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The arrival  of  
Quantum 

Computing is 
already an 

unquestionable 
reality
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It  introduces 
concepts and 

theories that are 
intellectually 

exciting
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… It provides 
computational 

capacity to 
address 

problems that we 
cannot address 

in classical  
computing…

https://www.simonsfoundation.org/report2017/stories/scott-aaronson-quantum-and-classical-uncertainty/
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… But when we 
approach it  as 

Computer 
Engineers,  
everything 

seems to be very 
far from us.
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OUTLINE

1.

2.

Introduction to Quantum
Computing

Quantum SOC3.

Quantum Programming
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QUANTUM 
COMPUTING
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WHAT
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Introduction to Quantum
Computing. WHAT

Taking advantage of 
quantum mechanics in 
computing…physical 
properties of nature at 
the scale of atoms and 
subatomic particles
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Quantum Computers use the propert ies of  Quantum 

Mechanics

• Wave–part ic le dual ity 

-by Thomas Young

Introduction to Quantum
Computing. WHAT

Source: Y las ondas se convirtieron en partículas

https://institucional.us.es/blogimus/2019/04/y-las-ondas-se-convirtieron-en-particulas/
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The propert ies of Quantum Mechanics used by 

Quamtum Computig:

• Superposit ion.  

• Col lapse

• Entaglement

Introduction to Quantum
Computing. WHAT

A quantum computer is  a  machine that performs 
calculat ions based on the laws of quantum mechanics.  A 

theoretical  model  is  the Quantum Turing machine



12/43

HOW
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Introduction to Quantum
Computing. HOW

Using quantum information theory:

Using Qubit instead of bit .

Source: Crash Course in Quantum Computing Using Very 
Colorful Diagrams

Escriba aquí la ecuación.

𝜶 y 𝜷 represent the 
amplitudes of probability 
of the qbit

https://towardsdatascience.com/quantum-computing-with-colorful-diagrams-8f7861cfb6da
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Introduction to Quantum
Computing. HOW

𝛼 ! + 𝛽 ! = 1

| ⟩𝜓 = (𝑎"+𝑏"𝑖)| ⟩0 + (𝑎#+𝑏#𝑖)| ⟩1

| ⟩𝜓 =𝑟"𝑒$%2| ⟩0 + 𝑟#𝑒$%3| ⟩1

| ⟩𝜓 =𝑒$%2 𝑟"| ⟩0 + 𝑟#𝑒$ %2&%3 | ⟩1

𝑟" ! + 𝑟#
! = 1
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Th i s s p h e r e i s o f t e n c a l l e d t h e
B l o c h s p h e r e , a n d i t p r o v i d e s a
u s e f u l me a n s t o v i s u a l i z e t h e
s t a t e o f a s i n g l e q u b i t

Introduction to Quantum
Computing. HOW

Source: Visualizing Single Qubit Quantum Logic Gates

| ⟩𝜓 =𝑒$%2 𝑟"| ⟩0 + 𝑟#𝑒$ %2&%3 | ⟩1

𝑟" ! + 𝑟#
!
= 1

I r r e l e v a n t f a c t o r

𝜙

𝑟" = cos
𝜃
2

𝑟# = sin
𝜃
2

| ⟩𝜓 =cos '
!
| ⟩0 + 𝑒$()) sin '

!
| ⟩1

1

1

𝑟!

𝑟" 𝜃
2

0 ≤ 𝜃 ≤ 𝜋

0 ≤ 𝜑 ≤ 2𝜋

https://medium.com/quantum-untangled/visualizing-quantum-logic-gates-part-1-515bb7b58916
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Introduction to Quantum
Computing. HOW

Source; La ciencia de la mula Francis https://francis.naukas.com/2014/07/31/medida-
de-la-trayectoria-en-la-esfera-de-bloch-de-un-cubit-
superconductor/dibujo20140731-bloch-sphere-qubit-nature-com/

| ⟩𝜓 =𝑒$%2 𝑟"| ⟩0 + 𝑟#𝑒$ %2&%3 | ⟩1

𝑟" ! + 𝑟#
!
= 1

I r r e l e v a n t f a c t o r

𝜙

𝑟" = cos
𝜃
2

𝑟# = sin
𝜃
2

| ⟩𝜓 =cos '
!
| ⟩0 + 𝑒$()) sin '

!
| ⟩1

1| ⟩0 + 0| ⟩1

0| ⟩0 + 1| ⟩1

#
$
| ⟩0 + #

$
| ⟩1

#
$
| ⟩0 - #

$
| ⟩1

#
$
| ⟩0 - %

$
| ⟩1 #

$
| ⟩0 + %

$
| ⟩1
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Introduction to Quantum
Computing. HOW

Having the Concept of Qbit and its 
mathematical definition we sti l l  need:

• Phis ica l  Qbit  implementat io :  E lectrons ,  Photons ,  
Sp ins….

• A way to  in i t ia l i ze the Qbit  to  a  g iven state
• Operat ions  to  manipulate  de ampl i tudes  and phase 

(pos i t ion ing  que qbui t  at  any point  of  the Bloch 
Sphere) :  Quantum gates

• A way to  measure (co l lapese)  the system.
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Introduction to Quantum
Computing. HOW

| ⟩𝜓 =𝑒$%2 𝑟"| ⟩0 + 𝑟#𝑒$ %2&%3 | ⟩1

𝑟" ! + 𝑟#
!
= 1

I r r e l e v a n t f a c t o r

𝜙

𝑟" = cos
𝜃
2

𝑟# = sin
𝜃
2

| ⟩𝜓 =cos '
!
| ⟩0 + 𝑒$()) sin '

!
| ⟩1

LIMITATIONS: QUANTUM DECOHERENCE
L o s t  o f  t h e  p h a s e  r e l a t i o n  b e t w e e n  t h e  s t a t e s  o f  a  
q u a n t u m  c o m p u t e r  d u e  t o  e x t e r n a l  f a c t o r s .  I t  i n t r o d u c e s  
e r r o r s  i n  t h e  r e s u l t s
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WHY
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Bounded-error Quantum
Polynomial t ime (BQP) is
the class of decis ion
problems solvable by a
quantum computer in
polynomial t ime, with an
error probabi l i ty of at
most 1/3 for al l instances

Introduction to Quantum
Computing. WHY

Source: Bounded-error Quantum Polynomial time

https://en.wikipedia.org/wiki/BQP
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P r o b l e m s E x p l i c a t i o n Q u a n t u m
C o m p l e x i t y

C l a s s i c a l
C o m p l e x i t y

F a c t o r i z a t i o n

D e c o m p o s i t i o n

o f a  n u m b e r i n t o

a  p r o d u c t o f

s m a l l e r i n t e g e r s

O ( l o g N )

S e a r c h

S e a r c h i n  a n

u n o r d e r e d

s e q u e n c e o f d a t a

O (√n ) O ( n )

Introduction to Quantum
Computing. WHY

Diff icult  Problems Quantum Computing can solve easi ly :
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Introduction to Quantum
Computing. WHY
T h e  p o w e r  c o m e s  n o t  f r o m  t h e  f a c t  t h a t  t h e y  c o m p u t e  f a s t e r  b u t  f r o m  

t h e  f a c t  t h a t  t h e y  c o m p u t e  d i f f e r e n t l y .

W h i l e  c l a s s i c a l  c o m p u t e r s  w i t h  r e g i s t e r s  o f  s i z e  n  ( b i t s )  c a n  m a n a g e  o n l y  

o n e  s t a t e  o f  s i z e  n  a t  a  t i m e ,  a  q u a n t u m  c o m p u t e r  w i t h  r e g i s t e r s  o f  n  

( q b i t s )  m a n a g e s  2 n s t a t e s  o f  s i z e  n  s i m u l t a n e o u s l y  ( i n  s u p e r p o s i t i o n )

Q u a n t u m  c o m p u t i n g  i s  m u c h  m o r e  p o w e r f u l  t h a n  p a r a l l e l  c o m p u t i n g  

b e c a u s e  t h e  s u p e r p o s i t i o n  s t a t e s  a r e  m a n i p u l a t e d  a s  a  s i n g l e  o n e . . . . t h i s  

" m a g i c "  h a p p e n s  w h e n  t h e  p r o p e r t i e s  o f  q u a n t u m  m e c h a n i c s  a r e  a p p l i e d  

t o  t h e  s u p e r p o s i t i o n  s t a t e s .
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Introduction to Quantum
Computing. WHY

Source: Exploring quantum computing use cases for manufacturing

https://www.ibm.com/thought-leadership/institute-business-value/report/quantum-manufacturing
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WHEN
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Introduction to Quantum
Computing. WHEN
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Introduction to Quantum
Computing. WHEN
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Quantum supremacy refers to quantum computers 
being able to solve a problem that a l l  c lass ical  
computers together cannot

Introduction to Quantum
Computing. WHEN
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Present Status

Introduction to Quantum
Computing. WHEN
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Future Research

Introduction to Quantum
Computing. WHEN



31/43

QUANTUM 
PROGRAMMING
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Quantum Programming
Q u a n t u m a n n e a l i n g ( w h i c h a l s o i n c l u d e s

a d i a b a t i c q u a n t u m c o m p u t a t i o n ) i s a q u a n t u m

c o m p u t i n g m e t h o d u s e d t o f i n d t h e o p t i m a l

s o l u t i o n o f p r o b l e m s i n v o l v i n g m a n y s o l u t i o n s

U n i v e r s a l  q u a n t u m  g a t e  m o d e l  i s  b a s e d  o n  

c r e a t i n g  q u a n t u m  s t r u c t u r e s  u s i n g  s t a b l e  

q u b i t s  a n d  s o l v i n g  t o d a y ’ s  p r o b l e m s  w i t h  

q u a n t u m  c i r c u i t s .  T h e s e  c i r c u i t s  a r e  b a s e d  

o n  t h e  T u r i n g  m a c h i n e  m o d e l
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N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

P a u l i - X x x
H a d a m a r d h h

P h a s e p P h a s e s h i f t
C o n t r o l l e d - X c x c n o t

T o f f o l i c c x c c n o t
C P h a s e c u 1 c p h a s e s h i f t

S w a p s w a p s w a p
M e a s u r e m e a s u r e -
B a r r i e r b a r r i e r

S i n g l e
Q u b i t

M u l t i p l e
Q u b i t s

Principal Gates

Quantum Programming
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

i t s e l f

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

P a u l i - X x x



35/43

R e v e r s e

i t s e l f

M a t r i xC o m p o s e r R e f e r e n c e

Quantum Programming
N a m e G a t e  i n  I B M  

C o m p o s e r ( Q i s k i t )
E q u i v a l e n t  

i n A W S  B r a k e t
H a d a m a r d h h
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

P h a s e p p h a s e s h i f t
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

C o n t r o l l e d - X c x c n o t
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

I

i t s e l f

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

T o f f o l i c c x c c n o t
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

C P h a s e c u 1 c p h a s e s h i f t
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C o m p o s e r R e f e r e n c e

Quantum Programming

M a t r i x R e v e r s e

i t s e l f

N a m e G a t e  i n  I B M  
C o m p o s e r ( Q i s k i t )

E q u i v a l e n t  
i n A W S  B r a k e t

S w a p s w a p s w a p
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QUANTUM 
SERVICE 

ORIENTED 
COMPUTING
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TODAY’s SOFTWARE SYSTEMS…

Globaly  
Distr ibuted

Connected 
Software 
Pieces

Supported by…
Serv ice  Or iented

Mobi le
Cloud

FogM a n y  a d v a n t a g e s
• P a y  p e r  U s e
• P l a t f o r m i n d e p e n d e n t
• L o c a t i o n  i n d e p e n d e n t
• D e c o u p l e d
• F l e x i b l e
• R e u s a b l e
• M a i n t a i n a b l e
• R e l i a b l e
• S c a l a b l e }
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THE CASE OF 
STEFAN THOMAS
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THE CASE OF 
STEFAN THOMAS
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A GOOD CLASSIC SERVICE IMPLEMENTATION

Platform Independence

Location Independence

Location Independence

Decoupling - Services

Decoupling - Hardware 

Decoupling - Language

Resilience – Scalability

Composability

Reliability



46/43

QUANTUM SERVICE IMPLEMENTATION

Platform Independence
Decoupling - Language

Location Independence

Location Independence

Decoupling - Services

Resilience – Scalability

Composability

Reliability

Decoupling - Hardware 
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THANK YOU 
VERY MUCH 
FOR YOUR 
ATTENTION

Juan Manuel Murillo - juanmamu@unex.es – www.cenits.es


