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GOAL

THE MAIN GOAL OF THIS THESIS IS TO PROPOSE
EFFICIENT QUANTUM COMPUTATION ALGORITHMS FOR
REAL--TIME STRATEGIC DESIGN OF LEAN COMPLEX
CYBER--PHYSICAL INDUSTRIAL NETWORKED
ORGANIZATIONS AND THEIR PRACTICAL IMPLEMENTATION
AND, THEREFORE, SUPPORT THE LEADERS OF
ORGANIZATIONS IN THEIR DECISION--MAKING PROCESS.
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INDUSTRY 4.0 CYBER—PHYSICAL SYSTEMS FORM COMPLEX NETWORKS THAT CA
BE UNDERSTOOD AS TIME-DEPENDENT GRAPHS (T)=[I(T), E(T)] GIVEN BY ALISTS

OF I{T) HUMAN AND CYBER-PHYSICAL NODES AND STANDARD COMMUNICATION
EDGES E(T)c I{T)XI(T).
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» INTRODUCTION
»  MOTIVATION

LY CYBER--PHYSICAL SYSTEMS FORM COMPLEX NETWORKS CAN BE UNDERSTOOD AS TIME-
A DEPENDENT GRAPHS (T)=[I(T), E(T)] GIVEN BY A LISTS OF I{T) HUMAN AND CYBER-PHYSICAL
T AN NODES AND STANDARD COMMUNICATION EDGES E(T)c I(T)XI(T).

WE AIM TO DECREASE VARIABILITY OF THE KEY PERFORMANCE INDICATORS
(KPl) MEASURING THE INDUSTRIAL VALUE CREATION WITHIN THESE CYBER—
PHYSICAL NETWORKS.

KPI = C.V. VARIATION COEFFICIENT 2R 240 w0 7D 1000
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» INTRODUCTION
»  MOTIVATION

S W CYBER--PHYSICAL SYSTEMS FORM COMPLEX NETWORKS CAN BE UNDERSTOOD AS TIME-
A el DEPENDENT GRAPHS (T)=[I{(T), E(T)] GIVEN BY A LISTS OF I{T) HUMAN AND CYBER-PHYSICAL
(e NODES AND STANDARD COMMUNICATION EDGES E(T)c I{T)XI(T).

WE SEEK SYSTEMATICALLY TO DECREASE VARIABILITY OF THE KEY PERFORMANCE INDICATORS
MEASURING THE INDUSTRIAL VALUE CREATION WITHIN THESE CYBER PHYSICAL NETWORKS.

( )

KPI o) h SUCH KEY PERFORMANCE INDICATORS ARE
INTERDEPENDENT AND DESCRIBE CERTAIN
TRAJECTORIES IN A N--DIMENSIONAL PHASE
SPACE.

ANODE IS TO BE IN ALIGNMENT AT ANY GIVEN
C/) MOMENT IN TIME IF THE KEY PERFORMANCE

y

" INDICATOR'S TRAJECTORY PRESENTS
KP| ‘03 ASYMPTOTIC STABILITY AT THIS POINT IN TIME.

ALIGNMENT IS THUS A BINARY PROPERTY OF
EACH CYBER--PHYSICAL NODE.

KPl'02 /
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» INTRODUCTION
»  QUANTUM INDUSTRY 4.0 CYBER—PHYSICAL FRAMEWORK

( . Technical
= ‘ﬂ. "Complexity
- ~ = T S B
a supply chain - [z

THE INDUSTRY 4.0 CYBER— | L "‘f]
PHYSICAL FRAMEWORK ' - /’; }Lﬁ}\/ i |
DESCRIBES A SOCIO— Valu:usbt:;eam v::ws::;;s (= “—‘[ : §.L . Hierarchically Nested .. .| ...
LT, =L e

— Industry 4.0 i
WHICH THE ELEMENTS ARE Network of ,}?A \ Quantum Cyber—Physical
REPRESENTED BY e || g JB) 1 Stems e
COMPUTATIONAL UNITS , = ( i '@}J// ? 5 : Q
WITH TWO POSSIBLE — e 3 : | | Social-
STATES: ALIGNMENT AND Sensor qubit sensors within L \’.:‘? | i ' ? L CompIeXIty
NON—ALIGNMENT. A naihi \}——// - ;
THERE IS A PROBABILITY i
THAT THESE Y| F

I
THEMSELVES INTHE ettt —1)
SPECIFICATION LIMITS GIVEN Lo\ o, \. Network of | ||Network of | | Networkof | | Network of
BY THE VALUE CREATING LA R “';;fi:':‘ m:‘; w‘;“’::n w‘l’t'g:m_
EROC ESS. ) ‘ person team organization organization
Wearable Person Team Organization |
|P(q=l1>)=P(q<LSL)+P(USL<q) | qubit qubit qubit qubit
q = = L
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» INTRODUCTION
»  OBJECTIVES

( )

PROPOSE A NOVEL QUANTUM STRATEGIC ORGANIZATIONAL DESIGN CONFIGURATION OF DISTRIBUTED
O1 QUANTUM CIRCUITS IN MULTI--LAYERED COMPLEX NETWORKS THAT ENABLE THE EVALUATION OF
INDUSTRY 4.0 LEAN COMPLEX NETWORKS.

. J
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» INTRODUCTION
»  OBJECTIVES

PROPOSE A NOVEL QUANTUM STRATEGIC ORGANIZATIONAL DESIGN CONFIGURATION OF DISTRIBUTED QUANTUM CIRCUITS IN

& MULTI--LAYERED COMPLEX NETWORKS THAT ENABLE THE EVALUATION OF INDUSTRY 4.0 LEAN COMPLEX NETWORKS.

( )

PROPOSE DIFFERENT MECHANISMS FOR THE INTEGRATION OF INFORMATION BETWEEN CIRCUITS
02 OPERATING AT DIFFERENT LAYERS, ANALYZE AND COMPARE THEIR BEHAVIOR WITH THE CLASSICAL
CONDITIONAL PROBABILITY TABLES LINKED TO THE BAYESIAN NETWORKS.

. J
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» INTRODUCTION
»  OBJECTIVES

PROPOSE A NOVEL QUANTUM STRATEGIC ORGANIZATIONAL DESIGN CONFIGURATION OF DISTRIBUTED QUANTUM CIRCUITS IN

& MULTI--LAYERED COMPLEX NETWORKS THAT ENABLE THE EVALUATION OF INDUSTRY 4.0 LEAN COMPLEX NETWORKS.

PROPOSE TWO DIFFERENT MECHANISMS FOR THE INTEGRATION OF INFORMATION BETWEEN CIRCUITS OPERATING AT DIFFERENT
02 LAYERS, ANALYZE AND COMPARE THEIR BEHAVIOR WITH THE CLASSICAL CONDITIONAL PROBABILITY TABLES LINKED TO THE
BAYESIAN NETWORKS.

( )

DEMONSTRATE THAT QUANTUM CIRCUITS CAN IMPROVE THE PERFORMANCE OF CLASSIC ALGORITHMS IN
O3 DESCRIBING CERTAIN COMPLEX INDUSTRIAL PROCESSES BY SOLVING SIMPLE PRACTICAL CASES OF CHAINS
OF COMMAND AND DEPENDENCY IN INDUSTRIAL PROCESSES.

. J
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» INTRODUCTION
»  OBJECTIVES

01 PROPOSE A NOVEL QUANTUM STRATEGIC ORGANIZATIONAL DESIGN CONFIGURATION OF DISTRIBUTED QUANTUM CIRCUITS IN
MULTI--LAYERED COMPLEX NETWORKS THAT ENABLE THE EVALUATION OF INDUSTRY 4.0 LEAN COMPLEX NETWORKS.

PROPOSE TWO DIFFERENT MECHANISMS FOR THE INTEGRATION OF INFORMATION BETWEEN CIRCUITS OPERATING AT DIFFERENT
02 LAYERS, ANALYZE AND COMPARE THEIR BEHAVIOR WITH THE CLASSICAL CONDITIONAL PROBABILITY TABLES LINKED TO THE
BAYESIAN NETWORKS.

DEMONSTRATE THAT QUANTUM CIRCUITS CAN IMPROVE THE PERFORMANCE OF CLASSIC ALGORITHMS IN OPTIMIZING CERTAIN
O3 COMPLEX INDUSTRIAL PROCESSES BY SOLVING SIMPLE PRACTICAL CASES OF CHAINS OF COMMAND AND DEPENDENCY IN
INDUSTRIAL PROCESSES.

( )

IMPLEMENT THE THEORETICAL DEVELOPMENT BASED ON QUANTUM PRINCIPLES IN A DEVICE THAT ALLOWS
O4 TO DISCERN IN REAL TIME THE NEED TO MODIFY AN INDUSTRIAL PROCESS DUE TO THE PRESENCE OF
PRODUCTION ERRORS AND TO ACHIEVE AN INTUITIVE INTERFACE FOR THE OPERATOR WHO USES IT.

. J
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( )
TRADITIONAL COMPUTING EMPLOYS BOOLEAN CIRCUIT COMPONENTS.
QUANTUM COMPUTING EMPLOYS TYPICALLY UNITARY OPERATIONS, I.E.
OPERATING IN AN INFINITE SET, ON ONE OR MORE TWO—STATE SYSTEMS TO
REALISE QUANTUM CIRCUITS.

. _J

. Classical
computing

xyj=1,..n€ B" = {0,1}"

. Quantum

computing
® |xj >;j=1,.,n €B"
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| Classical
xjj =l...n € B ={0,1}" computing TRADITIONAL COMPUTING EMPLOYS BOOLEAN CIRCUIT COMPONENTS.

QUANTUM COMPUTING EMPLOYS TYPICALLY UNITARY OPERATIONS, |.E. OPERATING IN AN
[ | Quantum INFINITE SET, ON ONE OR MORE TWO—STATE SYSTEMS TO REALISE QUANTUM CIRCUITS.

computing

®lx>:j=1,.., n € B"
a A QUANTUM COMPUTER WORKS WITHATFINITE SET OF OBJECTS CALLED QUBITS. \
EACH QUBIT HAS TWO SEPARATE STATES |0> AND |1> THAT FORM ABASIS IN A
SPACE OF STATES.
ARBITRARILY LINEAR COMBINATIONS OF THE BASIS STATES, WITH COMPLEX
\_ COEFFICIENTS THAT PRESERVE THE NORM DESCRIBE THE SYSTEM ly>. W,

¥ > = ZCX1,x2 ..... xn|x1,X2,...,xn>
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» QUANTUM STRATEGIC ORGANIZATIONAL DESIGN (QSOD)
»  QUANTUM COMPUTING FUNDAMENTALS

| Classical
xjj =l...n € B ={0,1}" computing TRADITIONAL COMPUTING EMPLOYS BOOLEAN CIRCUIT COMPONENTS.

QUANTUM COMPUTING EMPLOYS TYPICALLY UNITARY OPERATIONS, |.E. OPERATING IN AN
[ | Quantum INFINITE SET, ON ONE OR MORE TWO—STATE SYSTEMS TO REALISE QUANTUM CIRCUITS.

®I%;>:)j=1l,.n € B" computing

A QUANTUM COMPUTER WORKS WITH A FINITE SET OF OBJECTS CALLED QUBITS.
I¥>= 2 gyl 90725 > | EAGH QUBIT HAS TWO SEPARATE STATES [0> AND |1> THAT FORM A BASIS IN A SPACE OF STATES.

Dl gy =1 ARBITRARILY LINEAR COMBINATIONS OF THE BASIS STATES, WITH COMPLEX COEFFICIENTS THAT
PRESERVE THE NORM DESCRIBE THE SYSTEM ly>.

(- Alignment ~  BLOCH'S SPHERE IS COMMONLY USED TO GEOMETRICALLY REPRESENTA
7 |0) QUBIT. OF UNITARY RADIUS, THE Z-AXIS IS THE COMPUTATIONAL AXIS AND

— < ITS POSITIVE DIRECTION COINCIDES WITH THE STATE |0>, AND THE

NEGATIVE WITH STATE |1>.

. A QUBIT CAN BE REPRESENTED AS A POINT ON THE BLOCH SPHERE WITH
y| THE HELP OF TWO PARAMETERS 0 AND @: |95 = cos <E> 10> +eisin (E) >
2 2

WE DEFINE THE QSOD QUBIT, THE NODE OF A DECISION COMPLEX—
NETWORKED CYBER-PHYSICAL LEAN MANAGEMENT SYSTEM, AS A HUMAN
OR CYBER—PHYSICAL ASSET THAT IS IN THE CENTER OF A BLOCH

Z SPHERE, IN WHICH THE STATE OF ALIGNMENT AND NOT-ALIGNMENT
(B) not-Alignment REFERENCES RESPECTIVELY WITH THE QSOD QUBIT |0> AND |1>
G ~ _ COMPUTATIONAL STATES Y,
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~

A QUANTUM CIRCUIT IS A COMPUTATIONAL SEQUENCE.

IT PERFORMS A SERIES OF COHERENT QUANTUM (UNITARY) OPERATIONS ON
QUBITS. BY ORGANIZING THEM INTO AN ORDERLY SEQUENCE OF RESETS, QUANTUM
GATES AND MEASUREMENTS.

RESETS QUANTUM GATES MEASUREMENTS
1

o 1 T

o B 1
:

q:z '
:

qs &
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» QUANTUM STRATEGIC ORGANIZATIONAL DESIGN (QSOD)
»  QUANTUM COMPUTING FUNDAMENTALS

: : " A QUANTUM CIRCUIT IS A COMPUTATIONAL SEQUENCE.
|
® - —a IT PERFORMS A SERIES OF COHERENT QUANTUM (UNITARY) OPERATIONS ON QUBITS. BY ORGANIZING
* ! ? THEM INTO AN ORDERLY SEQUENCE OF RESETS, QUANTUM GATES AND MEASUREMENTS.
|Wy>:10>
H,; > 10 THE INITIALIZATION AND RESET OF THE QUBITS IS TYPICALLY STANDARDIZED TO

THE STATE |0> ON THE COMPUTATIONAL Z-AXIS.

W5 >: 10
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‘ : A QUANTUM CIRCUIT IS A COMPUTATIONAL SEQUENCE.
@ oo —a IT PERFORMS A SERIES OF COHERENT QUANTUM (UNITARY) OPERATIONS ON QUBITS. BY
a ' T» ORGANIZING THEM INTO AN ORDERLY SEQUENCE OF QUANTUM GATES, MEASUREMENTS,
c e L AND RESETS,.
[P1>0>0—
¥, >: |0 THE INITIALIZATION AND RESET OF THE QUBITS IS TYPICALLY STANDARDIZED TO THE STATE |0> ON
2 THE COMPUTATIONAL Z-AXIS.
[W3>:]0
0 =2aran.|PU1L>) FOR AROOT NODE, THE CONDITIONAL PROBABILITIES TRANSLATE INTO QUBIT

p(10>) ROTATION ANGLES DEPENDING ON ITS DECISION NETWORK DEPENDENCIES.
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» QUANTUM COMPUTING FUNDAMENTALS
“ : A QUANTUM CIRCUIT IS A COMPUTATIONAL SEQUENCE.
@ oo —a IT PERFORMS A SERIES OF COHERENT QUANTUM (UNITARY) OPERATIONS ON QUBITS. BY
2 ' T» ORGANIZING THEM INTO AN ORDERLY SEQUENCE OF QUANTUM GATES, MEASUREMENTS,
c e L AND RESETS,.
[P1>0>0—
¥, >: |0 THE INITIALIZATION AND RESET OF THE QUBITS IS TYPICALLY STANDARDIZED TO THE STATE |0> ON
2 THE COMPUTATIONAL Z-AXIS.
[W3>:]0
0 =2atan p(1>) FOR A ROOT NODE, THE CONDITIONAL PROBABILITIES TRANSLATE INTO QUBIT ROTATION ANGLES

p(]0>) DEPENDING ON ITS DECISION NETWORK DEPENDENCIES.

0 —2atan pU1> I =11rH
pUO0>ITri=11r»

FOR A CHILD NODE WITH “M” PARENTS THERE ARE []yl* POSSIBLE STATES.
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» QUANTUM STRATEGIC ORGANIZATIONAL DESIGN (QSOD)
»  QUANTUM COMPUTING FUNDAMENTALS

“ : A QUANTUM CIRCUIT IS A COMPUTATIONAL SEQUENCE.
@ oo —a IT PERFORMS A SERIES OF COHERENT QUANTUM (UNITARY) OPERATIONS ON QUBITS. BY
2 T» ORGANIZING THEM INTO AN ORDERLY SEQUENCE OF QUANTUM GATES, MEASUREMENTS,
c e L AND RESETS,.
[P1>0>0—
¥, >: |0 THE INITIALIZATION AND RESET OF THE QUBITS IS TYPICALLY STANDARDIZED TO THE STATE |0> ON
2 THE COMPUTATIONAL Z-AXIS.
[W3>:]0
0 =2atan p(1>) FOR A ROOT NODE, THE CONDITIONAL PROBABILITIES TRANSLATE INTO QUBIT ROTATION ANGLES
p(]0>) DEPENDING ON ITS DECISION NETWORK DEPENDENCIES.

pU1> I =11rH o .
0 =2atan FOR A CHILD NODE WITH “M” PARENTS THERE ARE [yl* POSSIBLE STATES.
pUO> T =T1rH

-

NEED TO BE DECONSTRUCTED.

e [ THIS METHOD WORKS: IF THE CONTROL [y1> IS IN STATE |
2 3(4.0,0 ¥, (6 0 I D— U3 *T”f. X ——D—

¥ eon] ) {5 (500000 -0 o0 Al WE HAVE IS U3(6/2,0,0) FOLLOWED BY A U3(-6/2,0.0)

AND THE EFFECT IS TRIVIAL. IF THE CONTROL |y1> IS IN

STATE |1>, THE NET EFFECT IS A CONTROLLED ROTATION
49 \ . U3(6,0,0) ON THE |y2>. )
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EXAMPLE Phase 0 | _— B
00000000000 O
L] 1 Tl )
a|10) )\
Level 1 joo>|lo1> 10> [[11>|; .
factory |P(D=08.0)|0.61/0.17|0.37|0.82 aB| |0 _{ us us L us }‘_[ &J_‘
leader |PD=18.0)]0.39/0.83[0.630.18[: N W)
e qc| |0) --lmggm'
Level 2 Level 2 [0> | [1> aA| [0y |- “.‘EEMJ L' WB?WJ
Logistics Production [PE=0/#)|0.65]0.43 =
leader leader |[P(B=1/4)0.35]0.57 (
Poorsfozr] | Level 3 i
= Production o> | 11> - -
Line P(A)[0.75]0.25 : .
leader ) 98- : ; _ : N ;
qC---- & en2n/2) E I"""”-"ml : é a7
oA : . : 5

PAPER PUBLISHED

. Villalba-Diez, J., & Zheng, X. (2020). Quantum Strategic Organizational Design: Alignment in Industry 4.0 Complex-Networked
Cyber-Physical Lean Management Systems. Sensors, 20(20), 5856. htips://doi.org/10.3390/s20205856
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|
000000000000 00 OO0 O
Level 1 joo>|lo1> 10> [[11>|; . . R ‘
\ factory [P0-08.0)|0s1[0.17[0s7[oz2| aB| 0y -{m},’gm]'{,.,‘!.? - }‘{*23“}. : lmgg'ﬂl e
] leader [|P(D=1/B,C)[0.39]|0.83|0.63|0.18|: 1 ; m ;
. - " qc| o) -{,ﬂw, : o] B
Level 2\ Level 2 0> | 11> aA| joy I US L'wg?wj
Logistics Production [P(B=0/4)|0.65]0.43 —3 Phase 3
leader leader P(B=1|A)|0.35|0.57 (
Pe)Jo73fo.27) evel 3
I.ine P(A)|0.75]0.25 : : "
'eader J Q8- tn oz : [nnznz) " )
: — ;
e B 2]
a e
A

ROOT NOD= ANGLE

/0.25327658
04 = 2arctan - | ————— =1.16479

v 0.74672341

0.27
0c = 2 arctan 4 [ —— = 1.0928
0.73
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EXAMPLE Phase 0 Phase 1 Phase 2

000000000000 00 OO0 O
qp| o) @ |

[0.43314,00) 04381400 |

1
c
w

R : — ~| |
]« ! e el -
Level 1 joo>|lo1> 10> [[11>|; : = :
factory [P=08.0)|061]0.17|0.87[0.82] gB| o)+ U3 o LU }‘-[ us |MU3 |
[ us |
ll'l-Ml

|

leader |PD=18.0)]0.39/0.83[0.630.18[: ’
. - . — " qc| o) (1.09280,0,0)
€ vel 2 o] | o ,98,) £

3 \ ) | eonzz |

Logistic Profiuction [PE-0ja[0.65/0.43|
leader ader |PB=1A 3€ 057}
pc)|o.73]0.27] Level 3
Production o> %>\

Line p@)|0.75 0\5\ : ! -

leader EA ) : Sl : pmam

) I | G - :
o de ) 8
ROOT NODE ANGLE CHILD DEYANGLE 1 PA #NT

0.25327658
0y =2arctany | —————— =1.16479  0Op o> = 2ar —— = 1.2661
0.74672341 .
0.27 0.57
Oc = 2 arctan 4 /m = 1.0928 Op 1> = 2arctan\/m =1.7113
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Phase 1

EXAMPLE P'ﬁ°00900300000@ 0 O

us3
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ETSIAUPY

CF

| 9P| il 2@l
q* [[0) il . ‘
Lovel 1 joo>[l01>]110>[1115] ; ;
factory [P=08.0)|061]0.17|0.87[0.82] aB| [0 _W:, U3 s : W |
Iﬂader P(D=1|B,C)|0.39]0.83|0.63|0.18 : :
Level 2 Level 2 0> | s |
Logistics Production [PE-0[065[0.43) |
leader leader |[P®=1/4)0.35]0.57
PE)o73]o27| . | Level 3
= Production o> | 11>
Line P [o.75]0.25
leader )

ROOT NODE ANGLE CHILD NODE ANGLE 1 PARENT % CHILD NODE ANGLE 2\PARENTS

0.63
0.35 Q = Ja \_ 1. —
0, = 2 arctan 0.25327658 _ 116079 los 0> = 2 arctan — 12661 @ 10> 2arctan 037 1.83382 9D,|00> 2 arctan
\ 0.74672341 ’ 0.65
0.18

(=)

[0.27 10.57
6 = 2 arctan 8? = 1.0928 01> = 2 arctan Y 1.7113 Op,)11> =2 arctan Y =0.87629 0p 01> = 2 arctan

039 = 1.3489
0.61

083 =2.29161
0.17
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QMLN » IMPLEMENTATION OF HIERARCHICAL RELATIONSHIPS

|witt > Wer) > Wets >

aj'l

[ +1 e

+1 1+1
|LI-’H'1 > ¥a'e > 1¥eys >
a;
J

Il
N

i=1 L i =3

l l l
|We,1> (W, 2> W, 1 > |lpé3,2 >
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(0)

THE QMLN IS CONSTRUCTED BY
FOLLOWING RULES:

1.ROOT NODES. THE INITIAL STATE
OF THE UPPER LEVEL IS
TRANSLATED DIRECTLY FROM
THE BOTTOM LEVEL.

2.CHILD NODE. THE INITIAL STATE
OF THE UPPER LEVEL NODE IS
TRANSLATED WITH AID OF AN
ADDITIONAL QUBIT “MARKED IN
RED”.
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One element (j = 2) failing at level /
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INTRODUCTION QSOD QSOD CASES
» QSOD as QUANTUM MULTILAYERED NETWORKS
» IMPLEMENTATION OF HIERARCHICAL RELATIONSHIPS
QMLN RESULTS
|Lp‘['7,11 > lw‘l’;zl > |q15;31 > ) One element (j = 1) failing at level /
I+1 ”d/ 0 01 @ (b)
SN s> i, > z "
i=1 i=2 i=3 Z’IL:
Wha> Mha> | MWha> Wh> 2o
! ) |‘l’a 1> I‘Fl g
Wy > |, > Ms > =

Two elements (j € {1, 2}) failing at level /

DIFFERENT CONFIGURATIONS ARE TESTED @

AND SHOWN IN THE FIGURE. %”
(A). ONE ELEMENT FAILING AT LEVEL “L” %0-6
(D). TWO ELEMENTS FAILING AT LEVEL “L". %04

Three elements (j € {1, 2, 3}) failing at level /

X—AXIS. ALIGNMENT PROBABILITY OF LAST @

NODE AT LEVEL “L".
Y—AXIS. ALIGNMENT PROBABILITY OF LAST =~ =™
NODE AT LEVEL “L+1” Fos

THE DIFFERENT LINES REPRESENT DIFFERENT
PARAMETRIZATIONS OF THE CIRCUIT FOR
DIFFERENT PROBABILITIES.

0.2 0.4 0.6 0.8
Values of P(\Wﬁ,,,z) =10)) at level /

Two elements (j € {1, 3}) failing at level /

AGRONOMOS
ETSIAUPM

QAOA CF

02

One element (j = 3) failing at level /

(©)

Two elements (j € {2, 3}) failing at level /

(e) (®)
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Values of P(|W}, ;) =0)) at level | Values of P(|W} ;) =0)) at level /
Conditional probabilities
P = [DIWGES Wi = [11) = PV D) = DIV 3, Wi D) = [11)) = 0.7
P(|wf+>=|1)|\w’ L Wird) = (00) = P(WF D) = [1)[|We! 5, Wit ) = 00) = 0.3
PG 1) = 1)1 =11)) = P(Wg D=0wpEl wirl =111)) = 0.8,
P “>=|1)|w’ 3 W’ ’) 100)) = P(W ’)=\1>\|WL%‘ZVW’ 1=100)=02
P(|W’“)=|1)|\W' WD = 11) = PV d) = (D)W 5, Wil = [11)) = 0.9
(WG 1)=|1)|\w’;1 Wir3) =100)) = P(WL3) = [1)|W,1 5, Wir 1) =100) = 0.1
P = [DIWGE S, W3 = [11) = PV D) = [1)IWG! 5, Wir ) = 111) = 0.95,
P l>=|1)|\w’ 3 w’ +1)=100) = P(Wj ) = [1)||Wg! 3, Wir]) = 00) = 0.05
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[+1

l+1
Wit >

Wil > pitt >
)2 )3 o1

]

Ve

[ ] [ ]

I+1 1+1
Il‘uatj,z > Il‘Uath >

et >

i=1

|We, >

1 l
Wo,1 > [We2>

=2 i=3

1
|Wo 1> |W<§3,2 >

l
W1 > Wa,o >

WL, > ¥, >

CONCLUSION

RESULTS

One element (j = 1) failing at level |

(a)

Values of P(IW, 1) = [0) atlevel I + 1
2

Two elements (j € {1, 2}) failing at level |

(d)

Values of P(W,+1) = 0) atlevel I+ 1

Three elements (j € {1, 2, 3}) failing at level |

()

Values of P(|W,+1) = 0)) atlevel I+ 1

02 04 06 08
Values of P(|W), ) = [0)) at level |

(b)

Two elements (j € {1, 3}) failing at level /

(e)
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One element (j = 2) failing at level /

AGRONOMOS
ETSIAUPM
QAOA CF
One element (j = 3) failing at level /
(©)
02

Two elements (j € {2, 3}) failing at level |

(U]

02 04 05 08 02 04 05 08
Values of P(|W}, ;) = [0)) at level |

Values of P(IW, ) = [0)) at level

) =101y
D = 11y

PG ) = (DI, Wi d) = 100) = P(WLr ) = [1|WGE 5, Wt 1)y =100)) = 0.05

THE SOLUTION PRESERVES THE NORM, IS UNITARY, AND THEREFORE IS COHERENT WITH THE REVERSIBILITY OF
QUANTUM MECHANICS.

IT YIELDS THE SAME RESULTS AS ITS EQUIVALENT BAYESIAN NETWORK (CLASSICAL PROBLEM ALREADY

SOLVED).
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» SUMMARY
Organizational Design Decision Network C: i [Equi Confi
Receiver [00> | [01> | [10> | [11> § Receiver
P(C=0|A,B) | 1-x2 | 1-y2 | 1-y1 | 1-x1 : 10> | 1> 10> 11>
qC PC=1AB)| x | yv2 | vi | x E BAoR o x:ﬁ:’ Lealbal i L
0>]1> 'il PE=1A| % | v | aC qB [ x [
P(B=0JA)|1-y[1-x Receiver 7 -
gB |PB=1lA)] y | x [ T[] aA aB
2 : EEH
Sender Sender ‘ Recelver
00> | 01> | [10> | [11> fo> | 1> | i
: OJAB) | 1-xz1 [ 1-yar | 1-ys1 | 1-x11 P(B=0JA) [1-zez| 1-221
[0>][1> [0> [[1> [0> [|1> ||]§ e ap e e 2 i
P 7 = B |Pe)|i12| =z A [PO[t-z:|z i Sender
.. ’ ‘ [TeTee] oA w®
| Case Study | Case Study aa [pafiz ]z
ONE SUBORDINATE REPORT TWO SUBORDINATES ONE SUBORDINATE
TO HER BOSS REPORT TO THEIR BOSS REPORTS TO TWO BOSSES
PAPER PUBLISHED PAPER PUBLISHED PAPER PUBLISHED
Villalba-Diez, J., Benito, R. M., & Villalba-Diez, J., Losada, J. C., Benito, Villalba-Diez, J., Losada, J. C., Benito,
Losada, J. C. (2020). Industry 4.0 R. M., & Schmidt, D. (2021). Industry R. M., & Schmidt, D. (2021). Industry
Quantum Strategic Organizational Design 4.0 Quantum Strategic Organizational 4.0 Quantum Strategic Organizational
Configurations. The Case of Two Qubits: = Design Configurations. The Case of 3 Design Configurations. The Case of 3
One Reports to One. Sensors, 20(23), Qubits: Two Report to One. Entropy, Qubits: Two Report to One. Entropy,

6977. hily o] 23(4). https://doi.org/10.3390/e23040426 23(4). https://doi.org/10.3390/e23040426
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03
»  SUMMARY - )
Organizational Design Decision Network C: i [Equi Confi
Receiver [00> | [01> | [10> | [11> Receiver
P(C=0|A,B) [ 1-x2 | 1-y2 | 1-y1 | 1-x1 : 10> | 1>
qC Pe=1aB)] x | v [y [ x o |1 | A | e
|0>{|1> 1) C=1i)) v LIERERY)
P(B=0JA)|1-y[1-x Receiver ™ -
qB [PE=1A)] y [ x , T ¥ »
2 mu
Sender Sender “”el‘:’“
= o= 1> o> 1> ﬁé m:fs; ;‘ y—ir yy‘ x,( P(B:HN ;zx qC
PPN 7 o B |Pe)|i12| =z A [PO[t-z:|z : Sender
R - [TeTee] oA w®
| Case Study Case Study ‘ Pz 2
ONE SUBORDINATE REPORT TWO SUBORDINATES ONE SUBORDINATE
TO HER BOSS REPORT TO THEIR BOSS REPORTS TO TWO BOSSES
PAPER PUBLISHED PAPER PUBLISHED PAPER PUBLISHED
Villalba-Diez, J., Benito, R. M., & Villalba-Diez, J., Losada, J. C., Benito, Villalba-Diez, J., Losada, J. C., Benito,
Losada, J. C. (2020). Industry 4.0 R. M., & Schmidt, D. (2021). Industry R. M., & Schmidt, D. (2021). Industry
Quantum Strategic Organizational Desigh 4.0 Quantum Strategic Organizational 4.0 Quantum Strategic Organizational
Configurations. The Case of Two Qubits:| Design Configurations. The Case of 3 Design Configurations. The Case of 3
One Reports to One. Sensors, 20(23), Qubits: Two Report to One. Entropy, Qubits: Two Report to One. Entropy,
6977. hii o] 23(4). https://doi.org/10.3390/e23040426 23(4). https://doi.org/10.3390/e23040426
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»  THE CASE OF THREE QUBITS: TWO REPORTS TO ONE
( .............................................................................................................................................................................................
00> | |01> | [10> | [11>
P(C=0|A,B) | 1-x2 | 1-y2 [ 1-y1 | 1-x1
P(C=1 |A,B) X2 Y2 Y1 X1
Receiver
Sender
[0> ||1> 0> |[1>
gB ([PB)[1-z| z gA [PA|1-z1] z
X Case Study
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AGRONOMOS
ETSIAUPM

OUR GOAL IS TO ESTABLISH THE
ALIGNMENT PROBABILITY OF
AGENT C, P(C=|0>), AS A FUNCTION
OF THE ALIGNMENT PROBABILITIES
OF AGENTS AAND B AND THE
ALIGNMENT PROBABILITIES
BETWEEN AGENT C AND AGENTS A
AND B.

MATHEMATICALLY SPEAKING, WE
INTEND TO FIND THE VALUES OF 6
PARAMETERS THAT DELIVER THE
MAXIMUM ALIGNMENT OF NODE C.

PAPER PUBLISHED

Villalba-Diez, J., Losada, J. C., Benito,
R. M., & Schmidt, D. (2021). Industry 4.0
Quantum Strategic Organizational Design
Configurations. The Case of 3 Qubits:
Two Report to One. Entropy,

23(4). https://doi.org/10.3390/e23040426
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» THE CASE OF THREE QUBITS: TWO REPORTS TO ONE
[¥e) (00— 13{%. 0,0) @ U3{—2.0.0) © 3(%,0,0)
1¥*) 10} © & @
I?B‘: l‘ :l (_-'3[9__:_ 0. 0) L’a[f. Ta'. ';')
¥4} [0p—] 3(6a.0.0) 3(x, 5, §)
[¥e) —@- U3(~52,0.0) HO- U3(3,0.0) @ U3(=2.0.0) @ U3(%.0.0)
[¥*) © & © 2
¥s} L3{x, 5=. §) Ui(x, 52, %)
I¥.e) U3(x . §} U(r. 55 3)
FOLLOWING THE QSOD RULES, THIS
e} —@ U3(—5*.0.0) [ 4 PARAMETRIZED QUANTUM CIRCUIT
) . YIELDS THE SOLUTION.
/ N
2,) A BY CHANGING THE PARAMETERS AND
o ' SIMULATING DIFFERENT
¥4} g CONFIGURATIONS, WE CAN DESCRIBE
THE SYSTEM.

!/ N\
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(1) R2.1. THE ALIGNMENT PROBABILITY OF NODE C

IS NEVER GREATER THAN THE MEAN ALIGNMENT
PROBABILITY OF ITS SUBORDINATE NODES. IN
OTHER WORDS, THE ALIGNMENT PROBABILITY
OF ABOSS CAN NEVER BE GREATER THAN THE
AVERAGE OF THE ALIGNMENT PROBABILITY OF
HIS SUBORDINATES.

(2) R2.2. THE AMPLITUDE OF POSSIBLE ALIGNMENT

STATES OF NODE C INCREASES WITH

INCREASING VALUES OF ZAND IS OBTAINED. THE
GREEN SHADED AREA INDICATES THE POSSIBLE
VALUES OF THIS PROBABILITY AS INDICATED. WE
OBSERVE THAT INCREASING THE AVERAGE
PROBABILITY OF ALIGNMENT OF THE LOWER
NODES, INCREASES THE PROBABILITY OF
ALIGNMENT OF THE UPPER NODE.

03
» THE CASE OF THREE QUBITS: TWO REPORTS TO ONE
1.0 /~
0.9
~ 0.8 >~ —r———==m
é - /
G 0.5 1
0
Y 04
§ 0.3 - /r“/‘
0.2 X 1 ! I
—— P(C=|0>) Upper bound with 5% confidence interval
01— P(C=|0>) Lower bound with 5% confidence interval
O-O T T T T T T
0.5 0.6 0.7 0.8 0.9 1.0
Values of Z
Upper bound

P(Cppy =10 >) = 1.79152% — 1.667z + 0.92 € [0.5,1]; R* = 0.997

Lower bound
P(C,,.,=]0>)=1.061z>—1.4897 + 0.78Z € [0.5,1]; R> = 0.866

post —

X—AXIS. MEAN VALUE OF ALIGNMENT PROBABILITY OF SUBORDINATES
Y—AXIS. ALIGNMENT PROBABILITY OF UPPER NODE.

(3) R2.3. THE HARMONIC UNDERDAMPED

OSCILLATION THAT WAS OBSERVED BETWEEN
THE ALIGNMENT STATES IN THE CASE OF ONE
NODE REPORTING TO ANOTHER, HAS
DISAPPEARED IN THE CASE OF TWO NODES
REPORTING TO ATHIRD. THIS SEEMS TO
INDICATE THAT THE ADDITIONAL NODE
PROVIDES ADDITIONAL STABILITY TO THE
ORGANIZATIONAL SYSTEM.
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o (Computer Numerical Control (A Schematic (B)
Machine drawing
== &=
| First drill_| Second drill|
=

o )

" Legend

€  Motor 1 rotation speed
& Diameter of first drill

)  Motor 2 rotation speed
€ Diameter of second dill

(5] Quality of product

 0—0O

Statistical dependency of
sensor j on sensor i

/

N\

\ RFID> ’ Time Series \ Standardizatio>

Conditional
Probabilities

\
Quantum Digital Twin \
Raspberry Pi — Qiskit

o

P(1) € [LSL,, USL,]
PQ2|1) € [LSL,, USL,)
P(3) € [LSLy, USL;)
P(4]2.3) € [LSLy, USLy)
P(5|4) € [LSLs, USLs)

.- - -

\ Ry
Shop—floor Management o tor 4.0
Visualization Sense HAT poralora:

JIDOKA IS A JAPANESE STRATEGY THAT AIMS TO PROVIDE MACHINES

WITH “HUMAN INTELLIGENCE”.

WITH HELP OF QSOD WE USE THE CNC MACHINE SENSORS TO CREATE A

DEVICE THAT HELPS THE OPERATOR IDENTIFY MACHINE WRONG
PRODUCTION WITH A SIMPLE TRAFFIC—LIGHT LOGIC.

AGRQliOMOS
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a —x—
A QUANTUM CIRCUIT o _.. 0 0
RESEMBLES THE SENSOR
NETWORK WITHIN THE CNC 9
MACHINE FOLLOWING THE as
QSOD RULES. cle N 2 1.

WE CAN CALCULATE THE
ALIGNMENT PROBABILITIES
OF THE FINAL NODE AND
HENCE DETERMINE THE
PROBABILITY OF THE
PRODUCED PART TO BE IN
THE PROCESS
SPECIFICATIONS.
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R4. WE HAVE SUCCESSFULLY TESTED THE INTEGRATION OF A DIGITAL QUANTUM TWIN BY MEANS OF
QUANTUM SIMULATIONS ON A CONVENTIONAL MACHINE TO ENABLE A VISUALIZATION OF ITS SYSTEMIC
STATE IN AN INDUSTRY 4.0 ENVIRONMENT.
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)

( THE GOAL OF THE QAOAALGORITHM IS TO FIND THE OPTIMAL PARTITIONING )
OF VALUE STREAM NETWORKS INTO TWO CLASSES SO AS TO PROMOTE A
MORE EFFICIENT INDUSTRIAL RESOURCE ALLOCATION.
IN OTHER WORDS, GIVEN A VALUE STREAM NETWORK, HOW DO WE PARTITION

\_ THE GRAPH INTO TWO CLASSES FOR BEST RESOURCE ALLOCATION? )

EXAMPLE GRAPH OF 10 NODES
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)

RESOURCE ALLOCATION.

IN OTHER WORDS, GIVEN A VALUE STREAM NETWORK, HOW DO WE PARTITION THE GRAPH

L THE GOAL OF THE QAOAALGORITHM IS TO FIND THE OPTIMAL PARTITIONING OF VALUE

K‘%\ STREAM NETWORKS INTO TWO CLASSES SO AS TO PROMOTE A MORE EFFICIENT INDUSTRIAL

\‘ "» \
e INTO TWO CLASSES FOR BEST RESOURCE ALLOCATION?

THIS OPTIMIZATION ALGORITHM IS KNOWN AS MAX—CUT AND REQUIERES THE
EXECUTION OF PARAMETRIZED QUANTUM CIRCUITS THAT ARE CLASSICALLY
OPTIMIZED RECURSIVELY TO FIND THE OPTIMAL PARAMETER COMBINATION.

1 QAOA Circuit 2
T —
P —— 0
- B — =
a. i —r W S
a. i = o
o -8 C—
a0 =
.
au
au -
s )
——3
L =
3 =
- =
@ 8 28t =
i o i =
N — a4 — 3% o - =
= e e =
— Hte

EXAMPLE CIRCUIT GAMMA=2.6 BETA=2 CLASSICAL OPTIMZATION
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)

THE GOAL OF THE QAOAALGORITHM IS TO FIND THE OPTIMAL PARTITIONING OF VALUE
\K“’\ STREAM NETWORKS INTO TWO CLASSES SO AS TO PROMOTE A MORE EFFICIENT INDUSTRIAL
| \ RESOURCE ALLOCATION.
\‘ "» \

IN OTHER WORDS, GIVEN A VALUE STREAM NETWORK, HOW DO WE PARTITION THE GRAPH
INTO TWO CLASSES FOR BEST RESOURCE ALLOCATION?

THIS OPTIMIZATION ALGORITHM IS KNOWN AS MAX—CUT AND REQUIERES THE
EXECUTION OF PARAMETRIZED QUANTUM CIRCUITS THAT ARE CLASSICALLY
OPTIMIZED RECURSIVELY TO FIND THE OPTIMAL PARAMETER COMBINATION.

1 g 1 2
— — QAOA Circuit Measure Bitstring samples
- i 8 >
o - —r — i x € {0,1}"
o " W Tl
a. - i - l
ay ~{iE i e vt
a0 - m—
o Evaluate mean cut of values
au -
m—? 1 6.00
m_n J lS.SO
e —— ' ‘I /:)uc
i = g 2})50
e - ”{'Swljn\"*\, /'“;f
o = 0250 08"
@ Sy e =
- o —= . -] _ Update
: — w1 et " Parameters |Classical optimizer

PARAMETRIZED QUANTUM CIRCUIT CLASSICAL OPTIMZATION
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)
» QUANTUM CIRCUIT — CLASSICAL QAOA

THE CLASSICAL QAOAALGORITHM USES UNITARY TRANSFORMATIONS THAT DEPEND ON TWO PARAMETERS BETA
AND GAMMA AND IS ARRANGED IN ALTERNATING BLOCKS. FOR EACH NODE IN THE NETWORK WE SET UP A QUBIT.

FIRST STARTS BY PREPARING THE SYSTEM IN SUPERPOSITION WITH HADAMARD GATES ALL QUBITS QUBIT.

SECOND WE IMPLEMENT CONDITIONAL ROTATIONS OF 2*GAMMA TO EACH EDGE PAIR OF EDGES IF BOTH ARE IN
STATE |11>.

THIRD, A PHASE CORRECTION OF GAMMA IS APPLIED TO EACH OF THE NODES JOINED BY EACH EDGE.
FINALLY, A ROTATION OF 2*BETA AROUND THE X-AXIS IS APPLIED TO ALL NODES.

IN SUMMARY, IN THE CLASSICAL 1 2 3 4
QAOAALGORITHM APPLIES, AFTERA — N \a
STANDARD SUPERPOSITION, A % -l b (—5.2) e
QUANTUM PHASE OF GAMMA TO L | mm = . .
q dF NG b o G T
EVERY NODE CONNEGTED T0 EAGH * T - . - _ 4 a
OTHER, AS LONG AS BOTH ARE NOT g, il — P Rk
IN STATE |11y, AND A ROTATION ) T pesa . pesat s
AROUND THE PERPENDICULAR TO @3 —H' — i —l

THE COMPUTATIONAL AXIS OF

2*BETA TO ALL THE NODES. EXAMPLE CIRCUIT GAMMA=2.6 BETA=2
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)
» QUANTUM CIRCUIT — NEW QAOA

WE PROPOSE A NEW QAOA QUANTUM CIRCUIT:
1. FIRST STARTS BY PREPARING THE SYSTEM IN SUPERPOSITION WITH HADAMARD GATES ALL QUBITS QUBIT.

2. SECOND WE IMPLEMENT CONDITIONAL ROTATIONS OF GAMMA TO EACH EDGE NODE CONNECTED TO
ANOTHER IF THE SECOND IS IN STATE |1>. THIS IS DONE BY CONCATENATION OF TWO U3 ROTATIONS AND A CX
CONDITIONAL ROTATION AS DESCRIBED IN SLIDE 28.

3. FINALLY, AROTATION OF 2*BETA AROUND THE X-AXIS IS APPLIED TO ALL NODES.

1 2 3
qo M-S a0 &2
g1 —H C—

EXAMPLE CIRCUIT GAMMA=2.6 BETA=2
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)
» CLASSICAL OPTIMIZATION

WE MAKE THE GRAPH COINCIDE WITH THE CONNECTIVITY OF OUR
VALUE STREAM NETWORK, THEN THE COST FUNCTION COINCIDES
WITH THE HAMILTONIAN USED TO GENERATE THE STATE.

IN OUR NETWORK WE HAVE TWO TYPES OF NODES: THOSF

CONNECTED WITH AT LEAST ONE NODRE vwiITH DEGREE ONE (A)

AND THOSE CONNECTED WITH GTHER NODES WITH DEGREE |

THREE (B). THIS YIELDS TWO ENCODINZ O THE OPTIMIZATION 4
FUNCTION BETWEEN THE NODES. | \

FOR (A) EDGES_WODE (4;

2fy = 1 = (+ | Up U UsX(BIX((BVZgZ X (DX (BT (UL DU | +) \‘Q- - 1 “
INWHICH | +") = ) \Q

1
xe{0,1)" ﬁ | x) PREPARES FOR AN EQUAL
SUPERPOSITION STATED FOLLOWED BY THE PARAMETRISED
UNITARY OPERATIONS.
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)
» CLASSICAL OPTIMIZATION

WE MAKE THE GRAPH COINCIDE WITH THE CONNECTIVITY OF OUR
VALUE STREAM NETWORK, THEN THE COST FUNCTION COINCIDES
WITH THE HAMILTONIAN USED TO GENERATE THE STATE.

IN OUR NETWORK WE HAVE TWO TYPES OF NODES: THOSE
CONNECTED WITH AT LEAST ONE NODE WITH DEGREE ONE (A)
AND THOSE CONNECTED WITH OTHER NODES WITH DEGREE
THREE (B). THIS YIELDS TWO ENCODING OF THE OPTIMIZATION
FUNCTION BETWEEN THE NODES.

FOR (A) EDGES, NODE (1):
2 = 1= (+' | Up WU Us0 X BX (B ZoZ X[ (PXIBIUL (DULN UL | +1)

AND FOR (B) EDGES, NODE (2):
2fy = 1 = (3 | Uy (DUs s Uns()XL (XA PYZZ X (BX (B YD U DU UL (D | +)

INWHICH | +") =3 _ | . ~=|x) PREPARES FOR AN EQUAL
a s \/’711

SUPERPOSITION STATED rOLLOWED 2Y THE PARAMETRISED
UNITARY OPERATIONS.
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» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)
» CLASSICAL OPTIMIZATION

WE MAKE THE GRAPH COINCIDE WITH THE CONNECTIVITY OF OUR
VALUE STREAM NETWORK, THEN THE COST FUNCTION COINCIDES
WITH THE HAMILTONIAN USED TO GENERATE THE STATE.

IN OUR NETWORK WE HAVE TWO TYPES OF EDGES: THOSE
CONNECTED WITH DEGREE ONE (A) AND THOSE CONNECTED
WITH DEGREE THREE (B). THIS YIELDS TWO ENCODING OF THE
OPTIMIZATION FUNCTION BETWEEN THE NODES.

FOR (A) EDGES, NODE (1):
26, = 1 = (1 | U DU U)X BIX(BIZoZ X DX BUL (DU UL [+

AND FOR (B) EDGES, EXAMPLE (1) AND (2):
2y = 1= (2 | Uy (D UnsDUns(DX, (BIXoBYZ Zo X (BOXI B U (D UL UL () | +3)

1
el U5 | x) PREPARES FOR AN EQUAL
SUPERPOSITION STATED FOLLOWED BY THE PARAMETRISED
UNITARY OPERATIONS.

THIS YIELDS THE ANALYTIC SOLUTION SHOWN IN THE IMAGE:

F\ (B.v) =2f, (B.7) + 11f; (B, 7) BECAUSE THERE ARE 2 EDGES
TYPE (A) AND 11 TYPE (B). ANALYTIC SOLUTION

INWHICH | +") = )
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QSOD JIDOKA CF

» QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM (QAQA)

» RESULTS

THE RESULTS CONFIRM OUR EXPECTATIONS AND OUR

PROPOSED QAOAALGORITHM PREDICTS THE ANALYTICAL

RESULTS BETTER FOR A SHALLOW QUANTUM CIRCUIT.

THE FIGURE SHOWS THE THEORETICAL VAUE (GREEN),
THE VALUE GIVEN BY THE CLASSICAL SOLUTION (RED)
AND THE VALUE GIVEN BY OUR SOLUTION (BLUE). OUR
SOLUTIONS OUTPERFORMS STATE OF THE ART QAOA.

257 --- Ansatz Fahri et al. 2017 <

—-= Theory value
—— New Ansatz Villalba-Diez et al. 7

= N
w o
1 1

=
o
1

Expectation value Fy

5 10 15 20 25 30
Number of network nodes

THE GRAPH IS SUCESSFULLY PARTITIONED IN TWO
CLASSES AS INDICATED BY THE COLOR CODING IN
THE FIGURE.
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» CONCLUSIONS

ﬁI'HIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
C1 UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
GNVIRONMENTS.
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» CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

fTO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC )

\STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

C2
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»  CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
C1 UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

co TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC
STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

SUBORDINATES.

c3 rTHE ALIGNMENT PROBABILITY OF ABOSS CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY OF HIS )
A\
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» CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
C1 UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC

c2 STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

c3 THEALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY
OF HIS SUBORDINATES.

ca fINCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF )

\ALIGNMENT OF THE UPPER NODE.
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THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
C1 UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

co TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC
STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

THE ALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY

o3 OF HIS SUBORDINATES.

ca INCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF
ALIGNMENT OF THE UPPER NODE.

C5 [ THE ADDITION OF ANEW NODE REPORTING TO THE SUPERIOR NODE ADDS STABILITY TO THE SET. )
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» CONCLUSIONS, FINAL REMARKS (CF)

» CONCLUSIONS
THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC
STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

THE ALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY
OF HIS SUBORDINATES.

INCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF
ALIGNMENT OF THE UPPER NODE.

THE ADDITION OF ANEW NODE REPORTING TO THE SUPERIOR NODE ADDS STABILITY TO THE SET.

WAY THAT BOTH ARE SIMULTANEOUSLY IN ALIGNMENT. IT DOESN'T MATTER WHAT SHE DOES.

7" |F UPPER NODES DO NOT COMMUNICATE WITH EACH OTHER, THE SUBORDINATES WILL NEVER BE ABLE TO SERVE THEM IN SUCH A)
A
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» CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
C1 UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTOTIC

c2 STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

c3 THEALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY
OF HIS SUBORDINATES.

INCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF

C4 " ALIGNMENT OF THE UPPER NODE.

C5 THE ADDITION OF ANEW NODE REPORTING TO THE SUPERIOR NODE ADDS STABILITY TO THE SET.

IF UPPER NODES DO NOT COMMUNICATE WITH EACH OTHER, THE SUBORDINATES WILL NEVER BE ABLE TO SERVE THEM IN SUCH A

© WAY THAT BOTH ARE SIMULTANEOUSLY IN ALIGNMENT. IT DOESN'T MATTER WHAT SHE DOES.

(2}

c EQUILIBRIUM, WHICH IS THE PROBABILITY GIVEN BY THE CHANCE.

fIN CASE UPPER NODES DO NOT COMMUNICATE BETWEEN THEM, THEIR JOINT ALIGNMENT IS ALWAYS AROUND THE POINT OF
.
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»  CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTQOTIC
STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

THE ALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY
OF HIS SUBORDINATES.

INCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF
ALIGNMENT OF THE UPPER NODE.

THE ADDITION OF ANEW NODE REPORTING TO THE SUPERIOR NODE ADDS STABILITY TO THE SET.

IF UPPER NODES DO NOT COMMUNICATE WITH EACH OTHER, THE SUBORDINATES WILL NEVER BE ABLE TO SERVE THEM IN SUCH A
WAY THAT BOTH ARE SIMULTANEOUSLY IN ALIGNMENT. IT DOESN'T MATTER WHAT SHE DOES.

IN CASE UPPER NODES DO NOT COMMUNICATE BETWEEN THEM, THEIR JOINT ALIGNMENT IS ALWAYS AROUND THE POINT OF
EQUILIBRIUM, WHICH IS THE PROBABILITY GIVEN BY THE CHANCE.

7 ONLY A STRONG ALIGNMENT PROBABILITY AT LOWER REPORTING LEVELS ENABLES ALIGNMENT AT HIGHER LEVELS. WE HAVE
SHOWN THAT THIS THRESHOLD IS SET BY 90%.

)
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»  CONCLUSIONS

THIS WORK HAS SHOWN THAT QUANTUM COMPUTING APPLIED TO THE STRATEGIC ORGANIZATIONAL DESIGN CAN HELP TO
UNDERSTAND AND QUANTIFY COMPLEX PHENOMENA ASSOCIATED WITH DECISION MAKING IN PROBABILISTIC LOW CERTAINTY
ENVIRONMENTS.

TO ADD HIERARCHY LEVELS TO STRATEGIC DESIGN MODELS OF ORGANIZATIONS, IT IS NECESSARY TO ENSURE THE ASYMPTQOTIC
STABILITY OF THE LOWER AGENTS BEFORE IMPLEMENTING A STABLE AGGREGATION.

THE ALIGNMENT PROBABILITY OF AN UPPER NODE CAN NEVER BE GREATER THAN THE AVERAGE OF THE ALIGNMENT PROBABILITY
OF HIS SUBORDINATES.

INCREASING THE AVERAGE PROBABILITY OF ALIGNMENT OF THE SUBORDINATE NODES, INCREASES THE PROBABILITY OF
ALIGNMENT OF THE UPPER NODE.

THE ADDITION OF ANEW NODE REPORTING TO THE SUPERIOR NODE ADDS STABILITY TO THE SET.

IF UPPER NODES DO NOT COMMUNICATE WITH EACH OTHER, THE SUBORDINATES WILL NEVER BE ABLE TO SERVE THEM IN SUCH A
WAY THAT BOTH ARE SIMULTANEOUSLY IN ALIGNMENT. IT DOESN'T MATTER WHAT SHE DOES.

IN CASE UPPER NODES DO NOT COMMUNICATE BETWEEN THEM, THEIR JOINT ALIGNMENT IS ALWAYS AROUND THE POINT OF
EQUILIBRIUM, WHICH IS THE PROBABILITY GIVEN BY THE CHANCE.

ONLY A STRONG ALIGNMENT PROBABILITY AT LOWER REPORTING LEVELS ENABLES ALIGNMENT AT HIGHER LEVELS. WE HAVE
SHOWN THAT THIS THRESHOLD IS SET BY 90%.

7 WE HAVE SUCCESSFULLY TESTED THE INTEGRATION OF A DIGITAL QUANTUM TWIN BY MEANS OF QUANTUM SIMULATIONS ON A
« CONVENTIONAL MACHINE TO ENABLE A VISUALIZATION OF ITS SYSTEMIC STATE IN AN INDUSTRY 4.0 ENVIRONMENT.

)
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DUE TO THE RESTRICTED AVAILABILITY OF REAL QUANTUM MACHINES, THIS RESEARCH HAS MADE EXTENSIVE USE OF QUANTUM
CIRCUIT SIMULATIONS ON CLASSICAL COMPUTERS. IN ORDER TO MINIMIZE THE EFFECT OF THIS FACT, WE HAVE EXECUTED
REPEATED SIMULATIONS OF THE CIRCUITS ON THE QISKIT SIMULATOR. WE'VE SET THE NUMBER OF REPEATS OF THE CIRCUIT TO
BE 1024, WHICH IS THE DEFAULT.

J
(" )

THE LACK OF QUANTUM KNOWLEDGE BY THE ORGANIZATIONAL LEADERS MIGHT SET A POTENTIAL HIGH THRESHOLD ON

ACCEPTANCE OF THE PRESENTED QSOD CONCEPTS.
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DUE TO THE RESTRICTED AVAILABILITY OF REAL QUANTUM MACHINES, THIS RESEARCH HAS MADE EXTENSIVE USE OF QUANTUM
CIRCUIT SIMULATIONS ON CLASSICAL COMPUTERS. IN ORDER TO MINIMIZE THE EFFECT OF THIS FACT, WE HAVE EXECUTED
REPEATED SIMULATIONS OF THE CIRCUITS ON THE QISKIT SIMULATOR. WE'VE SET THE NUMBER OF REPEATS OF THE CIRCUIT TO

BE 1024, WHICH IS THE DEFAULT.

THE LACK OF QUANTUM KNOWLEDGE BY THE ORGANIZATIONAL LEADERS MIGHT SET A POTENTIAL HIGH THRESHOLD ON
ACCEPTANCE OF THE PRESENTED QSOD CONCEPTS.
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Case Study

Our goal is to determine the probability of alignment
of agent B, P(B=|0>), as a function of the alignment
probability of agent A, given by P(A=|0>=z, and the
conditional alignment probabilities between agents
A and B, given by x=P(B=|1>|A=|0>) in [0,1] and
y=P(B=|1>|A=[1>) in [0,1].

In the case study we proceed to simulate a total of
500 configurations of the circuit show. We intend
to find the values of parameters (x, y, z) in [0,1]
that maximize the probability of alignment of the
agent B, P(B=|0>). To do this, the parameters (x,
y) in [0,1] are varied in 10% incremental intervals
in order to make a uniform mapping and create a
proper display of the results. However, not all z in
[0,1] values are relevant. We are interested in
values of z>0.5, since they indicate that the
alignment probability of the agent A, P(A=|1>), is
greater than 50%.

¥4 10} U3(5.0,0) ? [us£.0.0) Fo{ ad,0,0)] T 30,00 HA
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— 2=P(A=|1>)=0.50
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QSOD CASES

THE CASE OF TWO QUBITS: ONE REPORTS TO ONE
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Value of P{B10>) When 22 M= [1)=025

Results obtained for
P(B=[0>) for different
values of the no--
alignment probability
of agent A, z=P(A=|
1>). (a) P(A=]1>)=0.50
(b) P(A=]1>)=0.25 (c)
P(A=]1>)=0.1 (d)
P(A=|1>)=0.01 (e)
P(A=|1>)=0.0001

Value of WB={0>) wnan 3~PA=[1>1=001 Valua of PLE =10} wnen 2=PiA=11>1=0.0001

€ e

€3 03 0% 31 a8 17 30 01
xm B L3 A1)

(d)

R1.1. In general we can say that the probability of alignment of agent B oscillates
consistently around the value 0.5 as a harmonic underdamped oscillator for different
values of z=P(A=|1>) which is the equilibrium state of the system.

R1.2. At the scale represented of in Figure 4 we observe that the angular frequency of
this oscillator changes for different values of y and therefore we can separate the
behavior of the function in three different regions, marked.

R1.6. The behavior of this system is fractal. Fractality in this QSOD context allows for a
quantification of the organizational complex dynamics and its pervasive effect offers
robustness and resilience to the two qubit interaction.

—— zmP(A=|1>)=0.01
—— z=P(A=|1>}=0.001
— Z=P(A=[1>)=0.0001
0001020304 050507 0.8 09 1.0 a0
y=P(Be|1>|A=|12))

01 02
yeP(B=]1>]A=]1>)
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» THE CASE OF THREE QUBITS: ONE REPORTS TO TWO
’ N ¥ ;(»—{, c.r.s(i;z.o.o_]J[
rv o o 'Design" Py as rk Confi o ‘.._‘. o Confi o _ . .
; [¥s) (03— U3(%,0,0) U3(=52, 0, o)}—e—{ U3(%.0.0) }—e—{ U3( ‘;"“-.o‘o)}—i
Receiver }
3 10> | [1> o> =] i ¥a) e ., O¢ L;J
£ [reom[ixlive PB=0A) | 1-x: |1y | | @
Py PCAN]| PE=TAN x1 | vt
/ )| I i 8 n(=fa 71
J2J e [¥e) —{LB(T,O.O)J—G)—{LS( - .O.O)J—Cg
| ¥s) A
> il ) — w3l =, 5)} 4
|2 2 | 4
" Recelver i
|00> | [01> | [10> 0> | [1> | | e @ T
s [PC=0lAB) | 1-xz1 [ 1-yer | 1-y3s =0JA) | 1-222| 1-22¢| | ®) }—T—{m.;fa 0 u:)—T—’r'ni_aa 0 u:)—Tﬂr'u_;’n o .>:Jl o
1 "/li\‘l E PC=1AB)| xo1 | yor | ym PB=1|A) [ 222 | 221 | () o) [T = 5} \[
= 4 Sender I
(¥l <] (==, 0.0}
——¢—[=Ehsilp-
0> | |1> i) [ ==l
| ’ =
[s 1-zu| zns | e el
4 il 4 it sit- 24
- U5 == 0.0) - ,:'T(
Our objective is to establish the alignment probability of agents B and C, P(B=|0>) and » L= I
P(C=|0>) respectively, in dependence of the alignment probability of agent \(A\) and the [Feza} ra
conditional alignment probabilities between agents A, B and C. Cf’ &=
|
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R3.1. Agents B and C have an antagonistic alignment probability}.
The two never have a high probability of alignment simultaneously. )
The management conclusion derived from \textbf{R3.1} for .. | X
subordinate agent \(A\) is staggering and somehow tragic: if the
two bosses do not communicate with each other, \(A\) will never be
able to serve them in such a way that both are simultaneously in
alignment. It doesn't matter what \(A\) does.

AR LS R3.2. Agents B and C only agree by chance. In case the two
2t ; superior agents do not communicate between them, their joint .
alignment is always around the point of equilibrium, which is the B i
probability given by the chance. As long as the subordinate node
has a higher or lower probability of alignment, their positions will
be more or less differentiated.

R3.3. Quantum phase transition with 90% alignment probability of
node A. Only a strong alignment probability at lower reporting
levels enables alignment at higher levels. We have shown that this
threshold is set by 90\%. 4 = e

Correlation between P(B=|0>) and P(C=|0>) : L
for different values of P(A=|1>) for the case of I
no communication between B and C. 3

() (G}

Values of P(A=|1>) €&,
for different values of P(B=|0>) and P(C=|0>) . i
Il Alignment Probabilities of P(A=|0>), P(B=|0>)

o and P(C=|0>).
0.9
0.8
0.7
5 R3.4. When B and C are entangled, they work as
5 one. High levels of alignment in both reporting
T agents A and B do not imply a high level of
0.4 alignment of node C.
o3 R3.5. Agents B and C interact. The interaction
02 between the superior agents B and C becomes
=+ 0.1 manifest when the alignment probability of A is fixed

at values higher than 90%.
| Correlation between P(B=|0>) and P(C=|0>).



