components of system B to interoperate. To allow system A to interoperate with system B, the
components of system A shall be able to request services from the components of system B and vice
versa. The following two cases are to be considered.

66

The two systems use the same DCP

As an example, OMG has defined the general inter-ORB protocol (GIOP) and internet inter-ORB
protocol (II0P) standards that allow two systems that use CORBA to interoperate. These standards
define how objects in system A can invoke services from objects in system B. Java RMI also have
support for allowing objects in one system to invoke services from objects in another system.
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— The two systems use two different DCPs

If the two systems use different DCPs, they can interoperate through the use of special
“bridging” tools. These bridging tools allow objects that use one DCP to interoperate with
objects that use another DCP.

12.2

Need for multiple platform-specific specifications

It is assumed that one platform-neutral service specification from the computational and information
viewpoint will be the basis for multiple platform-specific service specifications through different
architectural styles mappings in the computational viewpoint and for different distributed

computing platform mappings through the technology viewpoint. ISO 19125 is an e}

set @
Obje
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the 1}

Mult
diffe
serv
It is
spec
now
with
spec
spec

12.3
sped

Platf]

f platform-specific service specifications for SQL, Object Linking and Embedding
't Model (COM/OLE), and CORBA, and has demonstrated the need for at least’thr
bmentation specifications of the same platform-neutral specification. Later. évolution
eed for other platform specific specifications, like WFS:0WS, WFS:SOAP and WFS:RES

ple platform-specific specifications are necessary because of the variety of DC
Fences in the way in which they support the functional requirements. One platf]
ce specification is needed to support interoperability of multiple platform-specific sp
foreseen that a future set of standards could be made to describe the rules for ma
fications in this International Standard to specific platforms, similar to how thg
describes a generic framework for encoding and ISO 19136 describes how this can
an encoding in XML and GML. These rules can theirbe applied when new servicg
fied according to this International Standard as pa¥t.of the process of defining platf
fications for services.

Conformance between platform-neutral and platform-specific service
ifications

pbrm-neutral models shall be described in UML in accordance with the requirem

com

Platfprm-specific models in the eomputational and technology viewpoint may be descril
together with a description of-their mapping to the corresponding platform-neutral modg
allowed to describe the platform-specific models directly in a platform-specific language
CORBA/IDL, web servicesdescription language, etc., as long as the mapping to the co
platfprm independent mogdel is well defined.

Development of service specifications may proceed from platform-specific to platform-ney
platfprm-neutral €0 platform-specific. In either case, a service specification shall not be
complete according to the full service profile until it has a platform-neutral model and
platfprm-speeific model (see Figure 22).
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Platform-neutral
service specification

A A X

Two-way mappings

Platform-specific

Platform-specific

Platform-specific

service
specification
(DCP-A)

service
specification
(DCP-B)

service
specification
(DCP-C)

P2 — From platform-neutral abstract specifications to multiple platform-specifi
specifications

A%

A platform-npeutral service specification should be defined meeting the requirements for the enterprise,

computation and information viewpoints. A platform-specific service{specification shall show

how

it meets the intentions of the platform-neutral specification, by showing how the various parts df the

platform-ne

in the tech
specificatio
As relevant,

framework ¢f ISO 19118, i.e. by using technology specificercodings, i.e. such as ISO 19136 with GML/

12.4 From platform-neutral to platform-specific specifications

Any service
other, shall

Implementa
if platform-
tagged valu

ology viewpoint. In order to support interoperability between different implement

ftion specifications fora particular platform may be described through the use of the
Epecific aspects have-been introduced through the use of platform-specific stereot

itral service specification are mapped onto the platform-specific service implementdtion,
based on tlSF architectural style mapping in the engineering viewpoint and the technology map

hings
ation

s, the reverse mapping back to the concepts in the platform-neutral model may be defiined.
a platform-specific specification should include‘the encoding of information according tjo the

XML.

specification that addresses a papticular platform, i.e. Web services (SOAP, REST, OWS) or
include a detailed mapping specification from the basic data types used in the platform-
neutral UML models to corresponding-types in the platform.

UML,
ypes,

s and constraints, UML profiles with platform-specific types exist for various platforms.

Annex D dgscribes someg~eéxample principles for mappings of the platform-neutral services of the

computatiofpal and information viewpoint to a variety of DCPs.

12.5 Techpology objects

The technol

- - + 1 LA | +1 > 1 + - £l 4 . + £ £ :
ogy viewpuintdescribes the tmptementationrof the OBP-systenrimtermsof a configuration

of technology objects representing the hardware and software components of the implementation. It
is constrained by cost and availability of technology objects (hardware and software products) that
would satisfy this specification. These may conform to platform-specific standards that are effectively
templates for technology objects.

12.6 Technology viewpoint service specifications

12.6.1 Requirements class for technology viewpoint

The requirements for creating the service specification part for the technology viewpoint are
formalized as a requirements class summarized in Table 27.

68
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Table 27 — Requirements class for Technology viewpoint service specifications

Requirements class /req/technologyviewpoint

Target type UML service model

Dependency ISO 19103 (Conceptual schema language)
Dependency /req/computationalviewpoint/

Dependency /req/informationviewpoint/

Requirement /req/technologyviewpoint/technology mappings

12.6]2 Technology mappings

/req/technologyviewpoint/ |The technology mappings shall be described based on' majppings
technology mappings from the information, computational and engin€ering viepvpoints.

This includes a mapping for the elements ofthe informatipn view-
point with the operation input/output/exception parameters to their
related technology representation and.encoding.

Any needed further mapping from the computational vieypoint and
the architectural style from the engineering viewpoint should be

further mapped for interfaces;@perations, behaviour, pretconditions
and post-conditions and ser¥ice chaining.

attributes attributes
OWS Manifest:ReferenceBase

Xlink: abstract Xlink:

href \\ { } /2 href
I+ reference: URI /

Xlink: + roletURI[0..1] Xlink:

role X . role
/‘ +title: String[0..1]

Xlink: e - Xlink:

title title

OWS Manifest: Reference

OWS: ows: identifier

identifier,

I + identifier: Code [0..1]

-+ abstract: String[0..1] ——— |
L + format: String[0..1]

o=
oOWs: / T
Abstract / + metadata: Metadata [0..*]
OwSs:

ows: Abstract

ows: Format

ows: Metadata

Format QWS InputOutputData:
ServiceReference ows:
RequestMessage
ows:
Metadata + requestMessage: String / ows:

P AT

+ requestMessageReference: URl RequestMessageReference

ows: Reference ows: ServiceReference
Figure 23 — Example of mappings from UML information models to XML representation
A Key Value Pair (KVP) encoding of the GetCapabilities operation request may be as shown in Table 28,

with example values appropriate for WCS 1.0.0.
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Table 28 — GetCapabilities operation request HTTP/URL parameters for KVP

Name and example2

Optionality and use

Definition and format

When omitted, return latest sup-
ported version.

Service = WCS Mandatory Abbreviated service type identifier
text.b

Request = GetCapabilities Mandatory Operation name text.

AcceptVersions = 1.0.0,0.8.3 Optional Prioritized sequence of one or more

specification versions accepted by client,
with preferred versions listed first.

Sections = Centents

Onticonal
P

tTOTITHT

When omitted or not supported
by server, return complete service
metadata document.

Comrma-separated-unerderedHstofyero
or more names of sections of servicej;l
metadata document to be returned i

service metadata document,

(where XXX
previously p

UpdateSequénce = XXX

s character string
rovided by server)

Optional

When omitted or not supported by
server, return latest service meta-
data document version.

Service metadata document version
value is “increased”,whenever any
change is made in-complete service
metadata document.

AcceptForm

its = text/xml

Optional

When omitted or not supported
by server, return service metadata
document using MIME type “text/
xml”.

Prioritizedrsequence of zero or morg
response-formats desired by client, yith
prefefred formats listed first.

AcceptLangy

ages = en-CA,fr_CA

Optional

When not supported by server
return human readable textin a
language of the server’s choice.

List of languages desired by the client for
all human readable text in the respopse,
in order of preference. For every ele-
ment, the first matching language avail-
able from the server shall be present in
the response.

a  All parani
be allowed in

b Aspecifid

KVP encoding.

eter names are listed here using mostly lower case letters. However, any parameter name capitalization

shall

OWS specification shall define the @abbreviated service type identifier to be used by all implementing seryices.

An example

<?xml vers]
<GetCapabi]
xmlns:ows="|
xmlns:xsi=
xsi:schemal
fragmentGef
updateSequd
<!- Maximui
<AcceptVer

ions>

<Version>1

0-0</Version>

of a GetCapabilities requiest message encoded in XML is as follows.

on="1.0" encoding=“UTF-8"?>

ities xmlns="http<//www.opengis.net/ows/2.0”
http://www.opendis.net/ows/2.0”
http://wwwew3/org/2001/XMLSchema-instance”
ocation="hi{tp://www.opengis.net/ows/2.0
CapabildtilesRequest.xsd” service="WCS”
nce="¥xY¥%¥23” acceptlLanguages="en-CA">
exanmple for WCS.

—>

<Version>0.

8.3</Version>

</AcceptVersions>

<Sections>

<Section>Contents</Section>

</Sections>
<AcceptFormats>
<OutputFormat>text/xml</OutputFormat>
</AcceptFormats>
<AcceptlLanguages>
<Language>en-CA</Language>
<Language>fr-CA</Language>
</AcceptLanguages>
</GetCapabilities>
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This example includes all of the possible XML attributes and elements, but only the service attribute is
required, within the required GetCapabilities root element.

GetCapabilities request SOAP encoding

Specific OWS servers may implement a SOAP transfer of the GetCapabilities operation request using the
XML encoding specified above.

12.7 Architectural classification according to cloud computing service categories

Cloud computing has a significant potential in the context of the management, preservation and sharing

of d

shar

Serv

provjder interaction. Thus, cloud computing focuses on the delivery of computing.as’a se

shar

usually over the Internet.

The
serv

further down to platform as a service (PaaS) and infrastructure as a-service (IaaS). The Sa

[aaS

providers all have a range of both generic and specific services that can be individua

with|the service taxonomies already proposed.

ta Tt isa computing modet for emabling ubiquitous, CONVENIent, O-aentand metwor access to a
ed pool of configurable computing resources (e.g. networks, servers, storage, applifations, and
ces) that can be rapidly provisioned and released with minimal management\effort or service

rvice, where

bd resources, software and information are provided to computers and other'deviceq as a utility,

different service types can also be categorized according to their (relevance for em¢rging cloud
ces, starting with a classification for the application level and software as a service (SaaS), but also

hS, PaaS and
ly classified
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Annex A
(normative)

Conformance

A.1 Levels of specification

The test suife is structured into six conformance classes (see Clause 2). Each test relates to onero¥’more

specific requiirements, which are explicitly indicated in the description of the test.

The framewjork, concepts and methodology for conformance and testing for ISO geographic'informption

suite of staridards are defined in ISO 19105.

Any specififation, including a profile or functional standard that claims conformance with| this

Internationgl Standard, shall pass the corresponding requirements describéd in the abstract test

module in A[2 to A.7.

This distinguishes between the following three different levels of specifications:

— platform-neutral service specifications: service that specifies a specific geographic service
in a platform-neutral way, meeting the requirements ofithe enterprise, computational and
information viewpoints;

— platformh-specific service specifications: environment or language-specific service specification
that hag been derived from a platform-neutral sexvice specification and is claimed to be a profile
standard of this, meeting the requirements of the engineering and technology viewpoints;

— platformh-specific service implementations: actual implementation of a service according tp the
specificptions from the technology viewpoint that can be conformance tested against the abstract
test suite of a platform-specific service specification.

A.2 Enterprise viewpoint

A.2.1 Seryicename

The test for juse of a Serviéename is as follows:

a) testidentifier: /conf/enterpriseviewpoint/servicename;

b) test pufpoSe! verify that the servicename has been specified according to the rules in| this
International Standard;

c) test method: inspect the service description to verify that the requirement
/req/enterpriseviewpoint/servicename has been obeyed for the servicename;

d) reference: /req/ enterpriseviewpoint/servicename;

e) testtype: basic.

A.2.2 Servicetypes

The test for

a)

72

use of service types is as follows:

test identifier: /conf/enterpriseviewpoint/servicetypes;
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test purpose: verify that this service has been categorised with servicetypes according to the rules
in this International Standard;

testmethod:inspecttheservicedescriptiontoverifythattherequirement /req/enterpriseviewpoint/
servicetypes has been obeyed for the classification according to service types;

reference: /req/enterpriseviewpoint/servicetypes;

test type: basic.

A.2.3 Service purpose

The test for use of a Service purpose is as follows:

a)
b)

)

d)
e)

A.2.4 Service scope

The test for use of a Service scope is as follows:

A2

The test for use)of Service capabilities is as follows:

a)

‘)

d)
e)

.5 Service eapabilities

tlest identifier: /conf/enterpriseviewpoint/servicepurpose;

lest purpose: verify that the service purpose has been specified according to the fules in this
International Standard;

lest method: inspect the service purpose to verify that the requirement /req/enterprisgviewpoint/
gervicepurpose has been obeyed for the service purpose;

feference: /req/ enterpriseviewpoint/servicepurpose;

flest type: basic.

lest identifier: /conf/enterpriseviewpoint/servicescope;

lest purpose: verify that the service scope has been specified according to the rules in this
International Standard;

lest method: inspect the service Scope to verify that the requirement /req/enterprisgviewpoint/
gervicescope has been obeyed for the service scope;

feference: /req/enterpriséviewpoint/servicescope;

tlest type: basic.

lestddentifier: /conf/enterpriseviewpoint/servicecapabilities;

HocE iz o xzaweifoy bl ot 4 Qs analkilie: bova b n-cnacifiad o rdinag o+l o 1 i th
ESTpurpost—veriry tirat tnt—StrvicCCapaotrerCsTra v CoteSpttmCtatcoTtrttg to—Tnt ules 1n 1S

International Standard;

test method: inspect the service capabilities to verify that the requirement
/req/enterpriseviewpoint/servicecapability has been obeyed for the service capabilities;

reference: /req/enterpriseviewpoint/servicecapabilities;

test type: basic.

A.2.6 Service community

The test for use of Service community is as follows:

a)

test identifier: /conf/enterpriseviewpoint/servicecommunity;
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b)

test purpose: verify that the service community has been specified according to the rules in this
International Standard;

test method: inspect the service community to verify that the requirement
/req/enterpriseviewpoint/servicecommunity has been obeyed for the service community;

reference: /req/enterpriseviewpoint/servicecommunity;

test type: basic.

A.2.7 Service scenarios

The test for juse of Service scenarios is as follows:

a)
b)

<)

d)
e)

A.3 Computational viewpoint

A.3.1 Service interfaces

The test for|description of Service interfaces is as follows:

a)
b)

<)

d)
e)

A.3.2 Seryice operations

The test for|description of service operations in interfaces is as follows:

a)
b)

<)

d)
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test identifier: /conf/enterpriseviewpoint/servicescenarios;

test purtpose: verify that the service scenarios have been specified according to,theTules if this
International Standard;

test method: inspect the service scenarios to verify that the requirement /req/enterpriseviewppint/
servicegcenarios has been obeyed for the service scenarios;

referenge: /req/enterpriseviewpoint/servicescenarios;

test typle: basic.

test identifier: /conf/computationalviewpoint/interfaces;

test punpose: verify that all interfaces in the service model have been specified according tp the
rules in|this International Standard;

test method: inspect the service.model to verify that requirement /req/computationalviewppint/
interfades has been obeyed foriall specified interfaces;

referenge: /req/computationalviewpoint/interfaces;

test typle: basic.

test identifier: /conf/ computationalviewpoint/operations;

test purpose: verify that all operations in all interfaces for the service model have been specified
according to the rules in this International Standard;

test method: inspect the service model to verify that requirement /req/computationalviewpoint/
operations has been obeyed for all specified interfaces;

reference: /req/computationalviewpoint/operations;

test type: basic.
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A.3.3 Service behaviour
The test for description of service behaviour is as follows:
a) testidentifier: /conf/ computationalviewpoint/behaviour;

b) test purpose: verify that all behaviour for the service model has been specified according to the
rules in this International Standard;

c) test method: inspect the service model to verify that requirement /req/computationalviewpoint/
behaviour has been obeyed for behaviour specifications;

d) reference: /req/computationalviewpoint/behaviour;

e) testtype: basic

A.3.4 Operation pre_and_post_conditions
The test for description of operation pre-conditions and post-conditions is as*follows:
a) {festidentifier: /conf/ computationalviewpoint/pre-conditions and post-conditions;

b) fest purpose: verify that specified pre-conditions and post-conditions have beeh described
dccording to the rules in this International Standard;

c) fest method: inspect pre-conditions and post-gonditions to verify that requirement
req/computationalviewpoint/pre-conditions and post-conditions has been obeyed for stated
gpecifications of pre-conditions and post-conditions;

d) reference: /req/computationalviewpoint/pre~conditions and post-conditions;

e) festtype: basic

A.3.5 Service chaining
The test for description of a Service chaining is as follows:
a) festidentifier: /conf/ computationalviewpoint/service chaining;

b) test purpose: verify(that service chains have been described according to the rples in this
International Standard;

c) flest method;-inspect service chains to verify that requirement /req/computationalviewpoint/
gervice chains has been obeyed for stated specifications of service chains;

d) reference:’/req/computationalviewpoint/servicechaining;

e) fest.type: basic

A.4 Information viewpoint

A.4.1 Service dependencies
The test for description of service dependencies is as follows:
a) testidentifier: /conf/ informationviewpoint/servicemodel dependencies;

b) testpurpose: verify that specified service dependencies have been described according to the rules
in this International Standard;
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c) test method:
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inspect the service dependencies to verify that requirement

/req/informationviewpoint/service dependencies has been obeyed for stated specifications of pre-
conditions and post-conditions;

d) reference: /req/computationalviewpoint/servicemodel dependencies;

e) testtyp

e: basic.

A.4.2 Operation input/output/exception parameters

description for operation input/output/exception parameters is as follows:

The test for
a) testidel
b) test pu

accordi
c) test nj

/req/i

specific
d) referen
e) testtyp
A.5 Servi

A.5.1 Geographic Service type - architecture

The test for
area classifi

a) testidel
b) test puj
Interna
c) testme
been ob
in 10.8,
d) referen
e) testtyp

ntifier: /conf/informationviewpoint/input/output/exception parameters;

rpose: verify that specified input/output/exception parameters have beemn)'desc
ng to the rules in this International Standard;

ethod: inspect input/output/exception parameters to verify  that require
nformationviewpoint/input/output/exception parameters has been obeyed for s
ptions of input/output/exception parameters;

fe: /req/informationviewpoint/input/output/exception parameters;

e: basic.

ce taxonomies

classification of a service according to the geographic service type based on archite
cation is as follows:

ntifier: /conf/servicetaxonomy/ service type - architecture;

pose: verify that the selected service type for the service is according to the rules ir
fional Standard for geographic service type based on architecture;

thod: check that the requirement /req/servicetaxonomy/ service type - architectur
eyed for the selected'service type; if the service has a title identical with an example se
determine whetherthe service provides the functionality that is defined in the examp

fe: /req/servicetaxonomy/ service type - architecture;

e: basic:

A.5.2 Ge(1graphic Service type - life cycle

ribed

ment
rated

rture

this

b has
rvice
€,

The test for classification of a service according to service type based on the geographic service life
cycle area classification is as follows:

a) testidentifier: /conf/servicetaxonomy/ service type - life cycle;

b) test purpose: verify that the selected service type for the service is according to the rules in this
International Standard for geographic service type life cycle;

c) test method: check that the requirement /req/servicetaxonomy/ service type - life cycle has been

obeyed

for the selected service type;

d) reference: /req/servicetaxonomy/ service type - life cycle;

e) testtyp
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e: basic.
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A.6 Engineering viewpoint
A.6.1 Architectural style mapping
The test for description for the architectural style mapping(s) is as follows:

a) testidentifier: /conf/engineeringviewpoint/architectural style mapping;

b) testpurpose: verify that specified architectural style mapping(s) have been described according to
the rules in this International Standard;

C) test mnﬂqnd- incpnr‘f the ')rrhifnr‘i—ura] cfy]n mapping(c) to VnriFy that —'equirement

/req/engineeringviewpoint/architectural style mapping has been obeyed for(the specified
grchitectural style mapping(s);

d) feference: /req/engineeringviewpoint/architectural style mapping;

e) {esttype: capability.

A.7 | Technology viewpoint

A.7.1 Technology mappings
The test for description for technology mappings is as follows:
a) {festidentifier: /conf/technologyviewpoint/technolegy mappings;

b) festpurpose: verify that specified technology mappings have been described according to the rules
in this International Standard;

c) fest method: inspect the technology mappings for conformance between the platform|neutral and
platform specific service specificatidns to verify that requirement /req/technologyviewpoint/
lechnology mappings has been obéeyed for stated specifications of the technology mappings;

d) feference: /req/technologyviewpoint/ technology mappings;

e) {esttype: capability.
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Annex B
(informative)

Example user scenarios

B.1 Example 1: Service chaining for remote sensed data

B.1.1 SurJlmary

Working in
services, an

A user want
using remot
in a present

This scenar
achieved us
interact wit

B.1.2 Pre

The user ad
the user’s h
transaction
software) ki
is familiar w

B.1.3 Det

The detailed
a) The usq
interest
of inter

a distributed environment, a user of geographic data first locates several_datasets
1 then chains the services to produce the resulting geographic products ofiinterest.

s to determine the land cover classification of a geographic area, e.g.wetlands, urban
e sensed coverage data. The user wants a graphical image of the analysis that can be
htion or document. The user wants to include an existing base map.in the image.

o is an example of the transparent type of service chaining.<Fhe functionality could al
ng translucent or opaque service chaining. In the case ofjepaque chaining, the user w
h an aggregate service.

conditions

cesses various geographic information services using “thin” client software locate

b and user authorization issues are ignored in this scenario. The user (or the user’s
nows the network location of a catalogue service for geographic data and services. The
rith coverage data and classification(services.

piled steps
| steps are as follows.

r accesses a catalogue service to search for coverage data with a geographic exte
to the user. The user identifies several coverages with data over a specific geographic
est. Also using/the’catalogue service, the user discovers a digital elevation model cov

the sa

b) The us

e geographicextent.

accessés,a catalogue service to search for geographic services of interest to the user.

user identifiessseveral orthorectification services and several classification services. The
reviewq the. service metadata for the services and determines the best orthorectification
classifiqation services for use on the coverages that were selected in the prior step. The user

and

etc.,
used

50 be
rould

d on

hrdware. The user has access to a network-0ver which the services are accessed. Financial

lient
user

nt of
area
Pring

The
user
and

also

identifies a portrayal service using the catalogue service.

78

The user examines the coverages by providing a reference to the coverages to the portrayal service.
Based on a visual examination, the user estimates whether the coverages would be appropriate
for this use.

The user accesses the orthorectification service. The access operation includes references to
the coverage and DEM. The orthorectification service provides the user with a reference to an
orthorectified coverage.

The user accesses the classification service. The access operation includes a reference to the
orthorectified coverage. The user interacts with the semi-automated classification service,
identifying training areas of known land cover type. Statistical measures and visual techniques are
provided to the user to determine if the land cover classification has been precise. The classification
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service result is a feature collection consisting of polygons identifying the classified regions over
the geographic extent of interest.

NOTE

The order of services could be switched, first performing the classification and then the

orthorectification. The user needs to make this type of decision based on knowledge of the services.

f) The user combines the orthorectified coverage and the feature collection into a viewable image
using the portrayal service.

g) The user accesses the catalogue service to locate a feature collection of transportation data over
the same geographic extent.

h) The user combines the orthorectified coverage, the classification feature collegti

1
q
9

ransportation feature collection into a viewable image using the portrayal servig

ervice to recreate the composite image.

B.1.4 Post-conditions

Image file that can be viewed, printed or integrated into other desktgp-applications is g
computer.

B.1.5 Service chain directed acyclic graph

The

scenario presented in B.1 is using the “transparent” désign pattern described in 8.4.6

trangparent design pattern, the human user controls the flew'of the service chaining and the s
is not explicitly materialized. When moving to one of the other design patterns, translucen

the s

B.2

ervice chain is an explicit DAG as described in 8.4:3.1. Figure B.1 shows the DAG for this

Coverage Data Server DEM Data Server Transportation Network
Data Server

A A

[ Qrthorectification Service ]

v

[Land Use Classification Service)

v v v

bn, and the
e. The user

hooses an alternative symbology set for the transportation features and requests the portrayal

n the user’s

.2. With the
ervice chain
t or opaque,
scenario.

G/isualize Land Use and Transportation Networg

Figure B.1 — DAG for service chaining scenario example

Example 2: Roadside services

B.2.1 Summary

The roadside services scenario (see Figure B.2) illustrates the various future network-resident services
that might come into play when a motorist tells his/her “personal information appliance” that he/she
wants to find a service, e.g. a pizza restaurant, near the highway on which he/she is travelling.
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B.2.2 Precondition

The motorist has a personal information appliance that has access to network services while travelling
on the highway.

B.2.3 Detailed steps

The detailed steps are as follows.

a)
b)

d)

80

Voice recognition software interprets a spoken request as a query for the nearest restaurant.

The bro,

ersubmitsthe request n]nng with coordinatesand direction from the on-board positigning

service|to a roadside services database that reports the three nearest restaurant locationg to a
mapping service.

The mapping service queries a road map database and a set of preferences describing’how the|user
prefers o have the data presented: map, voice directions, etc.

The mapping service presents route information and preferences to the presentation service, which
s information for delivery to the user.

packagd

—

Voice
recognition

Positioning
services

A 4

Broker

v

Presentation
setvice

v

Roadside services

database
Nearest
three
v
Mapping Map
service database

A

Figure B.2 — Roadside service scenario
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Annex C
(informative)

Principles for mapping to distributed computing platforms

C.1 From platform-neutral to platform-specific specifications

Anngx C illustrates the principles of mapping from a platform-neutral specification\te|a platform-
speclfic specification through partial examples for several distributed computing-platforms (DCPs).
The intention is to demonstrate the principle rather than to fully specify DCP mappings.

An implementation for a particular platform can be described by using a UML model in the platform-
spec]fic specification. Platform-specific aspects are introduced through the use of platform-specific
stergotypes, tagged values, data types and constraints. UML profiles‘with platform-specific types
exist| for various platforms, such as the OMG UML profile for CORBA-and the Java cominunity UML
profile for Java/E]B.

The following environments and DCPs are considered as potentidl targets for platform-spetific profiles
of platform-neutral specifications:

— $QL;

— (CORBA using ISO IDL;

— Java 2 Enterprise Edition with EJB (J2EE);

— (COM+;

— EXPRESS/SDAL;

— (ODMG;

— (++ and other more traditional commercial object oriented programming languages;
— Internet/http/WebServices, with XML and other encodings;

— Web services ~«with WSDL specifications, WS:WSDL;

— (GC style web services, WS:0GC;

— ](ESTful web services, WS:REST.

The following various encodings can be used:

— XML encoding;
— JSON encoding;
— ATOM encoding.

The goal of this Annex is to show how a platform-specific service specification is conformant with a
platform-neutral service specification and the associated geographic information standards that are
used by the service.

The existing UML profiles for various DCPs represent the concepts available in a target environment. It
is possible to do the mapping from the platform-neutral UML model to a platform-specific UML model
(see Figure C.1). There is then a straightforward mapping from the platform-specific UML model to a
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