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Who am i:

* Jan de Liefde
* Systems engineer in the infrastructure and industry domain
* Focus on Model Based (Systems) Engineering

* Jan.de.liefde@thecollective.si
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(Large) infrasystems: some characteristics

* High political and public interest (always in the spotlight)
* Long life-cycle (>80 years)
e Civil, Mechanical, Electrical, Industrial automation, etc.

* Direct or indirect impact on the environment (pollution, view, fine
dust, etc.)

* Impact from the environment (salt water, wind, temperature, etc. )
* Strong focus on safety (zero casualties) and availability (24/7)
 Many different suppliers
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Today

Design Design Design Design Design documents Design
documents documents documents documents documents documents

Management.
Safety Mechanical Electrical Automation
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Today issues

* Information duplication

* In multiple documents same kind of information
* Information loss during changes

* Access to information
e Searching within documents
* Exchange of information by using exports and copy/paste

* Lack of traceability

 Different not connected data sources
 Lack insights in the Impact of changes
* Discipline based
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Document centric Model centric
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Modelling: Today issues

* High level design
* Focus mainly on producing documents
* Focus mainly on functions

* Objects partly modeled (no constraints, properties, etc.)
* Lack of traceability

* No distinction between problem and solution domain (usage is not
the same as functionality/solution)

* Language not readable for domain engineers
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What do we need?

Working together in and
from a “single source of truth” [TC)us
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How: A model and a multi-user workspace!
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\t./ Planning Model
When is it designed,

implemant and mai

Systemmodel

= Operational model
Cost Model i
bdd[package] Stations [Stations] /
; Functional model
. Life-Cycle information Model
How does it f

here is it in the physical world?

Component model il
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Model 1

Management <:> ol e v Functional model =By Ste-is <:> Librar

0 Componentmodel ‘ —

* Every model should have a goal:

* The goal of the System model is to be a “single source of truth”

* The goal of the Library model is to support the reuse of of signals, value
types, etc.

* The goal of the management model is to support the project management
processes ( for example, planning informatie- and configuratiemanagement

* The goal of the operational model is to define the intended usage of the
system

* The goal of the functional model is to define the necessary functionality and
systemstructure that is needed to support the intended usage

* The goal of the component model is to define the technical solution
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Operational model

Management Functional model Library
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THe
coLLective




construct Standaards

150 15288 Systems and software engineering -
System lfe-cycle processes

1S0 29148 Requirement engineering

Systems and Software engineering - Life cycle processes -
Requirement engineering

Library

150 42010 Architecture description

Software, systems and enterprise — Architecture
description

TMAP @Next B

e Use Standards A

Acquirer-Supplier Agreement free .pdf

L]
o D e I I l e G O SS a r 150 15289 Systems and software engineering - [=]
Content of life-cycle information

{documentation)

* Define Acronyms

class Acronyms class Definitions / 1SO/IEC/IEEE 24765 Systems and software  |=)
engineering — Vocabulary
«GlossaryEntry» «GlossaryEntrys «GlossaryEntry» «GlossaryEntry» «GlossaryEntrys
architecture view anomaly iiti testing
wGlossaryEntry» wGlossaryEntry»
WBS So5 work product Anything observedin | | mutual Dprocess of obtaining Testing conducted to
expressing the the documentation acknowledgement asystem, productor | | determine whether a
architecture of a or operation of @ of terms and service system satisfies its
work breakdown System of Systems system from the system that deviates conditions under ‘" | acceptance criteria
perspective of from expectations which a working ————— | ondtoenablethe
structure specific system based on previously relationship is «GlossaryEntry» customer to
concerns verified system, conducted acqLmee determine whether
software, or to accept the
hardware produets EXAMPLE Contract, system. (8} Formal
«GlossaryEntry» Stakeholder that
aGlossaryEntry» «GlossaryEntry» - or reference memorandum of acquires o piai !estir'r;y conducted to
HDD SDP ; a product or service enatie d i
» foma gy customer, or other
Traceability R sty — Othor (o authorized entity to
br B B fundamental architecture commonly used for f:i:g"fﬂ‘:hgg':;
g =0 vare concepts or viewpoint an acquirer are P " P
J 2 sop . component.
2 depend :lopment Plan f;:t‘; E'; ::"!‘:f d = buyer, customer,
- lepends on - 0 X
eraronmene T1acCeability
[} 150 15288 Systems and software enginsering - System life-cycle processes’ .
embodedinits g [&F ) | % -
elements, =
relationships, & archi
the principles o, 4% depends on
design and evol [B) 150 42010 Architecture description
«GlossaryEntr
activity
specification set of cohesive tasks
of a process

uGlossaryEntry» THe
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Library

* Define Engineering units

bdd[package] Space and Time [ Space and Tlme]/

* Define Quantity kinds
e Define Value types

bdd[package] Value types [Value types] /

bddlpackage] SpaceandT\me[SpaceandT\me]/

metre

quantityKind =
symbol =m

description = ISO 80000-3
definitionURI =

second

quantityKind =

symbol =5

description = ISO 80000-3
definitionURI =

square metre minute
quantityKind = quantitykind =
symbol = m2 symbol = min

description = 150 80000-3
definitionURI =

description = 1SO 80000-3
definitionURI =

cubic metre hour
quantityKind = quantitykind =
symbol = m3 symbol =h

description = 150 80000-3
definitionURI =

description = ISO 80000-3
definitionURI =

radian

quantityKind =
symbol = rad

description = 1S0 80000-3
definitionURI =

quantityKind =

symbol =d
description = 1SO 80000-3
definitionUR| =

degree angle radian per second |
quantityKind = quantitykind =
symbol =° symbol = rad/s
description = description = 1O 80000-3
definitionURI = definitionURI =

metre per second

radian per second squared

quantityKind =

symbol =m/s

description = ISO 80000-3
definitionURI =

quantityKind =

symbol = rad/s2
description = 150 80000-3
definitionURI =

metre per second squared

quantityKind =
symbol = m/s2
description = 150 80000-3
definitionURI =

hertz

quantityKind =

symbol = Hz

description = 150 80000-
definitionURI =

radial distance

length length of path mEy
definitionURI = definitionURI = definitionURI =
description = 150 80000-3 description = 1S0.80000-3 description = 150 80000-3
symbol =L symbol =5 bl
breadth LT acceleration
T = definitionURI = definitionURI =
descripton g i description = 150 0000-3 description = 150 80000-3
Smbaloy symbol =r symbol=a
height position vector period duration
SR = definitionUR| = definitionURI =
description =50 80000-3 description = 150 80000-3 description = IS0 80000-3
symbol = H symbol = symbol=T
thickness displacement rotation
definitionURI = definitionURI = definitionURI =
description = 1S0 800003, description = 1SO 80000-3 description = 1SO 80000-3
symbol =& symbol = Ar symbol =N
i volume frequency
definitionURI = definitionUR] = definitionUR| =
description = S0 800003 description = 1S0.80000-3 description = 150 80000-3
symbol=R symbol =V symbol =f

time

definitionURI =
description = 1S0 80000-3
symbol=p

_ Siameter

definitionURI =
description = 15O 80000-3
symbol =D

definitionURI =
description = IS0 20000-3
symbol =t

speed

definitionURI =
description = 1SO 80000-3
symbol=w

uvalueTypex
MTBF

wvalueTypes»
Distance

guantitykind = time
unit = hour

quantityKind = distane

unit = metre

wvalueTypen
MTTR

guantitykind = time
unit = hour

uvalueTypen
length

quantitykind = length
unit = metre

avalueType»
breadth

quantitykind = breadth
unit = metre

avalueType»
height

quantitykind = height
unit = metre
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Library

* Define reusable set of Signals

bdd[package] Control interface [Control interfacey
asignal» asignalm» wsignal» asignalm»
Checkback Not Manual On/Open Manual Stop Undervoltage trip
off/Closed command
asignal» asignal» asignal»
Checkback Not Manual Off/Close Status discrepance
On/Open alarm Closed > Open/
off = On
asignal» asignal» asignal»
Checkback Off/Closed Fault Status discrepance
alarm Open > Closed/
On > Off
asignal» asignal» asignal»
Checkback ON/Open Contact supply voltage Test status
-
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construct Standaards

150 15288 Systems and software engineering -

150 20148 Requirement engineering |
System life-cycle processes.

Systems and Software engineering - Life cycle procsses -
Requirement engineering

Define test methods

1S0 42010 Architecture description

Software, systems and enterprise — Architecture
description

req [package] Test methods [Test methods]/ TMAP @Next B

Traceability —~ # x

WO@ @ Ef’ - EIA-IEEE J-Std 016-1995 Software Development
«testCasen atestCasen atestCasen - Pr::Tess cic\e test Acquirer-Supplier Agreement free .pdf
A
{DCoT) (eG) (SEM) ma
Data combination test Error guessing Semantic test .
150 15289 Systems and software engineering -  |=)
Content of life-cycle information
(documentation)
«testCasex atestCase» atestCasex
(DCyT) (ET) (SYN)
Data cycle test Exploratory Testing Syntactic test N o T
engineering — Vocabulary
Notes ax
wtestCasen atestCasen J/ atestCasen BI/yUM-
[DT“ [PCT} [UCT} The process cycle test is a technique that is applied in particular to the testing of the quality
Decision table test Process cycle test ——\% characteristic of suitability (integration between the administrative organisation and the
—\\* automated information system). The test basis should contain structured information on
the required system behaviour in the form of paths and decision points. The test basis for
the process cycle test consists mainly of descriptions of procedures and related forms.
Preferably, flow charts should be added to the procedure descriptions. The following
checklist can be used to check the procedure descriptions present:
utestCasen wtestCasen ;
* Have all manual procedures to be executed by users been described?
[Ecl'} [RLT} Has th it Il thority fi h | task by described?
5 . as the respon! y as well as authority for each manual task been described?
Elementary comparison test Real life test * Has a description been made of the individual tasks?
*  Have the security aspects of this procedure been described?
* Isthe “triggering event” clearly indicated? (In other words, when should the procedure
be started?)
* Has it been indicated which data (forms) are to be used and what their source is?
= Have the activities to be carried out been described, including exceptions and checks?
s |sthe result of every procedure clear?
wtestCasen s Have the various decision points been described, including any related conditions?
(SDR)

* Has a distinction been made between end user pracedures and system user

System Design Review procedures?

* Have the relationships between the automated and the non-automated part of the
information system been described?

« s the (draft) user manual available?
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Model

Operational model

Management Functional model Library

=L Component model ) <:>
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Management information

Organisation

Processes and activities

Products
Planning

Project risks

Risks

Roadmap

Status

Dashboard

@ Management

.......

oo
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Engineering) products

pm Product items )

Description

Procedure

Specification

Represent a planned or
actual function, design,
service, item, product, or
context of use.

Define in detail when and
how to perform certain
processes, activities or
tasks, including tools
needed.

provide requirements for
a required service,
product, or process,

Plan

Report

Define when, how, and by

describe the results of

investigationsTraceability

assessments, 6« B & K - @

decisions. 4% depends on
1+ [2) 150 15289 Systems and software enginssring -Content of fe-cycle inform:

whom specific processes or activities such m<
activities are to be
performed.
A report comi 42 Plan
Policy

Establish an organization's
high-level intention and
approach to achieve
objectives for, and ensuring
effective control of, a
service, process, or
management system.

Record information
needed to solicit a
response.

LI

pm Products

($55)

System
Requirement
Specification

Traceability
wEHE E-@

4 B System Requirement Specification

=¥ subtype of
+ [ Specification
4%= realized by

+ [F5 System Requirement Specificatie

4% depends on

+ B 150 29148 Requirement engineering

Inhoudsopgave

1
L1
12
L3
14
LS

System purpose

System seope.

Deflnitions, acronyms, and

References

System overview.

2 General system description

21
22
23
24
25
26
27
28

3 System capabilities, conditions, and

EN
32
33
3d
35
36
37

System context

System modes and states

Major system capabilitics

Major system conditions

Major system constraints
User i

d

Operational scenarios

Physical

System pecformance
System security

System operations

Poliey and regulation

System lfe cycle sustainment

4 System inferfac

@ G R AR B L e ABEAEL S
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Management: Process

act[activity] TEC.01 Business of missie analyse proces [TEC.01 Business of missie analyse pmce;]/

Benodigde systemen

TEC.01.01 Bereid het van de business of missie voor

™ of services

owned behaviors
«activity» Definieer de strategie voor de business of missie analyse ()

«activity» Identificeer en plan de benodigde systemen of services die nadig zijn voor het uitvoeren van de business of missie analyse ()

«activity» Review de geidentificeerde problemen en kansen in relatie tot de gewenste organisatie doelstellingen ()

wactivityn Verkrijg toegang tot de benodigde systemen of services die nodig zijn voor het uitvoeren van business of missie analyse )

oo

Business of mi

o

L

Review
geidentificeerde
problemen/kansen

analyse stratagi

Review geidentificeerde
problemen/kansen

\

TEC.01.02 Definieer probleem of kans ruimte

owned behaviors

Business of missie
analyse strategie

=)
=

«activity» Definieer de missie, business operationeel probleem of kans (}
«activity» Analyseer probleem and kansen binnen de context ()

Oplossings
ruimte

v

Business of missie analyse,

strategie Oplossings ruimte

Probleem definitie

TEC.01.03 i de ruimte

\

owned behaviors

Pre-Operationeel

concept

v

«activitys TEC.01.03.01 Definieer preliminary operationeel concept ()
«activity» TEC.01.03.02 Identificeer kandidaat oplossingen die passen binnen de potentiele oplossingsruimte (]

Kandidaat
oplossing
Kafelitjaat

oplassingen

Business of missie
analyse strategie

\

TEC.01.04 Evalueer

owned behaviors

‘\ﬁmrkaursvamsnl
(en)

v

«activity» Selecteer de voorkeursvariant{en) )
«activity» Beoordeel de alternatieve oplossingen ()

) Review
Kandidaat pre- DF;EHWTE geidentificeerde
concept en andere
oplossingen P Probleem definitie problemen/kansen
-concepten Voorkeursvariant
Business of missie

analyse strategie

e

TEC.01.05 Manage de business of missie analyse

N

owned behaviors
«activity» TEC.01.05.02 Lever de belangrijkste informatie items ()
wactivity» TEC.01.05.01 Onderhoud de traceerbaarheid ()

Traceability
informatie

Baseline
informatie

V.

Benodigde systemen of services

]

Business of missie
analyse strategie

Probleem definitie

]

Oplossings ruimte

Pre- Operationeel concept
andere pre-concepten

Voorkeursvariant{en)

Baseline
informatie

Traceability
informatie

act[activity] TEC.01.03 Karakteriseer de oplossings ruimte [Karakteriseer de oplossings ruimte]/

[

Business of missie analyse strategie

[

Probleem definitie

[

Business of
missie
strategie

—).[:

I

Probleem
definitie

=]

Oplossings ruimte

Oplpssings
ryimte

s N

TEC.01.03.01 Definieer preliminary operationeel concept

NOTE 1 This involves the identification of major stakeholder groups such as customers,
users, administrations, requlators, and system owners. that are defined in the Stakehalder
Needs and Requirements Definition process.

NOTE 2 Preliminary life cycle concepts include preliminary acquisition concepts, preliminary
deployment concepts, preliminary operational concepts, preliminary support concepts, and
preliminary retirement concepts. Operational concepts include high level operat jonal modes
or states, operational scenarios, potential use cases, or usage within a proposed business
strategy. These concepts enable feasibility analysis and evaluation of alternatives. These
concepts are further refined within the Stakeholder Needs and Requirements Definition
process.

NOTE 3 The operating environment may be known to have vulnerabilities associated with
specific security threats and safety hazards. These vulnerabilities need to be understood in
association with the product under developme

oo
Gebruiks- i
Stakeholders Operationele Hazard log | Security loj
mogelijkheden edrijffstoestanden 8 viee
Gebruiks-
mogelijkheden Operationele
Stakeholders driffstoestand azard log X security log

TEC.01.03.02 Identificeer kandidaat oplossingen die passen binnen de potentiele

p gsruimte

%{:

Oplossingsruimt

NOTE These may range from simple operational changes to various system developments a

madifications. The solution space can include the identification of existing systens, produds,

and services that can address the need for operational or functional modifications. This

includes deducing what potential expected services will be needed. The solution space

characterization often invokes the Architecture Definition process for a user architecture

viewpoint resulting in architecture views (e.g., capability views, program views and
\fperatranai views) as proposed by ISO/IEC 42010,

/

Pre-Operationeel
concept

3————

Kandidaat
oplossing
(en)

]

Pre- Operationeel concep

Kandidaat oplossing
(en)

LIL]

1w
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Management: RASCI

1 z z 4 5 & 7
Target
dentificeer de belangri... |ldentificeer de Gebrui... |ldentificeer Operatione... |ldentificeer operationel... |Identificeer Safety Haz... |ldentificeer security be... |Stel Pre-Operationeel ...
Source
respansible responsible responsible responsible responsible
Business analist po po po po po =
) consulted support
Omgevingsmanagemer
. accountable accountable accountable accountable accountable accountable accountable
Project managemer
) responsible
Safety analist -
) ) respansible
Security analist =
suppart support support
Systeem architect =S S b= S s S

Toolbox
Search
ISA88 Common

ISA88 Common Relaties
4 Organisatie relaties

# Accountable
# Consulted
Z# Informed
# Responsible
& Support

4 Organisatie
: Business unit
& organisation
? Role

Common
Common Relationships
Artifacts
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Managemernr

Change : Change

orgRASCI )

Priority = Essential
Status = Open

Change C
tags

Description = <memao>

Id=CH_001

Issue

=IProperties Name:
General Change Al A B 8

=IRespansibilities & Z: 2 h X hE@
Requirements 4 Change (Change)
Constraints Description <memo>
Scenarios BiuA~a- < %@ B Hyperlink
Files 1

(=
B Priority tbd

Links

Status N/A

=IProperties Name:
General issue A oy
L . ELHLAUEX DE@
=IRespansibilities
Requirements 4 Issue (issue)
Constraints Alternative <memo:
Scenarios B/ UA- Assumption <memo>
| Files Closingdate
=/Related
. Decision <memo>
Links
Duedate
]
Status Open

tags
Alternative = <memo=
Assumption = <memao=
Closing date = 24-4-2020
Due date = 10-5-2020
1d =155_001
Status = Closed

-
3

Id = DD_001
Perspective = Contract
Status = thd

Type = Environmental

\

Scenarios B JUAM™.- < X, @ B Duedate
Files Hyperlink
=IRelated o
. Links
Risk Perspective
tags Rational <memo>
Status tbd
Id = RSK_001 B
= e tbd L
Impact =15 o
Likelihood = 2 Availabilty
Severity =3 Reliability
Status = Open Cybersecurity
Functionality
Usability
Standards & Guidelines
«Designdecision» Environmental
Designdecision Maintainability
1 Performance
Interface
Main Details Advancer Constraint
tags Structure
ApprovalDate = 24-4-2020 areutoren || | sefety
Due date = 8-5-2020 / thd ||

Risk : Risk
=IProperties Name:

General Risk TR = ™,
=IRespansibilities Elapx E@

Requirements. 4 Risk (Risk)

Constraints Id

Scenarios B ! X %, ‘ m Wmpact

E Likelihood

Li Severity

Status Open

on : Design decision

=IProperties Name:
General Design decision A€ ar
=IResponsibilities ElLaEX DE@

4 Designdecision (Design decision)
ApprovalDate

Requirements
Constraints
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Model

Operational model

{1

Functional model Library

Management

Component model

\ ks :
|
|
[HI

THe
coLLective




Phases and the Systemmodel

* Design phases
 preliminary design }
* Final design
* implementation design}_

)
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Operational model: Process

* |dentify Stakeholders

* |Identify Stakeholder goals
* |dentify System boundary
* Define Capabilities

* Define operational usage
* Operational scenario’s
* System interaction

* |dentify hazards
* Mitigation
* |dentify and define design constraints
» Safety, usability, environment, maintainability, etc.

* Define acceptance criteria

* Traceability THE
EOEteElive
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Level 4
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- Traffic/ supervisory
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Operational model: Stakeholders, Goals &

Systems Boundary

r-

Level 4

=g

Level 3
||III|!eveI2 ||||Il|
Level 1
] 1 (o K| N\ =
Level 0

Gebruik [0SMA_UC

OSMA] /

Openbaar Vervoer Amsterdam

Plannen Reis

Reiziger

Operationeel Systeem Metro Amsterdam

Reizen per Metro
ACO

/Inlrahe eerder

1
i
I
I Ssel
I «extends

|

i

«extend» .

! -~ wextends
I
I
i

=~ Materieelbeheerder

«extends .

\
«include» ~
\

A

Exploitant

Afhandelen Calamiteit
o0

E\genaar\

Plannen
oOnderhoud

Monitoren
Performance

wextend»

/

]
Capaciteitsplanier
/

Plannen
Exploitatie

Hulpdienst
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Operational model: Capabilities

uc[UseCase] Exploiteren Metrolijn [0SMA_UC_Exploiteren Metrolijn] /

Observeren

Mllgerssl‘[{%

Operationeel Systeem

Beinvioeden
Loopstroom

‘Calamiteiten Operator

_ - wincluden

Rijden Dienstregeling
A

winclude»

om
Gebruiksmagelijkheden
Metro)

Halteren langs perron

(from
Gebruiksmogelijkheden
Metro)

i {from
Medewerker Serviceteam (from Stakeholder
Vervoer Rollen)
(from Metro)
Stakeholder
Rollen)
Identificeren
Dienstmelding Incidentscenario
Service medewerker ~
(from (from (from
Gebfuiksmogelijkheden Stakeholder Gebruiksmogelijkheden
Metro) Rollen) Metro)
Handhaver Wet
Personenvervoer
(from
Sf“:eg"“;e’ Verkegrsieider Wiizigen Kecrrggy
ollen)
(from
Stakeholder e
Rollen) -~ (from
_ «includen Gebruiksmogelijkheden
Bijstureni- — — — — - ——————— === Passeren Versperring
Dienstregeling aincludes
bestiiurder
tfrom S om
Stakehdlder om
Rolld ’ "G ebruiksmogelijkheden L N Gebr m}rspr\:,mfeﬁf]kheden
K Metra) Keren Rijrichting etro)
’
wextend»

Regionale Alarmcentrale
(RAC)

(from
Stakeholder
Rollen)

Meldkamer / Centralist
(from
Stakeholder
Rollen)

uclpackage] Gebruik [0SMA_UC Gebruiksdoelen OSMA] /

Openbaar Vervoer Amsterdam

Plannen Reis

uc[UseCase] Afhandelen Calamiteit [0SMA_UC_Afhandelen Ca\amile\tV

Operationeel Systeem

Afhandelen
Brandmelding (goxd)

wextend»

/ (from \‘\\
Gebruiksmogelijkherion* et
Wetro)  “ncluder winclu

Afhandelen
Calamiteitscenario
Verkegrsleider
(from y
Stakeholder coxiands tfrgm
o Gebreiksmoaeliikheden
Rolien) «extend»

Onderbreken
Metroverkeer

Ontruimen
Metrostation

ffrom
Gebruiksmagelikheden
Metro)

N
wextends  Gebruil
N

Afhandelen
Hoogwatermelding

ffen Toegang
A,

Brandmelding (yal)

Afhandelen

./ (from

<smogelkheden
Metro,

Exploitant

Operationeel Systeem Metro Amsterdam

ngenaar\

Monitoren
performance

/Inlrahe eerder

s Plannen
J Onderhoud
wextend»

L~ wextendn
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Operational model: Operational scenario’s

act[package] Operationele Scenario's Verkeersleider [S&C_SCN Aanpassen Lijndienst] /
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Operational model: Hazards

TrustDiagram Hazard log /

TrustDiagram Hazard Categories /

Show emergency attack
route information

Y

Electrocution E

Blocking E

tags
Mitigation State = Nat Sarted
Threat Priority = high
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* Regulations
e Standards & Guidelines

ProRail

Ontwerpvoorschrift

Tekenvoorschrift OBE- bladen
Overzicht - symbolen

Beherende mstant AM Archiectuer en Tech
LT VErEnRODITE Manaps peveigngIsyStEmEn
Status Defniis
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Operational model: Validation

e Define validation criteria

* Define for every goal a validation criteria
* Define for every capability a validation criteria

uclpackage] Gebruik [05MA_UC Gebruiksdoslen OsMA]
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Operational Model: Review

e Review Operational Model with

A O = Demo v

& Review Verificatie & Validatie

@ Moderator Dashboard pee

Author: [ Jan de Liefde

¥ Action ~

@ Dashboard 22 ltems

@ Moderator Dash... ~

Moderator

Review Dates - (901042020 - 30-04-2020
ose Approval Dates - 406052020 - 08-05-2020
‘ @ ) 3-% Mosertors 1
relevant Stakeholders -
Description
Review
Status of Contributors I}
Show 10§ enfries Search
. Previous Next
Closed Discussions Review Done Approved Rejected
Manage Reviews u u S
H 0 0 0 0
List of Reviews My Reviews ) Include Archived Reviews  Status Al M = B
a ! C = I
&
56 Days To Start
i Review Kwaliteit Management Plan Review Dashboards in Prolaborate Review Verificatie & Validatie plan Review Verificatie & Validatie ooione I o
® Author <[ Jan de Liefde Author [ Jan de Liefde Author - [@ Jan de Liefde Author B Jan de Liefde
Contributors - & 1 Contributors - & 1 Contributors - & 1 Contributors - & 3 Closed Discussions Review Done Approved Rejected
@ Items CE 1 ltems E 1 ltems CE 1 Items 1 0 ’ 0 ’
My Status - | Not Y | My Status  : [ Incomplete | My Status  : [ Incomplete |
<> —
E-n @ Not Yet Started B Archived & Archived & Archived
)
= Review Project Management Plan
o Author [ Jan de Liefde
Contributors - & 3
£ Items Sl 1
My Status | Incomplete | T H e
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Operational model

orgTEC.025takeholder Needs and Requirements Definition V&V /

-

CLO1.TEC.02 Stakeholder Needs and Requirements Evaluation

OOoodd dOo oo gbdo oogod

Correctness:
Verify and validate that the requirements satisfy the stakeholder needs for the system.
Verify that the requirements comply with standards, references, regulations, policies, physical laws, and business rules.

Volidate that the reqguirements define the intended interaction of the system with its operating environment ond other
interfacing systems.

Validate the suitability of the preferred caondidate solution(s) to meet the stokeholder requirements.
Consistency:

Verify that all terms, concepts, and requirements are documented consistently in accordance with occepted syntox and
structure [e.g., style guides and requirements modeling structure).

Verify that there is consistency between ossumptions, requirements, ond between groups of requirements.
Completeness:

Validate that performance criterio and functionality are described in the requirements, within the assumptions and
constraints of the operating environment and system boundaries.

Verify that all stakeholders, or stakeholder classes (used here as groupings of stakeholders), are identified.

Verify that the stakeholder requirements satisfy specified configuration manogement procedures. Verify stakeholder
requirements are in a form suitable for requirements management throughout the life cycle.

Readability:

Verify that the documentation is legible, understandable, and unambiguous to the intended oudience.
Verify that the documentation defines all acronyms, mnemonics, abbreviations, terms, and symbaols.
Testability:

Verify that objective acceptance criteria can be developed to validote the requirements.

Traceability
TR E-@

4[5 cL01.TEC.02 Stakeholder Needs and Requir
4**% depends on
v [%] 1012-2016 IEEE Standard for System
49 Varifies

% v O TEC.02 Stakeholder requirement ded

construct Standaards

150 29148 Requirement engineering

Systems and Software engineering - Life cycle processes -
Requirement engineering

IS0 42010 Architecture description

Saftware, systems and enterprise — Architecture
description

TMAP A

EIA-IEEE J-5td 016-1995 Software Development
Acquirer-Supplier Agreement free .pdf

1012-2016 |EEE Standard for System, Software,
and Hardware Verification and Validation
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Operational model

* Stakeholder identified V

* Goals clear V

* System capabilities defined V’

* Operational scenario’s defined V

e System interaction with users and external systems identified V
* Hazards identified

* Constraints identified V

* Design decisions documented V

e Acceptance criteria defined V'

* Traceability guaranteed V

THe
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Functional model: Process

e Define system architecture
* Define functional and physical boundary
e Define functions
e Define system elements
* Define internal interfaces
* Define interface protocols
* Allocate functions to system elements
* Allocate information to detailed interfaces
* Define system element parametrics (power consumption, availability, heat
dissipation, stability, etc)
* Define constraints
* Define testcases

* Traceability THe
coLLecTive

ion company




Functional model
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System elements

. ion [0SMA_ARCH i /
i gackoge] ey [0S AR itarde GSAT
Onderscheid maken tussen
e [ N publieke- en serviceruimte van
Begin-/Eindstation Tussenstation Transferstation station? oo, waarvallen dan
fietsenstaling, parkeergarage en
commercigle rimte onder?
1
Wanneeris de ruimte onderdeel
peteieclueheerder van kunsiwerk en wanneervan
. ol Voertulg) | station?
oty Wetavoertin
- ververt - ik Betaalgebied introcuceren als
P— B Metrovoertuig begrp?
i g — ' [ Transfersysteem grp?
: £ e ablockn LT
ke . ] rqm «blockn ) + Rolling Stock
st cabialz] e} ol bledt ruimte Metrostation
el aan < Deur[L..*] {unique}
| 1 1.+ parts s rdtroutelangs | o control Management System
-'m'ii o by ntree[1..%] {unique} bak: Rijtuig[1..*] {unique}
| etroperron(1..*] {unique} 1. 1| cab: Cabine[2] {unique}
\ : Serviceruimte[0..*] {unique}
B tijgpuntl0..*] {unique} ‘ PO
[ —— : Verdeelhal[1..*] {unique} Voertuiganalyse
i abiodks :S&C - Metro
PP
. . Metiostation Voertuigplanner
pars L ;
Entree1..*] juncue] L >
p——T
rcerumte(0.. "] jurique]
3| - tygpureia. ) el
N versaaihall ] im0
st u* 1. x|t
st s ol P e
T om ablockn ablocks ablockn ==y
- -~ Entree Verdeelhal ontsluit m|  Metroperron xploftant
i e rumme
Y 1
ot
anderhoudencp
e = «blocks maakt|
s or ) . Integrae wer¥pl{L..” . stijgpunt gebruikvan
we 4w " | | | 1| | T iteat——-————m—mm— e . -
- it " . ontshit 0. A ‘ 1.
ol
/ prarsy «block» Opkomstruimte
nekencentrum Serviceruimte
/ raperties fecrd g
114 uniguel s
et
servkce z
«hlock» Technische Rummie] Brandweercommandoruimte
Roltrap
1 |
thocks
jmwerkpiaats ablockn
1 iocks
*| Metrokunstwerk ablockn Helingtaay 1%
=5 o - = i
— L calamiter s o
s 1 - 0 1 1 maakt maakt
: bt - gebruik van gebruikvan
. =, o
R 1.* 1%
hom
Statohotder -
ablockn Ralen)
i Metrobaanvak ;
-
1| - Metrsgorts. " uninue)
p— .
: Infrabeheerder Hulpdienst T H e
-
coLLecTive
the systems integration company




Interfaces

deploy and infe ion object mapping of PUCOS /
«Data Model ...
Modbus
bddipackage] Waterkering [0SMA_ARCH Logisch Systeem BWK] / «Information Object» Grid Schedule
«Information Object Flow: &
cs
scada [
i «Information Object Flow» «informatinn Nhiarts Nicnateh rannact
¢Information Object Flaw» r ! h «Informahom UbjEE’ln Is\end Inlerrupt\on

«Information Object» Switch Position! «Information Object» Charging/
= - alnformallon UbjEDi F\owu

Command Acknowledgement, «Information  Discharging Schedule, «Information
Object» Charging/ Discharging Schedule Object» Switch Position Command
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«Information Object» Charging/
Discharging Schedule adefines»

«block» «Data Model ...
Waterkering IEC 61968 «Information Object Flows
nomespace
ILEM wdefinesy
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Communication

34 SGAM Communication Layer PUCOS /
Comm. Generation Transmission Distribution DER Customer Premise
Layer
‘sd Communication Layer PUC27 /
Market
i Distribution DER Customer Premise
Comm.
Enterprise
Layer
Market Operation
Enterprise
Operation
Station
/ arors
Protocol MOMS
1EC61968-100 WM/ @
Protocol
ow
Protocol:
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-100
o
EECTI g
VT
Fleld *
Protocol %
IEC61968-100 IEC61968
-100 oy
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Smart meter
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Process
Field
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the systems integration company




bdd[package] Heat dissipation circuit breaker [Heat dissipation circuit breakey

Parametrics

aconstraints
Heat dissipation
circuit breaker

* P ro pe rt I €es. A constraints
* Porosity Pd=3*sqr(1)*R}

bdd[package] Heat dissipation circuit breaker [Heat dissipation circuit breakey

* Du rability parameters
. | : Real
* Dens!ty . L L Pd : Real
* DenSIty |ndeX ‘ Circuit breaker | R :Real
* SpeCific graVity Dissipation:Heatij?fssi:r;j;t:circuit breaker
* Fire resistance
* Frost resistance B ommiar
L] Weathering reS|Stance bdd[package] Water hammer [Water hammer] / !D;,‘:m“;.. mi;;;;m”m; “m:;miw jm;mn;mm
e Spalling resistance i T
* Water absorption o
e Water permeability o
. . aconstraint» wconstraint»
* Hygroscopicity Water hammer Wave speed JUENE S
° Coefficlent Of Softer“ng constraints constraints .
. {AP=rho™a* v} {a=sqrt(1/(rho™(1/Ev+d/(e*El))}
* Refra Cto rines parameters parameters e+04
* Heat dissipation o B .
HH rho : Real e : Real ot o time -
* Stablllty V:REF;| EL:EE;; THE ]
tho:Resl coLLecrive
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Level 2

L\
[ 8 / | AR

‘ Interface / \ ‘
7 .

3

Supervisory control

. Interface ‘

il W

Integrated object control N

Techl%l integlM)n

Equipment control

,/
oD @ el e
Instrumentatle actuators etcvan
THe )
coLLecrive

control
Level 2

egration

t
Level 1B

Supervisamontrol

¥
=
LS

in

Interface

Process control
N
]

I~

unctional Integr
Level 1A
=

Level 1B
unctiona

\ Integrated qhigct control

i [ 1

e
| Equipment control
1

—

Field
Level 0

et,~Stuis; Brug, etc.

Level 1A

Lt
-
=

Lt

Level 0
-_
w
o
/

N

=
P
VAL

Instrum@ptatie, actuatorg/ etc van
Tunnel, Sluis, Bryg, etc.




Constraints from

* Implementation \\

. ey e ca \‘_ : d
* Testing N
» Transition K el WA

* Maintenance

* Logistic
* etc
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Failure Mode & Effect Analysis (FMEA

TrustDiagram Fire fighting /

Traceability v ax
CEFE E-@

4 Fire fighting pump
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Powersupply fire fighting pump & Fire fighting system
4*% Allocated from
o
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Verification

 Review functional model
e Define Testcases and Testcriteria

VDL 10.01 vav

NDL10.01 VAV

THe
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B3 het bepalen van de volgordefjkheid van Verficate

MVOE.&.VDL.10.01 V&V T

Enginesring office:

“a0is:
= SysiL Requirements veor hetgebruik van
Testca:

= SyswiL Activiy voor het gebruk van besfissings
objecten

Reiates:
+ Restenssronemisvanhet SymLsernyee
ey

oy
«  Refstenasrsmndaarnd VAW Methode s “omce”

Factory St

Tunne lokatie
Metng&
FunctongieTest=
o
Centrale wacht

Dashboard

A
7

Gustos W Castasgd [ Gesoogd ot wspurion ) I baeceq () Nt eciaagd

Vortication

Elment Jandeska 20204026 185235

w0 30 Liskds

2325 194788

Elmam Jan da iiss 20

28 wanar

Elmant Jan e Uskde J02043-28 18

33520

Functiondle s Liags Elment JandeLiskde  202043-20 195607 202043-26 20

Fund

o oot Woiroommoordiening EXmam  Jin 84 ListSa 21209326 195721 20200325 20

Ebmam Jan da Liside

Inspoct Lzangsparaings ns 5926 5NN 2432620

126 w842y

n2m

[ pe—— Elmant Jan da Liskda

e—

% Tos v Moot

Foads Mo reviews
[Y— ‘ »
y Diseussions Reuiew Vieriicate & Validatie

A Dscussoes ST FDET
Dincusion wth st rglers

Review Project M

H

—
/J - 1
\

THEe
coLLecTive

the systems integration company




Review

& Review Verificatie & Validatie @ Dashboard 33 fems % Action ~

@ Moderator Dashboard pee e

* Review Operational Model with
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construct Standaards

150 29148 Requirement engineering

Systems and Software engineering - Life cycle processes -

Review checklists

150 42010 Architecture description

bdd[package] TEC.04 Architecture Definition V&V [TEC.04 Architecture Definition V&y

Software, systems and enterprise — Architecture
description

CLO1.TEC.04 Architecture Evaluation CLO2.TEC.04 Interface Analysis

Correctness:

1) Verify the system architecture satisfies the system interface requirements betwean TMAP
system elements.

Correctness:

1) Verify the characteristics, attributes, constraints, and functional and performance
requirements of the selected architecture(s) correctly implement the system requirements.
2} Verify the selected architecture(s) complies with standards, requlations, policies, physical
laws, and business rules.

2) Validate the system architecture satisfies the system interface requirements with
external systems (external system boundaries).

3} Validate the product solution(s) defined by the system architecture(s) satisfies the
stakeholder needs.

Completeness:
1) Verify the architecture describes all internal and external interfaces. EIA-IEEE J-5td 016-1995 Software Development
4) validate that the selected architecture(s) and its element interactions do not result in Acquirer-Supplier Agreement free .pdf
unnecessary, unintended, or deleterious consequences.

5) Validate the selected architecture(s) defines the intended interaction of the system with its
operating environment,

oo o oo

Consistency:

1) Verify the selected architecture(s) conforms to the architectural guidance, principles, and | 1011—50:6 |:EE St"\"" d;;: tf‘Or 5‘15:19:1}5;0?“ re,
tenets of the organization processes and procedures (e.g., serviceoriented architecture, / and Hardware Ver ion and Valldation
medular open-systems architecture). 4|

2} Verify the architectural principles, characteristics, and rules established for the system are
being applied across the selected architecture(s).

00O OO Oogo

Completeness:
1} Verify the system functions are allocated to the elements of the selected architecture(s).

ooo o

2} Verify all system requirements are included in the selected architecture(s).

CLO1.TEC.03 Requirements Evaluation

Correctness:

Verify and validate that the required characteristics, attributes, constraints fe.g., mechanical, electrical, mass, thermal, data, procedural flows), and functional and performance requirements for a product solution are corred (e.g., searity,
ergonomics, human-machine interface, safety, reliability, maintainability, response time).

Verify and validate that the system requirements satisfy the stakeholder requirements.

Verify that the system requirements comply with standards, references, regulations, policies, physical laws, and business rules.

Validate that the system requirements define the intended interaction of the system with its operating environment and other interfacing systems.

Consistency:

Verify that all terms, concepts, and requirements are documented consistently in accordance with accepted syntax and structure (e.g., style guides and requirements modeling structure).
Verify that there is consistency among the requirements, groups of requirements (functional interaction), and assumptions.

Completeness:

Validate that all stakeholder needs are satisfied by the set of system requirements.

Validate that performance criteria and functionality are described in the requirements, within the assumptions and constraints of the operating environment and system boundaries.
Verify that the System requirements satisfy specified configuration management procedures. Verify that system requirements are in a form suitable for requirements management throughout the life cycle.
Readability:

Verify that the documentation is legible, understandable, and unambiguous to the intended audience.

Verify that the documentation defines all acronyms, mnemonics, abbreviations, terms, and symbols.

Testability:

O000000DO00oOoO0OoO oo

Verify that objective acceptance criteria can be developed to validate the requirements. T H e
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Functional model

* Functions defined V

* System structure defined V
* Interfaces including information defined

e Communication protocols defined V

* Testcases defined

* Hazards identified and mitigated V

* Constraints identified and implemented V
* Parametrics defined and verified V

* Design decisions documented V

* Traceability guaranteed

e Within the System model
* Other sources (drawings, simulations results, etc.)V

[TC] THE




Component model: Process

* Define instances of Systemelements

* Define relations between instances
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Readable diagrams
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Readable diagrams
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Component model

* |nstances are defined as part of the09de|

* All Locations (buildings, rooms, etc.)

* All Equipment (Pumps, ventilators, etc.)

« All Automation (sw blocks, interlocks, inputs/outputs, etc.) V

 All Relations between lacations, equipment, sw blocks, test-/inspections V
* All Cable & Pipes
 All Civil parts

* Cable and piping routing is defined V

* All Integrations ply

 All Test-/Inspection plans & repo{

* Traceability guaranteed
* Within the model
* To other data sources (CAD drawings, 3D visualisations, etc)
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Implementation design

* Detail civil drawings
e Cabinet drawings

* Cable routing Guarantee the traceability between the

* Piping routing implementation design en the componentmodel

» Software design
* etc
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Layers
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