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Architecture as usually practiced

THAT MEANS NO MORE
PLANNING ANMD NO MORE
DOCUMENTATION. JUST

START LWRITING CODE

WERE GOING TO
TRY SOMETHING
CALLED AGILE

ARCHITECTURE

I'™M GLAD THAT
IT HAS A LJAS YOUR

MAME. TRAINING.
OR BUY A VENDOR'S PACKAGE

-7 E2007 Scot Adama, Inc./Disl. by UFS, Inc.

wenw dilbert.com  scotindormo® sl com

© Scott Adams, Inc./Dist. by UFS, Inc.
(Apologies to Mr Adams and my fellow architects)

There Is never enough time (or money) to do it right the first time ‘
There Is always enough time and money to fix it overand over again
-Anonymous
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Siloed Implementation Approach

Field Serv SubSta PEV Res
Auto DER. " “Prov Auto DR
AMI
Core Utility Automation
WASA
Mobile EMS/ cis AMI | | Market

Field Mqt DMS
‘Bl mM @ mE | .
ESE | 000

T T TR T

SCADA GIS State DR OMS
Estimate
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What is Architecture?

IEC 42010-2007: The formal organization of a system embodied in
Its components, their relationship to each other and the
environment and the principles governing it's design and evolution

LEFT — Architectural process is a phased approach. It documents
BRAIN  \ith every increasing levels of granularity and specificity, the
requirements, relationships, services and sequence

necessary to realize those goals

RIGHT

BRAIN Architectural art is intuition tempered by experience; it

usually takes practice to master. Artistry is needed to define

the appropriate levels of component ontological abstraction
for each phase

SBlc[))Eg — Enterprise Architecture is the process of translating

business vision and strategy into effective organizational
change.
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Why We Need Architecture

Yes, it's a
Kitchen/

ical — ?
Logical — but ... “ Bathroom

First in first out/
Priority of the day

OR

Input
Architectural
Process

Phoenix, AZ, Dec 5-8, 2011 G[Fﬁ@#”ﬂﬁ@[r’@[@ 201 %



Grid-Intetop

Different types of Architecture

Network

Source: SIU

Conceptual — General landscape

Source: NIST SGIP
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Reference — Component (functions) make up

Source: NIST SGIP and IEC TC57

Current TC57 Reference Architecture
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[ ————

Logical —functions relationship

Source: Multispeak and Hydro One
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Demarcation
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Tape
Library %P12000
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Infrastructure — exchanges/workflow

Source: Amsbary - client
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Legend

Event Source

Application/Solution — Specifications

Source: Amsbary - client
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Architecture uses Frameworks

- tHE () pen GrOUP
* Including TOGAF*, DoDAF, - =

&) ADM Architecture Content Reference Models

MODAF, FEA, Zachman, & | =

» They have their own o o

Framework

Architecture Capability

Methodology, Techniques o g
and Tools - —

* Incorporate Lifecycle maps
for Project Management
(PMOQO) and Systems
Engineering lifecycles (ITIL)

ENTERPRISE ARCHITECTURE: SRR
A FRAM EWPHK » _ _ = e

[t

g1
i

 ad
TEGHMGLOBY
phemiey
B
owvann

el e Fro——

* The Open Group Architecture Framework
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Grid-Interop

Architecture Phases

Rather then trying to “eat an elephant all at once”,
architecture identifies goals and decomposes them into
services that ultimately relate to the physical entities

Don’t worry we’'ll cover phases E= H later

This breaks-down into:

Preliminary, What do you have

Vision, what goals you trying to achieve
Requirements, what needs do the goals
impose

Business Services, what abstracted
services are needed to support a
requirement

Information (or Application) Services,
what sort of applications are needed to
support the abstracted service
Technical Service, what is actually
performing the service
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Architecture Semantic Vocabulary

Vocabularies define the concepts and relationships used to describe and
represent an area of concern. Vocabularies are used to classify a
particular application, characterize relationships, and define constraints.

By extension in Computer Science, vocabulary is a domain model used
to identify components/services and their relationships to each other
(their interfaces)

interfaces

Input Output

Process/
Service

Actorf Acior

Component

G #Gridinterop Phoenix, AZ, Dec 5-8, 2011
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Simple Building Architecture Example

Magic in this case is the A
ability to infer the options = [ Process/ | =
—» | Service | =)
Vision Require- Business Application Technical
ments Services Services Services
Comfort Water Hot Water Solar Panels
Heat/Air Source Gas Batteries
Light Treatment Electric Inverter
Outside environ &C
Sanitary
Green Energy Eff Rebates
Material Reuse
Budget Op Costs FE!
Initial Cost Incentive
Timeframe
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Why we need sequence

Seqguence ensures the right thing is done in the
right order & illuminates alternatives
It’s not as easy as it sounds

Impact of no
sequence

L} #Gridinterop Phoenix, AZ, Dec 5-8, 2011 G[Fﬂ@]=”ﬂﬁ@[r@p 2_@1 ﬂk



Sequence changes based on the Situation

Simple restaurant™ example

Business Business
Requirement Service
A. Sit-down 1. Order
Restaurant 2. Eat
3. Pay
B. Fast Food 1. Order
Chain 2. Pay
3. Eat
1. Pay
C. Buffet > Order
3. Eat

» Courtesy of Doug Houseman
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Smart Grid Architecture Produces

» Strategic Plans

* Technical Road Maps
 Use Cases

* Reference Models

* Recommends standards
» Migration Plans

» Change Management

* Security and Governance

In short what is required to move from today’s
state to the stakeholder’s goal
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Use Cases

Clarifies how a Smart Grid requirement Is
envisioned to work — provides:

* Functional requirements

« Non-Functional requirements

* Interfaces

e Sequence

 Actors

Provides for and Is W
used thr_oughout s oo Foi ) ')
the architectural N

process
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TOGAF lteration & Architecture layers

TOGAF cycle and

corresponding Artifact
level of detail !

Transition
Planning
Iteration

Architacture

Context

I:amﬁr"/
Architecture y Architecture

/ Contextual

Conceptual
Logical
Physical

)

Conceptual

Logical

7ysical
{

Conceptual

Contextual/Vision

 What are the Goals
 What is the current state

Conceptual

« What it shall accomplish
« What services are required

Logical
* How it shall be accomplished
* How is the architecture structured

Logical -
Physical Physical
* What resources shall be required
G #GridInterop Phoenix, AZ, Dec 5-8, 2011 16



Architecture roadmap

Business
Business Information Automation Technical
Architecture Architecture Architecture Architecture
Tg
-% _ Vision/ What is the that are the What type of What technical
8 % | Contextual business Info processing applications are IT services are
S < Why? requirements required required
. ; 1 1 1 1
o How is the Howis How are these How are the
23 business information systems “boxes”
D
o8 structured structured structured structured
© 2 Which parts [ What manual & | [ What {What Hardware, |
% = of the automated packages & software &
E\ = business will processes need bespoke
o ; 0 be linked

#Gridlnterop Phoenix, AZ, Dec 5-8, 2011 G[ﬂ]dm” ﬂﬂ:@[r’@p 2_@1 ﬁl7



Grid-Integop The Rest of the Story

Ok, now we understand what it takes to design
a Smart Grid. Now we have to implement it,
migrate legacy procedures/systems, operate
it, handle changes and ensure governance

» Yikes .... Remember the other
half of the cycle?

That’s where those areas are
handled

» This ensures the architecture
stays viable instead of stale

“* Think of this as your “honey-do”
list

L} #Gridinterop Phoenix, AZ, Dec 5-8, 2011
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NIST - Architecture roadmap

Conceptual Architecture

Bus

Business Information Automation Technical
R Architecture g Architecture Architecture
ERy” . —_— —
= Vision/ Whalah ‘ What technical
= IT services are
s required
: 1
© "  ®Howisthe | [ Howis fow are these How are the
% = business systems “boxes”
° % structured structured structured
= 0 Which parts [ What manual & | What
% = of the automated packages &
>= business will bespoke
D. ; OItWdal €
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Goal Analysis/Goal Decomposition

* Goal Analysis
— Reviewed all legislation and other government
documents for stated smart grid goals
— Goals include pointer to original document
— Reviewed and harmonized for overlap and
redundancy

* (Goals Decomposed - =
— Organized goalsand . . . . . -

add relationships

u Bagissasihe yhdicasziad s | SsaivolMS sosroy | Anite stein Qs st
— Ik —— — —— -~ e
st ot a="gt2 1 smsmien | Seacipion="Pryic asseripbon =i ey
gtz ' 1= gt And cyber (MOT reliabiing 1 2 Fhore generic =g
P — N S i |KH,[“,—
[
memsne

conflicts) | - W =
—_— B Otto m Ievel I I n kS _ ‘MWM““" S} h:' = = e
processes/use case  _

- Reference ids created for = — =
backward compatibility for ==

Mopew | 2020 [ GmEms | | ek

subsequent steps) 5 = =
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Grid-Intefop Requirements

* There is not a one-to-one relationship between goals,
requirements and services - All Services are traceable to
one (or more goals)

 The EPRI Use Case Requirements Database used a
basis

« Subsequent requirements were created to support each
goal

Domain| Ref Reg No |HL Requirement Business Services Business Service Definition Improve| meet [Stimulat| Meet |The grid|Grid will [ Privacy
D United | future | ethe User |mustbe| provide
States |demand]econo m| Needs | more |the level
energy | growth y reliable. Jof power
security. &create quality
and desired
retain by 21st
jobs. century
Custom |7EPRCPT|7EPRCPTO09| c1 |Service Level data shall be collected in|  Service Level Agreement Manage compliance with Service
er order to ensure that service level Compliance Level Agreements (SLAs) using X X X X X X
agreements are met service performance data.
\ J | | J \ J
Y | Y |
Requirement Business Business Service Top Level
Source &id Requirement National Goals
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Services

* There is not a one-to-one relationship between goals,
requirements and services - All Services are traceable
backward to one (or more goals)

* Business Services were created to support each
requirement

« High-level Automation (information) Services were
identified necessary to support each Business Service

Domain |Referenc Reqg No |HL ID Requirement Business Services Business Service Definition Automation Service Automation Service Definition
Bulk 1IECGEA|1IECGEA161]| G14 |shall support minimum Least cost dispatch Provide a mechanism to allow for the | economic dispatch support | provides a set of analytics that
Generation cost real time lowest cost units to be called on first for service determine which units offer the
scheduling of providing energy lowest total cost for the energy
generation units delivered to the required
locations
\ J\ J | ) \ J
| | | !
Original Besiness Business Automation
document Requirement Service(s) Service(s)
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NIST Smart Grid Goal:

To support Business Specific Solutions

Community-Serving Conceptual Architecture
Deliverables

Frme | re———" Applicssans.

|
p

A &

i ) @

&) i

Pren: Syseem
Fessaners

Logical & Physical Architecture

» Concepts

* Requirements

» Business and Automation Services
 Domain Interactions
 Use-Cases

» Semantics/Vocabulary, Terminology

Conceptual Architecture

Business-Focused Solution Architecture
» Business specific requirements

» Business specific processes

* Logical component and model design

* Physical interface and schema design

» Solution specifications and development
* Project validation & testing

» Deployment & Architecture Governance

G#Gridlnterop
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NIST SGAC* Conceptual Architecture

“Conceptualization” of Smart Grid’s overarching
business and system operations

» Recognizes many strategic initiatives fail because new
technologies are viewed in isolation

« Addresses a holistic view of the power system and business
domains

» Provides context allowing business stakeholders to
prioritize and justify often conflicting technology decisions
based on a robust conceptual model

» Facilitates common vocabulary and re-use of system level
constructs across all Smart Grid business domains

» Rich knowledge base of national-level goal decomposition,
business requirements, services and actionable vocabulary

* SGAC - Smart Grid Architecture Committee

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 24



NIST Conceptual Architecture Effort

»~9500 pages of national laws
— 400 National Goals — 20 high level families

»~700 Use Cases, 20 System Requirement
Documents, 33 originators

— 7900+ Requirements
» 450+ high level families of requirements
» 450+ business requirements
» 500+ technical requirements
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Number of new business requirements

-

Generatlnn I_,,:;’/ - =
167 e’ Jransmission--... Distribution *~~ " \w
N 7 |
\\M_/_/ |- 4 Sopirres MIST Simart Grid Framewerk 1.0 Sepr 2523
562 872
Electricity flow Communication exchan es
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Need for a Semantic Vocabulary

» Natural Language is
Ambiguous

— One Reality, Multiple Views of
It

— Meaning is Relative to a
Perception

— Perception is Contextualization

» Ambiguity can be eliminated
with Contextualization

» Contextualization can be
defined through Relations

G #Gridinterop Phoenix, AZ, Dec 5-8, 2011



Vocabulary and Semantics

Information Challenges Success Factors
y Amlbtigug)us Semantics » Well defined vocabulary
iyl foel JN and semantics
* Multiple Technologies * Eliminate technology
— Consistency dependencies/disparities
* Partially Known Value- . Precise Relations
Chain |
— Cross Business-Unit » Clear Expectations

Operational implications

« Low Data Quality

— Decisions/Trust-Risk

« Poor Data Specification
— Expectations

D #GridInterop Phoenix, AZ, Dec 5-8, 2011 23



Semantic Modeling Language

Need for actionable vocabulary beyond model languages such
as Universal Modeling Language (UML)

» Open Source managed by WW3C a
non-propriety file format

» Ontology Web Language (OWL) is
more expressive than UML

Actionable

» Simple Structure s

Subject, Verb, Object (triple) which is stored
in a Resource Description Framework (RDF)
for access

Triplets can be transparently merged across
data sources

» Provides formal verification across
diverse vocabularies

» If it's Web addressable, its available
for use

» Analysis/query (SPARQL)
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RDF Example

Three triplets

RDFas a graph

has Name
Steve Steve Ray

has Employer site
R (. —————————————>

http://www.e com/employees/stephan-
ams b ary/#!/
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Web Semantic Mash-up Example

DoE Smart Grid Clearinghouse

http://www.sqiclearinghouse.orqg/?g=node/13

With no programming — just

a RFS definition o m—— —
Each project has dissimilar s

lamd

e Location information
 Labels
* Project details

Il E e

Google recognizes as such
« Maps each project

Iocatlon W(‘.u'gle ﬁo e°° MeasCgin Map dameoR011 Euroga Technologies, INEGI - T=rms of Use
« Labels each by it’s type A R TS R G

&0 represents Advanced Metering Infrastructure (AMI) i3} represenis Integrated Systems (15)
(AM I ) CS ) DS ) &C " ) B8 represents Customer Systems (CS) ™8| epresents Transmission Systems (TS)
i Li n kS to p rOj eCt d eta i IS % represents Distribution Systems (DS) o represenis Regional Demonstration (D)
1 represents Equipment Manufacturing (EM) (50 represents Storage Demonstration (SD)
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Maturity Models

Maturity Models are strategic frameworks to
identify opportunities for improvement

* They create a roadmap identifying activities, best
practices and investments leading to the desired state

* Provides maturity characteristics expected for each stage
of maturity

* Provide an assessment of the current state and help
bridge the gaps to the future state

* QObservable indicators of progress — measurable outcomes
that improve with each stage of maturity
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SEI* Smart Grid Maturity Model

Smart Grid Maturity Model -

Perpetual Innovation
Mhtunm oparational, environmental and Sali-healing operations
L’mﬂdﬂ opportunities present themsalves, and the Autonomic business

‘eapabilty axists to take advantage of them. A ek

Levels, Descriptions and Results

art Grid functionality and banefits raalizad. Ji e et

1 anagement and oparational systems rely on and Feal time corecions
| fld advantage of obsarvability and integrated Erpad reuse
onitrol across and between enterprise functions Victors

Optimizing -
Enterprise
Wide

betwean two or more functional areas. Repoatabio pracices

w(‘iﬂ spreads. Operational linkages "~ Systemization
m

r ansures decisions span functional Shared information
mms resuling in cross functicnal benefits. _—" Cross L OB Champions

decisions, at least at functional lavel Strategy

u cases in place, investmeants being madex Proof of Cancepts
jﬁhﬂi:rnm functional deployments under way

- with value being realized. Strategy in place ///M;-ﬁomﬁes

Vision

1.

| Contemplating Smart Grid transformation. May

Yave vigion, but no strateqy yot. Exploring
Evaluating business casas, technologies.
| have elemenis already deployed.

Expariments
Prophets, Heroes

Eight Smart Grid Domains and Important Elements

Peop.l'e and Technology Domains

Strategy, Management
and Regulatory
\ision, planning, decision making,

sirategy execution and discipline,
regulatory, investment process

Organization

Communications, culture, structure

Technology

Infermation, engineering, integration of
informaticn and operational technology,
standards, and business analytics tools

] 4|

Societal and
Environmental

Conservation and green iniiatives,
sustainability, economics and ability to

integrate alternative and distributed energy

& Copyright Camegie Mellon University 2010, All Rights Reserved

* SEI - Carnegie Mellon Software Engineering Institute

Process Domains

\ ‘ 4 Grid Operations

Advanced grid observability & advanced
grid control, quality and refiability

Work and Asset
Management

Optimizing the assets and resources
{people and equipment)

Customer Management
and Experience

Retail, customer care, pricing options and
control, advanced services and vigibility
into utilization quality, and performance

Value Chain Integration

Enabling demand and supply
management, distributed generation,
load management, leveraging market
opportunities

L} #Gridinterop
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SEl Smart Grid Maturity Model

l Gap Analys:s ‘

strategy, Organization & || societal & Grid
Jl|Management |- e e achnology  (lenyironmental || operations
& Regulatory
S, | e et
.| SEREEREE
=*— | P L PSR O IO T
AR AR [
Em—— |
= i _——
i == ]
: ﬂﬁi.——l—
- | p—
iz — - —
[ HITFT gL gt o] . tin
===
a3 o,
E_—- o -
o gl
"-'_'.’-"/ ey i
Fammram ot s sy

Work & Asset || Customer Value Chain
Management | Management |||ntegration

& Experience

T L R i - *—_-

re——— -h:.—"_ -nl-p = .0 '—|=*—.-H
‘_—— “——_# e

STETER N INTE LI "q_ﬂ
depmmizmem (| e ey | | e
g—-l,—puq ke ;—uq
. L T .=' g rh—--
o L e - - ! - Lrni e,
T e | || R

j—

r'# _-: .;' r—_ll. E 1==|
T I |.=.' - -l
- Trarmep — ;_*“ﬂ —-r
ke o e by g ST R AR

E o L - - LT
el -
o e W P
maad P ———— . Fim o
- J—._T-l . . =
m—— - E&#—
. =0 R S re—

[ 1 Aspiratien
[ | Baseline
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- GWAC* Smart Grid
Interoperability Maturity Model (IMM)

Work In Progress
GWAC Context-setting Framework

Interoperability Categories Cropes-cutting Issu
8: Economic/Regulatory Policy /
B 1 [ERNE ERNES (ERNET (MR .

0rgan|zat!onal 7: Business Objectives = S E I S ma rt G r d

(Pragmatics) = - |E
= . = .

_ g |8 Blc| |E]3 Maturity Model
6: Business Procedures S le [2 ., =|lo |8 |®
o|®|s |C|2[2|8|2 |53
= e |Is s|E|ls|2|5 |>|[?
clE|T |2 |2 |b|a|g | |3
; 5: Business Context DlE|d |o|S|=s|8|» 5|5
Informational =3 | | g c|le |5 |O =

Semantics e |5 I = > = ...

( ) 4: Semantic Understanding \ 2[8 |8 SIENS E =128 5 Opt| mizing
3l2(a ]2 (B]2|2(5 |3 IE
ElfS|a|o|c|8|@ 5 | B
3: Syntactic Interoperability Sl E - | 2 1'%

[ - (=] Yy . - |
. uantitative
Technical 2: Network Interoperability UNIC (Pl Ol [ T 4 Q y
(Syntax) \ / Man ag ed
1: Basic Connectivity \\//
Community 3 Defined

* Cress-onganisationuriscictions
+ Primary, Secondary, Terllary cane:

o NEHTA Interoperability 2 Managed

Ivik|gn of Powndr Detwodn b

s Maturity Model
. - http://www.nehta.gov.au/connecting- 1 Initial
f'le . australia/ehealth-interoperability
W g

» Dpen/community stendands
* Regulgtonylegisiatve polices
= ‘Community’ architecturne

* GWAC — DoE GridWise Architecture Council
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The GWAC IMM Stack

Organizational

1 Framework (GWAC Stack)

— 8 interoperability categories
consolidated into 3 layers

l Technical

10 Cross -Cutting issues — 3
layers

Informational

Operation

Configuration & Evolution
Security & Safety

!

* 9 Interoperability Areas

— Combining the interoperability and
cross cutting categories provides
a two dimensional matrix that
helps simplify the conceptual

landscape
Slide courtesy of Mark Knight

CE-O 0O-0 SS-0

CE-I O- SS-|

CE-T O-T SS-T
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Level 5 IMM Maturity Example

< CROSS CUTTING ISSUES >

5 Optimizing A

Quantitatively
4
Managed
e
5
_ S
3 Defined E

&
2 Managed ,# ORGANIZATIONAL
< INFORMATIONAL

v
/«*0/ TECHNICAL

1 Initial

OPERATION
CONFIGURATION SECURITY
& EVOLUTION & SAFETY
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GWAC

SG IMM Evaluation Matrix

or
=)
-
e:
)
L=

|
©
—
O

Maturity level Metrics (questions)

Interoperability Areas

A

CE4-06, CE5-0E: Business processes are specified that support the mechanism For resource

identification [creating and maintaining) to ensure unambiguous reference.

CEB-04, 05: Governance policy for discovery access of participating parties is specified.

CEE-0E: Business processes for discovering participating parties are specified.

CE?-06: The business processes for negotiating and configuring interface options or modes of

operation are specified,

CEB-0E: The business processes for entering or leaving an interaction are specified along with the

expected behaviar,

CE-O

000

38
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Smart Grid Architecture Summary

» Affects the entire organization, not just computer techies

» A process that minimizes risk and gives insight into how the
business operates today and what changes are needed to
achieve the business’ grid modernization objectives

» A means to:
« Gain operational efficiencies
 Maximize assets and personnel
* Bring order to IT delivery - aligning Business Services with
the underlying automation Services-Oriented (SOA)
foundation

» SGAC efforts are performing the heavy lifting to define
Smart Grid’s foundation

» Several Utilities are using EA (and TOGAF)

Notable examples:

Southern California Edison National Grid

Consumers Electric Pacific Gas & Electric
Duke Energy Most Smart Grid software
Florida Power and Light vendors
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Want to know more

» SGAC Conceptual Architecture Session
— Wednesday at 1:30 — 5:00PM - room 164

» Semantic Working Group Session
— Tuesday at 3:30-5:00PM - Room 161 (CHANGED)

» Foundational Session - Interoperability Maturity
— Wednesday at 10:30-12:00AM - South Ballroom

» Smart Grid Interoperability Maturity Model and GWAC
— Wednesday at 1:30-3:00PM - room 163
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References

National Use-case repository:
http://collaborate.nist.qgov/twiki-sgqgrid/bin/view/SmartGrid/IKBUseCases

NIST SGIP SGAC:

http://collaborate.nist.gov/twiki-
sggrid/bin/view/SmartGrid/SmartGridArchitectureCommittee

EPRI IntelliGrid
http://intelligrid.epri.com/

GridWise AC:

www.dgridwiseac.org
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