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2)

3)

Goals of this Presentation

QFD is not a thing of the past
but essential for Al

Motivate you to grow from a AR
QFD expert to become an Al expert:

Looking at history of Al and QFD: R Y

Same origins, same goals, similar hurdles * ~
In God we (st

all othens must bung doto”
( Edwaed Deming, Guandfedher of Lean) 3
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c=xample: Improving Call Center Services with Classic QFD
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The Nineties T Bad Mathematics

: . . . y _ q =@
Customer |  How to make sure that the identified  Critical To Quality Critical To Quality i
i i . . . ; S n —=
e solution profile delivers the expected DPeployment Combinator g 2 5
? = 5 2 8|2
response: p 5 > ﬁ o § §
Lean 6 Mathematically speaking, = | = 2 x| 8
S S o =X(isnot a solution forc =e S8 o & 2%
& This is how people used to interpret ~ Expected Response X X R X
agil QFD matrices in the early times yl Friendliness 0.69 0.623
P _ - y2 Responsiveness 0.56 y 0.69_
= difference between expected y3 Accuracy B L O 037 .
Estimf.mons response and achieved response Solution Profile for Critical To QUal@2: 0.47 0.40 0.49 Convergence Gap
J
. , o . 37 Total Effort Points
6 [l¢ =4 \/B((U Bw w ) 0.10 Convergence Range ’ | ’ |
Tran 0.20 Convergence Limit

Functions . _X‘

LA



F D euro project office
Master your project.

Solution with Eigenvectors
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Our knowledge base, e.g., the

Neural Network to be trained
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Counting Frequencies

Large Language Models(LLM)
Generative Pretrained Translator =
Pretrained by counting words and their sequence
A It understand nothing

80° Temperature

A Means that it selects randomly among the 20% best matches
A Otherwise, LLM become boring

Ot O

(@]

LLMs can be used to provide a flawless, elegant Engli

0 And a few other languages as well, includingdlsch and
evenSchwyzerttisch

0 "Daach zosamni&or«Guete Morge zame

19
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An LLM does not use English words but tokens
NYt 1JUt Wa YT Rn! We Wi RUN2 Rt q RiAdibild IYe Ha 2"

~

0
0

0

As results we must solve very large matrices

0

o

It is the basis for the Translator

Embeddings are similar objects

A E.g., dogs and cats are common pets, whereas crocodiles are not
A All embeddings are enumerated
A Tokens have a distance between them

Like good old Quality Function Deployment (QFD)
Although much, much larger
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Tokens

20



Orientation

Processes

Estimations

There is no hope to calculate the Eigenvector
6 N6 1WI Wi Yt Uk qW+# Rt qWe UWIe G 1
0 All Eigenvalues are numerical approximations

The big breakthrough was in 2012

0 It was understood how to calculate very large matrices with parallel processors

~

A typical large Al matrix is a spare matrix

0 Most cells remain empty
0 This is why they are called

Neural Nets

. —
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Solving Large Matrices

HW YideqRYU

l _

0 Graphical Processor Units (GPU) are much better than sequential CPU

Ve
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The Graph Model of Combinatory Logic
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\
STR—— 00 TR ¢ B
e Grounding Observations.==

| Algebraic combination ofObservations and Concepts is called
Knowledge about some Domairt
6 Ifd and< is knowledge, the combination! - \s\knowledge as well

I (od od alt>
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What is Intelligent Al?

( I ) . ° Observed Eﬁvect ,

Selletitionf @it@estvations Q) O

srounding Observation

Intelligence means two different skills | Knowledge means
6 9YOUGONUHqRUNDWI ¢ac¢ W9 f HAdl[KFofv fhélbata
rwin engeler
0 Understanding data (lous) 0 Know the rules Professor emeritus of Logic
. ] y and Computer Science,
0 Intelligent Systems are smart 0 Work smart Mathematics Department,
ETH, Zurich
An LLM is intelligent in the first sense, |  TheGraph Model of Combinatory Logic
but not smart 0 Selecting relevant instances from the world
0 It finds answers by statistical fit that it represents (grounding)
from the data it collected 0 ItisTuring complete :
0 It has no idea why this fits A That means you can write rules and full

algorithmic programs in the same model
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Recognizing Objects
0 For instance, visual recognition

Hidden Layers

ereq ihdino

Ry

&

o O O Sa

N

./

Graph evaluates to domain element
Visual object recognition
LLM language recognition
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Recognizing Rules

~

0 Looking at behavior
0 Reinforcement Learning

e1eq ihdino

Hidden Lavers

\{
<y

Rules recognition
Behavior learning

e
&
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Three Types of Knowledge Graphs

Customer
Orientation

| Closed Loop Graphs |  Substitution of arrow terms @

0 Called Lambda Concepts 0 € WO W
sx S 0 Algorithmic behavior 0 € WOnNOo®
6 Traditional Programs 5 1 (co o (&Ho 5)) 0 QO
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Logical Derivation " . .
Agile g © (U) (JL)F] © 6)
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Three Types of Knowledge

Three Types of Knowledge | Technical Solutions

0

(@]

(@]

What objects should it recognize? 0 Training Models
A The underlying domain objects A Typical samples from a typical world
A Perceptrons that recognize them A Deep Learning, continuous updates

A Many solutions for the same object A Neural networks

What concepts should it learn? 0 Reinforcement Learning Concepts

A Some concepts are easier to learn than A Learning to perform actions that are
being programmed typical for the domain they are built for

A9 YUqRUzaYet G! Wel ¢ GaqRUNLUWq Y WA Cordtinuotisyl &ddpding dyedlectihg and
and preferences evaluating experiences

Which concepts are compulsory? 0 Lambda Concepts

A Deterministic behavior A Reacting on specific objects & scenarios

A Structural knowledge A Predefining behavior

A Algorithmic programs A Compulsory decisions 07
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Three Types of Knowledge

0 What objects should it recognize?
A The underlying domain objects
A Perceptrons that recognize them
A Many solutions for the same object

(@]

What concepts should it learn?

A Some concepts are easier to learn than
being programmed

A Continuously adapting to usefs behavior
and preferences

(@]

Which concepts are compulsory?
A Deterministic behavior

A Structural knowledge

A Algorithmic programs

euro project office
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Three Types of Tests

A Test Iis passed, when

0

(@]

(@]

The Al Agent recognizes the object with
expected reliability

A The individual test case is not predictable
A The knowledge is of limited reliability

The Al Agent recognizes the concept
A The individual test case is not predictable
A The knowledge is of limited reliability

A Design of Al Agent must include corrective
measure in case the response is wrong

Responses are correct

A The Al Agent uses knowledge that 0%
reliable T usually written in Python

A Testable like any traditional program -
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Explainable Al (XAl)

Input Layer/
Customer | A big problem for Al is that nobody knows X _ N
e what happens in hidden layers 2 | @ 5
s - 2
. . . . Q —
| Itis unlikely that hidden layers implement J®
Les . > " Output Layer
Six Sigma the most straightforward arrow schemes
0 In contrary, combinatory logic has no normal form Hidden Layers
Al 0 There exist many ways to find a valuable result, even for the same result

Processes

| Regulators try to impose rules for training sets
0 Itis very difficult to assess quality of a training set, because knowledge is always limited

Project
Estimations

| Current explainability techniques
0 SHAP SHapleyAdditive exPlanations) is a gametheoretic approach
Transfer

Funciets 0 LIME (Local interpretable modelagnostic explanations) is a method that fits a surrogate
glass-box model around the decision space of any blackl Y # WG YT Jd kKt WGl JT RH

A lot more, all based on statistical correlations, not on reasoning 29
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intelligent Systems are Based on Controlling Combinators

Controlling Combinators rdo loop
and augment knowledgew under
control

Controlling Combinators are of type ®
Focusing & FEQHRQ s
Control Sequence® P& P & P E

The amount of available knowledge is
measured asReliability

Stop looping when approximation to
correct response is good enough

Ot Or Or O

(@]

Neural Networks in the brain do loop!

0 Controlling Combinators keep looping
programs under control

eleq 1ndu

Deep Learning by multilayered
perceptrons (MLP) is ordered

0 No loops from input layer to output layer

Input Layer

Hidden Layers

eleq indinp
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Assume reliability can be measured Camera \Weather Lidar
0 You can compare reliability of two Al | Service | | ] |
engines, e.g., camera and Lidar —
0 The judge about which reliability is
higher
A That might depend on external factors
such as weather condition or lighting
0 Then decide according to the best
prediction
judging
Intelligent systems arise from Reliabilit

cooperation between Al and

functional programming Classificati

31
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Combine QFD Test Deployment with Al Recommender

NPS
VoG CN
Customer |  QFD Test Deployment =|||E—
Orientation . ) = — .
0 Net Promoter Score yields Customer Needs [ Effectiveness
0 Effectiveness yields User Stories (FUR) v E e
< o 0 Test Coverage yields Test Stories Necds () EHE
X SIS IS Test Coverage
. . d TSt USt
| Test Stories consist of set of arrow schemes “0"ene! US%%O”GS =
 Aall (YQIO@ WY Qi neei Q Lol — 3 'E
/ \\\ S 77 = \\ ¢

Test Stories

| Al Recommender produces a set of arrow TS

el schemes that can be compared with Test
Stories
0 This yields realtime validation for Al
Transfer recommendations

Functions

0 Their arrow schemes must fit into Test Stories Recommendat

32
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Customer I TheSkills Definition
Orientation
0 How do we identify the skills

that we want to improve VECIC
B0
. | TheVector Prompt ——
ix Sigma
0 The vector furnished to the
neural net to stimulate a
Agile response /,g/ 2
Processes S | .-8 ~
| TheConvergence Gap - g o
. . QO —
& The difference between skill \ ]*®
o goals and skills achieved Output Layer
| TheParameter Adjustment
5 The d | . trat t deft Layers
Transfer 0 Ihedeep learning strategy to Convergent
Functions improve the Al response Gap
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The Cause-Effect Concept Generator (CECG)

| Anlintelligent System Is a hybrid
system between Symbolic Al and
LLMSs that checks responses with a
Cause-Effect Concept Generator
(CECG)

o)

(@]

(@]

A CECG generates rules derived from
some rule set, using the same tokens
as the LLM

Because tokens have a distance,
building a convergence gap calculator
s relatively easy

The CECG uses mathematical logic to
derive valid combination of rules

15 years ago, the world was full of loT
Smart Systems, also called Intelligent
Systems

0
0
0

An LLM is not smart

0
0
0

However, they used no Al Engines
All was algorithmic
Type® requirements

A CECG can be smart
f qkt WHGCH t RACT
With smart search

ct.
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“nlodeling Functionalities According to ISO 19761 (COSMIC)

! Sensor / ' Actuator / Al Engine ‘
Process
| | | | |

Device Data Log

Customer | Data Movements move Data Groups . 1./ Move some Daia :
Orientation . . | Ve $ | |
0 Data Groups categorize what kinds of i 2 Prompt Al Engint ; S
data is moved between objects : o i 3./ Response from Al Eqgine
= 0 Data Groups are relevant for security i &I Move Dai © Acuator o i
X SE aspects, such asPrivacy and Safety v SiiLog Do i i :
0 Data Groups transport Knowledge : : : :
Agile
PO | Data Movements always involve &unctional Process 9
6 Either Entry & eXit, or Read & \Write o o Dvice R — Y FOCETE R L
Project 0 Functional Processes communicate with other Functional Processes I
SSITE either via Devices, or Persistent Data App”:a?m”‘ 3
jon measure
Software Boundary
e | Data Groups containing knowledge have a certaiReliability

Functions /
o

COSMIC 36
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th Varying [Reliability

Customer Rellablllty of Data GrOUpS Device Data Log F;’rr;?ggsal \ | Sensor / | Actuator / Al Engine
O . . . ; — _—
N depends on the Objects of Interest 5 r Déta 5 5
y ] I Q: . ove some I I
0 DeVICeS {?2.// Prompt Al Enginé - Q
Lean A Data comes with a reliability ratio : . : Response fom A e
Six Sigma - ) ) | O i —
O Other App“catlons : - 4.// Move Data to A(‘ituator ;<'> |

<@

A An Al app comes with a reliability ratio

Agile 0 Persistent Data ; :
Processes . . . . .- .
A Might contain data with a reliability ratio Own adhw P ]
Project | Reliability of Data Groups combines on Functional Processes

Estimations

0 Combination calculates statistical expectation of reliability
originating from all input data groups

Trani 0 Functional Processes yield data groups with combined reliability

Functions

| Programmers of Al should take care of reliability of the data groups moved

37
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| Customer Needs
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A Simple Al Agent for Implementing Business Processes

Our Organization needs an Al Agent that
guotes customers individually based on
& Business Rules f/
A For Terms & Condition
A Discounts E@@@ ,"
d Price Book @ume.,,s F

0 ByAHP AHP Priorities
0 Integrating stakeholders
A End Customers
A Management

A Compliance

y2 Explanatiq
y3 Reliable

y1l Responsive
y2 Explanation 1/3 1 1/3 1/
y3 Reliable 3 3 1 6
y4 Creative
y5 Trusted

Profile

A~ w ~ 0o M| Ranking

045 W
023 1
063
043 W
0.40 W

project.
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What are
Customer
Needs for

b some User of
__an Al Agent?

User Stories

Customer Needs

User Stories

Deployment Combinator | | %
@ o
IS o
£ % s ENS
—l a ® e <)
ol o o £ | c
o (¢} x (0] o
Ol W alfp<
— N o)
8 8 8
Customer Needs o O O
yl Responsive 8 3 4 EF
y2 Explanation 3.3 2 O.Zﬁ
y3 Reliable 5 6 1006
y4 Creative 5 3 5|03
y5 Trusted | Y /| 3304 |
CAhiitinn Drnfila f'_l User S Om 0.40 0.6 onvergence G
71 Total Effort Points '

0.10 Convergence Range
0.20 Convergence Limit

[

1P

1

0.07@
. -

-

-

euro project office
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fulfilllCustomer Need:

: -

After analyzing
Customer. Needwe
can define Rrofilefor

User Stories needed to,
implement an Al Agef

Priority

I laAr C'I-r\v'ir;g TOpICS

As a €é [functwiamrnalt ougef pets uscohmetthhaitn gé [dyounasl i ttyh acth aér d ovipdMeighs tBiofildb e nef i t ]

1 éQOOlRespond
2) Q002Explain
3) Q003Perform

Business Manager
Process Owner
Process Owner

Al responding to customer queries the custoomer understands
explain decisions taken by the Al Agemtustoomer understands

the Agent executing the process

the process is automated

customer needs are fulfilled | 41% 0.69
customer feels understood || 24% 0.40

| can save cost

)

35% || 0.60




Customer
Orientation

Lean
Six Sigma

Agile
Processes

Project
Estimations

Transfer
Functions

Anintelligent System is a hybrid system
between Symbolic Al and LLMs that
checks responses with aCause-Effect
Concept Generator (CECG)

0 A CECG generates rules derived from some
rule set, using the same tokens as the LLM

AnAl Agentis an Intelligent System whose
CECG models Business Processes for
some organization

Type® requirements foran Al Agent:

0 All responses must be consistent with
business processes

0 The Al Agent never must hallucinate!

euro project office

Master your project.

Design of an Al Agent

RequesW
Realworld

Business Processes

LLM .
Generate logical cause N \
effect chain matching g 4w,
response from LLM |

A Find out whether LLM result makes sense by
comparison with cause-effect chain
A Validate offered price & conditions

A Explain validated response
A Execute business process actions
A Deliver result
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F D euro project office
Master your project.

Design of an Al Agent

Customer | Anlintelligent System is a hybrid system

Orientation .
betwe e n Sym bo I I C AI an d L L M S th at /' Prompt / Action Control ﬂmg | Execute | CECG Explainer LM Construct Response

checks responses with aCause-Effect Q pusssnmes ; | ; |
~— | ' 2./l Log Data <> | | |

el Concept Generator (CECG) - S | ; !
Six Sigma ~ . " : : ; : %4,// LM trwse
0 A CECG generates rules derived from some |

5./ Forward Responsg into CECG . <>
T T

rule set, using the same tokens as the LLM

:
y
i | | Z'>// Response for Execgion

<>._._. .

Aglle : <> 10.// Prepare Exect ion | I : : . C'emﬂ’fe

PO | AnAl Agentis an Intelligent System whose = i g i 3 i i

. ~ 1 1 1 1 éllz.// Validate : 1 1

CECG models Business Processesfor O i 3 i gy i i

- - . | | | 1 | <.514.1/ Transform Res;@nse 1

o some organization | 3 ! ! ' |

_I’OjQCt 164 Use Explained Resglse ! ! I I ! I

Estimations I 171 Execte Valaeh Response Iy ! I ! I

. 1 é I 18,//<:onfirm_Ac$n I I I 1

| Type® requirements foran Al Agent:  ommem | | | | |

e 6 All responses must be consistent with | | | | | | | |
Funces business processes

0 The Al Agent never must hallucinate!
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euro project office

Master your project.

Design of an Al Agent

Trgger . Prompt / Action ControIJ Device DataLog |  Execute / CECG ‘ Explainer J LLM ‘ Construct Resporse
| | | | | | | |
e oL/ GetaRequest X : ! ! ' . :
Customer ”—’Q | | | | | |
Orientation = | ' 2./ Log Data ; | I | | |
Respond . . - . . . . .
3.// Forward Request ‘into LLM
I Q i i i i < I
. . _ 2 4.J/ LLM tries a Respgagse
| I I I i I 2 4 '$
Lean | <'>5.// Forward Responsi: into CECG i <> | | |
Six Sigma | | | | "6.// Match Response , : ‘<'>
T T D>
i | | | | | Z'>// Response for Execgion
i | | | | | .. 8.// Explanation 5
Agile | | <>4 ' ' . . 9./ Create Respoise
Processes | 0 10.// Prepare Execgion I I I I I
Va[ldate | | *11.// Explain Responge 1 > S I I
I I I I  112.// Validate _ I I
oo . . . . '*. '¢ . .
Project — I I A I |_13./ Record Validafion I I
Estimations Explain . . . . : . .
: I I I I | ¢14.ll Transform Res%nse |
I A | | | | 15.// Explain Respc*se |
B XY . . . . .
1654 Use Explained Reswnse | | | | | |
Transfer | *17.// Execute Validatdd Response - $ I | | |
Functions : : . . . .
| $4 | 18.// Confirm Ac*n 1 | | |

| l 19.// Log Data ! 1 1 | 1 1
<|> 20.// Confirm ExecH‘on 1 1 | I | | 42



F D euro project office
Master your project.

Customer | Data groups play a major role
Orientation ~ T- ! Prompt / Action Control ﬂm | Execute | CECG Explainer LLM Construct Response
0 Collect the referenced data T = e e S
6 Data groups hold test data Q

Respond

Lean A You might freely choose test data within
Six Sigma data group boundaries

9 D=

| |

~ 2./ Log Data ; |
~ 3./l Forward Request ‘into LLM N
1

1

|

|

|

|
L4/ LLM tries a Res_péglse

into CECG

s - x

~5.// Forward Responsf

OO

| |
6.// Match Response , . .
t

|
|
i
1
<
°
®
|
|
}
|
1
é
¢

| | | :
A Thus, tests become executable as soon ; ; ; | L Response for Execggon
as the data groups are known for each ! ! ! ! I
Ag”e | <> I | | 9./l Create Respo;se
Processes teSt case ¢wn ! ! !
| %114// Explain Responsfe 6 |
. . . . @ | | | 12.// Validate 6 |
| For atest case, it is sufficient to = | ¢ ; R A
_ PGS consider the data group as test data . i i kg
stimations 1(2@ Use Explained Res@nse | I | 1

for each triggered entry data
movement

Transfer 0 These are the initial graph entries!

Functions

1171/ Execute Validatdd Response
< T

$
é | 18.// Confirm Ac@n

‘19.// Log Data 5 I

i i | |

S 20.// Confirm Execution X X
1

43



F D euro project office
Master your project.

Custont |  Now click on the data movements e e RS T RS T o o |
Orientation o
that belong to the test case 2 et A o) et 5 R T R

0 Test Case must be coherent

Leot A All data movements must be reachable ™ | QuLfomEB REMES IO 0
Six Sigma

. ;6.// Match Response .
| | ¢ t

T T T T
A Data groups might carry aReliability ; gy P sy mocece | o ; ; i
| | 1
i | | | | | Z.>/l Response for Execgion
i | | | | | |- 8./ ExEIanation ;
Aglle _ | | . . . . . .
Processes Cv) i gL prepare Excogion I I I I I
Validate - - " . - - .
‘ ! | Sl BxplainResponse .S ! !
H | | I | ilz.// Validate 6 | 1
Qj’) | | é I | 13.// Record an | 1
Requesi / Acon ol | DeveeDaalog| | Eeecue / o Eponer | Lm Consruct Respone Explain | X X X : . e I
Project T I T T T i T T . . . . . SlbdlnsomReny _ v .
Estimations  SE—— 1 | | 1 I I ! o ———— e DD RS0 !
; ‘%’6 | | | | | 16‘15 li:lse Explained Resgbnse 1 1 1 1 1 1
| éa.ﬂ Forward Request inio i‘LLM | o ; ] Q | X . . . I I I I
: I :I I I I = R%'”m% ! w" ! ! ! !
| 10./ Prepare Execuiion \ \ i | | i ; ; I i i i :
| | 511 Explain Response ; : . | | . % . .
Transfer | | i | 124/ Vaidzte O i . Wn I | 1 1 1 1
Functions | . . L . 115/ Expiain Responseé i I 1 1 1 1 1 1 1
I & I I I I
1 m Aoioné | i | |
1 1 1 1 1 1
1 1 1 1 1 44




