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Goals of this Presentation

Sl 1) Tnwestigate the wle of the Fixpoint
Combinator forv Software ‘lesting

Lean
Six Sigma

. 2) Understand how theoretical science
proceses contbubudtes to advances i applied
sciences and dis economical impact

Project
Estimations ok

Transtr 3) Have fun with
Combinatorny Logic N

Functions
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The Organon

Customer @® Foundation of Logic (Syllogistics)

Orientation

- Categories 19 P(\ !
* Interpretation 6‘\6‘\ \3{\0“
Six Sigma - Prior Analytics N\\\I ‘?\3
* Posterior Analytics .\ “qe“
| « Topics
Processes * On Sophistical Refutations

® What means
Erojegt
Estimations » For A”? (Vx )
®» There Exists? (3x...)

Transfer
Functions

® One Model:
®» Euclidian Geometry
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Combinatory Logic

Customer
Orientation

® S, K are terms of Combinatory Logic KOP.Q

P |

® Whenever P and Q are terms of
Lean Combinatory Logic, then PeQ is also a

o term of Combinatory Logic S'P.Q.R — P.Q.(P.R) |

®» Closed under Combination

Agile

Processes =®» Replace variables by substitution
- ® Create. new (?oml?lnators. I -— S‘K‘K
Estimations =®» Define the identity combinator
®» Proof:
- - Forallterms P of Combinatory Logic IeP = SeKeKeP
Functions — K.P. (K'P)

® And many more...

=P
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The Lambda Theorem

@® The Abstraction Operator AX . is defined recursively on sub-terms of term M

Ax.x =1

Ax.M = KeM it M different from X
Ax. MeN = SeAx. Me(Ax.N)

® Applying the Lambda combinator Ax. M to any combinatory term N replaces all
occurrences of the variable x in the term M by N

®» \Written as

(Ax.M)eN



The Fixpoint Combinator Y

® Given any combinatory term Z, the Fixpoint Combinator Y generates a term
Yo/
called Fixpoint of Z because it fulfills

YeZ = Ze (YoZ)

ssssssss

@® The Fixpoint Combinator can be defined as

Y: = Af. (Ax.fO(xox))O(/lx.fO(xox))
— Se (s-(s-(K-S)-(s-(K-K)-1))- (s-(s-(K-S)-(K-l))-(K-l))

(s.(s.(K-S)o(So(KoK)-I))o (S-(S-(K-S)O(Kd))°(K'l)))

10
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® Combinatory Logic

Project = Connecting controls
Estimations
X1, X3, ..., X, 10 reSPoONses y

®» Looks like a Neural Network
Transfer
Functions
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Neural Algebra
AT Ny

@® Adirected graph, together with a firing law at all its nodes,
constitutes the connective basis of the brain model A

Customer
Orientation

®» [ts elements are called Neurons

Lean
Six Sigma

® The model itself is built on this basis by identifying brain functions with parts of
the firing history {a4, ..., a,,} = b, where a4, ..., a,,, and b are neurons in A

Agil
Procees ®» {a,,..,a,}— b are called Cascades

® Denote by G(A) the power set containing all cascades
Project
Estimations gO (UQ) — dq
Gri1(A) = Go(A) VU {{aq,...,a,} = blay, ...,a, b € G,(A),m € N}

Transfer
Functions

® A Thought is afinite set of cascades

=®» It can contain thoughts about thoughts .3
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Firing Neutrons — Combining Thoughts

® Let M, N be two thoughts, each consisting of cascades

®» Let N consist of cascades of the form b;

=® The subscript i denotes a finite element selection from N M O N

@® Then application of M to N is defined by
MeN = (b; >a)eb; ={al3b; > a € M,b; c N}

® If M, N are thoughts, i.e., a finite, coherent set of cascades

®» The application M « N represents the selection operation
®» Choosing those cascades b; — a from thought M that are applicable to the thought N

14
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Focusing using Attractors

® Let X be a Control Problem
®» X is an expandable, unorganized set of thoughts
= Apply the Controlling Operator C to X with the aim to accomplish control

Ce X=X

@® Solutions are obtained by Control Sequences, also known as Focusing

Xi+1 =C°Xi,iEN

@® Starting with an initial thought X,

=®» Based on the control sequence X, € X; € X, € -
®» Towards an optimum solution containing all elements of the control sequence

® This optimum solution is called an Attractor

15
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@® Attractors are control sequences

Approximating a fixpoint solution

With finitely many cascades
* Or arrow terms

Increasing in size
Increasing in precision

* Think of an unlimited Tower of Hanoi
» Approaching its top

16
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Functional Size Measurement

Functional

a model for the software under test S

®» Simplified UML

®» Objects identified in code or service

Developers and Testers can “walk” | : _ _ _
the data movements when planning ' : - : :
or executing tests

=®» Functionality and Defects become visible Q
and measurable to the development team T I
> Device User | F;p;ét)::I J W
Same Metric: e"”wme Read‘E”"y
®» |SO/IEC 19761 PersisentDaia
COSMIC ADnlcation measured

Software Boundary

18
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. . Functional i er — r
@® The Data Movement Map is Device BeRae cars | f‘some Device / D ( omelApp |

a model for the software under test

1./ Move some Data
Q* ¢

I |
2./l Move some Data 4

% Simplified UML ; S 2 ¢ |
= Obijects identified in code or service Ge—loabig ! l l
i 44.// Move some Data inIoE Other App | . <>

Developers and Tes
the data moveme
or executing tests

Functional Size

®» Number of Data Movements needed to implement all functional User Stories (FUR)
Test Size

®» Number of Data Movements executed in Test Cases

Test Intensity
®» Total Test Size divided by Total Functional Size

® Functionality an
and measurable

Same Medtric: Test Coverage
®» Percentage of Data Movements covered by at least one Test Case
» ISO/IEC 19761 DefeCt Count
COSMIC

®» Number of Data Movements affected by some defect detected in a Test Story




Customer
Orientation

Lean
Six Sigma

Agile
Processes

Project
Estimations

Transfer
Functions

Test Data Test Data Test Data et Result |

@® Tests represented as Arrow Terms constitute a Combinatory Algebra
= Combination of tests is a powerful method for enlarging test coverage

®» Combination means you can apply one set of tests to another

@® Test Data refer to specific Data Groups with specific characteristics

®» Data Groups moved by Data Movements are needed for test automation

@® Tests can pass or falil

®» We combine only tests that pass

euro project office
M

aster your project.
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Two Ways to Combine Test Cases

® Combine Test Stories

® Combine Unit Tests

Customer
Orientation

®» Combining sets of terms in a = Combine test cases whose data
Combinatory Algebra is unlimited movement map overlaps
six SiGHY =®» However, their associated data _ _
movement maps must overlap ® Often among different Test Stories
 Otherwise, the test cannot be executed ®» Combine two Test Stories from
e different components within a
@® Usually within a single Test Story complex system
= To cover variations in data groups =® For instance, door controls with
o driving controls

You can combine anvthinge

Transfer
Functions

in a Combinatorv Aleebra

21
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Decision

Pairwise Comparison

;WT: Effectiveness
)

Customer
Orientation v
on ’
Rational/ Emotional
Logical ;
9 Mind
L Mind
Six Sigma

USt - CN
Customer |  r— —
Needs (CN) i — —
Agile — —
J J J J J j Autonomous Tests
® How to get a goal profile for User’s Values? ! TSt - Ust
. §] Stori - )
_ Projec = Privacy Needs sy | - § —
stimations - —)
#Functional Size | i~
®» Safety Needs — rﬁ
®» Emotional Needs '
Transfer Test Stories ‘
FuncEll = Business Needs Wbl
#Defects \

22
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Users’ Values Transformed into a User Story Profile

Customer's Needs

AHP Priorities
Customer's Needs Topics | |Attributes Weight  Profile
Customer Y.a Drive Fast y1 Agile Driving Arrive safe Do not block other traffic Have fun 16% et I
Orientation . . - :
y2 Smooth Driving Drive predictibly Do not break unnecessarily 14% 030 |0 User Stories
y3 Armive in Time Arrive predictibly  Avoid obstacles 23% 0.50 _-
Y.b Drive Safe y4 Avoid Incidences Drive foresightful - Know what's ahead Know my way 059 || R o 2
y5 No Surprises Communicate  Never surprise anybody Give signs 21% 045 | R © 3 > ‘;“ § S
Lean = | Z = > S|«
. S|8 « = E & |8
Six Sigma a | ® E E - - o 3
- = - L= - —
5|8 2 8 & 2 2|5
O|la O xXx << O < | <
— o~ 0 = 0 ©
: S 8 8 8 8 8
Customer's Needs S 8 8 8 &8 O
Agile -
Procee y1  Agile Driving ol 4 3 1 2 5 1038
H ¢ ¢ ; ‘) ‘) -
y2  Smooth Driving o3l 4 3 3 9 ) 10.32 B
Project y3  Arive in Time 050y 5 1 3 7 5 10.49 5
Estimations 7
y4  Avoid Incidences 089 4 4 3 4 8 |0.58 5
® Count number of Data Movements y5  No Suprises 0| 3 1 G 9 o [ose
Transfer in User Stories that Support some Solution Profile for User Stories: | 0.42 0.35 0.28 0.54 0.21 0.53 |Convergence Gap
Functions
et )
specific Users’ Value 005 @

92 Total Effort Points
0.10 Convergence Range ‘ ‘ ‘

0.20 Convergence Limit 23
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Attractor X

Intelligent Selection of Test Cases

Test Coverage Test Stories

Deployment Combinator ® 5 °
g 5 &
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S
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D

Q004 Amend my Way

Qo

17

o
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Q005 Check my Way

16

S
N
N

Q006 Able to Stop

13

S
N
D
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Ideal Profile for Test Stories:

670 Total Test Size

0.10 Convergence Range
0.20 Convergence Limit

0.36

Convergence Gap

0 @

User Stories
2
3 g £ 8 s
< = I = g |
8 o z E E o|F
& 1] - x~ o >
2 %2 & ¢ 8 o=
o o c &£ < o] [X)
o O ¥ < O < | <
— N ™ < Vo) ©
o o o o o o
o o (an] o (an] o
g o o S O O
3 O
413 12 D
¥ ‘ ‘ 1
£33 2 2 o
o |
5 1 37 0-495
3 6 0.42q
0.54 Convergence Gap




Attractor X, s pejssiotics

Now let’s turn on the Test Generator...

Test Coverage

Test Stories

Deployment Combinator @ o
(=] — (=] . .
:gstgn:gr g - - ..g g ‘ Stay Wlth TESt StOI’IeS
rientation ol - i ® S S o H
S| 3 £ S 3 o S 5 9|9 and User Stories
g|ls « 2 3 2 5 £ &5 2 8% |8
Fle2 8 3 & & 38 s £ 2 o 2|3 »
TS| 8 B3 -~ © 8 & = £ & %X ©5|=
8l 8§ 8 6§ 5 2 & 3 & & 2|2
slon gl I It e el Tl Rl Bl Bl =l ® The Test Generator
] B . s ) .| - { ~ f "'r L'r
TR RRRREE S produces Test Cases
) O O O O O 0o o o o = =
User Stories = 8 8§ 6 T & & & 2 = that he can prove to
~ | » | ! o J .
gl Q001 Populated Area 0.42 3927 5 79 6 | 10 8 13 14049 N yleld correct results
Processes - - ‘
Q002 Obstacle 0.35 ].6 18 1() J ].4: ¢) 11 9 15 16 1() 0.36 » In terms Of prlvacy
Q003 Know my Way 028 4 5 13 5139 9.6 7 9 8|02 . protection
B | — —— 1 _
SVRCOM (004 AmendmyWey 1054138 24 11 11118 7 17 8 13 13 17]0% ® And in terms of safety
Q005 Check my Way e2t|l 2 6 5 723128  16fote I in driving
e Ideal Profile for Test Stories: | 0.63 0.47 0.17 0.13 0.26 0.15 0.23 0.17 0.23 0.18 0.29 |Convergence Gap 2 p—— TestsizeinCFPY 745 |
L Test Intensity] 24.8
Defects Found in Total:| 0 Defect Density- 8>
745 Total Test Size Defects geer?dtisng?‘g?Rzm;\:ZI: 0| Data Movemgnfscéosgiz: 100% |
0.10 Convergence Range ‘ | 25
0.20 Convergence Limit




Attractor X, s pejssiotics

After a few Test Cases more the Convergence Gap opens...

Test Stories

Test Coverage

Deployment Combinator @ ®
(=] — > .
:gstgn:gr g - - ..g g ‘ Addlng TeSt CaSGS
rientation -5 @ S S . .
Slg £ 35 3 » 5 5§ 8|S improves Test Density
| s @ & T = 5w = & B g L2|¢
~ @ [} > D @ = > < 5 © 7] S
T8 2 5 5 8 8§ 2 5 8 ¢ 3|3 =» Here: Test Cases for
A o O | | | . . .
Lean g il ool IR el Bl bl Il image recognition in
$15(3/3|3/5% |8 2|8 8 - -
N U A B B L O T R T raln,oratnlght
] O 0O O 0o O o o o o = =
eer Sores = 8. 8.9 .0 8 5.8 & ° :—r ® This might lead to
P gl Q001 Populated Area 0.42 3927 9119 06 | 1() S 13 16047 B lower the focus on
rocesses N - p
Q002 Obstacle 035116 18 14 9 14 5 11 9 13 20 11037 ™= Users’ Values
2003 Knowmy Wey 28 4 518 9 139 9 6 7 13 10]oz % % The Convergence
Project 004 Amend my W 054| 2R | ~ 1Y R 13 056 Gap opens
Estimations Q . men ) my v B 3824 19 19 18 " 1/8 1'} 21 18 - P op
Q005 Check my Way 21| 2 11 5 7 2312 8 | 24|01 ,
e ldeal Profile for Test Stories: | 0.58 0.43 0.26 0.21 0.25 0.15 0.23 0.16 0.21 0.24 0.31|Convergence Gap - ER B — —
0.100 Test Intensity] 27.5
, Defi Found in Total:| O Defect Density: ™0
824 Total Test Size 7 Defects g:r?(tj?ngc:‘g?Rg]mc?\jgl: 0| Data Movem:nfsczioszzt(}jl: 100% |
0.15 Convergence Range | | 26
0.20 Convergence Limit ' ' '
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The D?TLDMUTS

serves as an example to explain the new concepts. D2TLDMUTS is pronounced
“Double-Tiddlemutzz”, with a sharp “zz" hiss at the end. It refers to a large
Intercity multiple unit trainset, able to run on international railway traffic as a
double-decker with restaurant, with children’s corner, offering space for people
with disabilities, featuring roll compensation for faster driving around a curve,
comfortable enough for three to six hours of daytime train riding

It has been ordered by a European railway fif e
operator, originally targeted for 2013 but s
entering regular service in late 2020 only

®» \Without restaurant because of COVID

Commissioning started in February 2019
and lasted well into 2021

27



The Double-Tid.

Operators' Needs

Customer
Orientation PEE
B
C Traction
Lean
Six Slgma D Electricity
E Comfort

F Door Controls

Aglle G Terminology
Processes

H Maintenance

Operators' Needs Weight  Profile
A01 ETCS Reliability 1% 0.07 g
A02 Human Interface 6% 0.28 M
A03 ETCS Redundancy 2% 0.09 i
A04 ETCS Stability 3% 0.15 «%
A05 ETCS Independence 5% 0.23 J&
B01 Sensor R 3% 0.13 #
B02 Sensor Independence 4% 0.19 || M@
B03 Sensor Redundancy 3% 016 ||
C01 Needs Prediction for Traction 2% 0.08 g
C02 Efficient Traction 3% 013 || W
C03 Safe Traction 5% 0.22 3
D01 Electricity Sensing 3% 0.13 f
D02 Power Management 2% 009 || 4
D03 Energy Saving 4% 017 ||
EO1 HeatLevel 2% 010 ||
E02 Moisture Level 2% 012 || &
E03 Cabin Acceleration 1% 006 ||
E04 Accessibility 3% 013 || &
F01 Door Sensing 2% 012 || &
F02 Anti-Trap Sensing 6% 0.31 4
F03 Door Closure Safety % || 019 :@
GO1 Audio Clarity 1% 004 |k
G02 Visual Clarity 2% 010 || &
G03 Data Interpretation 4% 020 || W
G04 Consistency 8% 040 || R
HO1 Predictive Maintenance 3% 016 || M
H02 Wear Sensors % 033 || N
HO3 Alarming 6% 030 || Al
HO04 Maintenance Controlling 2% 0.10

Project
Estimations

AHP Priorities

Transfer
Functions

H Maintenance

The Double-Tiddlemutzz

C Traction
D Electricity

E Comfort

9 5

13 13
1 113
3 1
3 3
731 3
3 9 1 3 1

F Door Controls

1
1 151 3

1

1
3

G Terminology

i=] H Maintenance

Weight

< & & N ® o o~ Ranking

The Hierarchy Comparison

5 g

8§ 2 8

s 5§ £ &

2 3 8 2

= & » =

§ o 9 9

- ERgRERE

AHP Priorities £ W W W

g 8 3 8

<= £ & =

A01 ETCS Reliability 1 /5 19

A02 Human Interface 3 3

AO03 ETCS Redundancy |5 113 1 113 119
A04 ETCS Stability 1 13 1 1
A05 ETCS Independence |9 17 9 1 1

esting L

N @ & = o Ranking

P Priorities
D Electricity
D01 Electricity Sensing

D02 Power Management

D03 Energy Saving

BO1 Sensor Robustness
B02 Sensor Independence
B03 Sensor Redundancy

119

©

o B
068 M

0.57 :

=

B02 Sensor Independence (9

N = | Ranking

o

Profile

AHP Priorities
C  Traction

C01 Needs Prediction for Traction
CO02 Eficient Traction
C03 Safe Traction

CO1 Needs Prediction for Traction

C03 Safe Traction

| Profile

Ei
~ < | Ranking

8L
-

DO1 Electricity Sensing
D02 Power Management
D03 Energy Saving

©
>

B

~ @ | Ranking

=

AHP Priorities
F  Door Controls

FO1 Door Sensing
F02 Ant-Trap Sensing

F03 Door Closure Safety

E03 Cabin Acceleration
E04 Accessibility 3 1

8
s B
z 2 gz
g 2 2 B
2 5 T 2
AHP Priorities £ = 8 2
s 8 38 3
E  Comfort o o @& o
EO01 Heat Level 1 1 113
E02 Moisture Level 1

=

113

S w e

Profile

= &~ | Ranking

FO1 Door Sensing
F02 Anti-Trap Sensing
F03 Door Closure Safety

| Ranking
Profile

[N
So o

&

AHP Priorities

H  Maintenance

HO1 Predictive Maintenance |1
HO2 Wear Sensors 1

HO3 Alarming 3
HO04 Maintenance Controlling |1 113115

HO4 Maintenance Cont

HO1 Predictive Maintenance

HO2 Wear Sensors
HO3 Alarming

~ o w

AHP Priorities
G Terminology
G01 Audio Clarity
GO02 Visual Clarity
G03 Data Interpretation
G04 Consistency

GO1 Audio Clarity
B G02 Visual Clarity
k] GO3 Data Interpretation

k=] G04 Consistency

8| profite

=~ w & Ranking

Profile

&~ = «| Ranking

e

8388

So oo
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arge & Complex Systems

® The method of choice
to find priorities is the
Analytic Hierarchy

Process (AHP)

=®» According
ISO/IEC 16355

@® Surprise:

®» The need for
unambiguous
communication

G04: Consistency

wins overall
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Test Stories Test Stories Test Stories

L 8 i

g g | g 2

S | s § s & £ 5 = = 2 5 2 g 2| . 2 3 s B

Sl 5 8 5§38 28 % .8 F|z 85§52z 2 zg s 82325 82 g 5

T8 E 3 C 28 8% £ 8 £ |8 E 22 8555 35 5 58§28 ¢ 833823 8

Ol O £ € o o D o << O oo O ® £ o a a9 - Z ® +F a D210 a O o o < Z2 o
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User Stories S S s s 8 g5 s g e |98 35855885 =8 |3 835585 8
Q01 Tracion 05[22 8 14 9 16 27 18 16/22 15 10 Y
Q002 Cornfort 0s(11 9 7 21 6 26 17 20 29 36 4 055
Q003 Stop 07|28 1419 162515 5 8 3 6 oy W
Q004 Norior 05|15 10/ 7 17820 5| 2| 2 3857 I —
Q001 Audio 037 914 4 9 2 5 5 9 8 8 2 6 ¢ i
0002 nfomaton 043 015 6 £ 9 1110 9 9 14 14 2 0sy
s Eetren fow| 49161519 1101611 6 12 8] e
Q004 Tran Status 047 S 1014 7 17 8 1014 11 6 12 6 ou W
Q005 Temminology 029 40610 2 2 1614 1315 020 W
Q006 Traning 0% 448y 12 4 6 14, 6 25 17 03
Q001 Stop 0.58 10 92919 7 8 41 4 0ps
Q002 Start 053 T 121917 7 4.5 5 054 j
Q003 Salety 035 6 6 3 1019 17 031
Q004 Pressure 0.50 6 101615 6 3 4 4 046

Ideal Profile for Test Stories:

0.33 0.18 0.20 0.23 0.20 0.44 0.24 0.20 0.28 0.46 0.39

\||||’||!H

Master your project.
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Test Stories Test Stories Test Stories
& g z 2
5 @ @ 8 5 S
g v o | S 8|8 21RI8 | g 2 - © :
Sls § 8§ 585 £ & 23 255 83 8 3z 2 ¢ g £s g8 g 5 % S
gls &2 8 3 2 § 2 s g2 28 3 £ & = 8 &8 € 2 £ 5 5|8 2 8 8 8 o & 2 g
cle 3 &8 § 5 3 2 3 2 8% Bl 288 5 8 282 2 2 828 % 32 3% S = g % S 3
S8 £ 3 2 28 %2 5 E 3|28 &8 5 3 8 8 § £ % 8 5 35 8|8 8 8 58 8 = 8 8 S
Ol O ¥ € o a4 > o << o oo o »® £ o a 48 - zZ2 »© - 39 5|0 a O o aoa < zZ o <
- N o N N e N e N s N e N - NN e N o
Sifig g @ iojoia o u wf<i<id @0 0100 g Wiy )< <@ @@ @O o
User Stories S 8§ g § g g5 g g g s g g gg s g g gt §elg g g gg s 8
Q001 Traction 050123 8 14 9 16 29 10 11 8 9
Q002 Comfort 05|11 9 7 6 936 1 v 3
Q003 Stop 03798 16 8 6 '8
Q004 Monitor 0.54 8 9 38 5% i
Q001 Audio 0.37 23 14 4 5 6 9
Q002 Information 0.43 ] 1015 6 10 ( 2 7 3
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The Need for a Theory

@® This is the way to invent
new business models

= Probably the only sure way
= Otherwise, you get lost in the jungle
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