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Systems are becoming more and more !4
complex
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It is established that Architecture as a
discipline helps address this Complexity
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Architecture Landscape Wy

 Architecture Standards

— |EEE 1471 (2000, superseded by
42010)

— 42010 (Expected in 2022)
— 42020 (Published in 2019)
— 42030 (Published in 2019)

« Architecture Frameworks
Coordinative

Style " — DoDAF, MoDAF, ZAF, NAF, UAF,
: DNDAF, IndEA, ToGAF, GERAM

* Architecting Styles

— Supportive, Coordinative, Directive,
Authoritative

 Reference Architectures
— loT, Cloud, Smart City, Banking
Industry, Automotive, Industry
« Handbooks

ARG — INCOSE SE Handbook, Guide to
42020, UAF Process Guide
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There Is a paradigm shift in Architecting Wy

Level of Awareness

Societal
Problem Dlscer_nefl_ _Values _ Value of System Quantified
Problem Understood, _ — = =~ o~
~ «Effects on Problem Observed
A 3
e - >
N
Solution Effect Ve FOC“S on Value N\ Context Adapted

Envisioned 4 ( } to System
Intervention/ \ POSIWID
Strategy | | Known

\ Focus on Purpose _

PCS S><R \ I Operational
Identified /J Results
System ( /)/ System
Envisioned N~ P Activated
S e Focus on System -7 onerat
SAL > perational
System Design — ~ - _ - - Readiness
and Architecture N e —-— System
Articulated Components Tested

Specified-Developed-Assembled
(Jack Ring — 2004)

www.incose.org/symp2021 Public Document b



Motivation

www.incose.org/symp2021

Public Documen t



(\1:\
. ey -
Managers Perception Wisy

Architecture is unnecessary ...

Given a problem, it is perfectly possible to engineer a good
solution that meets all requirements without doing
architecture

Architects talk in the Air and don’t do real work

| would like to invest in a resource that would help bring
value to the Customer

www.incose.org/symp2021 plgid o | " B



Organizations’ Perception

« We are a large organization
(~509,000 employees)

 We work on different kinds of
customer engagements across
multiple domains and geographies

* QOver the last 5 years, we have
trained more than 5000 Architects
(5 — 20 years of experience)

 What does it mean to scale up to
reach > 500,000 employees?

« What are the architecture related
concepts that every employee
should be aware of?

Architecture Competency Building

Enterprise Architecture Certification

EA Star (5 day

instructor-lead) + ToGAF ADM

Architecture Leadership Program (3 months)

* |SO Architecture standards
» System Architecture

» Enterprise Architecture

* Architecture Frameworks

40 hrs self Learning
20 hrs instructor-led

Mid-level Architecture Program (2 months)
20 hrs self learning

2 hrs Webinar
18 hrs instructor-led

» Thinking like an Architect
» Acting like an Architect
» Software Architecture

Entry level Architecture Program (16 hours)

Nano (2 mins) Videos + Architectural Thinking
Micro (6 mins) Videos + Technical Architecture
12 hrs Virtual learning + Cloud, Digital Architecture

www.incose.org/symp2021 9
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Customer’s Perception

| am not sure what silos exists in my Enterprise,
can the Architect help me identify it?
How can | trust his/her capabilities?

What delta
can | make by
engaging
this architect?

What does the
architect know
about my business?

How can the
architect support
me to do my
business better?

How much time
will | need to
spend with the
architect?

10

www.incose.org/symp2021

Public Document



. . ! v "
Architects Perception Wy

What are the pockets in the
customer business
in which | can provide my

Who are the
stakeholders |
must consider?

Is the problem stated
by the customer a
symptom
or the real problem?

What are the
constraints within
which | must
operate?

What information do |
need?
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Path

Toward

World
Literacy

A Scope and
Sequence
in Geographic

. " >
A CLIMATE-ORIE D APPROACH
FOR LEARNERS OF ALL E

EARTH SCIENCE
LITERACY

PRINCIPLES |
imate, | G cat I »‘u
era@' [, LC r‘}(“»”

and Fandamental®
akes TEIPTHg

(Peter D Tuddenham — IW 2019)
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The Need for Architecture Literacy Wy

1.

What is the minimal ontology and vocabulary that down-stream team
should be aware of about the system of interest?

What are the concepts, properties, and principles that Stakeholders
should know about the system of interest?

What are the concepts, properties, and principles that architects should
utilize to communicate about the architecture?

What are the architectural concepts, properties, and
principles, that architects should be aware of, for
architecting the system of interest?

What information does managers need to make
iInformed decisions about the architecture and the

system of interest? Architecture
Literacy

www.incose.org/symp2021 _ 14
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Architecture Literacy Principles
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Principle 1

Architecture constructs are

domain and method agnostic

Not just systems, can be

Enterprise

System of systems
Collection of systems
Class of systems

Family of systems
Individual system

Portion of a system
Product line

Product (or) Service
Hardware or software item

Any other entity that is amenable to
architectural definition

— data, doctrine, organization, process,
method, technique, policy, facilities, ...

www.incose.org/symp2021

Architecture
description

expresses

Environment

is

has an

interest in
Architecture Stakeholder

sees things

from a parti

situated in
is part of the character
Entity of \ or nature of
interest J\
has has an
interest in

Aspect

cular |

Stakeholder resultsin

perspective

is contained in

is a matter of
mportance to

Concern

Architecture
viewpoint
addresses governs

[ Architecture

isevidenced in

{ view N

ISO/IEC/IEEE 42010 Ed2
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Principle 2

Architecting is iterative

System

requirement ’

3

Architecture

\ 4

Iterative process of applying simple rules to architect systems

Function 1
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‘Fhysical
I/ Architecture
So| L
~
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/
/
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Function 2

ub-System

Architecture

/

1

T
/ System

re uirement’
A Logical
,
I Physical

S

>

\
\
N\
\
/ \
Sub-
Function 3

Sub-System
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Principle 2

Architecting is iterative

Architecture

Governance

Architecture Collection Objectives,

Management A ! A
8 Governance Directives & Guidance

Plans & Status

Architecture
Management

Architecture Management Plan,

Execution .
Management Instructions &

Plans & Status

Guidance
f Core \
Processes Architecture
R —

Architecture
Elaboration

Architecture
Evaluation

J

Architect Enablement
rc 1P ecture Requests & Process
rocess Feedback

Enablers

Process

Architecture Enablement Grouping

ISO/IEC/IEEE 42020

. Architecture Governance

— Establishes and maintains alignment of
architectures in a collection

. Architecture Management
— Implements the governance directives
. Architecture Conceptualization

— Understanding, Synthesizing &
Formulating architectures

. Architecture Evaluation

— Bridge the gap between Stakeholder,
requirements and architectures

. Architecture Elaboration

— Detalling the architecture to a
sufficiently complete and correct
manner

. Architecture Enablement

— Provide capabilities to support other
architecture processes

Core Processes Conceptualization,
Evaluation & Elaboration are iterative

www.incose.org/symp2021 18
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Principle 3

Architecture is Formless

The work product of architecting is
an architecture description

* Architecture descriptions are used
to communicate architectures to
different stakeholders

« An architecture description is an
expression of the architecture

* An architecture description includes
one or more architecture views

www.incose.org/symp2021
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“Gentlemen, here is your data model. Any questions?”
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Principle 3

Architecture is Formless

Workover operation; architecture overview

This A3 based on the work of SEMA participants: Martin Moberg®, Tormod Strand®, Vazgen Karlsen', and Damien Wee',

and the master project paper by Dag Jostein Klever'. *Aker Solutions, 'FMC Technologies

version 2.2 Gerrit Muller

workover
workflow

functional te-st
run

EDP/LRP

run risers

hook up SFT and
TF

move above well

disruption

workflow
h 1

retract wireline

ROV assisted
connect

shut down valves

workover workflow
[}

riser

physical model

tension frame connects

to rig tension system

wireline

coil tubing BOP
provides well control

surface flow tree
provides well control SFT wocs wurk_avfer control system
control t&p well moi ig and control
hook up coil tubing 7a vessel or of subsea installation
and wireline BOP disconnect EDP platform
syr:em function move away
al connection
seal test 7b disruption workflow riser
el conduit for running
run coil tubing and . . B q tools to well
wireline el disruption timeline
k=] @
reconnect EDP o ,E §' .'§ 5 é _§ = L5 remotely operated vehicle
28 H =558 ®F o 2 § . one for observation
= 2 I855 @ g = = emergency disconnect package — '
8 =1 5 one for operation
control t&p well £2 2 = g= E S g g provides disconnect function EDP porath
retrieve coil tubing E e 2 lower riser package
and wireline BOP open valves “ o] “ | LRP provides well control function
7c ., Xmas tree
unhaok coil tubing run wireline 1 ! 1 1 provides well control XT
24 a8 | .
and wireline BOP NOUrS——— r\ll\re ﬁ’:ﬂ“‘f”?’ a_"‘:-’:r""m”"e'
contarning nteriace
[]
ROV assisted P s ;
Ay 2 workover timeline 2 m
.§ o assumptions: =
move away from TS 5 B | running and retrieving risers: 50m/hr S -
well - E 5 & = | running and retrisving coiled tubing/wireline: 10am/hr § 2 = . O-order workover cost estimate
L3 =827 = E = i
trieve SFT and = f H 58 & E depth: 300m = £ & = workover cost per day assumed cost (MNoK) || workover duration ‘estimated duration {hours)
e e g = i S25 E = % g I 285 z platform, rig 2 A poraen 24 production loss
E s £%ac % . SN E 2 ek equipment 02 preparation 38 6
E o 2 = oS> 8 8 actual workover operation &z gz @ 2 32 crew 0.1 workover 48 48
B —— & .
retrieve risers % £ 5 g Eo8 § 5 hrs £ B s s B 2 >
T 2 2 = Exe & B @ o5 total 2.3 MNoK/day finishing 27 8
[T 1 [T 11 [T [ ] woration por day cost vor || total 135 (5.6 days) 62 (26 days)
retrieve
EDPILRP preparation 36 h —-—finishing 27 hrs—— [EmE=iendloty CLJ
resume ongoing cost operation 0.2
i BrodLcion Bl deremrod operaton 62 hre—————— [ sasima joracing costcperation__102____
disassembly
L L | 1 I I | | \ I cost = cost "t + cost op.rday " L op.
24 48 T2 96 —~ - + * i
¥ — 2.3* 5.6 + 0.3 * 2.6 ~= 14 MNoK / workover
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Principle 4 Wy

Domain of
Interest

System
requirement

/ | 5 satisfies

(] Architecture Is
conceptualized as
concepts, properties
and principles

sitL!ated abstracts
n

influences

abstracts expresses

Avrchitecture

characterizes

has an interestin

of the thing being architected

Architecture
Description

Stakeholder

way of thinking
about

Unit of

includes Modularization|

:
reflects E defined as

« of the design of the thing
Model View S oA Concern Architecture | [ Architecture | [ Arehitecture being architected
Perspective Concern Aspect View

Is addressed by
v « of the evolution of the thing
Arghitect_ure belng arChIteCted
governs Viewpoint governs
exposes

is a kind of

« of the evolution of the design
of the thing being architected

fundamental concepts or properties of an entity in its environment embodied in its
elements, relationships, and in the principles of its design and evolution gsonec/ege 42020)

www.incose.org/symp2021 plgid o R | 4
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Principle 5 Wisy

Architecting is a way of being concerned about a human-made thing

Means to engage with Architecting effort starts with the current or future

. . . Drivers:
different aspects of the thing reality.. S
J Price
. - . Considering an entity of interest and a set of Stakeholders
Ends in aiding the thing & Y *  Payment
achieve its intended options
purpose 0 Commission
Delivers valueto all
stakeholders interested in Riders:
that thing »  Cost efficiency
o Payment
. options
Delivers value to all .  Route trace
stakeholders interested in . Safety
the architecture Taxi Aggregator System
Determines quality -—— T e = i
L= . - Regulatory Bodies:
characteristics that the thing - — Tue [ - . Safety
should possess in order to ( <05 19 MM =] w4 'k < Commission
achieve its purpose and ~ i?%% < vl 7 . Rate
deliver value S~ . o= " - Exploitation
www.incose.org/symp2021 22
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Principle 6

Architecture is Contextual

Diqgitization Context in Energy Services

« Service provider processes the Energy
bills of Consumers across different
geographies

Number of Energy units consumed is fetched
from a Database

Billing rules are encoded and available as
emulated applications

Service agents run scripts that generate the
bills

Bills are dispatched to respective customers
(PDF/Hard-copy)

* Mobile or a Web App that displays the
last bill along with Payment details

A new channel is opened for communication
with Customers

A new way of interacting with the customer
has been opened up

Purpose of
Architecture
Description

provides
focus for

Architecture
Description

expresses

is
situated in

is part of
Environment Context

determines
circumstances for

(

Entity of
Interest

has

has an

Architecture
has an

interest in

www.incose.org/symp2021

Public Document

interest in

Stakeholder

ISO/IEC/IEEE 42010: Ed2 DIS

y. =}



Principle 6

Architecture is Contextual

Digital Transformation Contextin Digital Reimagination Context in
Energy Services Energy Services
« A mobile App or Web Interface that » Device specific Billing

dynamically generates the unbilled
amount

— Know how much energy they have
consumed and what is the total cost so
that it can be budgeted

— Plan energy utilization for the rest of the
period as there were visitors

— Need not wait for the billing cycle to be
complete to know the cost

— On demand unbilled amount !

— Customer centric view of Billing

www.incose.org/symp2021

Sensors for every energy consuming
device

Controllers to manage how much each
device consumes

Integrating all of this together

MyPlan for every device or category of
devices

* Charged based on usage (Post-Paid)

* Dynamically reconfigurable (Many
MyPlans in a cycle)

* Charged based on a Plan (Pre-Paid)

24

Public Document



Principle 7

@® o
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. . . | S &
A t h I n ! l IS an I n S t an C e Of Data Mining | | Management | | Process Tools | Infrastructure Decision Support
Systems Platform Interfaces

its architecture ®
1M D I em entatl on @ Robotic Process

L
_@ . Automation

| Interrogators

&

—-
o

< System is an instance of a ‘ %»
System arChI-teCture | Sensory Platform | | GLIJI Modeler | | Modeling atform| | Execution Engine | | Analysis Engine | | Meslsﬁl;frgrr?nent
implementation ’i ’i ’i D> 0>

« Software is an instance of a
software architecture
Implementation

* Implementation is the
realization or orchestration of
a scheme of things

- Act! 2005
sfers to Web Form
@ & = =
ACT! GoldMine  Outlook Access

WWW.incose.org/sym _
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Principle 8 Wisy

Lifecycle of an Architecture extends beyond lifecycle of the entity of
Interest

Maturity
«  Well managed
*  Quality assured

Growth +  Good interfaces
. Values driven *  Efficient operations Decline
«  Clear Purpose * Consumer driven +  Purpose blurred
«  Strategic planning *  Little conflicts «  Degrading quality
*  Trial & error learning . Diminishing Value
«  Emerging structures *  Bureaucratic systems
*  Consumer driven *  Consumer focus lost
*  Considerable conflicts
Birth
*  Values still
crystallizing
*  Purpose still forming Death
*  Rudimentary planning Note: decision for retirement can also be . Irrelevant
) B&ilg elements in made at any stage when the entity is no - Purpose lost
. IIonnovative thinking longer relevant. * PoorQuality
- Risk taking *  Values compromise

Life-cycle of an Entity

www.incose.org/symp2021 Public Document P



Principle 8 “l'

Lifecycle of an Architecture extends beyond lifecycle of the entity of
Interest

| . 1
Enterp”_se Enterprise Policies and Enterprise Requirements ) Research &
| Strategic Directives ‘ & instruction Enterprise Technology
activities y y Governance & Innovation
I L. . . . Business needs and |
Mission analysis Business Analysis principles -
(CONOPS, CONUSE, (Marketing, _ BOUS;':ZZi:;d Enterprise Portfolio
CONEMP, Identification competitiveness, life | Operational Needs and I Reguiremems Business Management
l of the Sol) lines) principles p Management

I —_— — — — — — — — —_— — — — — — — — — — L — — — L L — — — — — — L — — — — — L — — — —
| Enterprise Architecture definition Stakeholders’ Needs Enterprise Enterprise suppor
and high-level design Stakeholders’ and Solution . activities (IT
I ! requirements Technical . '
(Stakeholders’ concerns and Management Quality, purchasing
| viewpoints, overall solution, lines IFTDEES Cif D Sellvie: g sales, H.R., etc.)
of development life cycle)

|
| Enterprise and Solution

System needs

| System Life cycle concepts, Project ) .
i Project Plans, SEMP, Engineering
System Architecture and System principles and _ Syetom Smesitieation Management & disciplines &
Design (for the system of design Engineering Specialties
interest) Management P

|

|

I Needs for system
| System Life cycle concepts, System elements

[

|

Plans and Project

Architecture and Design (for the specifications for the Management & Engmeenng
system elements) Principles and design system elements Engineering disciplines and
for system elements ialti

Management Specialties

Projects, Systems and
System Elements

i _________I________ _—— e = = = — -

Analysis, Architecting and Design Needs, principles and design | Plans and Specification _ Governance, Management activitieq

Concurrent Activities and data continuity are expected along the whole life cycle

Life-CyC|e of an Architecture Jean-Luc Garnier, Thales Corporation

www.incose.org/symp2021 _ 27
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Principle 9

Architecture provides solution schemas for a class of problems

Spaces of functionality, Patterns of collaboration that create
o 5' properties and capacity for achieving quality goals, Principles that
2 S E sustain patterns and relationships with context o ] ]
S §°£ e — ~--..__.... Principles & guidelines
S - .
£85 e O Solution Schema ) . c .
£58 . .
¢ &5 ,  architectural ___components
S ; S onnectors
§5s - problem S I
£5& - (usually component
& ¢ e
.gm ;‘P § —— Actual evolution path of product . abstractions/spaces)
S S .K H \ A
g‘ § g’;’ L O O @ Anticipated evolution scenarios c
ESa¢ - . .
g §~ § / [ ][0 [ UYnanticipated evolution scenarios
Q !
Generalized |
problem
space
'Instantiated to the specific
~ requirements of each product
. v "a
Current problem L] :
(Point solution design )
addresses only this) Problem Variants

Architecture schema

ema

_r;iust be able to assert(
www.incose.org/symp2021

a) feasibility of instantiation to meet anticipated
requirements and scenarios (b) satisfaction of architectural
Public Document
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Principle 10 Wisy

Architecture utilizes a spatio-temporal configuration of spaces and flows

Problem ¢ Transform into a well-
Space defined problem

L : b 7 Stakeholder ) Concern Requirement

Problem Space Problem Space Analysis
4 System w 74
Requirements
, - 1

m Architecture
Objectiv
Description Space ))

‘“@ ] J .
e QTR

Problem .
Space * Analyze & detail out

Analysis the problem

Solution e Synthesize candidate
Space solutions

y

Purpose
Solution Space )

Solution

Analysis . Estabﬁsh preferrgd
/ Space solution alternatives

% Interface
Analysi:

=3 Stakeholder )} e Capture the
S Architecture :
‘J Description Space arChIt_ec)_cure
description
www.incose.org/symp2021 29
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Principle 11 *4'%

Architecting results in complex configurations of configuration
items

Architecture Each offering can have Or we can define a common
addresses its own architecture architecture
entire set N g

A/
Evolution
scenarios

Goal: define
architecture for
3 offerings:

Base Offering
(Non-architectural design -
addresses only this) Problem Variants / Models

www.incose.org/symp2021 Public Document P
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Principle 11

Architecting results in complex configurations of configuration

Configuration Item
Correspondence
System Boundary

Configuration

©

@
@@o@o%o

@@@@

@@@du

@@o@@

_@
@O@@@

©

l'l
-
-
— -

@@

Q

- -
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Principle 12

Aview is a snapshot from a particular viewpoint

Concern

Vi

2Wpoint

Perspective

Stakeholder

[Other dimensions:

Human Factors
(workload, stress,
fatigue, etc.)

e Security of the

\_ payment

*  Transportation Safety

\

J

Perspectives

>
Aspects
Data Activity | Location | People
. Business Entity Business Business  [Business Roles
Business Model Process Model | Location Model Model
Logical Logical Entity |Logical Process Logical Logical Roles
ogica Model Model Location Model Model
. Technical Entity Technical Technical Technical
Technical Model Process Model | Location Model| Roles Model

www.incose.org/symp2021
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Principle 12 Wy

Aview is a snapshot from a particular viewpoint

Government Driver

Traveller Law & Order

Viewpoint

L @

& 4 A\»

\

Service
Viewpoint

Operational

‘ Viewpoint

www.incose.org/symp2021 _ 33
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Concluding Remarks
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Summary Wy

0NN E

11.
12.

Architectural constructs are domain and method agnostic
Architecting is iterative

Architecture is formless

Architecture is conceptualized as concepts, properties and principles
Architecting is a way of being concerned about a human-made thing
Architecture is contextual

A thing is an instance of its architecture implementation

Lifecycle of an Architecture extends beyond lifecycle of the entity of
interest

Architecture provides solution schemas for a class of problems

Architecture utilizes a spatio-temporal configuration of spaces and
flows

Architecting results in complex configurations of configuration items
A view is a snapshot from a particular viewpoint
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