MBSE and SAFe
for System
Engineers

The Continuous Engineering Experts

Edit View Code Layout Tools Window Help

[ » W3 2 [Ercasstentenemm n Adwvecs +[DeaaCorty V]| @]

IAXE 00805 5B 0|k R )0 Aot ooty Mmoo @ || B B
(3] 3 [0 O T aTE b DL WM e [ AN B UAES S AL RS [tk om

v;ﬁj@

=]

3, statechart_3 of Uc_AdaptiveCruiseControlFeature in A_ltemDefinition:FunctionalAnalysisPkg-AdaptiveCruiseControlf... (=] a]/x]

[y Sselect
al X stamp Mode
| Igrmonn =' Diagram Tools
PRy sty . &) knob
: I Jd, ‘ &) Gauge
o N ACC_Standby e r — D Meter
| = ,,,m recComertveinsy © pEngraCorroler & Level Indicator
== ) B Matrix Display
v Igntion E ot MEV.
v lgn St 'nl::: oy B8 Digital Display
St vaee DS ! @ led
. | ' v
WatngFoRESUMEVeiocty - B [l On Off Switch
= ' =] Push Button
| L = [ Button Armay
. (] TestBox
| A CCStandiy At o
0 Commao 1]
11 Free Shapes

w

| C > ] D]
Sequence Diagram: Animated Driver Brakes * (=]]x] | & Sequence Diagram: Driver Brakes in A_ltemDefinition-FunctionalAnalysisPkg:-AdaptiveCruiseControlFeaturePkg:Adap... = [B][x|
Driver | Uc AdeptveCruiseCo = : I et ——— SRR
ag—!

Select Configuration

SAFe® for Lean Enterprises 5.0

(Dverview\ ﬁssential SA FEW (Large Solution SﬁFEW (Portfuliu SAFQ Gull SAFEN

|
= p . i LARGE SOLUTION
- i ¥ B 0
t;ﬁjlm Enterprise  Government psse L My oo
 regCum E

4 ™

Compliance 5 = Err.'ahlfrr E E Vision
i ﬁ & A E - E - |I T ; |I

Solution Solution Set-Basod NFRs = i .
_‘4::-——— Arch/Eng 8 Mgmt Solution Backlog '.g: :,:.;" ‘. — e ) Roadmap
« ! | Enterprise = [~ o Suppior —+ J
e Solution @ STE ®
= Delivery Milestones

Customer Centricity . Continuous Delivery Pipeline ! ESSENTIAL

< - Business & @ & =
arererBerag, Y TR o aret¥
| oners s =
B . . - - a - Shared
LJ_L‘EEJ s I L T I 4T ST SUT T Services
. Agile - O<> Continuous Continuous Continuous Release
W4+ CheckModel A\ Buid j\ Configuration @ = ] Exploration Integration Deployment on Demand Solution

Product s [
: ystem Product Design Thinkin A
Delivery Arch/Eng Mgmt 9 9 @ Context ..c-..w
a ‘:m Pl Objectives  System Demos System Demos e
== g o R o : 0 0 | &
RTE 2 et « Plan 4 W N iy \ /
' '=l . FE[::-; ute co 4 o : m_o System
—r - CENMEW “
Team ?nl:l Agile Teams Program Scrum "™ ] g g DevOps Lt
Technical Backlog N 8 4 ”
ili cl = ruulnr =
e ) & - 3 ~ . - "-}
Product —} — [y | Lean UX
Owner = = | == - i
ﬂl — = P Rarations prchitectural - Built-In

Quality @b

LeMngwell, &t 8l © Scaled Agils, Ine

Scrum Team Kanban
Master Backlogs Program Increment Program Increment

—, Core 1l Lean-Agile SAFe *=="3 Implementation p‘ SAFe Program

Busi D a] s rt
oo Al o e I— Values = Mindset Principles (_—.c. Roadmap Consultant

.

Lean-Agile Leadership

www.321gang.com


Presenter
Presentation Notes
System Engineers, Agile has a problem with you. It does not know what to do with you. Just think about it, Agile advocates small cross-functional teams that define, design, implement, and test software. Where do systems and Systems Engineers fit it?
Well, it was not until we attempted to build systems using agile techniques, that we realized we needed to scale up these techniques and incorporate system engineering processes. 
Multiple frameworks have come into the limelight for scaling agile. The most popular is the Scaled Agile Framework (SAFe).
And, sound the horns, Model Based System Engineering (MBSE) is making a resurgence. 
SAFe has, conceptually included MBSE and a role for System Engineers in its Large Solution configuration, but most of the implementation details have been left to the user.
In this presentation we will talk about a number of techniques that fill in these details. So hold on, the ride might get a little bumpy.


WHO WE ARE.

321 Gang helps organizations improve their ability

to design and develop high- quality systems and
software. Our team of experts will help you in adopting
the best agile/lean or traditional practices and/or tools
for your organization’s unique challenges and ROI goals.

We are an IBM Platinum Business Partner, Authorized

IBM Watson IOT reseller, and IBM Certified Training
Partner- providing our clients a ‘one stop shopping’
experience.

www.321gang.com
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Presentation Notes
I am Peter Luckey, a Senior Solutions Consultant with the 321 Gang. The Gang helps organizations improve their ability to design and develop high-quality systems and software. We do this by helping them adopt the best agile/lean or traditional practices and/or tools. We are also Gold partners with Scaled Agile Inc., the creators and maintainers of the Scaled Agile Framework (SAFe), as well as being Platinum Partners with IBM, and Partners with Siemens Polarion and Atlassian Jira Align.



Premise

It is important to involve System Engineering in
the identification of the features to be developed
during each Program Increment (P1).

Model Based System Engineering (MBSE)
enables the System Engineers to:

v Collaboratively create a shared understanding
of system structure, behavior, and interfaces

v" Record decisions as a single source of truth
using standard notation

v' Use emergent specifications to drive the agile
development process

The Continuous Engineering Exper’rsTM
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Premise:
It is important to involve System Engineering in the identification of the features to be developed during each Program Increment (PI).
Objectives:
We want to use MBSE to facilitate the emergence of the Requirements Specification in an iterative fashion. This will allow us to identify the Features to be developed in each of the Program Increments (PI). 
The System Engineers will:
Collaboratively create a shared understanding of system structure, behavior, and interfaces
Record these decisions as a single source of truth using standard Notation - SysML 
Then these emergent specifications will be used to drive the agile development process
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So, today we are going to talk about a workshop we have put together for System Engineers working within the Scaled Agile Framework.
In the workshop we make sure that all the participants Understand Lean-Agile principles, practices, and roles
Then we talk about the characteristics of a specification workshop
The majority of the workshop is about building a SysML Model of the System Under Development (SUD). 
The process for building the model is divided into 2 parts;
Part 1 – Analysis
Part 2 – Design / Construction
At the end of the workshop we talk about incorporating MBSE and these workshops into the Agile development process.
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Presenter
Presentation Notes
To work in this mode, it is imperative that we understand Lean-Agile principles, practices, and roles. 
So, let’s review them here.


Lean-Agile Foundations

SAFe House of Lean The Agile Manifesto

We are uncovering better ways of developing software by doing it and helping others do it.

Through this work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation

Responding to change over following a plan

Respect for
people and culture
Flow
Innovation
Relentless
Improvement

That is, while there is value in the items on the right, we value the items on the left more.

L EADERSHIP

SCALED AGILE ° @5caled Agile, Inc. 25 SCALED AGILE ' @ 5caled Agile, Inc. 215

@ agilemanifesto.org

M
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The Lean-Agile foundations are encapsulated in the House of Lean and the Agile Manifesto.
The “House of Lean” is a classic metaphor describing the values that are essential for Lean thinking, and is based on the Toyota Production System.
At the very top of the house is Value. It is over-arching. Value is what matters.  It’s the common thing we care about. 
We’re not trying to change old habits; rather, we’re trying to implement NEW habits.  Once new winning habits are implemented, the culture will change!
Operating a product development process near full utilization is an economic disaster. —Don Reinertsen
It is very important that we create free time for innovation.  This need for innovation time should be included in the process.
Those who adapt fastest, win.
The pillars are grounded in Leadership. Management needs to lead the change, they must know the way; emphasize life long learning.
(click)


Lean-Agile Foundations

SAFe House of Lean The Agile Manifesto

We are uncovering better ways of developing software by doing it and helping others do it.

Through this work we have come to value:
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Agile Manifesto
The Agile Manifesto suggests we change out perspective:
Individuals and interactions over process and tools
Working systems over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan
There are 12 principles that expand on these changes. Let’s mention the 1st few:
Our highest priority is to satisfy the customer through early and continuous delivery of valuable software.
Welcome changing requirements, even late in development. Agile processes harness change for the customer's competitive advantage.
Deliver working software frequently, from a couple of weeks to a couple of months, with a preference for the shorter timescale.
Business people and developers must work together daily throughout the project.
Build projects around motivated individuals. Give them the environment and support they need, and trust them to get the job done.
The most efficient and effective method of conveying information to and within a development team is face-to-face conversation. 
Working software is the primary measure of progress.
Agile processes promote sustainable development. The sponsors, developers, and users should be able to maintain a constant pace indefinitely. 
Continuous attention to technical excellence and good design enhances agility. 
Simplicity—the art of maximizing the amount of work not done—is essential. 
The best architectures, requirements, and designs emerge from self-organizing teams. 
At regular intervals, a team reflects on how to become more effective, then tunes and adjusts its behavior accordingly.



SAFe Lean-Agile principles

#1 - Take an economic view
#2 - Apply systems thinking
#3 - Assume variability; preserve options
#4 - Build incrementally with fast, integrated learning cycles
#5 - Base milestones on objective evaluation of working systems
#6 - Visualize and limit WIP, reduce batch sizes, and manage queue lengths
#/7 - Apply cadence, synchronize with cross-domain planning
#8 - Unlock the intrinsic motivation of knowledge workers
#9 - Decentralize decision-making
#10 — Organize around value

The Continuous Engineering Exper’rsTM www.321gang.com
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SAFe defines a system of integrated, proven practices that have improved employee engagement, time-to-market, solution quality, and team productivity. Because of the complexities involved, there’s no off-the-shelf solution for the unique challenges each enterprise faces. Some tailoring and customization may be required, as not every SAFe recommended practice will apply equally in every circumstance. This is why we work hard to ensure that SAFe practices are grounded in fundamentally stable principles. That way we can be confident they’ll apply in most situations. 

And when they don’t, the underlying principles will guide the teams to make sure that they are moving continuously on the path to the goal of the House of Lean: “shortest sustainable lead time, with best quality and value to people and society.” There is value in that, too.�
SAFe practices are based on 10 concepts that have evolved from Agile principles and methods, Lean product development, systems thinking, and observation of successful enterprises. In the Workshop we focus on the 4 we have underlined.�
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Let’s build the organization structure starting with the Agile Team. 
Together, the Product Owner, Scrum Master, and Other Team Members comprise the Agile Team.
We are probably all familiar with the roles, responsibilities, and the process followed by the Agile Teams in SAFe.
Where do the System Engineers fit in?
We need to look at the Scaled Agile Framework to start to understand that.



Scaling Agile to large systems or organlzatlons|
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First, let’s examine the Essential SAFe configuration.
Before we look at the Program level, notice the Scrum and Kanban icons associated with the Agile Teams.

Then we want to notice the Program level in terms of:
Roles – System Eng./Arch, RTE, Product Mgmt., Business Owners – talked about on a later slide
Backlog – Program backlog of Features – This is a derivative of the specification workshop
Cadence – going from Scrum to Program Increment
Alignment events – PI Planning and Inspect and Adapt workshop
Customer and Solution
Agile Release Train (ART)
Continuous Delivery
Architectural Runway
Spanning Pallet
Supporting Concepts


Scaling Agile to (very) large systems and enterprisesl
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At the Large Solution level we introduce the ideas: Solution Intent, Solution Context, Solution Train, Solution Demo
With the Solution Intent we talk about:
Variable vs fixed
Compliance
MBSE
Set Based development
We also have new roles: Solution Architect/Engineer, Solution Management, Solution Train Engineer, Customer

For the workshop we do not consider the Portfolio level.
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Presentation Notes
So what do we do in these workshops?


Specification Workshops create alignment and shared understanding

» Collaboratively discover and communicate solution’s specification
and prioritization
» Create and maintain system'’s single source of truth
» Socialize ideas from multiple experts
» Perform engineering work continuously
» Allow architectures to be defined incrementally
» And designs to emerge
» Record decisions in specifications

M
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The Specification Workshops create alignment and a shared understanding.

System Engineers create and maintain the system’s single source of truth within the Solution Intent, using SysML models developed using MBSE.
Ideas from multiple experts are socialized.
Engineering work is performed before and during each PI.
Architectures are defined incrementally
Designs emerge, recording decisions in the specifications.
Features are identified to build in each of the PIs.

This is an iterative process.


Use SE Workshops to create specifications and plans

» Workshops elaborate the architecture and design over time

» Keep options open, elaborate detall at appropriate time

» Use MBSE to identify and model coarse-level system behavior and structure
» Define plan to realize solution

System structure and behavior
» Create coarse understanding of behavior, architecture L
 Sets solution and technical vision, creates alignment SOLUTION INTENT

Development roadmap

* Plan to incrementally realize solution
* Focus teams on near term goals, learning

Epic: Avoid front collision Epic: Detect side collision

Epic: Change lanes Epic: Straight thru intersection

Epic: Stay in lane

Epic: Follow route Epic: Park Epic: Make right turn

Program Backlog

* Incrementally define backlog items
 Features, Enablers, and NFRs

HFRs

Program
Backloeg

M
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We use SE Workshops to create specifications and plans 
Workshops elaborate the architecture and design over time
We keep options open, elaborating detail at the appropriate time
We use MBSE to identify and model coarse-level system behavior and structure, and
Define plans to realize solution

There are three major items that fall out of the workshops:
The Solution Intent which captures the system structure and behavior in the model
The Development roadmap, which is the plan to incrementally realize the solution. This allows the teams to focus on near term goals and learn as they go
The Program Backlog – This is an output from the workshop design activities. So, it happens in an incremental fashion.


Use workshops to grow specifications and backlogs

s> Specifications

> Specify what needs to be built
» Defined work teams will perform to...

> ... build new features ‘-\Project Backlog

: : items
> ... explore unknowns (analysis, design, etc.) Enab|er

.. build needed aspects of the Architectural Runway Architectural

Runway

Workshop Workshop
Workshop

Requirements Workshop

\ .

“

Previous system specs

Domain experts Proposal

/

™
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The System’s specifications are maintained in the Solution Intent. The SysML model should be the single source of truth, built using MBSE.
The Design and Construction parts of the workshop identify features and enablers that should be in the backlog for the next increment of the solution.
Also, during Design and Construction, the Architectural Runway is built by realizing the needed parts of the model.

This illustrates how we are using this method to support SAFe Principle #3 - Assume variability; preserve options.



Make workshops part of cadence-based feedback

» Workshops provide focus on impending system needs — what to build and/or
explore in near-term increments

» Regular cadence provides fast feedback on decisions
» Results In a more complete, consistent technical architecture
» Workshops are in addition to reqular agile and/or SAFe ceremonies

Evolving spec

= = and backlog
— =
Workshop £ Workshop 8
s = Workshop
Workshop 2 Workshop o
< <

The Continuous Engineering Exper’rsTM www.321gang.com


Presenter
Presentation Notes
We need to have a series of these workshops to prepare for the next increment, so we are making these workshops part of the cadence, and building the specifications at least one increment ahead of the development effort.


Iteratively develop specifications

1) Define actors and

their goals AnaIyS|S

COnStru Cthn 6) Define backlog items

from interactions
2) Specify behavioral
flow for goals

5) Id systems 3) Id interactions

components and between system and
interfaces env

Design

4) Allocate behavior to
system parts

M
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There are the 6 steps in an iteration to develop the system engineering specifications
During Analysis we:
Define Actors and their goals
Specify behavioral flow for goals
Identify interactions between the system and environment 
During Design we:
Allocate behavior to system parts
Identify systems, components, and interfaces
During Construction we:
Define backlog items from interactions


Use SysML for system specifications

Filling Station P,

Architectural Runway Define
- — ST actors and
their goals
o i Specify
O—L

IMotoristToStation

components behavioral
and ariable flow for
interfaces ed
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 Reasu 2
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é PP yCred itCardj!; %
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parts PN interaction -
o L é g
é g

Roadmap

M
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This is the SysML and SAFe view of the process.
Analysis:
Define Actors and their goals – Use Case Diagram (UC)
Specify behavioral flow for goals – Activity Diagram (Act)
Identify interactions between the system and environment – Sequence Diagram – black box (SD) 
Once we have been through an iteration of the Analysis activities, a Roadmap is built showing the Program/Product Epics on a relative timeline.	
Design:
Allocate behavior to system parts – Sequence Diagram – white box (SD)
Identify systems, components, and interfaces – Internal Block Diagram (IBD)
Construction 
During Construction, Features are added to the Backlog, and the needed architectural runway is built – Construction is based on the SysML Model

All of the model diagrams use SysML and are included in the Solution Intent. 
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The Analysis activities are performed quite extensively before the 1st PI planning session , and, in a more focused sense, before each successive PI planning session.



Iteratively develop specifications

Architectural Runway
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Analysis – (All diagrams you see were built using IBM Rhapsody. During the workshop we prefer to use a white board or flip charts, capturing the final results with a tool.)
Define Actors and their goals – Use Case Diagram (UC)
Specify behavioral flow for goals – Activity Diagram (Act)
Id interactions between system and environment – Sequence Diagram – black box (SD)
resulting in a Roadmap of Epics.

Let’s take a look at these steps in a little more detail.


Analysis — Step 1
Define Actors and their Goals

The Continuous Engineering Exper’rsTM www.321gang.com



Stakeholder Needs— Autonomous Vehicle Controller @

» Driver sets destination and says “go’

» Driver may change or add to destination

» Driver may select to “refuel” in which case the route will be
suspended and vehicle will drive to nearest fuel location

» Vehicle shows real-time route and destination status

» Vehicle should notify driver when refuel necessary and should
advise when distance to station is a concern

» Driver can select interests to be notified — restaurants,
museums, historical land marks, etc.

» Driver can cancel automation at any time

The Continuous Engineering Exper’rsTM www.321gang.com


Presenter
Presentation Notes
Just to give you a little back ground.
These are the Stakeholder needs used for input into the Analysis Steps.
These might need to be drawn out from the Stakeholders or they might be provided.


Non-Functional

» Obey all traffic laws

» Do not kill anyone

» Do not get in an accident

» Park in the shade during the summer

The Continuous Engineering Exper’rsTM www.321gang.com
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These are the Stakeholder non-functional needs.


|

Sample
1) Apply Use Case modeling — actors and their goals

v’ Start with business value, which is
commonly system's primary

behavior |
\/ Flnd the System’s prlmary aCtOr and uc [Package] 1 Actors and Goals [System Goals - Initial]

that actor’'s main goal (the Alpha | -

Thread) Main Goal ,@/EJU'

v"What are sub-goals of the main .
goal? Primary Actor

v With which actors do they interface? \ f

Passanger

Set Destination -
............. Flan Route B&
T ) Map Data
f 1 e " Control Vehide
Steer Brake Acc
@ Dhuay-I Traffic Rules

0
Avoid Obstadles BL
SEIEEt POI é Traffic Indicator

Obstade

Drive to
Destination
r '.l. l"__'-' M
.II % '
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During the workshop, we follow the steps outlined here to create a use case model of the system based on the stakeholder needs.
This is done in a team setting, drawing on white boards.
In the use case model we identify the Primary Actor and the Main Goal
There are two sub-goals of the primary actor: Refuel and Select POI
The included use cases are; Self Locate, Set Destination, Plan Route, Control Vehicle, and Provide Status
The extension use cases are: Obey Traffic Rules, Avoid Obstacles, and Park Car
To support the secondary use case we have the following actors; PLI, Map Data, Steer-Brake-Accelerate, Traffic Indicator, and Obstacle
I think of Go more as the meat of what happens internal to the Drive to Destination use case, or it could be a signal.

On some Large Systems there might be multiple goals (use cases) that would designated as alpha threads.
PLI – Position Location Information
POI – Points of Interest


Analysis — Step 2
Specify Behavioral Flow for Goals
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2a) Specify behavioral flow for goals

v Describe behavior as an activity of sub-
goals

v Defining the thread reveals additional
sub-goals and actors

v Initially, stay focused on minimal, viable
behavior

v"Includes actors to show initiation

uc [Package] 1 Actors and Goals [System Goals - Initia
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Sample
Solution

act [Use Case] Drive to Destination [Drive to destination]

N |

\I;J L__F_F::'f

Set Destation

] [ Self Locate ]

|

)

L
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Y

Plan Route ]

| .
| il

> Go to Destination L

J

J

|'/ ‘ffnterrupﬁbleﬁ'.eginmb

1'%

— e
[/ RV

o —
N

Avoid Obstades | [ Obey Traffic Rules ]

Control Vehide

t‘"__""w

T

L

|_|_|

> Stop Car > At Destination
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Presentation Notes
For each main goal or alpha thread an activity diagram is created
This activity diagram shows the top level activities going on within the primary use case.


<

2b) Specify behavioral flow for sub-goals

v Repeat the process for sub-goals
v"In general, do not model below sub-goals

4

— . [ S
[/ RV, T T Yy
( Awvoid Obstades 1 : Obey Traffic Rules g Control Vehidle Status
| b . | + )

==

G,
| Assess threat ‘
\ |
'1.\‘ Vv
“—  threat?

e
by

act [Use Case] Avoid Obstades [Avoid Obstades]

f>[ Dete;:t obstacle ]<——_ N

Obstalce Detected{ObstadeData)

!
|
|
/
!
J
|

M
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act [Use Case] Detect

t~

{ Scan for traffic

Signals [Detect Traffic Signals]

indicators

= ‘|

Traffic signal detected(TrafficData) }

ze Case] Control Vehide [Control Vehide]

'_/%[ Start engine ]
—

7

rd

— %(Determine new Vector from Route )‘(

T ——

By

/

|

/
/

1
>> Obstalce Detected [

einterruquoleﬂeginnx

Vi

Follow Vector ]

Traffic Signal Detected,

|' HazardData
|

Adjust route to
avoid hazard

\Qfﬁ(:[}ata |
|

Adjust route for
traffic signal

Sample
Solution
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Once the sub-goals are identified, we specify the behavioral flow by creating an activity diagram for each.



Analysis — Step 3
ldentify Interactions between
System and Environment
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Sample

Solution

3) Create system threads from goals and sub-goals =

v’ Create black box (“skinny”)
interaction flow for each Actor T B o
G o3| il o] v & Desinaton v o deiration a— e | [ -

v’ Define the stimulus in and out of == =y
the system as a sequence of S
events o am

v “Highly visible” system | /7 Proi—
responsibilities are shown as self- : L‘""“"‘“’“’“ T\ :

: : f 7 | 7 7
interactions R EE—— mﬁm |
. . . pamm—

v’ System is a black box, no internal i s |

| - ; —_ 7 ;
components . —— % o N=E

v Useful for system-level tests T2 el - e

M
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Presentation Notes
Next we identify a primary thread through each of the activity diagrams, and create a sequence diagram for each of the goals and sub-goals.

The sequence diagram depicts the thread and illustrates the interactions between the system an it’s environment


Post Analysis
ldentify Epics and Build
The Epic Roadmap
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Consider threads as Agile Epics

v Epics are large, cross-cutting initiatives that deliver significant business value
v Strive for minimal viable Epics — small batches of value
v Each activity will have many Threads/Epics of varying scope

Epic: Stay in lane
Epic: Detect side obstacles
Epic: Obey Traffic Lights
Epic: Simple drive to destination

Epic: Detect forward vehicle

M
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Presentation Notes
Once we have completed the first pass through the analysis steps we identify the Epics and define the Roadmap.
Epics are large, cross-cutting initiatives that deliver significant business value
Strive for minimal viable Epics – small batches of value
Each activity will have many Threads/Epics of varying scope

Because of the makeup of this example we are focused on the sub-goals. 
The Epics here would be;
Drive to Destination (simple) 
Drive to Destination while staying in lane.
Drive to Destination while detecting side obstacles 
Drive to Destination while obeying traffic lights 
Drive to Destination while detecting forward vehicle
Typically, on a large system there is a main goal associated each Epic


Roadmap forecasts Epics over life of program

v Similar to planning packages that will be decomposed into time-boxed Features or
Stories (described in next section)

v Order the Epics using either an MVP or WJSF approach to build the roadmap
v"Use cadence to focus teams and provide feedback on progress and feasibility

Avoid front collision Side collision
Stay in lane Change lanes Navigate intersection

Follow route Make right turn

Feature

Feature
Enabler Feature

Enabler

Feature

’ www.321gang.com
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For a Large System the Epics are broken into Capabilities, and the Capabilities are broken into Features.
Each Capability must fit in a Solution Train Program Increment. 
The Capabilities are broken into Features, such that each Feature is allocated to an Agile Release Train, and must fit in an ART Program Increment.
For a System contained in a single ART, the Epics are broken into Features.
Each Feature must fit in an ART Program Increment.

This illustrates only a small part of the decomposition into features.


Expand knowledge and decisions over time; manage change

» Discover and explore other actors and their goals
» Elaborate additional scenarios (exception, alternate, rainy)
» Each scenario creates new threads/Epics on the backlog

uc [Package] pkglseCases [Features]

Define actors
and their goals
(Alpha first)

Specify
behavioral flow
for goals

Id stimulus
between system
and env
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Presentation Notes
Rinse and repeat
This is why the first time through, where you are discovering the Epics so that you can build your Epic Roadmap, it might take some time.
Once you have discovered the Epics and built the roadmap, further analysis and design needs to be done for only the Epics that will be touched during the upcoming Program Increment.
During upcoming PIs, the Epic backlog is revisited, and analysis and design are performed on the Epics that will be touched in the upcoming PI.


'

Prior to each Program Increment Planning Session
go through the Design and Construction Phase

Sy |

A


Presenter
Presentation Notes
Prior to the start of a PI, go through a review of the Analysis that gave you the Epics in the Roadmap, which are the focus for the upcoming PI.
Then go through the Design and Construction for these same Epics.


Iteratively develop specifications

I —
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&
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3
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7 | | |

; requestFuel() E | |

% | requestFuel() | | _
o | |
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7 | | |

? | | takePicture() |

o [ [

Roadmap

M
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Presentation Notes
Again, this is done only on the Epics that are to be touched in the upcoming PI.
Design
Allocate behavior to system parts – Sequence Diagram – white box (SD) 
Id systems, components, and interfaces – Internal Block Diagram (IBD)
Construction
Define backlog items from interactions – Backlog of Features, and build the necessary Architectural Runway


Design — Step 4
Allocate Behavior to System Parts
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Sample
4) Allocate behavior to system parts

=d [Package] 2 Threads [Drive to Destination - White]

» For each external interaction, decide ol e
how system elements realize the e
behavior I

getRouteOptions()

» What system part receives the interaction and
what is the system’s response?

» What system part sends the interaction and

routeOptions(Routes)
<7

routeQptions()
selectRoute() -

ey

(=]

-
¥

_gnTnDesﬁnaﬁnn{F‘.ﬂuli:e}

Lé N S

7

7

7

7

7

7

7

what led to system sending it? _@ e ?

. . . . e o

» First step in design - determine how ; ka0 §

behavior is realized by system elements T §

: Z Z

» Discover system parts and allocate C=y R T

[ ] [ ] [ ] [ ] ’f’ I

responsibilities to them ; 43 §
o b Detected(action)

é ilt) mlmlateNewF‘.n[Hu:{{: el ’;

é : 5

é adjust'u'ect:Ef{] fﬁ

7 7

; ] arriued.ﬁ.ﬁ]esr:inaﬁnn[: ;

ﬁ park() ff

M
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Presentation Notes
The first step is to take the Black box sequence diagrams and expand them into White box. This allows you to identify the system’s internal components and start to talk about the interfaces between them.

Note: You can use either sequence diagrams or Activity Diagrams. Many Systems Engineering groups prefer Activity Diagrams because they show multiple paths (sunny day, exception) in the same view.



Design — Step 5
ldentify System Components
And their Interfaces
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5) Define system components and interfaces

»Blocks decompose system's hierarchical structure
» Ports define interactions into and out of a block
» Interactions that must be consumed or provided

» Interfaces and behavior serve as requirements for block
implementation (ICD)

»Decomposition scales to extremely large systems

The purpose this exercise is not to build the ultimate block diagram with
interface blocks and the like, but to decompose the SUD into its
hierarchical structure. As well, the interfaces or connections among the
blocks need to be identified.
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Presentation Notes
We draw a simple block diagrams showing the hierarchical relationships among the components and the interfaces between these components.
We could also do this by overlaying swim lanes on top of the activity diagrams



Sample

5) Define system components and interfaces =L/

» Example includes internal components for Nav (optional, shown as example)

ibd [Package] 3 System Structure [Sytstem IBD]

1 itsAutonomous_Vehicle:Autonomous Vehicle
1 MNav
ehidecontrol
[ [
nav é - usecontrol usa'ﬂmh'ﬂ IJ_I“.Ehd.Em]' trol Lj_fﬂﬂ-h
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Presentation Notes
This block diagram primarily shows the component structure of the system.


Sample
Solution

5) Id systems components and interfaces — more detail

» Each interaction requires a connection and an interface
» Interfaces are one-way; use two interfaces for bi-directional communication
» Using behavior to drive interface specs between system parts

«Interfaces wInterfaces
NavigationCtrl NavigationResponse
Clperations Clparations
calculateRouteOptions () void = nbstalceDetected()
g EP
ibd [Package] 3 System [System IBD with Interfaces] £ qoToDestination(r :Route): void £ routeOptions(Routes:Route): void
ﬁ_'?b.seﬁ-'-'.nute{:l:mid E‘ﬁﬂsmtus{:l
1 itsAutonomous_Vehicle:Autonomous Vehicle
« [ nberfaoss o« nterfaces
MavUserCirl AVDriverCtrl AVDriverInfo
CKF 1 ‘MNav " - "
l.tE-EI'El]'i 'II'.PI . . e 'II'.hvl . . R
y ] [:lu chidecontrol E?Z::frsztnatnnﬂ.umd ﬁ_ displayRouteQptions():void
NavlserC NavuserResponse userCirl i trol qeu:
f ﬁ_'?n'.selecl:li'.n oid
1 nce
NavuserResponse || traffic
1 Infot _.‘I_I | D m%_ hazard :Driver Infotainment Mav.Guidance
aps
Z
EHEEM :’fj enter() destination.
o ateRouteOpti
o 2ng0
AVDriverCtrl { A\r \OGK d'\ag"am ; currentloc
AVDriverCtrl | AVDriverInfo Ful P exl s\ide ? routeOptions() e
driv Ttl’l:}l Oﬂ gsdg}ayﬂuuteﬂpﬁunsﬂ
ff; selectRoute()
ﬁ setRoute()
AVDriverInfo 90
%

| goQ |

M
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Presentation Notes
This diagram focuses on the interfaces
Each interaction requires a connection and an interface
Interfaces are one-way; use two interfaces for bi-directional communication
Using behavior to drive interface specs between system parts



Use milestones to align the component roadmap

» Strive for end-to-end solution early for
faster validation feedback -

» Leverage proxies incremental R »
solutions

» Make sufficient testing platforms
available for teams to integrate and
test their parts of the solution

» Bring production in early to validate
manufacturability

LEN

M
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Presentation Notes
It may be useful to construct a component roadmap.
Components mature in an iterative fashion. Sometimes starting as just the interfaces with simulators and stimulators, or some other form of proxy. (This is sometimes referred to as a Digital Twin)

Strive for end-to-end solution early for faster validation feedback
Leverage proxies incremental solutions
Make sufficient testing platforms available for teams to integrate and test their parts of the solution
Bring production in early to validate manufacturability


Construction — Step 6
Define Backlog Items from Interactions
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6) Define backlog items from interactions

» Discover Features from groups of interactions
» Some Features may require exploration work
» Focus on requests from Ul and controller parts of system

As Infotainment, |
want a set of route

options so that the :Passanger Infotainment | | Nav.Guidance | | Nav.PL Nav.Route |
user can select the ‘ iz
optimum route from b | 2 |
their current location | |
‘ enter() d-EEfl‘l-Eltiﬂl‘-lJ |
'fi :Hmateﬂmteﬂplig?ﬂ
| 'fi currentiocation() ;
As a passenger, | ,Emmﬂsmmm} }Fﬁmmhﬁﬂ T =
want to select m _ | |
route so that | ca}//v - fouteOpbons( |
decide the optimal selectRoute) '
route to travel to my 900 > |
destination | goTeDestination(Rayte)

M
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Presentation Notes
Define backlog items from Interactions:
Discover Features from groups of interactions
Some Features may require exploration work
Focus on requests from UI and controller parts of system

This example highlights two stories that contribute to the “Select the optimum route” feature.
Some Features may require exploration work. This could result in enablers being identified.


Manage non-functional requirements (NFRs)

» NFRs constrain backlog items’ implementation; NFRs are not backlog items
themselves

» Workshops will uncover both behaviors and constraints
» Record NFRs as they are found — trace for compliance later
» Enablers may be required to support features adherence to NFRs

NFRs Epic: Drive to Destination
* Obey all traffic laws

; : Epic: Obey Traffic Lights
* Don't kill anyone

e Don't get IN an accident Epic: Detect forward vehicle

 Park in shade during summer

Epic: Stay in lane

. www.321gang.com
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Presentation Notes
Manage non-functional requirements (NFRs)
NFRs constrain backlog items’ implementation; NFRs are not backlog items themselves
Workshops will uncover both behaviors and constraints
Record NFRs as they are found – trace for compliance later
Enablers may be required to support features adherence to NFRs
NFRs might be reflected in Acceptance Criteria
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Requirements & Testing in a Regulated Environment
within SAFe

Test/Requirement Architecture
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Presentation Notes
Before we put this all together let’s address Requirements & Test in a Regulated Environment within SAFe.
When working in a regulated or compliance driven environment and the Scaled Agile Framework (SAFe), just as it is necessary to maintain an Architectural Runway, it is necessary to maintain a Test/Requirements Runway.
During each Program Increment (PI) it must be demonstrated that the Features covered during the current PI are verified. As well, during each of the Iterations of the PI, it must be demonstrated that the Stories implemented during an iteration are verified. The Features and Stories are verified against Acceptance Criteria. This is primarily done by the ART teams, and is illustrated below the dashed line.
For a Release, the Stakeholder requirements must be validated, the System requirements must be verified, and the SW and HW Subsystem requirements are used to evaluate the subsystems. But, in SAFe this happens in an iterative and incremental fashion. The increments follow the iteration and PI boundaries. This is illustrated above the dashed line. (click)


Requirements & Testing in a Regulated Environment
within SAFe

Test/Requirement Architecture
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Presentation Notes
To that extent, there will be iteration test plans per team that encapsulate the unit tests, which are based on the Story Acceptance Criteria. There will be a PI System Test Plan for each of the PI’s. These are child plans of the master System Test Plan. The focus of the PI System Test Plan is to verify the Features implemented during the PI.
The key to making this a cohesive process is the Architectural Runway. The state of the Architectural Runway before the first PI planning is the Analysis Model. The System Vision is developed based on the Stakeholder Needs and the Business Context. An Analysis Model is built of the system, also based on the Stakeholder Needs, Business Context, and the System Vision, if it is available.  The Analysis Model is built using use case diagrams and activity diagrams. From the Analysis Model, Program Level Epics and Features are derived and used to create Roadmaps. The Analysis Model is also used as input while deriving the System Requirements from the Stakeholder needs.



Putting it all together
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Presentation Notes
Before the very first PI a workshop, or series of workshops are held to analyze the system resulting in a behavior model. Following are the steps that are gone through to get to the point where we are starting to identify the Features and Enablers to be developed during Program Increment 1. 
 
Develop a Vision based on the Stakeholder Needs 
Define Actors and System Goals 
Specify the behavioral flow for each goal 
Identify interactions between system and environment 
Build the Epic and corresponding Feature Roadmaps
Prior to the PI Planning session, the System Engineering Team, working with the PM, SA, VaC Team, and POs, prepare for the PI Planning session. The part of the model that will be implemented during the current PI is designed (the Architectural Runway). System Requirements and Test Cases are developed for the part of the system to be built in this PI (the Requirements and Test Runways). The Features and Enablers allocated to the current PI are put in a backlog and allocated to the agile teams. Starter stories are created for these features and enablers. (click)


Putting it all together
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Presentation Notes
Prior to each PI planning session, a workshop, or series of workshops are held to review the analysis and design of the epics that will be touched during the next PI. Following are the steps to prepare for PI Planning: 

Allocate Behavior to System Parts 
Identify Components and their interfaces 
Identify Features and Enablers for PI Backlog 
Create starter stories for PI Planning 
Design and build Architectural Runway for PI 
Create Test/Requirements Runway
(Details regarding each of the steps may be provided upon request.)



Modeling role guidance

If solution is composed of one ART, what roles should be involved in the
following activities?

» Create Use Case and Activity diagrams

» Create black box and white box sequence diagrams,
» Build the Epic Roadmap

» ldentify the Features for Pl

»Work on a daily bases on Activity diagrams, and with teams on sequence and
block diagrams
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In the workshop we have a discussion regarding these activities.
Things might be different from one organization to another.
How do you think it should play out in your organization?


How should System Engineers be incorporated into
an ART?

Group discussion

» Single System Engineering Team
 Embedded with each Agile Team
* Hybrid model

www.321gang.com


Presenter
Presentation Notes
We would also have a discussion relative to how System Engineers should be incorporated into an ART.
Single System Engineering Team
Embedded with each Agile Team
Hybrid model
I believe the Hybrid model is the best in most situations.


Summarize Specification Workshop Value

»What is this process?
» Collaboratively build a solution through emergent specifications and an agile roadmap

»What value does it provide?
» Get what you want, not what you specified

» Continuously align everyone on delivering greatest value frequently and reliably
» Explore alternatives to make best economic decisions

» Adapt to new information, both external and internal to the program

» What is our ask of customer/business?

» Participation with us in regular agile ceremonies for alignment, review, and adapting

» Appreciate lean principles of cadence, synchronization, flow, WIP, adapting to new

knowledge, emergent design, and taking an economic view, and apply them to traditional
EVM, Schedule, CDRLs, etc.

M
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Let’s summarize the value of the Specification Workshop

EVM – Earned Value Measurement
CDRL – Contract Data Requirements List
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Presentation Notes
Display next slide while answering questions.
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" (SAFe): bit.
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v’ Getting Star
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O Adva
bit.| AFe
v Don Reinertse
bit.ly/Reinertsenlc
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