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uxXample: Improving Call Center Services with Classic QFD

@ Ishikawa diagrams for identifying
cause and effect

= Expected response should satisfy
customer’s needs

® With many causes and effects

% Matrix is handier
®» Quality Function Deployment (QFD)

x4: Training ‘

9

3

x5 Salary & Bonus ‘

Critical To Quality Critical To Quality
Deployment Combinator o |
o S &
5, 2 5
S| £ £ & %
= e
S| E o & =
Expected Response < £ L ¥
y!  Friendiness 069 O S |
y2  Responsiveness  0.56 | 9 % -
y3  Accuracy 045| | 5 3 -
Solution Profile for Critical To Quality: | 0.62 0.47 0.40 0.49

37 Total Effort Points
0.10 Convergence Range
0.20 Convergence Limit
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_ s 1 N5 3R
Project X1 Tralnmg . - .
Estimations ~uon Profile for Critical To Quality: | 0.62 0.47 0.40 0.49
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37 Total Effort Points
0.10 Convergence Range
0.20 Convergence Limit
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The Nineties - Bad Mathematics

. .. ” . y . + A
Customer ® How to make sure that the identified Critical To Quality Critical To Quality y
Orientati . . . i
e solution profile delivers the expected  Deployment Combinator e 2
g 2 5
response? y 2 5 8 3 %
. . © o S
Lea ®» Mathematically speaking, |2 £ = |3
ix Si . . © = ®© = =
- x = A"y is not a solution for y = Ax S| & G g =238
®» Thisis how people used to interpret ExpectedResponse | % R R %
N QFD matrices in the early times yl  Friendliness 0691 9 0.62 3
Processes "9
y2 Responsiveness  0.56 ~ 1069 . l
. difference between expected y3  Accuracy e | < o3
Estimjations response and achieved response Solution Profile for Critical To Quality: | 0.62 0.47 0.40 0.49 |Convergence Gap
2 37 Total Effort Points
» |ly—Ax|l = \/Z(Yj -2 ajjXi ) 0.10 Convergence Range | ‘ \ ‘
FTra"s.‘fer 0.20 Convergence Limit
unctions




F D euro project office
Master your project.

Solution with Eigenvectors

. . .. : y . = Ax
Customer ® How to make sure that the identified Critical To Quality Critical To Quality y
Orientati . . . i
. solution profile delivers the expected ~ Deployment Combinator e | 2
g 2 S
response? y 2 E 8 g%
. . g o © P < )
Lean ®» Mathematically speaking, Tl E = 2|3
ix Si . : s | £ 8 T | =
xS x = A"y is not a solution for y = Ax S &8 &6 8 2|8
®» Thisis how people used to interpret Expected Response x X R X
N QFD matrices in the early times yl  Friendliness 069 9 9 0.69 5
Processes
y2  Responsiveness 0.56 " 5 |0.58 _I
e 9 ¢
o shifting focus from Salary & Bonusto ~ |°  Accureey o 1 2 4398 5
Estimjations more accurate ICT Infrastructure Solution Profile for Critical To Quality: | 0.68 0.50 0.32 0.43 |Convergence Gap 0
0.03
®» Eigenvector method yields solutions 33 Total Effort Points '
that are mathematically sound 0. € Range | |
;::"‘f‘fer 0.20 Convergence Limit ’
ctions o AT
c=Ay

v is the Eigenvector of AA'



Customer
Orientation

Lean
Six Sigma

Agile
Processes

Project
Estimations

Transfer
Functions

FD MeN = {b|3a, —» b € M,a; c N) ouro prject ofice

Comprehensive QFD

EC—CN

Customer's T e

s (CN) » = ———

| #VoC Metric
ofic | SD > EC
A —ah
Engineering l J JJ ‘ PP — SD
Characteristics (EC)]'

Solution Design
(SD) )

® (b,>a)e ((cj —b)e ((dk —c)e((eg>d)e (e))))

®» (b; - a) is the House Of Quality

® (c; - b) the Solution Characteristics deployment
®» (d, — c) the Methods & Tools selection

®» (e, — d) the Vendor Selection
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Transfer Functions

Non-polynomial Transfer Functions:
not predictable in a foreseeable time
e.g., Wetter, Klimakatastrophe
Detecting
Extra-solar Planets
Orbit — Star

Al Deep Learning
Neural Net - Training =

Transfer ——
Cost Estimation Ripping

CD = PD | Functions 7 Audio or Video

mp3 — Sound 4

Understanding
Customer’s Voice
VoC — NPS

Quality Function
Deployment

Test Coverage
App Test — VoC

/ Test Coverage
. UnitTest — VoE
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Transfer Function - The Convergence Gap

v is the Principal
c Convergence Gap ||[v — A || Eigenvector of AA’
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Deep Learning in Al - Adapt 4 to a Training Set of Input Vectors

Convergence Gap || v — A ||
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Counting Frequencies

@® Large Language Models (LLM)
®» Generative Pretrained Translator
®» Pretrained by counting words and their sequence
* ltunderstand nothing

®» 80° Temperature
* Means that it selects randomly among the 20% best matches
* Otherwise, LLM become boring

@® LLMs canbe used to provide a flawless, elegant English

®» And a few other languages as well, including Kélsch and
even Schwyzertuusch

® "Daach zosamme!" or «Guete Morge zime»

19
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Tokens

@® AnLLM does not use English words but tokens
®» Tokens modify a linguistic structure just like endings like “-ing” do
®» Itis the basis for the Translator

®» Embeddings are similar objects
* E.g., dogs and cats are common pets, whereas crocodiles are not
* Allembeddings are enumerated
* Tokens have a distance between them

@® Asresults we must solve very large matrices
®» Like good old Quality Function Deployment (QFD)
®» Although much, much larger

20
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®» There doesn’t exist an algebraic solutions

@® Thereis no hope to calculate the Eigenvector

®» All Eigenvalues are numerical approximations

@® The big breakthrough wasin 2012

®» [t was understood how to calculate very large matrices with parallel processors
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Solving Large Matrices

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

@® Atypicallarge Al matrix is a spare matrix
®» Most cells remain empty
% This is why they are called

Neural Nets

o
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The Graph Model of Combinatory Logic

cust Selection of Observations X ] —_ y e e

Orientation

Lean

Six Sigma
e @® Algebraic combination of Observations and Concepts is called
Knowledge about some DomainD
= [f M and N is knowledge, the combination M e N¥s\knowledge as well
Project
Estimations » M = ((am _) b)n N C)] | (1
» N=(a, - b)),
Transfer

Functions

'M.N=Cj ‘/‘
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What is Intelligent Al?

R ) < ved Effect
Selection of Observations x ] — y ‘ | A

Customer
Orientation ——
rounding Observations '
Lean -
Six Sigma £
@® Intelligence means two different skills ® Knowledge means St
®» Collecting data (CIA, FBI, ...) ®» Know the data il
Agile . Erwin Engeler
Processes ®» Understanding data (vouo) ®» Know the rules Professor emeritus of Logic
and Computer Science,
®» Intelligent Systems are smart ®» Work smart Mathematics Department,
ETH, Zurich
Estinai ® AnLLMisintelligentin the first sense, ® The Graph Model of Combinatory Logic
but not smart ®» Selecting relevant instances from the world
®» |t finds answers by statistical fit that it represents (grounding)
runctitl from the data it collected ®» |tis Turing complete:
®» |t has no idea why this fits * That means you can write rules and full

algorithmic programs in the same model 03
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® Recognizing Objects
®» For instance, visual recognition

Hidden Layers

ereq idinQ

Ry

L C
w

® ced
% Graph evaluates to domain element
% Visual object recognition
®» LLM language recognition
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®» Reinforcement Learning
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Hidden Lavers

ereq ndino

Ry

® cE(a—>bj)k

®» Rules recognition
% Behavior learning

&

w
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® Closed Loop Graphs

% Called Lambda Concepts
®» Algorithmic behavior
®» Traditional Programs
®» Logical Derivation

@® Substitution of arrow terms

euro project office
M

» I=a, —a
» K=a, > 0-a

» S= (ai - (bj_’c))l—’(dk = b);
- (a; + bj; = c)
® Af.Kf = SAf.KAf. f = S(KK)T

‘@

aster your project.

Three Types of Knowledge Graphs

26
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Three Types of Knowledge

Customer @® Three Types of Knowledge @® Technical Solutions
Orientation
o ®» What objects should it recognize? ®» Training Models
. * The underlying domain objects * Typical samples from a typical world
Six Sigma * Perceptrons that recognize them * Deep Learning, continuous updates
* Many solutions for the same object * Neural networks
A l ﬁ \ . ° .
Procei /_ =®» What concepts should it learn? ®» Reinforcement Learning Concepts
* Some concepts are easier to learn than * Learning to perform actions that are
being programmed typical for the domain they are built for
Project * Continuously adapting to user’s behavior ¢ Continuously adapting by collecting and
Estimeti and preferences evaluating experiences
9 ®» Which concepts are compulsory? ®» Lambda Concepts
Fﬁ::f,’f,?,rs * Deterministic behavior * Reacting on specific objects & scenarios
e Structural knowledge * Predefining behavior

* Algorithmic programs * Compulsory decisions 07
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Three Types of Tests

Customer @® Three Types of Knowledge ® ATestis passed, when
Orientation
®» What objects should it recognize? ®» The Al Agent recognizes the object with
n * The underlying domain objects expected reliability
Six Sigma * Perceptrons that recognize them * The individual test case is not predictable
* Many solutions for the same object * The knowledge is of limited reliability
: — .
Pr(ﬁ:ge':;es O ®» \What concepts should it learn? ®» The Al Agent recognizes the concept
* Some concepts are easier to learn than * The individual test case is not predictable
being programmed  The knowledge is of limited reliability
Project * Continuously adapting to user’s behavior * Design of Al Agent must include corrective
EsimES and preferences measure in case the response is wrong
» Which concepts are compulsory? » Responses are correct
Func * Deterministic behavior  The Al Agent uses knowledge that is 100%
e Structural knowledge reliable — usually written in Python

* Algorithmic programs * Testable like any traditional program 08
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Explainable Al (XAl)

Input Layer

A big problem for Al is that nobody knows i _ WY ’

what happens in hidden layers g |— e
2] :

It is unlikely that hidden layers implement ; s

the most straightforward arrow schemes 7 outputtaver

®» In contrary, combinatory logic has no normal form Hidden Layers

®» There exist many ways to find a valuable result, even for the same result

Regulators try to impose rules for training sets

®» |tis very difficult to assess quality of a training set, because knowledge is always limited

Current explainability techniques
®» SHAP (SHapley Additive exPlanations) is a game-theoretic approach

®» LIME (Local interpretable model-agnostic explanations) is a method that fits a surrogate
glass-box model around the decision space of any black-box model’s prediction

= Alot more, all based on statistical correlations, not on reasoning 29
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ntelligent Systems are Based on Controlling Combinators

@® Controlling Combinators C do loop @® Deep Learning by multi-layered

Customer
Orientation

and augment knowledge X under perceptrons (MLP) is ordered
control ®» No loops from input layer to output layer
Lean ®» Controlling Combinators are of type ©
. ®» Focusing Xiz1=CeX;,i EN nput Layer
®» Control Sequence X, € X; € X, C - T i
| Ao % The amount of available knowledge is o o
measured as Reliability 2 2
®» Stop looping when approximation to § > %;D’
Project correct response is good enough |
Estimations o,
Neural Networks in the brain do loop!
Transiel = Controlling Combinators keep looping Hidden Layers

Functions

programs under control
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@® Assumereliability can be measured Camera

= You can compare reliability of two Al |
engines, e.g., camera and Lidar

®» The judge about which reliability is
higher

* That might depend on external factors
such as weather condition or lighting

®» Then decide according to the best Functional
prediction Processes

judging
@ Intelligent systems arise from Reliabilit
cooperation between Al and

functional programming

31
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Combine QFD Test Deployment with Al Recommender

NPS
VoC — CN
Customer ® QFD Test Deployment = B
Orientation - —
®» Net Promoter Score yields Customer Needs l Effectiveness
®» Effectiveness yields User Stories (FUR) 1 USt — CN
Customer — | —
ool ®» Test Coverage yields Test Stories e E] —
SIS 1 Test Coverage
TSt — USt
Test Stories consist of set of arrow schemes ' ccommender ol ~ —
"% =
AR (Test Data — Response) Lol = 3 P
Al Recommender produces a setof arrow @ ¢ X Funslons S |
Project schemes that can be compared with Test /> < Prosssass

Estimations

judging

Stories Safet

% This yields real-time validation for Al
Transfer recommendations

Functions . e . i
®» Their arrow schemes must fit into Test Stories Recommendation

32
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@ The Skills Definition
®» How do we identify the skills

Customer
Orientation

that we want to improve Vesior
EIOmPL
Leg ® The Vector Prompt —

Six Sigma
®» The vector furnished to the

neural net to stimulate a
Agile response

Processes
Parameter ,
@® The Convergence Gap diustment |

®» The difference between skill
Prol goals and skills achieved

Estimations

|
eieqindinp
|

A

@® The Parameter Adjustment
®» The deep learning strategy to

Convergence

Transfer

Functions improve the Al response

Gap

33
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The Cause-Effect Concept Generator (CECG)

® AnIntelligent System is a hybrid
system between Symbolic Al and
LLMs that checksresponses with a
Cause-Effect Concept Generator
(CECQG)

®» 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
is relatively easy

®» The CECG uses mathematical logic to
derive valid combination of rules

® 15yearsago, the world was full of loT
Smart Systems, also called Intelligent
Systems
®» However, they used no Al Engines
®» Allwas algorithmic

®» Type © requirements

® AnLLMis notsmart
®» A CECG can be smart
®» |t’s classical, symbolic Al
% With smart search
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Device Data Log F;:::Zg:l | Sensor / I Actuator / Al Engine ‘
| | [ [ |
@® Data Movements move Data Groups . L Motesome Detn g : -
I < I I
®» Data Groups categorize what kinds of : g2LEromt AEngne__ : o
data is moved between objects i S - 3./ Response from Al Engine -
- | |
®» Data Groups are relevant for security : ! Move Data o Ackaty .o :
aspects, such as Privacy and Safety o 51/Log Dain ) : : :
® Data Groups transport Knowledge . . . : :

® Data Movementsalways involve a Functional Process

®» Either Entry & eXit, or Read & Write e

®» Functional Processes communicate with other Functional Processes
either via Devices, or Persistent Data

@® Data Groups containing knowledge have a certain Reliability

B3 Funcional

| Application User

Write¥|_Rea
erssenas
Anplicaion measure?
Software Boundary

S

COSMIC 36
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@ Reliability of Data Groups

Device Data Log

depends on the Objects of Interest
Devices

* Data comes with a reliability ratio
Other Applications

* An Al app comes with a reliability ratio
Persistent Data

* Might contain data with a reliability ratio

¢ euro project office

Master your project.

\ ..'" Sensor /

. 1.// Move some Data

Al Engine ‘

2./ Prompt Al Engine *

3./l Response from Al Engine _
i

4.J/ Move Data to Actuator
1

@ Reliability of Data Groups combines on Functional Processes

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

®» Functional Processes yield data groups with combined reliability

@® Programmers of Al should take care of reliability of the data groups moved
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A Simple Al Agent for Implementing Business Processes

Custaill @® Our Organization needs an Al Agent that @D@@@@@ﬁ-
Orientation . . .
quotes customersindividually based on
=®» Business Rules mspect» f/
Lean * For Terms & Condition f
Six Si
e  Discounts Eﬁ'@@ '
®» Price Book
Agile
Processes
® CustomerNeeds 5 o 2 o
2 & 8 @ 2
Project » By AHP AHP Priorities | & 8 E % %
Estimations . Customer Needs ¥ 2T L x o
Integrating stakeholders
» g g y1 Responsive 2 1045 W
* End Customers y2 Explanation 113 113 5 023 A
. y3 Reliable 3 1 6 1 (063 W
Transfer Management y4 Creative 6 3 043 A
Functil « Compliance y5 Trusted 4 (040 W

38
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What are
Customer
Needs for

some User of
an Al Agent?

User Stories
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eeds?

Customer Needs User Stories
Deployment Combinator | 5 o e
= . .
® 2 Which User Stories
&= .
Sl < |8 fulfill Customer N
(G} o L o << -
s 8 8 o

Customer Needs 5 &5 &

y1  Responsive 8 3 4|04 .

y2  Explanation f 3 3 9 0.235

Y3 Relible 06 5 (G 10|06

y4  Creative 5 3 5039

y5  Trsted TR O et

Colutinn Drofila for 1! ar Storiest] 0.69  0.40 0.60 | Convergence Gap

71 Total Effort Points
0.10 Convergence Range

'
‘

After analyzing
Customer Needs, we
can define a Profile for
User Stories needed to
implement an Al Agent

il

0.20 Convergence Limit —
i - Priority
: llenw Cénvine Topics | |Asa...[functional user] |wantto ...[get something done] such that ...[quality characteristic] so that... [value or benefit] Weight  Profile
| 1) Q001 Respond Business Manager Al responding to customer queries the custoomer understands customer needs are fulfilled 41% 0.69
2) Q002 Explain 0c Process Owner explain decisions taken by the Al Agent  the custoomer understands customer feels understood 24% 0.40
3) Q003 Perform © Process Owner the Agent executing the process the process is automated | can save cost 35% 0.60
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® AnIntelligent System is a hybrid system

between Symbolic Al and LLMs that
checks responses with a Cause-Effect
Concept Generator (CECG)

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

An Al Agent is an Intelligent System whose
CECG models Business Processes for
some organization

Type © requirements for an Al Agent:

®» Allresponses must be consistent with
business processes

®» The Al Agent never must hallucinate!

euro project office

Master your project.

Design of an Al Agent

Request@pt/—\
Real-world

Business Processes

oy LLM
Generate logical cause- NV
effect chain matching g 4
response from LLM L

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

Explain validated response
Execute business process actions
Deliver result
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Design of an Al Agent

ustomn ® AnIntelligent System is a hybrid system
_ between Symbolic Al and LLMs that

Customer

T,iggge, /" Prompt / Action Control ) ﬂm‘ | Execute / CECG Explainer ) LM Construct Respanse)
checks responses with a Cause-Effect Q R : : : : : }
A g ; ; . ; .
Ly Concept Generator (CECG) -— AR i ; i 5 |
Six Slgma . | | | | | | %4‘// UM WEEQ
®» A CECG generates rules derived from some S | ¢ | | |

A'B.// Match Response ,
\ 4 y

| | y
1 1 1 8/ Response for Execution >

rule set, using the same tokens as the LLM

1 1 1 o 8.// Explanation S

<>._._. .

Agile : <> 10.// Prepare Execution ‘ : | | : T nse;

Proc An Al Agent is an Intelligent System whose | | oummrime i 6 i i

. = 1 1 1 1 ¢.1z.// Validate 6 1 1

CECG models Business Processes for @ | | 6 ! ey i i

. . plain 1 | | | | <.514.// Transform Respuns% |

| some organization | 5 ! ! ' |

PrOjeCt 164 Use Explained Response ) I I 1 I 1 1

Estimations 1 17.] Execute Validated RIs nse é I 1 1 1

I l I 18,/ Confirm Aﬂion‘ I | | 1

® Type © requirements for an Al Agent: e ! ! ! : :

. = Allresponses must be consistent with | | | | | | | |
Funciiey business processes

®» The Al Agent never must hallucinate!
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—

/ Prompt / Action Control J Device Data Log / Execute / CECG ’ Explainer J LLM ’ Construct ResponseJ

Trigger

| | | | | | | |
................................ o 1./l Get a Request A - - - - - -
Customer o ¢ 1 | | 1 | 1
Orientation 5 . 2 2./ Log Data . . . . . .
R § | ¢ 2% | | | | |
espon . . ) . . . . .
) 3.// Forward Request into LLM N

H | <Q i i i i % |

; | | | | | > ;4.// LLM tries a Respon§e<'>
: ~ 5./l Forward Response intg CECG . R : : :
Lean I 2 = t <> I I I
Six Sigma : : . . _ 6./ Match Response . : .

: I I I I ® s : } >
i | | | | | 3/ Eesponse for Execution .-
i | | | | | ‘. 8./ Explanation :.

Agile 1 I S ! I l |9/ Create Response )N
Processes . I & <10 Prepare Execuion g I | I I I
Va||§date I I *11.// Explain Response | 1 > é I I
1 1 1 1 o121 Valcate N I |
Project | | S l |13/ Record Validation 4, I I
Estimations i . . . . . . . .
Ex;flaln 1 | | | | ‘ 14,/ Transform Respoqsgf |
| A | | I | 15/ Explain Response * |
. TN N N N N .
165 Use Explained Response ‘ | | | | | |
Transfer I *17.// Execute Validated R(lsponse N $ | | | |
Functions : . . . . .
| $ ) I 18/ Confim Action * I 1 1 |
| l 19,/ Log Data ! 1 1 | 1 1

<|> 20.// Confirm Execution ‘I 1 1 | 1 | | 42

| | | | | | | |
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Customer ® Data groups play a majorrole
orientation T / Prompt / Action Control ‘ Device Data Lt | Execute | CECG Explainer LM Construct Response:
®» Collect the referenced data - : ool Ay (= , ; o)
oio #1 JI Get a Request ? - - . . . .
% Data groups hold test data @ ; T : : : : :
es!xmd . ~ 3./ Forward Request into il'.LM I I | . -
Lean * You might freely choose test data within : Q : : ; ; ieal
Six Slgma d ata grou p bou nd a ri es | <:>5// Forward Response int? CECG i <> | | |
1 1 1 1 ¢6.// Match Response ;
* Thus, tests become executable as soon | ; ; ; ; ; 34 R for Bt
as the data groups are known for each : : ! ! : ! SUEL—0
Agile | | <> [ 1 | | 9./ Create Response ¢
Processes test case ! l01 Prepare Breaong, ! ! ! ! !
1 1 é“'” Explain Response | 1 & 1 1
% = | | | | ¢12.// Validate 6 | |
For a test case, it is sufficient to @ : : @ ; S S ;
ProfSs consider the data group as test data ! . ! ! ! L o) e e !
EStlmatlons . 164>Use Explained R%ponsel | | | | | |
fo r e a C h t r I gge re d e n t ry d a ta | #17.// Execute Validated Ri.sponse $ | | | |
1 | 18/ Confirm Action L | | | |
movement g SO X g g ; ;
1 20,1 Confirm Execution | 1 I I | | |
e ®» These are the initial graph entries! T 1 i i i i ; |
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‘ N OW C l-I C k O n th e d ata m Ove m e ntS 7 Entry (E) +7 eXit (X) +2 Read (R) +4 Write (W) =20 CFP B l Report I elect Data Movements for Test Case A.1.2: Response Data

Customer
Orientation - Fih |.—.’ H—n " p—
t h at b e l,O n g to t h e te St C a S e Trigger | Prompt / Action Control J Device Data Log | Execute / CECG Ims‘ Explainer LM Construct Resporise: J !
| | | | | | |

o A g ; ; | | | ;
®» Test Case must be coherent ; ; ! | | | | i

Lean * All data movements must be reachable | i e

Six Sigma . R ! ! ! i ! i 'M
e Data groups might carry a Reliability | QI Fovard Resprse ) CECG : | | |
i | 1 1 ée.// Match Response . . .
i | | | | | g Response for Execution ..
i | | | | | |- 8.// Explanation 5
Agile aTa 1 1 S0 1 S Creale Response,
Processes — i oplSdipste Bisoiong, i i I I I
Validate ° - ° ) ° - - B
; | | AR R R —— | |
H 1 1 1 1 A 12/ Validate 6 1 1
— | | é | | 13.// Record Validatﬂ‘. | 1
| Requesior / Acion Control J Device Data Log | Execue / CECG _’ F Explainer J LLM Construct R&cpunej Explain | | | | | W 1
i 1 1 1 1 I 1 1 1 . . - - - = N
ProjeCt 2 1.1/ Get a Request ¢ - N N - . . I i I
- g | S e e e e | SU B Response )
Estimations ' ! ! ! ! ! ! : : : : :
| ’ML.Q | | | | | 165 Use Explained Response l | | | | | I
\ ‘;'3.4‘1 Forward Reques! ino I'LLM ; i ; é i I I N I ! I I I I
i i i i i 3 I ! | s Carin i I | | |
\ : 10,/ Prepare Execuson : - | \ | | | i I I | i i i |
; ; 11 Expan Responss : | | | N | | | | | 1
Transfer : : : : 1241 vaidae 5 : i Oedublimbecicoe . . . . .
Functions i . ; ; ; } 15 Expan Resporse ; 1 1 1 1 1 1 1 1
| émf Execue Validaied Response b | | | |
\ ¢ | 181 Conirm mon; \ 1 \ \
i PUITL S i i i i i
| 20,/ Confirm_Execusion I i | | 1 | | 44



F D euro project office
Master your project.

Custontl ® Smallertest cases are also possible entry £) 7 ot 00+ 2nea () wrne o) 20 cre QTR T —
o o L) —
Orientation - - - .
» U n it te St S Oft e n C O n S i St Of O n e d at a Trigger /' Prompt / Action Control J Device Data Log | Execute / CECG ‘ Explainer ’ LLM ! 'onstruct Response:
| | | | | | | |
T o1/ GetaR t A - - - - - -
movement only 5 S . . . . . .
~— - A 2./ Log Data A - - - - -
- I SE——0 I I I I I
espon( . . o L . . . . .
Lean | | ¢3.// Forward Request into i LM i i : > |
SiX Sigma i i i i i i ¢4.// LLM tries a Respon%
. 5./l Forward Response intp CECG . . . . .
| \% T i | | |
i | | | ée.// Match Response : : .
i | | | | 1 g Response for Execution ..
i | | | | | |- 8.// Explanation 5
Agll.e | | <> | | | | 9./ Create Responseé
ee - - - - - - - -
Processes — 1 & 10.// Prepare Executioni 1 1 1 1 1
Vali‘date | | ;11.// Explain Response | | é | |
4 | | | | é 12,/ Validate 6 | |
— 1 1 é 1 | 13/ Record Validation 1 1
Explain " | 1 1 1 ‘14,// Transform Res@gs% 1
Ffroje_Ct i 1 A 1 1 1 |15,/ Explain Response 4 |
Estimations f ﬂzl - : M : : : : M :
 Requesor / Acton Control Device Data Log [ Execuie / 165 Use Explained Res@nsel 1 1 1 1 1 1
— T T — ; . | | | |
N 2 17/ Execuie Vaiidated Response H . %5 . . . .
| T T e 1 A |18, Conim Acion 1 1 1 1
. L 18/ Confrm Acgon 1 . . . . .
| ¢ T ¢ 1 ] ] | | 1 1 1
. 10,4/ Log Daia . . . %> . . . . .
1 L SE———— 1 1 on ] 1 1 1 1 1 1
TranSfer 20,/ Confirm Execuon 1 1 | | \ \ \ \
f o
Functions
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oelect i est Cases which
}
ni

[larProfile

Test Coverage Matrix

Test Coverage Test Stories
Custonigh Deployment Combinator

) With the Test Coverage Matrix, you

Orientation % § -.g’: $ ) %
s £ 3 & 8|8 can see the effect of test cases
o (] > =
§ é - g E c_z = You can always argue that too
Lean Sle & o 2|8 much tests do no harm
Six Sigma © = o 8 § -QE, E
5 5 = xcept to the budget
8|18 &8 = &8 % Excep &
~ AN ~ AN
< < o o ‘
Agile User Stories = 8 g g @® Thus, balancing the Test Coverage

Processes B | . e .
Q001 Respond 069/33 15 31 O |o72 | Matrix is a key requirements for
—’- automated and autonomous real-
. ( ( /i . .
Ffrojef:t Q002 Explaln 0.40 15 e) 31 () 0.41 t|me tes‘“ng
B 03 Perform 060| 24 10 25 O |055 q ®» Remember, with Al Agents, testing
Ideal Profile for Test Stories: | 0.65 0.30 0.67 0.21 |Convergence Gap Is an ongoing task that never ends
s 0.06 @ ®» The data movement count can
Functions 207 Total Test Size vary depending on test cases.
0.10 Convergence Range ’ The Convergence Gap

0.20 Convergence Limit 46
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With 14 Test Cases only

Customer Test Cases Priority
Orientation ' .
Test Story Case! Test Data Expected Response  Case? Test Data Expected Response  Case TestData Expected Response  Case4 Test Data Exected Response | Weight  Profile | Weasved bt Pofie
A Prepare A1 Retrieve Responses | 11 {Request Datg ResoonseData -~~~ A1.2 {Response Dt ExecutonDeta 13 (Exeouton Date; Busiess Process) — Explanation Al4 " {Explanaton Transfomed Response 0,65
2
> A2 Detect Bad Request | A2!  {RequestDaty No Response A2 ) No Excuton A2 ) Explnafon % (| 030 | |
Lean
Six Sigma B Response B.1 Vaidate Responses | B..1  {Bad Request Dt Business Pocesses} Mo Exeeuon B.12 {Bad Response Datz; Business Processes] No Executin B3 {NoExecuton} Explanaon B14  {Explnaton Trensfomed Response 0467 |
B2 Execute Requests | B21  {Request Datg Response Datg Executon Data B22  {Request Date; Response Dals) Explanation B23  {Explanaton} Transformed Response 1% (020 | |
\

e ® With 14 Test Cases only, an Al Agent can be tested effectively for compliance to
business processes
= Orfor a price list, or for other real-world constraints

ccunail = Test Stories A are mainly type @ and ©; responses are type ©
®» There is no excuse not to test your Al Agent!

o But you must do it the right way for Al

®» Thisis not an ordinary test
®» Testing Al is an ongoing process —you're never done with it 47
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Automated Test Case Execution

@® Since each data movement moves exactly one data group, once a testcase x; = y is
known, sample test data from the data groups x; can be selected

Thus, the test case becomes executable

If the same data group is displayed multiple times, we take them all

The expected result is also displayed as a data movement that moves a specific data group

Allwhat is needed is to specify valid data ranges for these data groups

* Selecting specific data from a data group, e.g., from a data range, may lead to multiple executions

Any path in the data movement map that leads from the test data to the result can be
executed as a test case

¥y I3 33

* Thus, a test case does not specify a unique test case execution

Not only cantest cases be created automatically, thus completing the test coverage
matrix, but the execution of test cases no longer requires extra coding

= If you have APIs, the approach works also for services where you don’t have access to code
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QFD Deming Chain and Multi-Layered Perceptron

Topic B— Topic A

Customer Topic A - » I
Orientation |
| #MetricA
' Topic C— Topic B

o —
Six Sigma Topic B > =
— ‘
‘ —>

Agile l
Processes g o g
Topic C c -_g
3 —~+
#Metric C 8 a
o [e))
Project = | S
Estimati
Topic B—> Topic A , =111 _
PEETIRER T = Deming Process = = Transfer Function
—>
Responses (A) & _ _ L o -
Transtl ~ Contols (8) | - Deployment Topics = Deployment Direction
Funci . Metric __| = Metric <> =Control possile

Hidden Layers
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QFD Deming Chain and Multi-Layered Perceptron

Customer ® In QFD, layers are not hidden @® In Artificial Neural Networks (ANN)
- = Each layeris a matrixin itself = Layers are hidden
®» |t has a sensible meaning ®» They do not refer to some specific topic
Singiagrr‘na = Matrices are connected by * Exception: Visual Recognition systems
discernible topics ®» Advantage: Deep Learning is more flexible
Agile You can easily explain QFD @® You cannotexplain how an ANN works
e ®» Although it may look complicated ®» Although it may look simply
®» |t’s cause-effect relationships ®» |t’s statistics; it’s counting
Ffrojef:t
. People won’t believe it @® People believe (currently) in Al
®» They rather trust own gut feelings = Do they adore authorities?
FTI:SSZ?; ®» Otherwise, much more organizations = This might be an evolutionary heritage
would be prosperous and address =% Survival of those that followed their leaders

customer needs properly
50
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Why isn’t QFD Widespread?

® Justafew personal experiences @® A possible answer

Customer
Orientation

®» Made Swissair best airline again ®» Being a leader is difficult
®» Proposal Centers with 97% success ®» You need to claim success for yourself
Singiagrr‘na ®» Drove a Swiss startup to world leader ®» You cannot afford to be perceived as a
in personalized communication follower to some method
®» QFD in Testing of Complex Systems ®» Up-frontinvestmentaren’t agile
Agile
" @® \Why are they not here, all of them? @® Usually, QFD programs were scrapped
after managementchange
Project
Estimations
@® Al approaches will run into same problem with leadership & management
Transfer ®» This happened already four times in history of Al

Functions

®» It will happen again

51
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@ Thereis enough evidence that studying the graph model
of combinatory logic yields phantastic insights into
% Brain
®» QFD
®» Testing
» Al

@ This listis not exhaustive

euro project office
M

aster your project.

Conclusion
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® QFDis much slowerand less
attractive for decision making
®» You cannot detect which important
topic you missed

* Except sometimes thanks to the
Convergence Gap

* If you cannot find the valid Eigenvectors
for the matrix

@® However, it is much easier to explain
decisions taken by some QFD
deploymentthan those with Al

FD Cause-effects

Statistics
QFD in Decision Making

euro project office

Master your project.

@® QFD has no understanding of natural
language and does not produce fake
images
®» Itis less attractive for writing fake

»

papers, essays, and exams
Itis not generative

@® Maybe itis possible to combine QFD
with some version of an LLM

»

»

Provided it does Reference-
augmented Generation (RAG)

Instead of hallucinations

54
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QFD in Product Development

® QFDin Product Development

®» Needs experts ®» Al needs many Nuclear Power Plants

@® Alin Product Development

Customer
Orientation

= Experts are rare species = However, Al only produces similar

.. = Butit’s fun & sustainable designs to existing designs
IXSlgma
g * Because of statistics

* Because of 80° Temperature

Agile
Processes

Project

Estimations

Transfer
Functions
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