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Technology as a System of Systems
System Description

Abstract

This document is a System Description for Technology as a System of Systems. This System Description forms
the core ontology for the Technology as a System of Systems Architecture Description Framework

Each technology domain can be considered a system of systems where the systems tend to be structured into:
= Networks of interacting systems
= Hierarchies of Systems
As each type of system is identified in the technology domain, the following benefits appear:
® Reuse of elements including design increases
= Families of related designs can be identified and their evolution managed.
PDF: System Description: Technology as a System of Systems (SoS), Version 0.2, 31-May-2021

Author and Version
Bruce McNaughton, Version 0.2, 31-May-2021

Contents

System Description:Technology as a System of Systems ... ... ... ... 3
View: System Name and Class ... 6
ViEW: Sy S oM PUIPOS . 7
View: System Properties ... . . 8
View: System Stakeholders and Concerns ... 10
View: System Environment (Context) ... 1
View: System Structure (Pattern of Organization) ....................................................................... 12
Technology Systems: Logical Model (Structure) Examples ... 13
System: Information Technology System of Systems (S0S) ... ... 14
View: System Behavior (Structural Changes) ... 19
Configuration / Scenario: for the option or system-of-interest ... ... 19
Cyclical (Repeating / Regular) Processes ... ... .l 19
Development Life CycCle ProCesses ... .. .. .. 19
RefOrONCES .. 20
Architecture /Design COre ... . ... 20
Architecting Systems, Hillary Sillitto ... 20
Seven Sketches in Compositionality, Brendan Fong and David I. Spivak ........................................ 20
UML 2 and the Unified Process, Jim Arlow and lla Neustadt ... 20
Competitive Engineering, Tom Gilb .. . . 20
SysML for Systems Engineering, Jon Holtand Simon Perry ... ... ... ... 20
Applying UML and Patterns, Craig Larman ... 20
Diagnosing the System for Organisations, Stafford Beer ... ... ... .. .. . ... 20
The Fractal Organization, Patrick Hoverstadt ... 20
Object-Oriented Analysis and Design, James Martinand James J. Odell ....................................... 20
Architecture / Design Standards ... ... 20
ISO 42010:2022 Software, Systems and Enterprise - Architecture Description ................................ 20
ISO 42020:2019 Software, Systems and Enterprise - Architecture Processes ................................. 21
ISO 19439:2006 Enterprise integration -- Framework for enterprise modelling ................................ 21

ISO 15704:2019 Enterprise modelling and architecture — Requirements for enterprise-referencing
architectures and MmethodolOgIes ... ... 21
Various Standards for Terminology and Ontology Work. ... ... ... . . ... 21
Change Core ... .. 22

Page 1 of (26) Date: Version 0.2, 31-May-2021
Technology as a System of Systems (SoS)


https://technology.desc.systems/Content/TechSoS/TechSoS_SD.pdf

System Description Technology as a System of Systems (SoS), Version 0.2, 31-May-2021

Managing Successful Programmes, MSP. . . . 22
PRINCE Z 22
Management of Portfolios, MOP. . . . 23
The Systems View of Life, Fritjof Capra and Pier Luigi Luisi .................... ... ... ... 23
Doughnut Economics, Kate Raworth ... 23
Re-Creating the Corporation, Russell L. Ackoff ... .. 23
Thinking in Systems, Donella H. Meadows ... ... ... . . 23
System Description: Earth (Gaia) as a Systemof Systems ... 23
System Description: Social System ... . .
System Description: Person ... ...
System Description: System (Abstract) ... .. .
Unified Modeling Language (UML) ...
UML Modeling CoNVENtIONS ... ... ... e

Revision History

V0.2 31-May-2021 Separation from Enterprise SD.
V0.1 18-Dec-2020 Update general technology models.
V0.0 27-February-2020 Initial Draft

Page 2 of (26) Date: Version 0.2, 31-May-2021
Technology as a System of Systems (SoS)



System Description Technology as a System of Systems (SoS), Version 0.2, 31-May-2021

System Description:Technology as a System of Systems

This document is a System Description for Technology as a System of Systems. This System Description
forms the core ontology for the Technology as a System of Systems Architecture Description Framework

Each technology domain can be considered a system of systems where the systems tend to be structured
into:
= Networks of interacting systems
= Hierarchies of Systems
As each type of system is identified in the technology domain, the following benefits appear:
= Reuse of elements including design increases
= Families of related designs can be identified and their evolution managed.
PDF: System Description: Technology as a System of Systems (SoS), Version 0.2, 31-May-2021
The system description incorporates the various example type technology systems:
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Technology Domain System Types are shown below (Initial List):
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package TechulugySystem[ CI.1_TechDumainSys]J Technology Domain System

Technology Domain System Types
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Food Technology Energy Technology Health Technology
System System System
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System Technology System System
Sanitation Technology Finance Technology
System System
Built Environment Information Technology
Technology System System

The technology system model that is being used in this document can create technology systems that are
only physical technology. This model can also be used to create Technology Systems that are electtro-mech-
anical systems (such as an Information Technology System). The technology system model allows for any
combination of technology and electrical combination. These systems could be classified as elec-
tromechanical systems.

The following diagram highlights the full set of information that supports the use of Enterprise (SoS) Docu-
mentation.
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Bruce McMaughton
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The following are links to the various documents that are available to read in PDF format.
PDF: Enterprise (SoS) Background and Concepts, Version 0.3, 04-April-2025
Link to the System Description Architecture Description Framework
System Description

PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.20, 25-November-
2024

PDF: System Description: Team as a System, Version 0.11 15-December-2024
PDF: System Description: Capability as a System, Version 0.17 27-November-2024
PDF: System Description: Process (Human Activity), Version 0.5, 27-November-2024
Link to Process Design Patterns PDF
PDF: System Description: Integrated Management System, Version 0.18, 16-April-2025
PDF: System Description: Technology as a System of Systems (SoS), Version 0.2, 31-May-2021
Link to the Enterprise (SoS) Architecture Description Framework
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Link to EntSoSADF AVPD PDF
PDF: Structuring Formalism: System Description (SDSF), Version 0.4, 07-February-2023
Link to Current EntSoSADF Viewpoints PDF
Link to Current EntSoSADF Model Kinds PDF
Link to the EntSoSAF Correspondence Section
The Enterprise Transformation and Change PDF contains the Enterprise Transformation and
Change Concepts. Version 0.5, 09-December-2022
Enterprise Architecture Description

Examples of Enterprise Architecture Descriptions are being prepared.
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View: System Name and Class

Name: Technology System
Based on: Designed Physical System.

Abstract System: This system has been identified as an abstract system that cannot be implemented dir-
ectly. The abstract system establishes a shared pattern of characteristics that any system can use to
describe its unique characteristics when referenced in the 'based on' list above. These references are
described using a generalization association in UML.

The technology system is a pattern of an IT enabled technology system (embedded systems) that may be used
to describe electromechanical systems such as a technology system in a household Internet of Things (loT).
When the Information Technology System element is not present, the 10T interface will not be available.

The ability to connect a set of Technology Systems into a System of Systems (SoS) is also possible through the
types of interfaces used to realize the network of systems.

The technology system can also be referred to as a 'designed physical system', an 'engineered system' or 'sys-
tem-of-interest' in ISO 15288:2023.
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View: System Purpose

The purpose of a abstract Technology System is to provide a pattern that can be used for any technology sys-
tem that can be interconnected into an loT. This abstract system can be used as a pattern for any technology
(engineered system) developed within an Enterprise.
The Technology systems consist of two types of systems:
= One set of technology is common to all organizations
= |nformation Technology (foundation element Information System). To be covered in an Inform-
ation Technology Architecture Description Framework.TBD.
= One set of technology is unique to either production capabilities or product and service delivery.
®  Other technology: each system with their own Architecture Description Framework.
® Transportation systems: e.g. Car, Aircraft
® Food Processing
= efc.

The technology systems are considered the 'white box' where the technology needs to be created or tailored in
order to support the organization to achieve its purpose or objectives. The change or enabling system provides
the means to create or tailor the technology. The enabling system to create the technology system is estab-
lished using the Enterprise SoS ADF (or equivalent).
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View: System Properties

System Properties Overview

The technology system properties generally fall into the following types shown in the diagram below:

ki | o i) System Conceptual Model System Ciasses

System Conceptual Model 0DV [] concrete Class

System Property SyStem P ro pe rty [] Abstract Class

Sa";‘_?y'gom «Ontology Elements [ system-of-interest
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o
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-—:"’/t c|§ e T * Systems interacting in a network of systems:
— —~ T TT—=
___,——"'_—— — -\-\-\"""-\-\.__ _\-"'-—_\__
_— | ~— —
«Ontology Elements [ | «Ontology Elements «Ontology Elements «Ontology Elements «0ntology Elements «0ntology Elements T «0ntology Elements
State Capabilii f L Non-Functional Measurable i Enm t Property
T Property Variable T
A - \ <

These are whole
system properties that
represent abilities the
system performs not
found in any of the

«Ontology Elements
Adaptation

Ontelogy Element
5 9 a Properties and variables that are generated
Safety through the operation of the system.
lMeasurable Variables can be quantified.

«0ntology Elements Quality and Emergent properties: For example,
Security * Sustainable
* Coherent
Ontology Element S EETE
9 g_}f_ i * Regenerative
Resilience * Complex

«0ntology Elements

Capacity (a measurable

Ontology El t:
B e variable) is also related.

Cyclical

Systemic Measurable Variables

The key measurable variables for technology are included for the specific type of technology system being
described. Two examples are provided: Hammer and information technology system.

= Performance

® Throughput

= Capacity

Systemic Capabilities or Functions

The capabilities of the technology
= These are provided for a specific technology system

System States

An information system has the following states:

Proposed

Planned and Designed

Developed

Tested

Operational

Retired

(to be defined as part of the development of the CAFF for the Information Technology System of Systems
(SoS)and in the Information Technology System of Systems (SoS) architecture description framework:

Systemic Quality Properties

These properties relate to qualitative properties of the system
= Non functional systemic properties
= Security, Safety, etc.
= MBTF
® Recycle approach

System Quantity Properties

These properties relate to aggregate totals for properties of the system (e.g. weight)
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= Weight, Size, etc
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View: System Stakeholders and Concerns

Operational Stakeholders
Manager
® js the technology fit for purpose in our team?
= do we have sufficient trained people to use and maintain the technology?
® do we understand the risks of using the technology?
People
® Do | understand the purpose and how to use any technology?
® Do | have the skills, knowledge and experience to carry out the work using the technology?
® [s the information system easy to use?
® Do | value the information system as a means to achieve my objectives?
Enabling System (programme, project, development, production, support)
Manager
® Do we have the business case that justifies the development (costs / benefits)?
® Do we have a plan that is achievable?
= Have we understood all of the elements in the life cycle?
People.
® Do we understand the requirements for the technology?
® Do we have the skills, knowledge and experience to carryout the plan?
® Do we understand how the technology will be used?
= Do we understand the full life cycle elements necessary to produce the technology?
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View: System Environment (Context)

Technology Systems within a technolog domain are managed through their life cycle within one or more enter-
prise systems.. This approach to Technology Systems provides a domain independent approach to architecting

technology systems.

Technology
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Bruce Mchaughton
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Technology Systems can be either COTS (Commercial off the shelf - typically black box) or developed within the
organization (typically white box). The technology system in use becomes an asset of the organization.

The environment for the technology systems is both the full set of technology inside the enterprise and the spe-
cific technology used within an Organization. Other factors outside of the enterprise include:

= Rate of technology change
= Requirements and external standards that must be met

®  Security and continuity requirements external to the enterprise.

Interfaces and Flows

® What interfaces are involved with material flow?

= What interfaces are involved with energy flow?

® What interfaces are involved with information flow?
n

What other interfaces are needed?
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View: System Structure (Pattern of Organization)

A technology system is the basic building block in the technology SoS.

System Element: Identification and Relationships

package TechologySystem[ CM_TechSys ])

Top System Classes

22-April-2020

Technology System Conceptual Model

Technology System
Conceptual Model

[] Natural

[ Matural - Abiotic

V0.9

Planetary Sphere
Bruce McNaughton | ry Spl

[] Designed Physical
[] Human Activity

«Ontology Elements
System-of-Interest

[ Designed Abstract
[ Transcendental

An engineered system has:

* A set of Enabling Systems: «On_tulng‘,r Eleme_ntn «Ontology Elements System Classes

-= A development Team Designed Fhysical Technology Oc te Cl

-= A production Team System Domain O )

-= An operations Team o [ Abstract Class

-= A maintenance Team [ System-of-Interest

A life cycle, including " - i

= Architecture Description < interacts with - e A part of [ System element

I i ..
1= «Ontology Elements Ly 1.2

Engi d system 3 Technology System
- T
May be a System-of-Interest Iﬁ - interacts with - part of
Bl b o 0.
—1.* [Technology Element L.~ Alsc known as:

System Element

A technology element may also ————
be a system (helon)

Part
FAY Component
Electrical Interface Information Technology
System
Mechanical Interface
t2 Physical Interface E“;‘:p’:‘?'e‘:"; B e ementy| Electronic Interface
Human Interface -

A

Electronic Component

Natural Interface

arioug types of Technology Elements that are of interest

* Physical interfaces connect systems together or with other natural systems

* Information components: documentation, data, software, etc

* Electronic elements: help make the system a electromechanical system.

* Electronic elements: alzo provide a real time monitoring and control capatbility to understand
how the system iz operating at any peint in time (Digital Twin}.

The model above can be used to describe a Digital Twin for a specific type of technology. The information sys-
tem may include monitoring, and predictive methods to assess the state of the technology system.
The following Technology System types are shown below (initial list):

package TechulugySystem[ Cr.1_TechDumain5y3]) Technology Domain Syst’em
Technology Domain System Types Types Conceptual Model

Conceptual Model
19-January-2024
V0.0

Bruce Mchaughton

«Ontelogy Elements
System-of-Interest

Engineered System «Ontology Elements «Ontology Elements
Designed Physical Technology
System Domain
[ . T
«0Ontology Elements
Technology System d
Fay
Food Technology Energy Technology Health Technology
System System System
Water Technology Transportation Education Technology
System Technology System System

Sanitation Technology
System

_(

Information Technology
System

Finance Technology
System

-

The following diagram shows the way the domain system types can be connected togetherin an loT:

Built Environment
Technology System
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package AFD_TS0S [ 5 CM_IoT]

Overview: loT Conceptual Model over‘”ew IOT' wery initial example to support our Top System Classes
— —|discussion about systems stc.

30-4prik2019 Conceptual Model L stural

VoA [ Matural - Abiotic

Bruce McNaughton

[l Pianetary Sphere
[ Designed Physical

Internet Service Provider Internet Service Maintenance

L] Human Activity
ISP Intertace () S T [ Designed Abstract
Firewall, NAT, [ Transcendental
Performance [ T
Local Sub-Internet Internet ()

Router 1.*

l—{ Security Firewall

L

SmartPhone ()
Internet Interface

Smart Phone

Home appliances may use a local
area network and reducing overall
traffic. Specialist devices would

then be in the home to bridge to the
overal application contraller

N\ =~ Standard Interface
e Application Controller Smart Phone
N ~ . Apps (App Controller)
N Thing (Device to Contral)
N i
\

NOTE: Specific 'system behaviour or
structural changes are at the level of
"capabilities’ .. or ‘functicns’ within the

i
Refrigerator

Tea Kettle

‘Central Heating
Entertainment System

7

specific systems. These can be put into
an end to end value stream to see the
full value added in the loT

System Classes
[ Abstract Class
[] Concrete Class
[] system-of-Interest
[ System element

NOTE: For ESB information see Martin
Fowler's book "Enterprise Integration
Patterns’ This provides a visual way to
layout ESB services and processing.

Technology Systems: Logical Model (Structure) Examples

This section highlights 3 Logical Model (Structure) Examples for Technology Systems. These would form part of
the Structure section of a system description.

Hammer as a Technology System

The hammer is a simple technology system without any electronics. There are types of hammers that pro-
gressively include electronics and further information systems. These have not been included.

Object Diagram TechologySystem|[ 0BJ_Hammer ]J

Hammer as a
Hammer as a technology system
e Technology System

Bruce McMaughton

«Ontology Elements
Hammer : Technology System

= Hammer Head, Shaft, Grip

Hammer Head :
Technology Element Shaft : Technology Grip : Human
= Hit Space, Claw - interacts with Hement; _interacts with Interface
= Hammer =Hammer Head, = Hammer
= Shaft Grip = Shaft
= Hammer
s partof : part of
Hit Space : T
T—ﬂeE[sznoelﬁt Technology
e Element
'_—ml;lzmmef = Hammer
Head

Flashlight (Torch) as a Technology System

The flashlight (Torch) has some electronics and mechanical enclosures and switches. Lighting as a type of sys-
tem can get complex, for example, traffic lights.
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Object Diagram Te:hulugysyslem[ OBJ_Flashlight ]J

22-March-2020
V0.1
Bruce McMNaughton

Flashlight (Torch) as a Technology System

Flashlight (Torch) as a
Technology System

Flashlight (Torch) : Technology

System
= i Elashlight Case :
Flashlight Case, Cap with Light ooy et
Cap with Light : _ — 2
Technology Element — ————_| = Flashlight (Torch)
- = Switch, On / Off
= Plastic Cover, Glass y .
- partof On / Off Switch :
Lens, Cover Base \?w\'fgscnﬁgr?g:?::t T —— | Mechanical Interface
= Flashlight (Torch) . = Flashlight Case
part of = Switch
Batteries : Electronic i part of
part of part of part of Component -partof interacts with
= Flashlight Case
= Connecl wires
- interacts with
Wi : Switch : Technology
Plastic Cover : Glass Lens : Cover Base :  iecton Iiotace Element
Technology Technology Technology Element . N . — Flashlight Case
Element interacts with Element interacts with [ — . —————— | = Flashlight Case interacts with - Ll
= Cap with Light ~ Light Bulb, = Connect wires
= Gap with = Cap with =Glass Lens Pk b = 0n/ Off Switch
Light Light = Light Bulb Batteries, Switch
=GlassLens = Plastic Cover
= Cover Base

: part of . interacts with

Light Bulb : Electronic.
Interface

= Cover Base
= Connect wires

Cash Machine as a Technology System.

The cash machine is a complex system of technology and electronic elements. The following example shows a
top level. diagram of the elements. Some of the technology elements that are shwon can be considered tech-
nology systems in their own right.

Object Diagram TechologySystem[ 0BJ_CashMaching ])

Cash Machine as a
Technology System

Cash Machine as a Technology System
22-March-2020

Vo1

Bruce McMNaughton

«Ontology Elements
Cash : T
= User Screen, Card Reader,
Receipt Printer, Cash Dispenser

System

Cash Controller, Bank Interface,
Bank Phys Intf L
Y —
T Bank Phys Intf :
Buttons : T Physical
Technology T— Interface
User Screen : Element _interacts with =Cash
Technology : interacts with = User Screen Machine
— 3 User Intf : o
Element | _— User Intf ™ Electronic = IS
|| =Buttons, Interface Interface
Screen -
=Cash hj""—ﬁ.k__ Screen: = Cash )
Machine ~——__| Technology ___—— Controller, : interacts with
e : interacts with Element — Buttons, Screen
= User Screen Bank Interface :
User Intf Electronic
. interacts with Interface
=Cash
Card Reader: Card Intf : - interacts with Controller
Technology El\e(ct:'omc =Cash
|| " Element _interacts with Sres Cashi Linteracts with | Wachine
=Cash =&l Controller : = Bank Phys
Machine pEateniCash information Intf
= Card Intf Controller Technology
= interacts Wi~ em
interacts w
= User Inff,
Receipt Printer Printer Intf : Card Inf,
Receipt Printer i
: . . Electronic _—1| Printer Inff,
HI - interacts with Interface — c
L Element - — ash Intf, Bank
= = Receipt sinteracts wWith || gortars
r?amme Printer, Cash =Cash
= Printer Intf Controller Machine
interacts with
Cash Intf :
Cash El\etd:lonic
i . nteriace
Dispenser:  interacts with - C?
—]__ Element Dispenser,
= Cash Cash Controller
Machine
= Cash Intf

System: Information Technology System of Systems (SoS)

System concepts are being applied to this system-of-interest within this System Description.

View: System Name and Class

Name: Information Technology System of Systems (SoS)
Based on: Technology System.
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A Technology Item is a system element within the Capability. An Information Technology item supports the
automation of a Capability by improving the effectiveness and the efficiency of the capability.

Technology refers to a type of engineered or designed system that an organization is responsible for. The
organization will be responsible for the relevant parts of the technology life cycle.

Information Technology is the general sector of technology that applies to the information technology sys-
tem.

NOTE: A specific Architecture Viewpoint Definition and associated conceptual models will be created to
establish an Information Technology Archtiecture Framework. This has not started. The model above is a
starting point for this work. Other existing architecture description frameworks will also be used in the cre-
ation of the AFD.

NOTE: Information Technology Systems may also have a role within other technology systems. These are
typically called embedded information technology systems. These types of systems can also use the same
information technology architecture description framework and similar development life cycles.

View: System Purpose

The purpose of an Information Technology System is to help people carry out their work and achieve their
objectives within an organization. Productivity and efficiency improvements using technology are the key
focus. The information technology system must be fit for purpose within the realization of an organizational
capability.

View: System Properties

Systemic Measurable Variables

The key measurable variables for technology are:
Performance
Computational speed
Transfer speed
Volume of calculations
Time to change / improve
Usability
= Cost of training and learning
= Time saved by using the solution
= Reduction in errors

Systemic Capabilities or Functions

The capabilities of the Information technology
®  Specific functions to automate activities within a process.
= Ability to collaborate and work in teams in near real time.
= Continued operation during faults or incidents.

System States

An information system has the following states:

Proposed

Planned and Designed

Developed

Tested

Operational

Retired

(to be defined as part of the development of the CAFF for the Information Technology System of Systems
(SoS)and in the Information Technology System of Systems (SoS) architecture description framework:

Systemic Quality Properties

System Quantity Properties

View: System Stakeholders and Concerns

Manager

= Are the tools improving the productivity of the people in the team?
= Do | have sufficient quantities of tools to achieve our objectives / targets?
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People

= Do | understand the purpose and how to use any technology?

= Do | have the skills, knowledge and experience to carry out the work using the tools?
= |s the information system easy to use?

= Do | value the information system as a means to achieve my objectives?

View: System Environment (Context)

Information Technology Systems form part of the Information Technology Systems needed for the enter-
prise. This information technology may be a subset of the entire set of technology used within an organ-

ization.

Technology
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Information Technology Systems can be either COTS (Commercial off the shelf - typically black box) or
developed within the organization (typically white box). The information technology system in use becomes

an asset of the organiz

ation.

An information system fits within the full set of information systems used in a Organization. The total set of
information systems is identified in the Information Technology Architecture Description. The network view-
point highlights the number and types of information systems used in an organization.
The environment for the information technology systems is both the full set of technology inside the enter-
prise and the specific technology used within a Organization. Other factors outside of the enterprise include:
= Rate of technology change
= Requirements and external standards that must be met
®  Security and continuity requirements external to the enterprise.

View: System Structure (Pattern of Organization)

An information system is the basic building block in the Information Technology System of Systems (SoS).

System Element: Identification
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package A7 Tscs ([ ol Tesconceris] | Information Technology System of

Bruce McNaughton
Version 0.8
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Power
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UKL and Patterns

With the following Information Technology System types (initial list):

package IS Types| CM_ITSoS_Types ])

Operating
System

| SW Driver

Information Technology System Types

Bruce Mchaughton

Version 0.2 «Ontology Elementy
30-January-2020 System-of-Interest
ITS0S System Types -

For the Ontology View Network

Information

Technology

System
43

| PC

_| SmartPhone |

| LapTop _( iPhone |
| Tablet }__( Workstation|

Personal Computing GRAredCamxting

System Element: Identification and Relationships

Server '_

Enterprise Service Bus
NAS Storage

Routers / Switches

Embedded systems

s/ Di

play

Netbook

Firewalls

The following is a picture of an information system. This is a fractal model similar to the team model and is a
fundamental building block for the information Technology architecture description framework. This diagram
shows the interactions of the various system elements within an Information Technology System.
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Information Technology System

(Building block for DA/ AA / TA Architectures)

Software
(BIOS, OS, App,
Util, Serv)

Processor(s)

Meiory Structure /
System Purpose 7 SEGSES
Sermvice Levels | 7 v
Availability

Configuration

Interfaces
Ul, Devices Enclosure /

El ts of Power

Network e

Information
System

Customer Driven Solutions Limitsd. Enterpriss &8 2 Systsm of Systsme: VB4 21-Dscsmber-2018
Brucs Mehaughton, Copyright 2000-2013

System of Systems
Purpose
Enclosure / power
Processor / Memory
Software
Data Storage
Interfaces

81

The full collection of information systems used in an organization form the Information Technology System of
Systems (SoS).

NOTE: The technology aspects of this website will be developed at a later time. See TOGAF for the domains
of application, data, and infrastructure for an approach to this full Information Technology System of Systems
(SoS).

View: System Behavior (Structural Changes)

Configuration / Scenario:

Describes any configuration / scenario attributes for a specific system-of-interest. This may not be appro-
priate for all system descriptions (e.g. patterns or abstract systems).

Cyclical (Repeating / Regular) Processes

The functions provided by the IT systems determine the fit of the system within the operational capabilities of
the organization. These functions provide value to the people to carry out the process activities necessary for
the capabilities.

Development Life Cycle Processes

Information systems may either be commodity products acquired through the procurement process or cre-
ated specifically for the organisation using various new product / service development capabilities..

The architecture and design of an information system is handled through the Information Systems Innovation
Life Cycle. Capabilities using this life cycle translate the requirements / needs as identified in the business
process and the team management plans and create a tested and fit for purpose information system that sup-
ports the performance needs of the capability.
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View: System Behavior (Structural Changes)

In order to establish the behavior of the system or system-of-interest, some understanding of the physical archi-
tecture of the system is necessary. This allows us to understand the behavior of the system at various points in
time.
The Behavior (Structural Changes) section describes a specific instance (configuration of components) of a
system structure that results in systems behaviour. The system behavior includes descriptions of the fol-
lowing as needed:
® 3 specific configuration or embodiment of a system structure (pattern of organization) (e.g. specific
system elements or components, their relationships)
= including any mathematical methods or characteristics of specific interaction types
the triggers arising from a meaningful disturbance
the process steps or sequence and any interaction in response to a specific trigger
any models or data supporting the response along with any mathematical methods used.
Any behavioral system or focused models (UML Diagrams, or Causal Loop Diagrams, etc.)

Configuration / Scenario: for the option or system-of-interest

Describes any configuration / scenario attributes for a specific system-of-interest. This may not be appropriate
for all system descriptions (e.g. patterns or abstract systems).
Cyclical (Repeating / Regular) Processes
Normal Use
Maintance
Recivery from failure.
Development Life Cycle Processes

Adaptation
New Product Development (replacement of existiing)
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Alternative website:
http://www.iso-architecture.org/
Conceptual Model contained in ISO 42010
http://www.iso-architecture.org/42010/cm/
Wikipedia: 1ISO 42010

Rich Hilliard

The architectural concepts from the Compass Project and this international standard have been integrated into
the change and transformation approach.

ISO 42020:2019 Software, Systems and Enterprise - Architecture Processes
1ISO 42020:2019 Software, Systems and Enterprise - Architecture Processes.

ISO 19439:2006 Enterprise integration -- Framework for enterprise modelling

=[SO 19439:2006 Enterprise integration -- Framework for enterprise modelling
® See also:

= |SO 15704

= |SO 19440

® |SO 15531-1 Public Transport Communications Modelling

ISO 15704:2019 Enterprise modelling and architecture — Requirements for enterprise-referencing archi-
tectures and methodologies

ISO 15704:2019 Enterprise modelling and architecture — Requirements for enterprise-referencing archi-
tectures and methodologies

SEBoK Reference to ISO 15704:2000

Seea

Various Standards for Terminology and Ontology Work.

Provides the Definitions and Methods for Terminology and Ontology Work.
There are various standards in this area:
= |SO 704:2022 Terminology Work Principles and Methods
=[SO 860:2007 Terminology Work Harmonization of Concepts and Terms
= |SO 1087:2019 Terminology work and terminology science — Vocabulary
= QObject
= Concept
®  Characteristic
= Concept System
= Concept Model
®m [SO 2382:2015 Information Technology Fundamental Terms
=[SO 10241-1:2011 Terminological Entries in Standards
= [SO 17115:2020 Industrial automation systems and integration - Parts Library
=[SO 13584-1:2001(en) Industrial automation systems and integration — Parts library

=[SO 24156-1:2014(en) Graphic notations for concept modelling in terminology work and its relationship
with UML

® |SO 24765:2017 Systems and Software Engineering Vocabulary (will be replaced in next few months)

® SO 24622-1:2015(en) Language resource management — Component Metadata Infrastructure (CMDI)
— Part 1: The Component Metadata Model

= [SO 19505-1 OMG UML: Part 1 Infrastructure

® |SO 19505-2 OMG UML: Part 2 Superstructure

® [SO 24156-1:2014 UML for Terminology Work
Ontology Related Standards
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® |SO 21838-1:2021 Top-level ontologies (TLO) — Part 1: Requirements

=[SO 21838-2:2021 Top-level ontologies (TLO) — Part 2: Basic Formal Ontology (BFO)
= Part3

= Part4
= Part5
= Common Language

ISO Online Browsing Platform contains for all types of ISO information
= for specific terms; Select Terms and Definitions and then refine search by entering standard you are
exploring.
The following links relate to Management System Standards (MSS) and their Harmonization
® |ist of Harmonized Management System Standards (MSS)
®  Annex SL provides guidance on Harmonization of MSS (is towards the end of this document link)
= Wikipedia: Annex SL
OMG Specifications
= OMG UML 2.5.1 Specification

Here is a working version of terminology aligned to Rosen's Modeling Relation that is being aligned to the above
standards (work in progress).

package SysCM[[g] CM_DefRels | L a. .
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Change Core

Managing Successful Programmes, MSP.

Managing Successful Programmes (MSP).

A programme management process used worldwide maintained by the UK Government.
Suitable for any types of programmes.

PRINCE2

Managing Successful Projects. PRINCE2

A project management process used worldwide maintained by the UK Government.
Suitable for any types of projects.
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https://www.iso.org/standard/71954.html
https://www.iso.org/standard/74572.html
https://www.iso.org/obp/ui
https://www.iso.org/management-system-standards.html
https://www.iso.org/management-system-standards-list.html
https://www.iso.org/sites/directives/current/consolidated/index.html#_Toc134090862
https://en.wikipedia.org/wiki/Annex_SL
https://www.omg.org/spec/UML/2.5.1/About-UML/
https://www.amazon.co.uk/Managing-Successful-Programmes-AXELOS-Limited-ebook/dp/B08HSBNHHF/ref=sr_1_2?dchild=1&keywords=managing+successful+programmes&qid=1608021499&s=books&sr=1-2
https://www.amazon.co.uk/Managing-successful-projects-PRINCE2-Bennett/dp/0113315333/ref=sr_1_1?dchild=1&keywords=managing+successful+projects&qid=1608021140&s=books&sr=1-1
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Management of Portfolios, MoP.

Management of portfolios

The Systems View of Life, Fritjof Capra and Pier Luigi Luisi

The Systems View of Life

This book is supported by the Capra Course which provides a 12 week course covering the four dimensions of
life: Biological, Cognitive, Social, and Ecological.

A Capra Course Glossary is available in the Capra Course Alumni Network - A global Community of Practice
related to the book.

See chapter 14 for information on Social Systems

Doughnut Economics, Kate Raworth

Doughnut Economics

Two models in the book are being used heavily in the development of the Human Activity Ecosystem models:
The Doughnut and the Embedded Economy. The Doughnut is like a balanced scorecard for the planet and
the Embedded Economy model is a good starting point to explore the systems that are creating the doughnut
problems and the changes that are needed to bring the world into the doughnut safe and just place.

Kate Raworth and Herman Daly Video

Doughnut Economics pictures used with permission, Kate Raworth, 2017

Re-Creating the Corporation, Russell L. Ackoff

Re-Creating the Corporation: A Design of Organizations for the 21st Century

Definition of a System and 5 Conditions; Multi-Dimentional Organization Design; Interactive Planning; and
more.

System of System Concepts

Thinking in Systems, Donella H. Meadows

Thinking in Systems: A Primer
Donella Meadows Project

System Description: Earth (Gaia) as a System of Systems

Please see the following Links for the System Description: Earth (Gaia) as a System of Systems.
® PDF: System Description: Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (work-
ing)
®m Website: System Description: Earth (SoS)
® Presentation: Earth Systems Presentation, ISSS 11-July-2021, Current slides

System Description: Social System
Please see the following Links for the System Description: Social System.
® PDF:: System Description: Social System, Version 0.10, 03-November-2020

®m \Website:: natural.desc.systems: Social System
® |SSS Presentation: Living Social Systems

System Description: Person

Please see the following Links for the System Description: Person.
= PDF:: System Description: Person (Human Being), Version 2.4, 04-April-2023
® Website:: natural.desc.systems: Person as a System

System Description: System (Abstract)

Please see the following Links for the System Description: System (Abstract).
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http://www.amazon.co.uk/gp/product/0113312946/ref=as_li_tf_tl?ie=UTF8&camp=1634&creative=6738&creativeASIN=0113312946&linkCode=as2&tag=procaide-21
https://natural.desc.systems/Content/Bibliography/Authors/14_FritjofCapra.htm
https://www.amazon.co.uk/gp/product/1107011361/ref=as_li_tl?ie=UTF8&tag=procaide-21&camp=1634&creative=6738&linkCode=as2&creativeASIN=1107011361&linkId=fe846cd96b236f93c64b6f1d78d2e4d2
https://www.capracourse.net/
https://natural.desc.systems/Content/SocialSys/TOP_SocialSys.htm
https://earth.desc.systems/Content/Bibliography/Authors/14_KateRaworth.htm
https://www.amazon.co.uk/Doughnut-Economics-Seven-21st-Century-Economist/dp/1847941397/ref=sr_1_1?keywords=Doughnut+Economics&qid=1566688743&s=books&sr=1-1
https://www.pscp.tv/w/1nAJEdVLLmnGL
https://system.desc.systems/Content/Bibliography/Authors/14_RussellLAckoff.htm
https://www.amazon.co.uk/Re-Creating-Corporation-Design-Organizations-Century/dp/0195123875/ref=sr_1_1?dchild=1&keywords=recreating+the+corporation+ackoff&qid=1607957660&s=books&sr=1-1
https://system.desc.systems/Content/System/DEF_RA_System.htm
https://ackoffcenter.blogs.com/ackoff_center_weblog/files/AckoffSystemOfSystems.pdf
https://system.desc.systems/Content/Bibliography/Authors/14_DonellaHMeadows.htm
https://www.amazon.co.uk/Thinking-Systems-Primer-Donella-Meadows/dp/1603580557/ref=sr_1_1?crid=23RUE8ST9GGSK&dchild=1&keywords=thinking+in+systems+donella+meadows&qid=1607960626&s=books&sprefix=Thinking+in+Systems+donell%2Cstripbooks%2C142&sr=1-1
http://donellameadows.org/donella-meadows-legacy/danas-writing/
https://earth.desc.systems/Content/EarthSoS/EarthSoS_SD.pdf
https://earth.desc.systems/Content/EarthSoS/EarthSoS_SD.pdf
https://earth.desc.systems/Content/EarthSoS/TOP_SD_EarthSoS.htm
https://change-aide.com/Content/Downloads/EarthSystems_v1.6.pdf
https://natural.desc.systems/Content/SocialSys/SYS_Social.pdf
https://natural.desc.systems/Content/SocialSys/TOP_SocialSys.htm
https://natural.desc.systems/Content/SocialSys/Living_Social_System_v1.0.pdf
https://natural.desc.systems/Content/Person/Person_SD.pdf
https://natural.desc.systems/Content/Person/TOP_SysPerson.htm
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= PDF: System Description: System (Abstract), Version 0.35, 13-February-2025 (working draft)
® Link to the System Description Architecture Description Framework
® Link to the System (Abstract) Architecture Viewpoint Definition
® PDF: Structuring Formalism: System Description (SDSF), Version 0.4, 07-February-2023
® Website: desc.systems: System
The System Description includes the following sections representing views of the system-of-interest:
o System Name and Class
o System Purpose
o System Properties
o System Stakeholders and their concerns
o System Environment (Context)
o System Structure (Pattern of Organization)
o System Behavior (Structural Changes)
o Correspondences
° Decisions and Rationale
o References
The following links help create a System Description
® Link to the System Description Template
® Link to the System Description Validation Template

The following are links to the COMPASS Project and the CAFF:
= Link to D21.5b Compass Architectural Framework Framework (Local): CAFF Viewpoint Definitions

Unified Modeling Language (UML)

UML is an Architecture Description Language used to create the Architecture Description Frameworks used in
the various system areas.
UML is also a best practice method with extensive documentation.

= See UML

= See UML Conventions
As an Architecture Description Language, UML contains a number of diagrams described by Model Kinds. The
following diagrams are used in the architectural area:

UML Structure Diagrams

® (Class Diagram

® Object Diagram
= Package Diagram

UML Behavior Diagrams

= Activity Diagram

®m Sequence Diagram

® State Machine Diagram

®m Use Case Diagram
The diagrams have specific symbols / language elements that can be placed on a diagram. The instructions for
creating each of these types of models is considered a Model Kind.

UML Modeling Conventions

Unified Modeling Language (UML) provides a language for creating diagrams that have a consistent meaning.
This document contains the modeling conventions that apply to UML Class Diagrams as they apply to systems.
What are the modeling Conventions?

The following conventions from various modeling languages, such as the Unified Modeling Language (UML) or
System Modeling Language (SysML) are also used in some of the system diagrams:

The UML Class symbol
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https://system.desc.systems/Content/System/PDF_SD_System.pdf
https://system.adf.systems/
https://system.adf.systems/Content/AFD_SAF/TOP_AFD_SAF.htm
https://system.adf.systems/Content/SF/PDF_SDSF.pdf
https://system.desc.systems/Content/System/TOP_System_SD.htm
https://system.adf.systems/Content/SysAF/SD_TPL/TPL_SYS_Desc.htm
https://system.desc.systems/Content/System/TPL_SysValidate.htm
https://system.adf.systems/Content/SysAF/CAFF_D21.5b.pdf
https://en.wikipedia.org/wiki/Unified_Modeling_Language
https://system.adf.systems/Content/MK/MK_ClassDiag.htm
https://system.adf.systems/Content/MK/MK_ObjectDiag.htm
https://system.adf.systems/Content/MK/MK_PackageDiag.htm
https://system.adf.systems/Content/MK/MK_ActivityDiag.htm
https://system.adf.systems/Content/MK/MK_SeqDiag.htm
https://system.adf.systems/Content/MK/MK_StateMachDiag.htm
https://system.adf.systems/Content/MK/MK_UseCaseDiag.htm
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package UML[ UML_Class ]J
The Class is a UML Object
that can represent: Cla
y =9 Properties are similar to the
A System -Property A system properties
An Object - —[fEesmyET L ~ onerat e
A thing 3 perations are similar to
A concept Iggg:ﬂgﬂ ﬁ]\' processes or capabilities.
# person j \
/ \ «System Class»
w3ystem Class» wSystem Clazsy a3ystem Classy Desi o Physical
System Social System Person rgge tem“ma
- = — 1 ¥s
— —_—
. .\ - -
examples using celors from Peter
Checkland's system classification
The UML Generalization Symbol
package UML[[E UML_Gen ]J
Example
More General
Class I
i Shape
LT
read as: Alzo includes inheritance
"=z a type of” " |=pecific includes the
properties and operations of | Circle
the general
More Specific L Square
Class

The UML Collection symbol

package UML[ [ LIML_Part]'J

Whaole Class

Whole Class

— — — —5et of parts that - Indicates composition
can be reused = ._|with tight coupling to
1* 1 the whaole.
R Part Class | |The multiplicity is also
identified. e.g. how
N B -~ many of the parts
L
Parts are also called and be used.

System Elements
Compeonents

The parts can also be named
classes. and many can be listed
az parts.

The UML Association symbol
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The association shows a relationship between two
classes. A direction arrow may also be included.

Class A 1 Class B

Relationship m=

package UML[ & UML_Assoc ]J Iﬁ

*

1.
=2 1..*

0.1 1.

-# part of -B

intgracts with = A [ Class of
| | Interaction
1

|
;—hhl?eggshz,f EEShoanton FEPFESEH% This type of association repr&sentlﬁ This type of association has a clﬁsrlﬁ

a network of classes associated with the interaction.
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