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IBM Analytics

“Dance like nobody is watching,

Sing like you’re alone in the shower,
Engineer like you’re a passenger
hurtling though space in a speeding
tube of death that you designed-”

Law of Douglass # 155
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Key Topics
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All Good Models are Falsifiable

In so far as a scientific statement
speaks about reality, it must be
falsifiable; and in so far as it is not
falsifiable, it does not speak about

reality.

darl Pe pper

AZQUOTES
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IBM Analytics

Why Model?
Let’s compare Modeling versus Textual Specification

You meet with an architect
to design your dream
home.

5 Internet Thing‘s © 2017 IBM Corporation
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2 months later .... he comes up with ...

I. Proje
Clost ‘
|, Draiant Rannrd Drawinne: Indinata [ Elamant of tha \Wark 1 an nraiant rarnrd drawinne Rafar tn Qaction 01770 -
J. Oper
tion [ I. Project Record Drawings: Indicate [_Element_of_the_Work_] on project record drawings. Refer to Section 01770 -
- Bas J. Closeout Procedures.
K. Warr J. Operation and Maintenance Data: Submit for [_Element_of_the_Work_]. Comply with general requirements of Sec-
[0177 tion [01770 - Closeout Procedures] [01783 - Operation and Maintenance Data] [and requirements of] [Section 15050
K - Basic Mechanical Materials and Methods] [and] [Section 16050—Basic Electrical Materials and Methods].
110  QUA
il s K. Warranty Documents: Submit for all manufactured units and equipment specified in this Section. Refer to Section
DES| 110 [01770—Closeout Procedures] [01785 - Warranties and Bonds).
THIS
IFY F 1.10  QUALITY ASSURANCE
A. Qual DESCRIBE SPECIFIC REQUIREMENTS FOR QUALITY ASSURANCE MEASURES FOR WORK SPECIFIED IN
[inste - THIS SECTION. SPECIFY SHOP OR FACTORY TESTS AND INSPECTIONS IN PART 2 - PRODUCTS AND SPEC-
simili A IFY FIELD TESTING AND INSPECTION ACTIVITIES IN PART 3 - EXECUTION.
10 Se ARAARARAR IS RER AR AR AR AR AR ERTARR SR AR AR
A. Qualifications: [Contractor-employed designers] [manufacturer-employed designers] [manufacturers] [fabricators]
B. RegL [installers] [applicators] shall have a minimum of [3] [5] [—] years full time experience [producing] [executing] work of
0141 similar scope and complexity, [and shall be certified] [by the system manufacturer] [in accordance with] [____]. Refer
B to Section 01450—Quality Control.
C. Certi
testir B. Regulatory Requirements: Regulatory Requirements, Comply with specific requirements of [____]. Refer to Section
c 01410 - Regulatory Requirements.
D. Field
[Own C. Certifications: [Applicator] [Installer] [Fabricator] [____] shall be certified [by the manufacturer] [by an independent
estak D testing service] to meet or exceed the minimum requirements specified herein.
E. Mock D. Field Samples: Prepare field samples of [_Element_of_the_Work_] for [review] [and] [selection] by the [Architect]
show [Owner] [___] of [range of] [color] [texture] [and] [finish]. Locate field samples at [____]. Approved sample[s] shall
Appre E establish standards by which the Work will be judged. Note location of field samples on project record drawings.
after
E. Mock-Ups: Construct full-size [working] mock-up(s] of [___] for review and approval by [Architect] [Owner] [___],
F. [Pre- showing [operation] [construction] [coordination and interface with adjoining Work]. Construct mock-ups at [____].
| R Approved mock-up[s] shall serve to establish standards by which the Work will be judged. Remove mock-upl[s] only
reviel F. after Work is substantially complete and with approval of [Architect] [Owner] [____].
interf
tion] F. [Pre-Installation] [Pre-Application] Conference: Convene a conference at [the project site] [the Architect’s office]
relate [ L7100 [ ] days prior to starting [installation] [application], to review the Drawings and Specification, the
reviewed submittals, [field samples,] [mock-ups], manufacturer's instructions and recommendations, sequencing and
111 DELI interface considerations and project conditions. Conference shall be attended by supervisory, [installation] [fabrica-
Trmmm—— tion] [application] and quality control personnel of Contractor and all subcontractors performing this and directly
DES( ‘”"_ related work. [Construction Manager] [Architect] [Owner] [___] will attend the conference.
SEC”
""" ikl 1.11  DELIVERY, STORAGE AND HANDLING
A. Packi - e
"""" pai T DESCRIBE BELOW SPECIAL PROVISIONS FOR PACKING AND SHIPPING PRODUCTS SPECIFIED IN THIS
DES( A SECTION.
INTH e
A. Packing and Shipping:[____].
B. Acce| : *
[l DESCRIBE BELOW SPECIAL PROVISIONS FOR ACCEPTANCE AT PROJECT SITE OF PRODUCTS SPECIFIED
B IN THIS SECTION.
. Acceptance at Site:[____].

s InternetoiThings

A 650 page specification document with

10,000 requirements:

... Indented by 7 meters from the west
border of the premises, there is a left
corner of the house

... The entrance door is indented by
another 3.57 meters

... 2.30 meters wide and 2.20 meters
high, left-hand hinge, opening to the
inside

... If you come in, there are two light
switches and a socket on your right, at
a height of 1.30 meters

Is this the house you want?

» Are the requirements correct?
« Accurate?

» Consistent?

 How can you tell?

© 2017 IBM Corporation
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IBM Analytics
Modeling versus Textual Specification

= Then you call another architect... And two weeks later he comes with this:

Main Level

Upper Level e e

DINING ROOM | MASTER BEDROOM |t
HTEX5W T 2 | P
Z ,’; X
Vel
T —— —
E | 2 CAR GARAGE 1
E WX T—
\\ roRCH | h “
\ | { & \
& ——=e 9 Wi | X
R . o X |
LJ L T — J
UPPER LEVEL — Bk
REVERSE PLAN

= The second architect used Modeling to show different Views of the house based on an
underlying collection of semantically-complete interconnected engineering data

— Structural

— Floor layout

— Electrical

— Plumbing and water flow

— Heating capacity and flows

7 Internet Thing‘s © 2017 IBM Corporation
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So What IS a Model then?

(Modeling IS the development of\

a semantically correct set of
engineering data of relevant

Models have scope

Models have purpose

\ systems and their properties )

Models have accuracy

Models have views (e.g. diagrams)

Models have fidelity

Diagrams show subsets of eng. data

Models are falsifiable

Diagrams have singular purpose

Models are verifiable

Diagrams answer questions

Diagrams support specific reasoning

s Interneto.iThings

Models are
Interconnected data!

© 2017 IBM Corporation
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Harmony Agile SW Workflows
Year

Verification

month

Customer
Validation

aaaaaaaaaa

Iterative
Specification

Design
Patterns Nanocycle

High REAL-TIME AGILITY
Fidelity

Modeling

lteration

Project

10 Internet Thing‘s © 2017 IBM Corporation
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Incremental Development

= [ncremental (aka Spiral or Iterative) takes a hard problem and divides it up into a series of
increments, each of which

— Identifies a mission: Verification
» Implement a coherent set of requirements month

Remove a set of identified defects Customer

_ o _ Validation
Reduce a set of identifies risks _

Iterative

Targets one or more platforms Specification
Implements one or more architectural aspects Design

Plans a schedule with workers performing the Pattern
work (usually in 4-6 weeks) F'_jjiglf_'t
. ) idelity
— Creates a functional, executing model and code base Modeling
of the solution to the mission (along with implementation

code, test cases, test outcomes and other stuff)

— Refines the model to optimize it against the design and
guality-of-service constraints (qualities of service)

— Tests the resulting increment against new and existing requirements

lteration

11 Internet Thing‘s © 2017 IBM Corporation
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Incremental Development with Harmony®

Analysis

&
%
X
b
)
=
©
#
=
T
=
S
l_
v
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Define Reration Software Requirements

[E=AS —
S
HehrideyNoseing: _ _ Q] o e e -
|
T3
! =)
1 Architectural Design - RT
|
= |
(@)] |
n, 5
q) Coliaboration Design -
ol AT
|
|
| By
| &5
— oDetailed Design

1 Requirements- 1
| based Testing T
, o
1 Verification and
_______ Vaidaton | _|
[Critical Error] [Else] L 0\

Perform Retrospective

.

|
|
r —— = = e —

TR
1 B8
| Prepare for
| \Verification and
1 Validation

T3

! &5
| Continuous
| Integration
r===—-===-=--
|
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Agile Practices of the Harmony Nanocg/cle

prepare tor

uuuuuuuu

Modeling

Collaboration
Design

.......

Continuous
Integration

SW Modeling &
Code
Generation

Test Driven
Design

Nanocycle

Nanocycle:
Each loop is
typicalty 20 - 60
minutes in
duration

ldentify software elements

Qevelop test cases

=)

Refine Collaboration

o

Translate

Ee.

Verify Collaboration

[defect]

B e o o o e e e e e e e e e e e e e e e e o e el

Test Driven
Development

13 Internet.iThings

1 [nlo defect] < ;
I |
|

©, [all requirements implemented]

[more requirements]

Continuous
Integration

o

Make Change Set
Available

[stable and usable]

© 2017 IBM Corporation
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Test Driven Development

ZF Rhapsody in C++ by I-Logix Inc. - [Object Model Diagram: Modell *] P[] 9]
Z File Edit View Code Layout Tools Window Options Help -|& x|
s me @2 oz (wrnaaaBER|X |[tHrars|sn |

! Z [DefaultComponent l”DetauIlConfig ~| HJ@ 3 8| ”EJE EHE‘ B ‘

EntireModel View ¥V

/\ Calculator
1 § 1 =

:Tokenizer :Evaluator
+tokenStr : OMString +result : double

+value : double

itsTokenizerl ~ +OP : char 1 +clear():void
1 +tensPlace : double tsEvaluat +reduce():void
+addDot():void fteEvauator +displayResult():void
B g Emp[wStackEvvov +beginToken(char c):void +push(double num):void
H Astibutes +digit(char c):int +push(char op):void
=B Operations +addDigit(char c):void +reduceFactor():void

& displayRes +addFractionalDigit(char c):voi +pushUnary(char unaryOp):void
el +sendOp(int ¢):void +reduceUnary():void

7 eEOS) 1 B
7 evleftParer 1 |itsCharParser

# evMuleOp|

7 3|
7

s

4

pmponents
DefaultComponent
C) Configurations
/ DefaultConfig
ject Model Diagrams
Modelr

kkages

Default

X Actors

B Classes

B Calculator

Tester: Stimulator

<<TestingBuddy>>

| o | B30 sot b0t o1 -t ot | [ 8 | A

evNumber| 1 .
evRightPar :CharParser

Show N T -
oo +exprString : OMString
2 pushichar of +currentChar : char

&2 push(double i T
pushUnary] DOSIE, int
Ereducs” +len :int 3
reduceFactc + .
B reduceSubE freeRun : OMBoolean
reducellnar tohar =
Y S Relitions +print(char* s):voi ;
- Statechart +p 7 t( h ) id :NumberStack
B Number Stack print(char c):voi

B Operator Seack +setExpression(OMString newExpr):void 1
, Reducer 1 /]\

Stack<size T>

a Zck-ullbre . :OperatorStack

B Tokenizer
Events
S Eunctions
& isDigitichar c]
& isDotfchar ]
& isOpjchar ]
& isWhit ha ¥
T

» H Calculati.. |35 Reducer [ CharPa.. [ Stimulator[%° Calculato. [ Tokenizer 4! Madell * E Evaluator

X|[EmptyStackError.cpp :I
2|StackFulEror.cpp
Stimulator.cpp
Feducer.cpp
User.cpp
Default.cpp
MainDefaultComponent.cpp
Linking DefaultComponent.exe

Build Done

T2 TP\ Buitd £ Check Model _Coriiguraion & T ]

IMon, 30, Jun 2003 [3:36 PM

14 Internet Thing‘s © 2017 IBM Corporation



IBM Analytics

Test Driven Development

B I [=lE}

% Rhapsody in C++ by I-Logix Inc. - [Statechart of : Stimulator]
E File Edit View Code Layout Tools Window Options Help -z x|

IpFasme(8? 2w QaREL X ||THYraFs |80 |
}_;’ O ! & leeIauI(Cnmpnnent _JIDefauI(Cnnhg l] HJ@ ‘---" 2B | “Jﬂ EE‘ ‘

N
Entifs dodel Uit makeVerbose/
itsNumberStack->setVerbose(TRUE);

itsOperatorStack->setVerbose(TRUE);

-
hponents =i
DefaultCompor
0 Configurations
DefaultCor
pot AModel Diagra
odelr
tages
efault
R Actors
A Classes
B Calculator
Bl CharParser
B EmpryStack
Evaluator
=-H Artribut
result
=& Operatic
clear|
E displa

evAd

= ReadyToTest )
oid Y test5/ s="14/6 - 8" Testing>

eviL i
evNu
evRig

o evStep/ test6/ s="1+3/5*7*13"
itsCharParser->setfreeRun(FALSE);

testinput/ cin >> s; ~

Y

I: test1/s = "1+2*3",

test2/s=" 2 /3 +1"
makeQuiet/ I—_> >

itsNumberStack->setVerbose(FALSE); _n *Q17. Qv
itsOperatorStack->setVerbose(FALSE); e E L »

test4/ s="-1"

lood WuEO @008 0|/
A

LIl IR SN NN il iifeli i}

push(y
pushl

E reduc: test7/ s="+89" =
reduct

& reduc:
o e test8/ s="4/5 - -8 - +75 + -16"
- Statecha

Number Sta

2
B p testo/ s="6*7/9/4 + -89+3/2"

B StackFullEr
b gi kk? o evFree/ test10/ s="89.43" 4

=R itsCharParser->setfreeRun(TRUE); test11/ s="-89 43 - 7*0.4/5.678-13.7"| entry/

= Operatic

g Relacion > itsCharParser->setExpression(s);

¥ Euents = itsCharParser->GEN(evGo);

: <
§ Functions o

& isDigitichar \, /
E

isDotjchar ¢

lsOpfcharc]
:]L H Calculati.. [Z5 CharPa... [ Calculato. |25 Tokenizer ['47 Modell ]EEvalualor"]@Tnkenizeu.E Tokeniz.. 5 Stimulator [

x|[Generating implementation of Evaluator inta file Evaluator.cpp :I
»

Code Generation Done

0 Errorfs), 0 Waming(s), 0 Messagefs) j
-

[T 4> ]\ Build £ Check Model  Corfigurai J\_Animation /

[Mon, 30, 3un 2003 [3:48 PM
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Defensive Design

= Quality cannot be effectively added later into developed
software

= Defensive design is a practice that improves software
robustness

— Constant execution

« Execute after small incremental changes, typically at
minimum several times per day

— Explicitly state pre- and post-conditions and class invariants

 State assumptions for correct execution (e.g. memory
needs, parameter value ranges, etc)

« Explicitly verify at run-time the expectations and
invariants and take corrective action as appropriate

 NEVER ignore error indications
— Use Test-Driven Development

» Develop your tests prior to, or in conjunction with, the
design of the software elements

16 Internet Thing‘s © 2017 IBM Corporation
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Dynamic Planning

» Harmony® addresses dynamic planning with
— 2 Level scheduling / planning
» Overall project (e.g. initial planning + the set of iterations + deployment
 Detailed just-in-time microcycle planning
» Each iteration is planned around a mission statement, including
» Use case/user stories to be implemented
» Defects to be removed

» Architectural concepts to be realized
» Target platform to be supported (incl. hardware drivers as needed for hw integration and test)

* Risks to be reduced via spikes (risk mitigation activities)
» That your plans are wrong (to some degree) is expected, and results in plan
updates

— Actual progress (“truth on the ground”) is monitored via metrics such as

 Actual time (effort) vs estimated time (effort)

» Defect density

 Project velocity
— Plans are updated at least every microcycle in the Increment Review (“Party Phase”)

task

17 Internet Thing‘s © 2017 IBM Corporation
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Risk Management

» Projects don’t fail at an instant in time - they fail gradually over months or years
= Most projects go awry because of predictable problems that were never addressed
= Practice: The best way to reduce risk is to manage it:

— ldentify the risks

— Define spikes (risk mitigation activities)

— Plan spikes execution in schedule

— Heed the spike outcomes

— Frequently look for new risks

18 Internet Thing‘s © 2017 IBM Corporation
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Risk Management

Task: Plan For Risk Reduction

l__{__k. This task plans for the management of risks during the project.

Expand &ll Sections Caollapse All Sections
= Purpose

The purpose of this task is to identify and prioritize project risks and how they will be handled, and capture this infarmation in the risk management
plan.

i Back to top
= Relationships

Roles Main: Additional: Azzizting:
+ Project Manager

Qutputs + Risk Management Plan

i Back to top
= Steps

Expand All Steps Collapse &all Steps
Identify key project hazards

Determine likelihood of key project hazards
Compute key project risks

Rank project risks

Specify risk mitigation activities for key project risks
Write risk management plan

19 InternetofThing's © 2017 IBM Corporation
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Risk Management

Project Risk List

ID Date Name Description Impact Probability Magnitude Owner Mitigation Strategy
1 1/1/201 CORBA The distributed PID control loop 4 60% 2.4 Sam In microcycle 2, implement the
1 Performance must have response times in < 2 effector smoothing loop over
ms for stability. Since elements CORBA and measure the delay
are distributed using CORBA, this added
may lead to loss of the aircraft if
performance is too low
2 1/3/201 UML The team is using UML for the 3 90% 2.7 Joe In prepsiral planning, engage
1 Experience first time on this project and if it IBM for Rhapsody and UML
doesn't work well, this could add training with a Rapid
significantly to the project time Deployment Package to kick
start the project
3 2/4/201 Chips going Chip vendor has indicated that the 2 70% 1.4 Susan In microcycle 4, evaluate
1 end of life 1753 bus chip used in the design alternatives and select one for
will go end of life in 2014. We going forward.
have to maintain the system for
20 years. We either need to
stockpile enough chips or
engineer a replacement design.
4 2/5/201 Customer Customer schedule is optimistic. 4 80% 3.2 Maggy In prespiral planning, work with
1 schedule is We need to address this either by the customer to see if the projet
aggressive changing the expectations or can be delivered in phases, or if
figuring out how to satisfy the ambitious features can be cut.
schedule.
5 2/5/201 Aerlion actuator The airfoil design is unstable and 5 30% 1.5 Sam In microcycle 3, talk with control
1 has slow requires fast responses to people to determine required
response time maintain aircraft stability. The response rate and airfoil
current actuator design may not engineers to determine
be able to support the required alternative actuator design if
QoS necessary

20 InternetoiThings
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Architecture Through Design Patterns

= Harmony identifies 3 levels of design optimization

— Architectural
— Mechanistic
— Detailed
= Architecture is divided into 5 primary views

— Each view is characterized by its own
set of design patterns, approaches,
and technologies

— Secondary architecture views
include

 Information Assurance & Security
« Data Management
* Quality of Service Management
» Error and exception Management
= Each view has its own design patterns and

technologies &

21 InternetoiThings

DESIGN PATTERNS For
EMBEDDED SYSTEMSin C

An Embedded Software Engineering Toolkit

REAL-TIME DESIGN
PATTERNS

ROBUST SCALABLE ARCHITECTURE
FOR REAL-TIME SYSTEMS

BRUCE POWEL DOUGLASS o

Subsystem
And

Components
View

Concurrency
and
Resource View

Safety and
Reliability
View

Harmony ESW
Architecture

Distribution

Deployment
734 View

View

© 2017 IBM Corporation
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[Architecture} [ Code J

Code is not the only work product
that needs verification and validation

_ Test Results
Requirements
[ Test Cases }
[ Test Plan }

23 Internet Thing‘s © 2017 IBM Corporation
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What do we mean by “verification & validation” of work products?

p

Semantic Verification

)

«  “correct” (compliance in meaning)
Performed by engineering personnel
Three basic techniques

* Semantic review (subject matter expert & peer) —

most common, weakest means

+ Testing — requires executability of work products,

impossible to fully verify
* Formal methods — strongest but hard to do and

. subject to invariant violation

— “well-formed” (compliance in form)

Performed by quality assurance personnel
Audits — work tasks are performed as per plan
and guidelines
Syntactic review — work products conform to
standard for organization, structure and format /

24 InternetoiThings

V)

Syntactic
Verification SWV/erificatinn,

f\/

Validation l

‘meets the stakeholder need”
Performed by customer + engineering

Some common techniques
Review — (subject matter expert & customer) —
most common, weakest
Simulation — show simulated input - outputs
Sandbox — exploratory usage in constrained
environment
Flight test — demonstration of system capabilit
Deployment — early usage of system of partial
capability

ies

/ation
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Executable Models are an important subset of Computable Models
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Executable Models

sandhiEwen eI
1#] coum

i

pint e i recshe 4, cal =)
ol
[=hz=]
[FCowt = 7]
[FCout < 10
declsion [FCout = 4]
[m=]

Z
evPrink
‘500
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Executable Models

Full Trigger

! 100

Release Trigger

selectFuelTypel :
setFuelCost(); resetPump/ Fuel Level

Idle resetPrice();
Fuel Price
requestFuelfunitPrice = 0]
¥
N ( PumpActive h
requestimageRecognition to pCamera
# pullTrigger!
- statPump(), =
‘ WaitingForimage ‘ NotPumping ) p Fumping 1000}/
‘ ‘ o UpdatePrice();
releaseTrigger -
imageConfirmed/ - y -

recordimage(params -= registration);

¥
requestPumpActivation to pCashier

¥

| WaitingForAuthorization activatePump/
‘ enablePumpl);
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Control Surfaces System Simulation Control Panel Diagram
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Tooling Couples Views with Model Repository
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Effective MBSE: Adoption

Determine goal-as-is gap
|dentify future needs
Define to-be process,

practices, and tools

Architect

Plan

Pilot

Define steps to
Enact in a small controlled incrementally adopt
project
Measure success
Adapt approach based on

evidence

Specific metrics to
dynamically measure on-
going success

Corporation
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Approach for Adoption: Engineering Capability Improvement

Overarching Strategy

Define to-be enterprise
architecture

Determine goals and
objectives
Determine as-is
enterprise architecture

Setup Overarching
Governance

Agree to KPIs and
Setup Measurements

Examine Plans and
Standards

Identify Target Projects

Examine project
outcomes

Identify Methods & Standards

Create Environment and
Infrastructure for Success

recommendations

Produce initial

phased plan Prepare Mentors,

Champions and Sponsors

2-3 weeks 1-3 months
Evidence:
. Interviews
. Internal standards

. Project data
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Agree & Charter - i
Objectives Mentor Initial Projects

Initial Training &
Change Management
Process Adaptation for

Project Context
Deploy Environment and

Infrastructure for Success Review & Improve

Lessons Learned

Training & & Materials

Mentors & Champions

Centre of Excellence

Scaling and change mg

1-2 months 3 - 6 months per project

Determined by rollout plan
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ENGINEERING

'R"EAL Tive UML
THrD EDITION

ADVANCES IN THE UML FOR
REAL-TIME SYSTEMS

REAL-TIME UML

WORKSHOP FOR
EMBEDDED SYSTEMS

Second Edition

Bruce Powel Douglass

N

Bruce Powel Douglass PhD

Want to
know more?

=

DOING HARD TIME

DEVELOPING REAL-TIME

DESIGN PATTERNS Fror
EMBEDDED SYSTEMSin C

An Embedded Software Engineering Toolkit

FRAMEWORKS, AND PATTERNS

BRUCE POWEL DOUGLASS

Foreword by Grady Booch

Bruce Powel Douglass
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]EEAL-TIME DESIGN
PATTERNS

ROBUST SCALABLE ARCHITECTURE
FOR REAL-TIME SYSTEMS

BRUCE POWEL DOUGLASS

1BM Limited Edition

Agile Product
Development

DUMMIES

SysTems WiTh UML, OBJECTS|  -Fer=

- Top mistakes to avoid in adopting
agile product development

Jonathon Chard
Bruce Powel Douglass
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