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321 Ga NE 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 I0T reseller, and IBM Certified Training
Partner- providing our clients a ‘one stop shopping’
experience.
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Premise

It IS Important to involve System Engineering In
the 1dentification of the features to be developed
during each Program Increment (PI).

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

M
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Lean-Aglle 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.

LEADERSHIP

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

@ agilemanifesto.org
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SAFe Lean-Aqile 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 Iimit 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



Ag I I e Te am S Information

> Product Owner AgRe Faane

» Serves as customer proxy to the : E".
team M Product
. : Owner
» Owns vision, and team’s backlog I'I
|
» Scrum Master Scrum
. . Master
» Helps team achieve its goals;
remove impediments
» Coaches team on lean-agile Incremeny, Caq
practices aciion® developmen e SYnohronc®
O(Oss—i\)be“e( Smal| batchegs Reduced WIP  Provigeg fast Regular gad_?{‘ 0 COmmonOnlzes Bromotes
» Other Team Members e o atore througy  provides focus - feedbagy jits varo s i Svents TIPS
C\ qyawu €M faster single i
o : and decisions
» Small, cross functional group that de\\\'qe\x:]o\«e‘ vvglri'h s -
plans, commits, implements, demos, ability 21
and continuously improves together
» Self-organized, self-managed /’9%@,7/
Team Sprint Potentially /7/6‘
Backlog Backlog Shippable
(Stories) (Stories) Solutior
T

- EDF"’I’HIE’IL!HEIIJF-ITAIH EoaT SOFTWARE
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Scaling Agile to large systems or organizationsl

Roles Backlog Cadence Alignment events

Select Configuration

( Overs\ieww [Essential SA?Z\ ( {.arhe Solution SAFe\ ﬁ’ortfolio SAFe\ ﬁull SAFe\

SAFe® for Lean Enterprises 5.0

] - — ™
/ Busi‘f\ 270 .\ Customer Ce""iCiQ Z/ontin ous|Delivery Pipeline ) ESSENTIAL
- PP L L7 deor*\ovnng, _ . o
Owners AARA &) ' ' e o 23 - V )
(ﬂ )’ ({2 E L) —— R m
\. -
& & <,\-<> ; Continuous Rolease
2 Deployment on Demand :

Agile System Product Design Thinking A %?:::3?
Product Arch/Eng Mgmt J
Delivery = Li/’" System Demos e

" 5 =i= o ¢ o
\_  RIE -/ g e & W E. 3
2T R L3 0-0
Agile Teams Program g g DevOps
Team and ° Backlog S ”~ -
Technical o ad s W A e B
Agility fada  Product — _
Owner _— N
=3 Architectura
I.I — c: 2 e Built-n
Scr'um T Quality
Master eam Program increment
© Scaled Agile, in¢c
2
Core Lean-Agile A Implementation = SAFe Program
Business | Dev | Ops | Support .
' ISP S P l-—l Values - Mindset o Roadmap p Consultant

Lean-Agile Leadership
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The Continuous Engineering ExperTsTM




Scaling Agile to (very) large systems and enterprisesl

SAFe® for Lean Enterprises 5.0

Select Configuration

il A
Enterprise Government
a) )
Mo
Solution Solution
Arch/Eng Mgmt
Enterprise ‘
Solution STE
Delivery \- /
Business & ©®
Owners
Agile & 6
Prqduct System Product
Delivery Arch/Eng Mgmt
oA
=]
RTE
Team and Agile Teams
Technical °
Agility ° V)
m Product
Owner
€
hl
Scrum
Master

( Overvieﬂ ﬁssential SAFe\ ﬁarge Solution SAFa ﬁortfolio SAFe\ ﬁ:ull SAFe\

\
/ ‘heRGE SOLUTION
Soluhon | Solutson ~
N L e e
c
compiance | 2 —slmmt= 8 E
MBSE 5 = y '
x o=
Set-Based NFRs — ‘
_/  Solution Backlof SOLUTION e .
TRAIN
Customer Centricity Continuous Dehvery Plpelme ESSENTIAL
- LR | I Y | 1.2 Prea,, A WAL AR ‘B : a
(V) Aef'wu« rw_ - @
R S et i
<\,"-\ \ Continuous Continuous Contlnuous Release
v W Exploration Integration Deployment on Demand Solution
Design Thinking Eg] Context
wWSJF Pl Objectives  System Demos System Demos
ks , 0.
L o o ©
= | o Pran R @ o~ iy . ;
g 7 mm o ENm - 0-0
NFRs e # 4
s Nol 5
Program Scrum S g DevOps
Backlog N $ ”~ :
- - . | Foature IS
f=] 3 ~~ o N =
= = N N
= =T (=]
NFRs = CE lterations CE af"':':;"”" gullt-ln
uality
Team Kanban Program Increment Program Incremont
Backlogs
Lefingwell, ¢t 3l © Scaled Agile, Inc.

Implementation

00

Vision

Roadmap

®

Milestones

Information

F SAFe Program

Lean-Agile =
" Consultant

Business | Dev | Ops | Support I Mindset

Y - Values Principles
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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
» Soclalize ideas from multiple experts
» Perform engineering work continuously
» Allow architectures to be defined incrementally
» And designs to emerge
» Record decisions In specifications
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Use SE Workshops to create specifications and plans

» Workshops elaborate the architecture and design over time

» Keep options open, elaborate detail 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 Flaed
 Sets solution and technical vision, creates alignment S0LUTION 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

WiJF
[ .

c

=
g- O==1| =
v =1

NFRs

Program Backlog

 Incrementally define backlog items

 Features, Enablers, and NFRs
Program

Backlog
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Use workshops to grow specifications and backlogs

System’s
specifications

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

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

: : items
> ... explore unknowns (analysis, design, etc.) Enamer
.. build needed aspects of the Architectural Runway

leed

3ULUT|0M INTENT

Architectural
Runway

Workshop Workshop
Workshop

Requirements Workshop

Fixed
S0LuTION INTENT

Proposal .

“

Previous system specs

Domain experts
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Make workshops part of cadence-based feedback

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

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

Evolving spec

(74
o
[
[
=]
(=)
=z |m
= | =
III%E
=
=

and backlog

Workshop g Workshop g
°§; = Workshop

Workshop = Workshop o

2 <
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lteratively develop specifications

1) Define actors and

their goals An aIyS|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

The Continuous Engineering ExperTsTM www.321gang.com




Use SysML for system specifications

Filling Station P,

Architectural Runway

e S— actors and

their goals

IStationToCashier

iﬂ Specify
components behavioral
and able flow for

Interfaces

pMotorist

O—L

IMotoristToStation

:Motorist
 Reasu 7
Motorist Station.Panel Station.Controller | | Station.PumpIntf | | Station.Cameralntf é ﬁpampﬁmo g
é PPPPPP itCard 7
7 earaitcarty ) Z
7 | | | Allocate ID system oo
? reguestFuel() ! | | . ﬂ; i g
. renesric) | | behavior to and Fe——
f// | I enable() I - ;_Lp‘_gﬂ%l g
; | o) | SyStem environment é—w Rl
£ - - o “
parts interaction ooy
Z 7
7 | 7

Roadmap
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lteratively develop specifications

Architectural Runway

o~~~ T 1) Define actors and

their goals

ConStru Cthn 6) Define backlag items

from interaciions :
2) Specify behavioral
flow for goals

Fillupeitation |
- — [_m|l Contraller e _,-u.h-
=2 - il S-S : :
- [ 5) Id systems 3) Id interactions
components and between system and

Interfaces env 7 PN 7
o ShowPayOptians() %
. % ayEditCard() ZI %
g EnablePump() é
Design /
_ /) é
4) Allocate behavior to e g
g CaloulatePayment() %
system parts é g
A
Motorist Station.Panel Station. Controller Station. PumpIntf Station. Cameralntf % %
/ 7
Z 7
7 | | | | . .

Zrequesﬂ:uelﬂ E . | I I

? IrequestFueI I
é | Ienabl.e{} I |
é | IEkEPICtIJrE{] I I

Roadmap
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Analysis — Step 1
Define Actors and their Goals

The Continuous Engineering ExperTsTM 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

M

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



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 ExperTsTM www.321gang.com
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Sample
1) Apply Use Case modeling — actors and their goals

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

v Find the system’s primary actor and
that actor’s main goal (the Alpha /@

Thread) Main Godl '/

v"What are sub-goals of the main . e |
- Primary Actor e :%

goal’ =
. ; . Map Data
v"With which actors do they interface? \ =
oteer Brake Acc

0
Avoid Obstadles BL
SEIEEt POI é Traffic Indicator

Obstade

uc [Package] 1 Actors and Goals [System Goals - Initial]

The Continuous Engineering ExperTsTM www.321gang.com




Analysis — Step 2
Specify Behavioral Flow for Goals

The Continuous Engineering ExperTsTM www.321gang.com
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Sample
2a) Specify behavioral flow for goals

act [Use Case] Drive to Destination [Drive to destination]
v’ Describe behavior as an activity of sub- . —
goaIS SE:IE;EEEﬁﬂH ] [ Sel;ﬁl_imte ]
v Defining the thread reveals additional D
sub-goals and actors e
v Initially, stay focused on minimal, viable o
behavior L ™
. e - Go to Destination ,II
v Includes actors to show initiation z j .
|'/ ‘ffnterrupﬁbleﬁ'.eginnx T
J/
uc [Package] 1 Actors and Goals [System Goals - Initia ] . o o o
- i W N RV
/[m] ( Avoid Obstades | ( Obey Traffic Rules ] Contral Vehide [ Status
g | | b | b nl ]
:ﬂm > 5'L':*Fl'l Car > At Deitinatinn
~ Ix | T
jjﬁmtor R\‘\,\ Park Car \E\ !
el [ I
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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 ‘
\ .
a\ v
“—  threat?

e
by

act [Use Case] Avoid Obstades [Avoid Obstades]

f>[ Dete;:t obstacle ]<——_ N

Obstalce Detected{ObstadeData)

!
|
|
/
!
J
|

The Continuous Engineering ExperTsTM

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

www.321gang.com




Analysis — Step 3
ldentify Interactions between
System and Environment

The Continuous Engineering ExperTsTM www.321gang.com



29

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

v’ Create black box (“skinny”)

Interaction flow for each Actor S ————
G O a I act[Use Caze] Drive o Destinaton [Drive to d‘":i”‘_'“”"] :Passanger :Aul:gﬂ;::jrguus :Obstade :PLT
v Define the stimulus in and out of == =y
the system as a sequence of S
eve n tS ; _— :\L self{) locate ; ;
v “Highly visible” system | /7 a7
responsiblilities are shown as self- | t‘"“"‘“‘“"“’ T\ :
: : f 7 | 7 %
interactions : i . i {m;ﬂ mfw : = ﬁ%m .
. ) | + 1 i \ | ; detect( ubsmdex_; ;
v’ System is a black box, no internal < B S | s |
| - é T
components —— % o =R
v'Useful for system-level tests T e e

The Continuous Engineering ExperTsTM www.321gang.com




Post Analysis
ldentify Epics and Build
The Epic Roadmap

The Continuous Engineering ExperTsTM www.321gang.com
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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

The Continuous Engineering ExperTsTM www.321gang.com
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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
Enabler Feature

Enabler

The Continuous Engineering ExperTsTM www.321gang.com
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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] pkgUseCases [Features]

Define actors
and their goals
(Alpha first)

Specify
behavioral flow
for goals

ld stimulus
between system
and env

The Continuous Engineering ExperTsTM www.321gang.com




4

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

The ‘ ’; ‘-
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lteratively develop specifications

I —
B | Product "

- Backlog
1) Define actors and

I I their goals AnaIyS|S

ConStru Ctl N 6) Define backlog items

| " Discensz Fusd 1

- L dooept Payreznt ",

P

Architectural Runway

/\/\/\/’

! -I.'-u'll_.uh.ll; -

from interactions
2) Specify behavioral
flow for goals

= ‘“':“Nm LL:::& _ N\ 5) Id SyStemS 3) |0 |nteraCt|0nS sd [Package] Goals [Fill Vehicle - lack]

components and between system and ~|
Interfaces env

LN

E\
&

4) Allocate behavior to
system parts

RREEERRRRR RN N \th\\\\\\\\\\\\\
3
i

Motorist Station.Panel Station. Controller Station.PumplNg,.| | Station.Cameralntf

7 | | |
& requestFuel() E | |
% | requestFuel() | |
o | |

ﬁ | enable() |
o | | |
? | | takePicture() |
o [ [

Roadmap
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Design — Step 4
Allocate Behavior to System Parts

The Continuous Engineering ExperTsTM www.321gang.com
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Sampb
4) Allocate behavior to system parts

» For each external interaction, decide T [ R [ [ R | T
how system elements realize the - ;
’ 7 enter{) destination, teRonteOptonsd
behavior ; ot §
. . . iy getRouteOptions()
» What system part receives the interaction and ; e ?,
what is the system’s response? e ;
. . ﬁ_gﬂﬂ - ﬁ
» What system part sends the interaction and 7 s 7
what led to system sending it? _@ B ;
. . - - ,f" i
> First step in design - determine how ; sciretyd §
behavior Is realized by system elements T ;
: Z 7
» Discover system parts and allocate CCy R
. aga, s s :
responsibilities to them . §
v bstadeDetected{action)
; - mlmlateNewF‘.n[Hu:{{: oo ;
7 - 7
g - ?
7 7
; | arrivedAtDesfination( ;
g park() ﬁ
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Design — Step 5
ldentify System Components
And their Interfaces

The Continuous Engineering ExperTsTM www.321gang.com
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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.

The Continuous Engineering ExperTsTM www.321gang.com
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Sample

5) Define system components and interfaces S

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

ibd [Package] 3 System Structure [Sytstem IBD]
1 itsAutonomous_Vehicle:Autonomous Vehicle
1 Nav
ehidecontrol
-
L | B ’—rl
1 :Infotainment ] 1 WM steering
1 PLI e 1 -Guidance route 1 :Route Planner - :
pli ctrl acceleration
[':l I:H"EII'EIH-EI
[ 1
- T,
[ 1 drivercontrol
4 o [ 1 [ 1
rivercontr
1 :TrafficindicatorMgmt traffic obstacle
; a 1 :0bstalceDetectionSys
sd [Package] 2 Threads [Drive to Destination - Whitg]
E'I.I'E'I"ItE- EuE.ntE :Passanger Infotainment MNav.Guidance Mawv.PLT N;v.R.ouhe WM :ObstalceDetection :Obstade
1 :Camera [ ] [ ] 1 :1IDAR
é enter() desh’nah’% : I : : I : é
2 mlmabeRoubeOpi_jg;FO | | | | %
% | currentlocation() | | | é
Z : 7
% L . | getRouteCptions() | | | | %
7 routeOptions(Routes) [ | ! %
é routeCptions | | | | Z
= |
= //f
% oToDestination ) | | | | %
paralel ) | | | | | | 7
currentloca ion | %
ﬂ% | [arrentiocation | I Z
o
2 I mlmlabe\.fecbt1|r{} I I I 2
Z Z
? | !set\a'ector{} | ! ! | é
T g0 | | | | 7
 — | | | | | 7
critical | | | | | de stade() ;/
obstadeDectected(ObstadeData) S %
| B | | i | z
o Z
| | | Z
7
| | Z
| | ;
' Z
| | 7
o
| Z
“
| Z
| Z
! A
| z’
A
| .
A
| Z

D T I I B
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Construction — Step 6
Define Backlog Items from Interactions

The Continuous Engineering ExperTsTM www.321gang.com
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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 | | NavPLI | | Nav.Route |
user can select the ‘ Eame
optimum route from A |
their current location | ‘
enter() destination;. 1
S
” | currentiocation() -
e
| 'w ou ons ) | -\‘%‘
As a passenger, | ,o‘:mpmmoutes) I ey
want to select my —\ |
tion '
route so that | can < mteczo 0. |
decide the optimal seiectRou > ]
route to travel to my 900 > '
destination jgoToDestnation(Rayse)

The Continuous Engineering ExperTsTM www.321gang.com
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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
* Obey all traffic laws
o
* Don't kill anyone
. Don'tgetin an accident  — ——— | TSE—_—
* Park in shade during summer

Epic: Stay in lane

The Continuous Engineering ExperTsTM
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Requirements & Testing In a Regulated Environment
within SAFe

Test/Requirement Architecture

Validating the product

Test Assets built —— ! e Pl/Release

By Validation and
Compliance
Team Tests Ventying the system

performed by | " 4\_2-_—__‘«_" Pi/Release
System eq 2Nis test

Engineering
And Integration
Team

Pl/Release

Test Assets built
and Tests

Pl

Verifying the lteration Contents

¢ )y—c=)

The Continuous Engineering ExperTsTM
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Putting It all together

Inputs Behavioral Analysis Roadmap
Plannin
, - ( :
_— i | Packages)
& o i
S sl — Bk
Q SyS spec | JI& : =
Implementing
Epic =o][e Epic
COON = [ o Epic S
Oé \,}\'\O Epic] Epic ‘&‘&
QT L e
&F —

The Continuous Engineering ExperTsTM

Lo et
& caloulateRouteOptions():void

&l poToDestnation(r:Route)rvoid =

&l setftoute():void

P L]

www.321gang.com
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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

M

The Continuous Engineering ExperTsT www.321gang.com



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
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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.

The Continuous Engineering ExperTsTM www.321gang.com
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