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The Big Picture
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Towards A Universal Systematic Innovation Methodolo qy

- -

CMM

Systematic
Innovation

| Cybernetics |
- Taguchi
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Two Questions

1) Is there a way of finding SHORTCUTS to the good
solutions?

2) Is there an overall direction towards which
‘useful’ solutions will progressively evolve?
(can we anticipate the next problem. And the
next...)
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MILLIONS of systems

!

HUNDREDS of different problems

TENS of successful solutions
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TRIZ — Tool? Method? Philosophy?

A Collection of Tools

A Philosophy
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Seven Pillars of Systematic Innovation
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Some Software Statistics

* over 80% of software projects fail before they
reach the market

* over 90% of those projects that do
reach the market will also fail

* Over 95% of software projects are delivered late

over-budget or to a lower quality than was
originally planned
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What Is Happening Here?
Root Causes Of Poor Software Quality:

1) Isolation From Other Disciplines
2) Insufficient Planning/Setting The Wrong Targets

3) ‘Wicked’ Problems Inconsistent With Current
Process Models

4) Massive Rise In Computing Power
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Isolation From Other Disciplines
- Law Of System Completeness
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Key Software Design Problems:
1) Business, Technology... And Software

Traditional View TRIZ View

Business,
Technology
&
Software

Technology
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IT'S THE WHOLE THING
KEEP1TSIMPLE, STUPID

Every complex problem has a simple, wrong answer.
Niels Bohr
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* Many systems are recursive...
* ...what happens at one scale repeats at another

* Examples
- organisations -
- spiral dynamics
- system complexity

Increases

Decreases
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Law Of System Completeness

Every system must contain the following elements:

ENGINE

TRANSMISSION

TOOL

INTERFACE
JUSER
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Law Of System Completeness

This rule applies at every level of system hierarchy:

PHYSICAL WORLD

SOFTWARE

OPERATING SYSTEM
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Law Of System Completeness

Software Level:

ENGINE TRANSMISSION TOOL
(Algorithm) (Code) (Routine)
Software
Operating System
CONTROL
(0S)
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Law Of System Completeness

System Level:

Software

ENGINE

TRANSMISSION TOOL

CONTROL
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The Biggest Software Problem....

Every system must contain the following elements....

ENGINE

TRANSMISSION

TOOL

INTERFACE
JUSER

CONTROL

/

W

...but very often the software team only
has responsibility and knowledge for

this part
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The Biggest Software Problem....

So how can we find out more about these other elements?

INTERFACE
ENGINE TRANSMISSION TOOL USER
|
|
|
|
CONTROL p——Lb oo )

Answer: Technical TRIZ!!
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System Completeness and OVER-Completeness

Ideality‘

System |
Complexity

v

Time
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System Completeness and OVER-Completeness

. A
Complexity
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Addition of new L
functions Trimming

>

Traditional
Evolution

Path
Evolved
System
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' Evolution Path
Current !
System ’
Time
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Overall Complexity Rises Over Time

A
Complexity

Typical evolution
trajectory

Duration of one S-curve

‘Autopoietic Optimum’
Evolution Trajectory

>

(complexity generally migrates to the sub-system and is hidden

until such times as the user wishes to find it)
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Complexity Increase And Migration Example

d

Pilot controls roll

Pilot controls turn

Pilot controls wing flaps
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What Is Happening Here?
Root Causes Of Poor Software Quality:

1) Isolation From Other Disciplines
2) Insufficient Planning/Setting The Wrong Targets

3) ‘Wicked’ Problems Inconsistent With Current
Process Models

4) Massive Rise In Computing Power
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Insufficient Planning
ldeal Final Result and ‘SELF
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Key Software Design Problems
2) Insufficient Planning

ACT PLAN FIRE-

a FIGHT [,

STUDY DO DO

The Idea The Actuality
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Insufficient Planning....

¥ COMMITMENT

SPEND

>

4.‘ « Time

‘Back of envelope’

...doesn’t need to be expensive (0.001%), but by the time | have my

Breakthrough design concept, | have commited 90+% of my total budget
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* Ideality is the over-riding driver for
system evolution

* |deality Is about increasing the good,
decreasing the bad

* ldeality = ‘Value’ = Benefits
(Cost + Harm)

* IDEAL FINAL RESULT — all the benefits,
none of the cost or harm

* ‘free, perfect & now’

*'SELF



SELF-

©2006, DLMann, all rights reserved

compensating

aligning
adjusting
updating
repairing
organising
assessing
correcting
etc



SELF Happens Much Faster In The Soft Environment

Self-piloting yes

Self-propelling 80years+

Self-updating yes

Self writing  2years+

©2006, DLMann, all rights reserved



Completed
Integrated Into
Higher Level
System

Independent Connected Into
structure Higher-Level System

Duration of one S-curve

P
A

Complexity

trajectory

2

Typical evolution

‘Autopoietic Optimum’
Evolution Trajectory

Time

v
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user writes software

Word-processor
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IDE

templates

(software written by
human)

wizards

auto-reply

(software writes
itself)

self-generation

semantic analysis



Problem Solving And ‘Ideal Final Result
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Maps Of The Strategic World

Achieve The FUNCTION
with zero cost or harm

IFR

System
Today
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Maps Of The Strategic World

2) Knowledge/Effects
3) ldeality/Ideal Final Result

IFR

System _ o
Tyoday 1) Contradictions/Trends/Trimming
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What Is Happening Here?
Root Causes Of Poor Software Quality:

1) Isolation From Other Disciplines
2) Insufficient Planning/Setting The Wrong Targets

3) ‘Wicked’ Problems Inconsistent With Current
Process Models

4) Massive Rise In Computing Power
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Wicked Problems
Law Of Requisite Variety



Law Of Requisite Variety

attenuate variation /

Only variety can

atte\mete v?éon absorb variety

Control/management -

(problem exacerbated by lack of user knowledge)
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SYSTEM OPERATOR (‘9 Windows’)

SUPERSYSTEM

SYSTEM

SUBSYSTEM

PAST PRESENT FUTURE
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Major Software Problems:

SUPERSYSTEM

SYSTEM

SUBSYSTEM

PAST PRESENT FUTURE

Failure To Anticipate
The Changing Needs
Of The Outside World

©2006, DLMann, all rights reserved



DCM Evolution — Likely Timing

Market Penetration /-
Effectlve /

Speech Semantic
Recognitioh -~ Phone

2003 2004 2005 2006 2007 2008 2009 2010 2011

NB: Timing assumes DCM applications found to drive demand + industry will to deploy

©2006, DLMann, all rights reserved



The Dodo
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Key Software Design Problems
3) Process Flow...

The theory:
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The Practice:

Wicked Problems: Naming the Pain in Organizations
E. Jeffrey Conklin & William Well
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What Does This Imply?

When we are working on a ‘wicked’ (complex)
software problem, there is no such thing as a
1-2-3-4 process for solving the problem.

Very often we can only realistically begin to understand
the real problem after we have generated potential
solutions
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Slt=EINEL)

SPECIFIC

Domain of RESOURCES

Domain of PROBLEMS X =%, Domain of SOLUTIONS
‘Voice of the Customer’ ‘Voice of the System’

Domain of CONSTRAINTS

SPECIFIC

GENERIC




Domain of PROBLEMS B ATEGY Domain of SOLUTIONS

‘Voice of the Customer’ ‘Voice of the System’
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IFR — Fixed AND Moving

Our definition of ‘Ideal’ Will Change Over Time
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IFR — Fixed AND Moving

\
\
‘ \,> ‘X’
Function
IFR Migrates
To The
Super-System _
‘Advertise’

current position

Function

current
position

Search’
Function
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* Complex Systems emerge from simple base
rules

* Systems involving humans and human
Interaction operate at the edge of chaos

* Software systems are designed
to serve humans

mOZm@aom< Mm

* Complexity is fundamental to
software design

* We should always be looking
for Butterfly Effect ‘levers’
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Non-Linearities

Butterfly flaps wings in Rio ...Hurricane in Long Ashton

* Charles Bronson movie reduces crime in New York by 40%

* Change in Abortion Law in US in 1973 causes widespread crime reduction
In late 80s

* Button falls off Duke Ellington’s jacket and starts a wide-spread fashion

* The name you give to your offspring will have a significant effect on their
future life
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Evolution Occurs Through Discontinuous Shifts...

‘VALUE' = IDEALITY
= Benefits/(Costs + Penalties)

3rd GEN.....

What Does These

Jumps Look Like?
2nd GEN

1st GEN

TIME
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Software Trends Segmentation

Nesting - Down
Mono-Bi-Poly (Similar)
Mono-Bi-Poly (Various)
Mono-Bi-Poly (Inc.Diff.)
Dynamization
Connections

Degrees of Freedom
Increasing Use of Dimensions
Asymmetry

Design Point

Design for Robustness
Non-Linearity
Feedback & Control
Use of Senses

Use of Colour

Design Process
Knowledge

PERFECT

INTERFACE
FREE

SPACIAL TEMPO
RAL

Human Involvement/Autopoeisis
Reducing System Complexity
Nesting - Up

Action Co-ordination
Rhythm Co-ordination
Boundary Breakdown
Nesting- Time
Damping
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v
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Khairul — this one the same as the business

Trend | described last week

S
Target /

S

Target

a

Target

[
»

%
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Simple text file
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(Khairul — animate

box making an

elastic stretch and then
shrinking back to
original size)

hyperlinked text animated, changing

OMG'’s Model Driven Architecture
Platform Independent Model (PIM)



Key Offering — Evolution Status And Potential

Google

\ Pre-Google

Innovative jumps made by Google:

1)  Tailoring to different countries

2)  Toolbar/incorporation into other software
3) Search algorithm includes ‘proximity’

©2006, DLMann, all rights reserved 4)  Images/Froogle/etc



What Is Happening Here?
Root Causes Of Poor Software Quality:

1) Isolation From Other Disciplines
2) Insufficient Planning/Setting The Wrong Targets

3) ‘Wicked’ Problems Inconsistent With Current
Process Models

4) Massive Rise In Computing Power
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Massive Rise In Computing Power
Contradiction Elimination
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Key Software Design Problems
4) Massive Rise In Computing Power....

©2006, DLMann, all rights reserved

...means that we can
often ‘get away’ with
mediocre or poor
programming

(future improvements in
processor will compensate
for inefficient algorithms)



Trade-Off versus Breakthrough Thinking

High Quality or Low Cost
Affordable or Customized
First Cost or Life Cycle Cost
Adaptive or Fixed

Big or Small

Secure or Useable

A or B
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High Quality and Low Cost
Affordable and Customized
First Cost and Life Cycle Cost
Adaptive and Fixed

Big and Small

Secure and Useable

A and B



The Software Design Process As A Fluid-Filled Bag

Access

Security

Compatibility

Use-ability Efficiency

Reliability
Performance

Durability
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TRIZ For Software
Contradiction Matrix
Parameters:

©2006, DLMann, all rights reserved

Size (Static)

Size (Dynamic)

Amount of Data

Interface

Speed

Accuracy

Stability

Ability to Detect/Measure

Loss of Time

Loss of Data

Harmful Effects Generated By System

Adaptability/Versatility

Compatibility/Connectability

Ease Of Use

Reliability/Robustness

Security

Aesthetics/Appearance

Harmful Affects On System

System Complexity

Control Complexity

Automation




Parameter We Want to Improve - Size (Static)
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TRIZ Contradiction Matrix

‘Contradictions’ is all about identifying and eliminating
design compromises

Parameter Which
Gets Worse

v

Parameter
To Be

Improved Y 5,2,35>
Specification
Memory
Speed
Security

B)
Adaptability \ |
etc Inventive

Principles

)

(
/

a)
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TRIZ - The 40 Inventive Principles

©ONOOAWNE

Segmentation
Taking Out
Local Quality
Asymmetry
Combination
Universality
‘Nested Doll’
Counterweight
Prior Counter-Action
Prior Action
Prior Cushioning

. Equi-potentiality

‘The Other Way Round’
Spheroidality

Dynamics

Partial or Excessive Action

. Another Dimension

Mechanical Vibration
Periodic Action
Continuity of Useful Action

©2006, DLMann, all rights reserved

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Skipping

‘Blessing in Disguise’
Feedback

Intermediary

Self-Service

Copying

Cheap/Short Living
Mechanics Substitution
Pneumatics and Hydraulics
Flexible Shells/Thin Films
Porous Materials

Colour Changes
Homogeneity

Discarding and Recovering
Parameter Changes
Phase Transitions

Thermal Expansion

Strong Oxidants

Inert Atmosphere
Composite Materials



40 Inventive (Software) Principles

©ONOOAWNE

Segmentation
Extraction

Local Quality
Asymmetry
Combination
Universality

‘Nested Doll’
Counterbalance

Prior Counter-Action
Prior Action

Prior Cushioning
Remove Tension

‘The Other Way Round’
Loop

Dynamics

Slightly Less/Slightly More

. Another Dimension
. Vibration

Periodic Action
Continuity of Useful Action
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21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Hurrying

‘Blessing in Disguise
Feedback
Intermediary
Self-Service
Copying
Cheap/Short Living
Another Sense
Fluidity

Thin & Flexible
Holes

Colour Changes
Homogeneity
Discarding and Recovering
Parameter Changes
Paradigm Shift

Relative Change

Enrich

Calm

Composite Structures
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TRIZ Contradictions Solution Procedure

A WORLD'S
SITUATION mmmmmlpi BEST IDEAS
LIKE MINE IN THIS
I SmiTION
MY MY
SPECIFIC SPECIFIC

SITUATION SOLUTION
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Example Problem — ‘Hicks Law’

Processing Time = Constant x log(nhumber of pieces of information)

Time taken
to interpret
High| information
(bad)
Low _
(good) Amount of Information
>
ngh Low
(good) (bad)
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Example Problem — ‘Hicks Law’

Time taken
to interpret
High| information
(bad)
TRIZ
Contradiction
. Elimination Direction
Low ....,‘ o _
(good) . Amount of Information

L~ High Low

IFR (good) (bad)
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TRIZ Contradictions Solution Procedure

TRIZ TRIZ
GENERIC - GENERIC
PROBLEM SOLUTION
1) Define problem

in terms of generic

Contradiction

parameters
SPECIFIC SPECIFIC
PROBLEM SOLUTION
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Map

High
(bad)

Low
(good)

ping Onto Matrix:

Time taken
to interpret
information
Amount of Information
High Low
(good) (bad)
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Size (Static)

Size (Dynamic)

Amount of Data

Interface

Speed

Accuracy

Stability

Ability to Detect/Measure

Loss of Time

Loss of Data

Harmful Effects Generated By System

Adaptability/Versatility

Compatibility/Connectability

Ease Of Use

Reliability/Robustness

Security

Aesthetics/Appearance

Harmful Affects On System

System Complexity

Control Complexity

Automation




TRIZ Contradictions Solution Procedure

2) Use Contradiction
Matrix to obtain relevant
Inventive Principles

TRIZ TRIZ
GENERIC - GENERIC
PROBLEM SOLUTION
SPECIFIC SPECIFIC
PROBLEM SOLUTION
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—

Meaning:

Synonyms, Antonyms and Equivalent Meanings: pace, h

rameter We Want to Improve -

Averaged list of Principles that should be consider
10, 13, 3,24, 17,35, 4, 2,5, 37, 19, 25

List of Principles relevant to each specific worsen

©2006, D

Speed

ing parameter:

Ind of proces s or action. The speed may be relative or absolute,

aste, rapidity, acceleration, slowness, run-
ed where we w ish to improve this parameter (decreasing order of

Worsening Parameter

List of Relevant Inventive
Principles

(decreasing order of
frequency)

Size (Static)

3 10 17 35 31 14 13 15

Si o
Amount of Data
——

2 ( 34 10U I IS5

7105 37 32 28 4

Interface $Q=P==F=10"32 13

Speed (see Physical Contradictions section)
Accuracy 24 25 3713217 31
Stability 24 3 10 13 33 40 39

Ability to Detect/Measure

3 37 24 32 28 35

Loss of Time

13 10 5 25 3 19 4

Loss of Data

10 7 24 6 37 3 26 35

Harmful Effects Generated By System

3524 2 411 17 12 15

Adaptability/Versatility

15 10 1 35 28 29 19

Compatibility/Connectability

719 3124 136

Ease Of Use

25 13 15 17 37 28 32

Reliability/Robustness

25 40 5 13 28 35

CV@anmn, ait rights reserved

~ A an "N 1 an

and relate

time, execution time, clock

frequency



TRIZ Contradictions Solution Procedure

TRIZ TRIZ
GENERIC - GENERIC
PROBLEM SOLUTION
SPECIFIC SPECIFIC
PROBLEM SOLUTION
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3) Translate generic
Inventive Principles
into specific
solution



Accelerated System Evolution

%

"IFR

Every contradiction we overcome

Toda
4 |s a step closer to the IFR

‘FIND THE CONTRADICTION’
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Subversion Analysis
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“If builders built buildings the way programmers wrote programs,
the first woodpecker that came along would destroy civilisation”
Weinberg’s Law

“Variables won't. Constants aren't.”
Osbhorn’s Law
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&b &b

\ 4

“Trial & Steady-State Transient Slow Degradation  Cross-Coupling  Design For
Error Design Design Effects Effects ‘Murphy’
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False Givens 1)

How tall are you?

2)

What is your normal
body temperature?
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False Givens
How tall are you?
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Find The False Assumptions

"l need to test this device my creating multiple instances, in which all instances can not
be done internally by writing scripts, but has to have a physical interaction with the device,
such as entering values. At the same time there is an external system that interacts with
the device to give the interrupts and the device will process the interruptions based on the
user actions (the interruptions from the external systems are created not because of the
user action on the device) and give output.”

"Each of my test cases takes minimum 45 minutes to complete the testing, and there is

no way of automating them because it involves manual process of changing hardware for
every test. These add on hardware stores the files and run time application that is required
for operating an external device. Each file that needs to be programmed on this

task is big in size, and writing all files to the cartridges takes 30 minutes.

Preparing a device for testing (formatting them) takes 40 minutes and can only be

done manually. The device is connected to a USB and only one device at a time

can be connected to system. There are 800 scenarios that need to be tested only with

the device programming.

How can we reduce the testing time in this scenario? This is a problem, because no way

we can spend 600 hours for testing this alone, and there is no way we can use
800 devices and 800 systems for testing"

©2006, DLMann, all rights reserved



Find The False Assumptions

"l need to test this device my creating multiple instances, in which all instances can not
be done internally by writing scripts, but has to have a physical interaction with the device,
such as entering values. At the same time there is an external system that interacts with
the device to give the interrupts and the device will process the interruptions based on the
user actions (the interruptions from the external systems are created not because of the
user action on the device) and give output.”

"Each of my test cases takes minimum 45 minutes to complete the testing, and there is

no way of automating them because it involves manual process of changing hardware for
every test. These add on hardware stores the files and run time application that is required
for operating an external device. Each file that needs to be programmed on this

task is big in size, and writing all files to the cartridges takes 30 minutes.

Preparing a device for testing (formatting them) takes 40 minutes and can only be

done manually. The device is connected to a USB and only one device at a time

can be connected to system. There are 800 scenarios that need to be tested only with

the device programming.

How can we reduce the testing time in this scenario? This is a problem, because no way

we can spend 600 hours for testing this alone, and there is no way we can use
800 devices and 800 systems for testing"
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Finding ‘False Givens’

Usual Words Better Words
But And
(this would work, but...) | (this would work, and...)
Either/Or And
(it's either Aor B...) (AandB...)
The A/An
(the solution...) (a solution...)
IS (Leads) To
(a bottle is...) (but could lead to...)
Only A/An
(...is the only way) (...i1s away)
True/False Often/Maybe
(it is true that...) (it is often true that...)
Always/Never Often/Maybe
(we always...) (maybe we...)
Must/Cannot Convention/Typically
(we must...) (conventionally...)
Maximum/Minimum | Convention
(that is the maximum...)| (conventionally...)
Law Convention
(the law says...) (conventionally...)
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Subversion Analysis

If the failure happens then the resources to make it
happen must already be present in the system

Subversion analysis is about finding those resources

It is about ‘inventing failure’

What could possibly go wrong, will go wrong

What could possibly go wrong in the future, will go wrong
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1) Localise the problem — when and where

2) Amplify the problem
(How could we make the problem happen all the time? )

3) Formulate the inverted problem

4) ldentify Necessary Components

5) Identify Resources In the System
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Omega Life Views (OLVS)

Most large organisations design products and services that are designed to satisfy
the majority of consumers — they seek to find the ‘optimum’ solution....

@ ’ @

Extreme B OR ‘Average'optimum’ OR Extreme B

...but the large majority of evidence suggests tha tke major innovations
emerge from people at the fringes of the normal curve (‘the Omegas ’). These are
people that experience different problems and more extreme versions of current
problems, sufficient that they are highly likely to discover a solution.

By putting ourselves in these positions, we can very often identify the niche
solutions that are destined to enter the mainstream in the future
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Putting It All Together
Summary
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Software Engineering Will Get Better When...

...Engineers Think Harder About The Problem
-IFR

-Law Of System Completeness

-Law Of Requisite Variety

-Subversion Analysis (Synthesis)

FIRE- /

FIGHT

PLAN

..and
“Find The
Contradiction”

DO
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Www.systematic-innovation.com

*Education/Books/Software
*Problem Solving Consulting
*Breakthrough software design
|P Strategy

Darrell Mann
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