Process Rule Mining Technology
in TRIZ Practice to Resolve the Parameters
Inter-Correlated Complex Problems
with an Industry Case
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Problem Solving Approach in TRIZ

» Premises in Problem - Solution Regularities
» Discovered the Common Patterns of Creative Ideation from Legacy : &0

» Required to generalize into Models and to concretize Concepts

[Abstraction Level]

i S : Generalized
Generalized Analogies from Experiences

P Mﬂdﬂl g, MDdEl

—
Principles, Standards,

Effects

Difficulties [.'liffi:[:ulties
in

Modeling

[Parametric Level]
Specific Intuition or Knowledge Built-in Specific

Problem Situation : i
Divergent Trial & Errors SelUrsr ez
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Rule Discovery Practice

Michalski's Train Spotting

Eastbound trains Westbound trains
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PO5
Meanings of Acquiring the Intelligence

“Intelligence is Knowledge and Foreknowledge of the world around us.
The prelude to Presidential Decision and Action.”

- Definition of CIA of USA

Complex Relationship in IO Conditions for
Parameters Best Case

Insufficient

Desired

Theory or S o . . . Results
Maodel for \ nght Decision &

Problem

Situation 4 | Right Action Diagnosis, Quality,

Performance,
Efficiency,
Inter-correlated Variables Profit
and Variation o
Conditions for

Worst Case
Gl
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Satisfaction mai
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Problem to be Discussed [iisa
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- How to extract Data Patterns that
- represent Process Characteristics in
Problems of Multiple Variables Inter-

- Related

Soaking time [z

‘whashing time 5]

“w'eight of fabric (k)
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Amount of washing powder Amount of water Soaking temperature Soaking time Washing temperature ‘W azhing time Water hardness Weight of fabric
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Parameters Inter-related Complex Problem

Source Dataset 001 - Histogram Source Dataset001 - 250 - Histogram

Quantity(kg/10a) Level: 15 ‘Quantity(kg/10a) Level(1):
@ Bad @ Bad
@ Good @ Good

20120520 201200530 20120608 20120613 20120623 2012/07/0% 20120713
I+ Eflkgl10a) S (2

Many Contradictions are Inter-related
TRIZ may not helpful

Source Datas

Quantity(kg/10a) Level:
@ Bad
@ Good
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PO5
Process Regularities for Operations Intelligence

Recognizable Data Regularities : Knowledge for Decision Making

X2

|
, ' Process Rules Enables

= To Understand the
Process Behaviors

* To Improve Degree of
Freedom in Selection

*To Find the Clues for
Further Improvement

X1
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Traditional Data Analysis & Optimization Approach

Structure of Dataset
Comwentional
input output ::

LI (D Identify the Causes &
I Effects Relationship

@ Collect and Structure the
Data Measured

3@ Identify the Relation
btwn. Result Values(y)
and Each Input(X)
Combinations
(ex. Correlation)

@ Select Vital Few (CTQ)
(3~4 Parameters as
maximum)

(@ Design of Experiments

A 1 7 KX

(& Analyze Results for
Cptimization

i‘:j 6092(
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« Limitation in Identifying
Relationships using 11
Input-Output Analysis

«Vital-Fews are insufficient
torepresentthe Process
Output Characteristics

« Limitation in Improvement
of Qutput Value

Process Output
may not be
Fully explained hg\

each parameters
or Vital-Fews



Proposed Optimization Approach

PO5

Structure of Dataset

==

Result

< rw_z.f(»

TRIZ

ol " Discover the Regularities in Desired

Undesired Result
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‘ . » Discover the Regularities in

i o L RN 4

(@ Identify the Causes &
Effects Relationship

@ Collect and Structure the
Data Measured

3 Identify the Relation
between Result Values(y)
and Owverall Input(x)
Combinations

@ Discover the
Regularities of Input
Combinations for the
Result Values

» Optimal Operations
« Causes and Effects
» Critical to Results

B

» Fact Data Based Rule

Extraction ratherthan
Statistics

* Fully Understand the
Process Characteristics
(Input-Output Relations)

* Optimize the Conditions
only using Historical Data
(Additional Experiments
are not required)

Problem Solving &
Parameter Design by

Revealing the I-O
Relation Regularities
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Benefits using Mining Tools in TRIZ

Input -

(xh namy xm)

- Output

(Yh =nuy YH)

e

To Identify the Process Regularities TI'HHSPE] rent
to clarify Input-Output Relations BOX

BLACK
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An Application Case Study

Operations
Advisor
Dashboard

Data Rule Mining
In TRIZ Practice
Industrial Process

Case Study
&

Demonstration
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@@rJ ePenCe %@]’)3 in Z/\/@‘V“ea




An Application Case Study

suc | [ Fail Process Rule Mining to Identify Regularities
63 (S0%) 63 (50%)

~

s

Best Practice Rule

Common Variables Combination

Project Objectives
of Success Cases

while ﬂ\\'ﬂiding Fail Condition « To Understand Process

» To Optimize Operations
Overall Analysis « To Suppress RISK / Failure

» To Identify Further Improvement

Risk Situation Rule Direction
Com mon Variables Combination Project Objectives

of Fail Cases

while avoiding success Condition

Fail Cases
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An Application Case Study

RO0D2.001 : SUC  Size: 19  Fail: 0% SUC: 100%

Interest Furity Adjusted purity | suc | | Fail |
sa7%  [0E00% N ss.5% 63 (50%) 63 (50%)
S oy loss Safety margin Coverage Size gain

If  UEEEI(MD) in [ 7.87;9.17 ] Ji) 13% - 27% 4
And =E(%) in [ 3.4;3.59] ) l "_H_JL" d X i 9.5% - 81.7% 2
And FIZ = TITANOLE or TITANDISECO(FSC) or 00|53 A0LE NUaH 4 8.3% - 70.6% 5
And ASH (%) in [ 16.6; 25.5] [LﬂH il Ji) 5% - 84.1% 1
And UEHT(MD) in [ 2.86; 3.53 ] i) 0% - 659% 0
And UFHT(CD) in [ 2.32; 3.12] i) 0% - 42,5% 0

And £ Z(sec) in[16;33] ﬂ & 0% - 50.5% 0
And ZEIW (sec) in [35;55] u[||] I][II]h il & 0% - 88.9% 0
And HETT (=sec) in [ 32;49] fna o nn i 0%s - 91.3% 0

And BT in [ 80 ; 180 ] It % 0% - 100% 0

then Result = SUC - - ?

<ndex> E| KB B  NEEBgsm)| BEosm)| FMim) | Buk | BELT(sec) BHTW(sec) =E(%) |ADIZEL(sec) AsH(%) |EAx(sec) AEAx | scottls FAARET%) UZZT(Mp)| AZBZL(co) NBZT(MD)| Result
000019 TmaNOIE 80 43 432 61 127 48 52 368 1 174 17 57 791 232 3.41 suC
000030 TMANOLE 90 55 55.1 70 127 32 35 38 2 19.3 19 66 M 0.12 9.04 26 3.47 suC
000031 TmANOIE 90 55 546 70 1.28 37 38 38 3 18 16 68 579 0.07 9.17 27 3.32 suC
000032 TmANOIE 90 55 545 70 1.28 40 42 34 4 19.1 16 65 557 0.06 88 249 3.53 suC
000033 TMANOLE 90 55 547 7 13 36 44 37 2 166 17 86 978 0.14 852 279 3.0 suC
000034 TmANOIE 90 55 563 7 1.26 45 4 38 0 19.4 19 61 635 0.14 8g2 291 3.07 suC
000044 EHANE 95 ~ ~ ~ . o .

wo | [EEAOE| 19 Process Data are explained with discovered Process Rule (Variable Combination)
000072 TmandE 100 . " "

woors || Toa0E| 1w Output Value of selected 19 Data is all “Success Case

000084 EECO(FSC) 105 . . . .

e s 88.5% Quality are assured by using suggested Combination

000087 EECO(FSC) 105

000091 TmANOIE 115 69 70 88 1.26 36 37 35 1 219 2 57.4 300 0.38 868 289 201 suC
000103 SLA0E 120 73 737 91 123 36 35 34 2 232 28 56 313 0.27 842 27 3.04 suC
000104 EA0E 120 73 729 90 1.23 45 43 38 4 19.5 28 62 357 0.85 895 292 3.07 suc
000108 TmANOIE 128 77 772 95 123 42 40 378 1 217 20 54 249 9.09 3 3.03 suC
000113 TMANOLE 135 2 37 105 1.25 32 35 35 24 2 54 160 0.79 amn 298 293 suC
000120 EA0E 150 94 942 113 1.2 45 43 3.83 255 33 62 180 0.74 855 299 286 suc
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An Application Case Study

[Summary of Project Result] SUC Fail

* Process Quality Improvement 35% ~: [ 50% B 85% ] 63 (50%) 63 (50%)
* By using Data Analysis only without Any Experiments

* Process Operational Condition Setting for Products

* Products A Group : (Quality Improvement 56% P 84%)

* Products A Group : (Quality Improvement 47% » 89%)

* Main Products Group : (Quality Improvement 41% » 87%)
* To Identify Critical Process Parameters using Parameter Sensitivity Analysis
* To Identify Causes of Product Fail and Defectives

* To Suggest the Directions of Further Improvement

* To Motivate the Importance of Data Management in Innovation Process
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Conclusion

+ Providing innovator with the capability to...

Understand (I-O, Cause-Effect) Behaviors of Complex System

Extract Process Rules from Historical Dataset without Experiments
Simulate Input-Qutput Sensitivity to Optimize Process
Improve Operational Performance of System

Parameterize Conceptual Idea into Practical Solutions

To Facilitate the Innovation Process more Accelerated

Gilebal
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