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Why are we here?

Architecture is a people thing we often 
associate with design intelligence.

We believe all built systems have it.

Understanding architecture helps us 
understand better the world we build.

Standards are a people thing as well.

Standards can be an architectural pattern.

We believe standards help build better 
systems for use in the real world.
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What will we accomplish?

Promotion of architecture as an aid in 
communication among people to enable 
better understanding of systems

Identify the prominence of people in 
architecture and the systems they 
build for enterprises

Use of standards from ISO/IEC 
JTC1/SC7/WG42 for architecture 
practice in general and from ISO 
TC184/WC5/WG1 for architecting 
enterprise systems in particular
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Tutorial Approach
ÅFrame the ISO TC184/SC5/WG1  

architectural standards in an enterprise 
context

ÅFrame the ISO/IEC JTC1/SC7/WG42  
architecture description standard in a 
system context 

ÅConvey the standards with significant detail, 
often with content from related standards

ÅDiscuss the interpretation of the standards 
to craft architectural artifacts
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Architectural Discord

Discussions about architecture of        
any kind are metaphor -rich and 
consequently subject to much 
misinterpretation.

Since architecture is pervasive (in good, 
bad, and ugly forms), context is critical.

The enterprise context ranges from two 
people in a garage through tens of 
thousands cooperating in a global supply 
chain to millions governed by nation 
states.
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Architectural Harmony

Common concepts ðwe are all doing    
very similar things even though we are 
not using the same words or methods.

Those concepts are independent of 
methodology and range across many 
domains of practice.
We recognize the value of ògoodó 

architecture and want to encourage its 
use.
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Architecture is the means by which 
enterprise mission and objectives are 
represented. 

Architecture representations are critical 
communication vehicles for managers 
and  engineers, especially in large, 
complex, and dispersed enterprises and 
programs

Architectural standards facilitate 
completeness and consistency of 
representation.

Architectural Value
Context
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Many diverse perspectives result in  
many views and viewpoints about 
architecture - at least as many as 
lecturers on the topic ðafter all it      
is a human thing

Characterized with aspects for:
ðForm of realization
ðFunctions to enable or perform
ðObjective (or subjective) experience in 

use

Derived from principles and patterns
7

Many Architectures

our focus
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Dawn of Architecture

ÅMarcus Vitruvius Pollio, c. 90 - 20 B.C.E.
ð Architect for Augustus Caesar

Åde Architectura ð30 B.C.E. in 10 volumes
ÅFirst complete text on architecture and 
the òstandardó used for 1500 years
ÅThree aspects [public] architecture must 

posses:
(Gwilt ð1826) (Teubner ð1899) (Wotton ð1624)
ü Strength (firmitatis) [firmness]
ü Utility (utilitatis) [commodity]
ü Beauty (venustatis) [delight]
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ISO 42010 (IEEE 1471) -
3.5 architecture: The fundamental 

organization of a system embodied in its 
components, their relationships to each 
other, and to the environment, and the 
principles guiding its design and 
evolution.

INCOSE IEWG Knowledge Claims -
Architecture concerns the arrangement 
of function and feature that maximizes 
the objective of the system structure.

Architecture definitions
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My working favorite

ISO 15704:2000
3.2 architecture 
a description (model) of the basic 
arrangement and connectivity of parts 
of a system (either a physical or a 
conceptual object or entity)

Observation ðISO/IEC 42010 is about 
architecture descriptions and ISO 
15704 is a reference architecture 
description
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Only two types

There are two, and only two, types of 
architectures that deal with 
enterprise integration

I. system architectures that deal with the 
design of a system, e.g. the computer 
control system part of an overall enterprise 
integration system;

II. enterprise -reference architectures that 
deal with the organisation of the 
development and implementation of a 
project such as an enterprise integration or 
other enterprise development programme.
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Models and architecture

Architectural intent is embodied in 
enterprise models (EM).

Architectural realization is embodied in 
instance manifestations of those 
models.

EA

EM SA

SM system
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Abstraction quiz

7853981633974483096156608é

What is the next element 
of the sequence?
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How do we proceed?

ÅTutorial part 1
ðIntroduction of ISO TC184/SC5 

and ISO/IEC JTC1/SC7/WG42 
standards and practice

ðReference points
ÅLiaisons and harmonization 

ÅPrinciples for EA and modeling
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And continuing

ÅTutorial part 2
ðISO/IEC 42010:2007 Recommended 

Practice for Architectural Description of 
Software -Intensive Systems 
ÅFocus on requirements for describing 

architecture

ÅEmphasis on accommodating stakeholder 
concerns

ÅRevision extends description with concepts for 
correspondence among descriptive elements 
and containment in architecture frameworks 
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After the break

ÅTutorial part 3
ðISO 15704:2000 Industrial automation 

systems - Requirements for enterprise -
reference architectures and methodologies
ÅUnder revision to incorporate material from ISO 

14258
ÅIncludes annexes: Generalized Enterprise 

Reference Architecture and Methodologies 
(GERAM), Economic view and Decision view
ÅWith material drawn from ISO 19439:2006 

Enterprise integration ðFramework for enterprise 
modelling and ISO 19440:2007 Enterprise 
integration ðConstructs for enterprise modelling
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Standard interoperation

ÅTutorial part 4
ðUsing ISO 15704:2000 and ISO/IEC 

42010:2007 together 
ÅDuality of enterprise and system
ÅStakeholder as consumer vs. producer
ÅISO 15704 and architecture description
ÅISO/IEC 42010 as enterprise artifact

ðInteroperation through standardization
ÅIntegration and unification architecture
ÅFederation architecture
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Harmonizing standards

The great thing about standards is that 
there are so many from which to choose.

Internationally, the interoperation of 

standards is a BIG concern.

Culture, language, and use domain are all 
barriers to interoperation.

Breaking down standard silos requires 
cooperation and accommodation.
ðTC184/SC5/WG1 & JTC1/SC7/WG42

Context

Reference

42010

15704

Harmony



© Copyright 2008 by R Martin, J Bendz, S Arnold, A Meilich INCOSE IS08 Tutorial June 2008 19

ISO TC184

SC5 Chair: Emanuel delaHostria (USA)

Contact: ISO/TC 184/SC 5 Secretariat

gre_winchester@nema.org

ISO/TC 184
Industrial Automation Systems & Integration

SC 4

Industrial

Data

Advisory

Group

SC 2

Robots and 

robotic devices

(reorganizing)

SC 1

Physical

Device

Control

PT1
Revision of
ISO 10218

QC - Quality Committee 

WG2
Standard parts library

WG3
Product Modeling

JWG8**
Manufacturing process and
management information

WG11
Express language, 
implementation methods

WG12
Common resources

PPC
Policy & planning committee 

WG7

Data modeling for

integration of physical

devices

WG8

Distributed installation 

in industrial 

applications

WG1
Modeling & Architecture
WG4

Manufacturing Software & Environment

WG5
Application Integration Frameworks

WG6
Application Service Interface

JWG15
Enterprise-Control System Integration

WG7
Diagnostics/Maintenance/Control 
Integration

SG1
Vocabulary and terminology 

JWG8**
Manufacturing process and 
management information

CEN TC310/WG1

ISA SP95/IEC SC65E

WG13
Industrial data quality

ISO/IEC JTC1/SC7/WG42

SC 5

Architecture,

Communications & 

Integration Frameworks
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ISO/IEC JTC1/SC7
Context
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ISOõs EA Groups

ISO/TC184/SC5/WG1 : Developing 
enterprise architecture standards 
based on manufacturing industry for 
international architecture 
applications

ISO/IEC/JTC1/SC7/WG42 : 
Developing a systems- and software -
related architecture standard

ISO/IEC/JTC1/SC7/WG19 : Developing 
frameworks and languages for 
distributed processing (ODP)

Context

Reference

42010

15704

Harmony



© Copyright 2008 by R Martin, J Bendz, S Arnold, A Meilich INCOSE IS08 Tutorial June 2008 22

Related EA activity

ISO/TC184/SC4/WG3 : Developing Data 
Standards including ISO 10303, 100s 
of standards including AP233

ISO/TC184/SC5/SG1 &
ISO/IEC/SC7/WG22 : identifying 
vocabulary overlaps/conflicts and 
recommending commonality via 
òHarmonizationó

+ many other indirectly related efforts
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E-A standards
ISO/IEC 42010Recommended Practice for Architectural 

Description of Software-Intensive Systems (IEEE 1471)

K. KOSANKE and M. ZELM 
(CIMOSA Association)

D. CHEN (LAPS, University 
Bordeaux 1)

ISO 14258Rules and Guidelines for Modelling 

ISO 15704Requirements for Enterprise Reference Architectures 

(Needs for Frameworks, Methodologies, Languages, Tools, Models, Modules)

Modules

ISO 16100Mfg. Software

Capability Profiling

IEC/ISO 62264Control 

Systems Integration

Frameworks

CEN/ISO 19439

Framework for Modelling 

ISO 15745Framework for 

Application Integration 

ISO 10746

Ref. Model - ODP

ISO 15288

Life Cycle Mgmt.

Languages

CEN/ISO 19440

Constructs for Modelling

ISO 18629Process 

Specification Language 

ISO/IEC 15414

ODP Enterprise Language 

BPML (2001). Business Process 

Modelling Language

ebXML Electronic Business 

using eXtensible Mark-up 

Language 

SC5 & WG1

SC7 & WG42

OMG MDA

Model Driven Architecture

* Proposed new title
ISO/IEC 42010 Systems and software engineering ï

Architecture description
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Architecture description

ISO/IEC 42010:2007 Recommended 
practice for architectural 
description of software -intensive 
systems
ÅIdentifying and arranging products to 

document an architecture
ÅDistinguishes an architecture 

description from the mechanisms for 
description generation
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Generalizing standards

ISO 15704:2000 ðRequirements for 
enterprise -reference architectures 
and methodologies
ÅMerging of previous work - PERA, IEM, 

GRAI GIM, CIMOSA, and GERAM
ÅPresents principles for enterprise 

architecture
ÅExtends ISO 14258 concepts of model, 

view, life cycle, recursion, and iteration 
with life history and genericity
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Unified model framework

ISO 19439 - Enterprise integration: 
Framework for enterprise modelling
ÅBased upon CEN ENV 40003:1990
ÅObjective is to further enable model 

based execution using enactable models 
ÅAligned with ISO 15704 ( a GERA 

model) 
ÅArticulates 3 dimensions of enterprise 

modeling as a framework:
Phase, View, and Genericity
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Modeling constructs

ISO 19440  Enterprise integration ð
Constructs for enterprise modelling
ÅBased upon CEN ENV 12204:1996

ÅAligned with ISO 15704 (an EML 
artifact)

ÅArticulates modeling constructs for 
manufacturing automation

ÅElaborates the CIMOSA Baseline 
example of 19439 with constructs
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ISO 19440 (cont.)

ÅConstructs for enterprise modeling
ðcommon semantics enable model unification
ðusable across phases of model development
ðsupport process -oriented approach

ÅArrangement and specialization using 
templates into structures for a specific 
purpose
ÅNo mapping between functional 

operations and capabilities
ÅNo explicit versioning mechanism
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Standards reflect practice

WG1 standards reflect industrial 
modeling practice of the 1990õs
ðPurdue Enterprise Reference Architecture
ðComputer I ntegrated Manufacturing Open 

Systems Architecture
ðGraphe a Resultats et Activite I nter -relies

WG42 standard reflects software 
intensive systems practice of the 1990õs

Do they harmonize with current practice?
ðDoDAF/MoDAF, Zachman, TOGAF, Dual -

Vee, etc., and other gallery members
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Zachman framework 

Role by I nterrogative grid of cells containing models 
of the enterprise.  A proto -typical Framework!

e.g. DATA

ENTERPRISE ARCHITECTURE - A FRAMEWORK

Builder

SCOPE
(CONTEXTUAL)

MODEL
(CONCEPTUAL)

ENTERPRISE

Designer

SYSTEM

MODEL
(LOGICAL)

TECHNOLOGY

MODEL
(PHYSICAL)

DETAILED
REPRESEN-
  TATIONS
(OUT-OF-
    CONTEXT)

Sub-
Contractor

FUNCTIONING
ENTERPRISE

DATA FUNCTION NETWORK

e.g. Data Definition

Ent = Field
Reln = Address

e.g. Physical Data Model

Ent = Segment/Table/etc.

Reln = Pointer/Key/etc.

e.g. Logical Data Model

Ent = Data Entity

Reln = Data Relationship

e.g. Semantic Model

Ent = Business Entity

Reln = Business Relationship

List of Things Important

to the Business

ENTITY = Class of
Business Thing

List of Processes the

Business Performs

Function = Class of

Business Process

e.g. "Application Architecture"

I/O  = User Views
Proc .= Application Function

e.g. "System Design"

I/O = Screen/Device Formats

Proc.= Computer Function

e.g. "Program"

I/O = Control Block
Proc.= Language Stmt

e.g. FUNCTION

e.g. Business Process Model

Proc. = Business Process

I/O = Business Resources

List of Locations in which
 the Business Operates

Node = Major  Business
Location

e.g.  Logistics Network

Node = Business Location

Link = Business Linkage

e.g.  "Distributed System

Node = I/S Function
(Processor, Storage, etc)
Link = Line Characteristics

e.g. "System Architecture"

Node = Hardware/System
Software

Link = Line Specifications

e.g.  "Network Architecture"

Node = Addresses
Link = Protocols

e.g. NETWORK

Architecture"

Planner

Owner

Builder

ENTERPRISE
MODEL

(CONCEPTUAL) 

Designer

SYSTEM
MODEL

(LOGICAL)  

TECHNOLOGY
CONSTRAINED

MODEL
(PHYSICAL)

DETAILED
REPRESEN- 

TATIONS 
(OUT-OF   

CONTEXT) 

Sub-

Contractor

FUNCTIONING

MOTIVATIONTIMEPEOPLE

e.g. Rule Specification

End = Sub-condition

Means = Step

e.g. Rule Design

End = Condition

Means = Action

e.g., Business Rule Model

End = Structural Assertion
Means =Action Assertion

End = Business Objective

Means = Business Strategy

List of Business Goals/Strat

Ends/Means=Major Bus. Goal/
Critical Success Factor

List of Events Significant

Time = Major Business Event

e.g. Processing Structure

Cycle = Processing Cycle
Time = System Event      

e.g. Control Structure

Cycle = Component Cycle

Time = Execute

e.g.  Timing Definition

Cycle = Machine Cycle
Time = Interrupt

e.g. SCHEDULE

e.g. Master Schedule

Time = Business Event

Cycle = Business Cycle

List of Organizations

People = Major Organizations

e.g.  Work Flow Model

People = Organization Unit

Work = Work Product

e.g. Human Interface 

People = Role
Work = Deliverable

e.g. Presentation Architecture

People = User

Work = Screen Format

e.g.  Security Architecture

People = Identity
Work = Job

e.g. ORGANIZATION

Planner

Owner

to the BusinessImportant to the Business

What How Where Who When Why

Copyright - John A. Zachman, Zachman International

SCOPE
(CONTEXTUAL)

Architecture

e.g. STRATEGY
ENTERPRISE

e.g. Business Plan

TM

Zachman Institute for Framework Advancement - (810) 231-0531
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Source: B. W. Mar, B. G. Morais, FRAT ðA Basic 
Framework for Systems Engineering, INCOSE 2002

Upper Level FRAT Data Provides

Scope For Next Level

Lower Level Must Roll - Up

and Map to Upper Level

Each Level of FRAT Establishes

a BASELINE

Simulation Models Provide Dynamic

Views of FRAT

FRAT 

Function
Requirements
Answers
Test

Detail elaboration 
adds both depth 
and breadth to 
the system 
description
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ARC CMM

Source: ISO/TC 184/SC5 N913, E. delaHostria, Chairman, and ARC 
Advisory Group (used with permission)

Aligning 
functional 
applications 
along axis to 
identify 
dimensions of 
the global 
manufacturing 
enterprise
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Architectural Perspectives 

Perspective Filters:
ÅDevelopment & 

Verification

ÅManufacturing & 

Production 

ÅStorage & 

Transportation

ÅInstallation & 

Deployment

ÅSimulation & Training 

ÅOperational

ÅMaintenance & Support 

ÅDisposal

ÅProject 

ÅSafety

ÅFunctional 

ÅPhysical

ÅInformation/ Data Flow
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Function

Service

Support

Rockwell Collins

Source: R. W. Jorgensen, Architectural Abstractions, INCOSE 2002. Copyright © 2001  
Rockwell Collins, Inc.  All Rights Reserved.

Permission is hereby granted to use this copyrighted material for any lawful purpose.
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Purdue Enterprise Reference 
Architecture

Source: T. J. Williams, A Handbook on Master Planning and Implementation for Enterprise 
Integration Programs, Institute for Interdisiplinary Engineering Studies, Purdue Univ. 
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CSC_PLM

Verband Deutscher Maschinen - und Anlagenbau - German Engineering Federation
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DoDAF

Source: Architecture Working Group, C4ISR Architecture Framework 

Version 2.0, 1997
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