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Yapay Zeka : genis bir alan1 kapsayan bir terimdir. En genel haliyle bilgisayarlarin
insan gibi dusunmesi icin yapilan calismalardir. Makinelerin insan gibi bilissel
faaliyetleri yapabilmesi icin gereken her yontem, yazilim yada algoritma bu kategori
icine girer.

Makine ogrenmesi : bilgisayarlarin veriden ogrenerek kendini yeni durumlara gore
adapte etmesi alan1 diyebiliriz. Bunun icin algoritmalar ve matematiksel modeller
kullanmlir.

Derin ogrenme : makine ogrenmesinin bir alt alanidir. Cok katmanli yapay sinir
aglarindan olusan bir matematiksel modeldir. Su anda en popliler makine 6grenmesi
yontemidir.

Veri bilimi : genel bir terim olarak veri isleme, analiz etme ve veriden bir deger
uretme amach tum faaliyetleri kapsayan bir alandir. Algoritmik yontemleri ve
yazilim teknolojilerini kullanarak veriden hizli ve etkin bir sekilde bilgi olusturma
calismasidir. Veri bilimi sayesinde, veriyi kullanarak uretilen bilgi ile sadece is
diinyasinda degil bilim, teknoloji ve hatta politikada bile etkin karar verme surecleri
olusturulabilir.
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Geleneksel Programlama ve Makine Ogrenmesi

“Bir bilgisayar programi, tecrube (E) ile belirli bir gorev (T) icin ve performans olgumleri (P)
ile E'yi kullanarak T uzerindeki P ile olgilen performansi iyilesiyorsa OGRENiYOR
demektir”

Tom Mitchell, 1997.

Gorev

Ogrenme

\eri

Model

Hedef ML
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Artificial intelligence

Supervised learning

Machine

Reinforcement learning

learning

Unsupervised learning

Big data

analytics




Klasik Hesaplama #datatalks

Classical computing
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Quantum computing

0> v >

Schrodinger Equation

w> = alod + Bl

Fi|ab)
a,ﬁ = Negative, imaginary, irrational ... v//{.tli'_-. i .I.'_-u:)
lal? + 1817 =
Measurement
Quantum entanglement
Ulx)

Qubits can become entangled and interfere with each other,

creating correlations that are not possible to obtain classically [\ /\ /\ /‘
— — = NN\ .

Quantum tunneling through a potential barrier
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Qubitlerin ve kuantum koprilerinin matriks olarak gosterimleri

Klasik bit 2’li basamakta O ve 1 olarak gosterilebilir.

[0y — d v
qubit states - * Qubitler ise 2’li basamakta O ve 1 degerlerinin
L1y — "EIJ stiperpozisyonu olarak bulunur
A X 01] * Qubitler 2 boyutlu ve birbirine dik iki taban vektéri | 1> ve
1 0] |0> olan durum uzayinda gosterilir.
—H{HEF 111
Hadamard H ﬁ\j —1:| * Bu iki taban vektorun lineer stiperpozisyonu olarak gosterilir.
_E'?ggﬁ lg>=2a,|0>+a, |1>
XOR 0001 ’ 1
Qo110
:1 00 D_ * Burada ackompleks bir say1 ve |0> in 6lctilme genligini, a1ise
D010 yine kompleks bir sayi ve | 1>.in 6l¢lilme genligini gosterir.
SWAP i 05 rﬁ]

Measurement e
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e Genlikler kuantum olasiliklari olarak dusundlebilir. Bir dlgme yapildiginda
ilgili kuantum durumunun olasiliginin hesaplanmasi icin kullanilir.

» Klasik olasilik ile bu genlikler arasindaki en temel fark: genlikler kompleks
sayllardir.

* Kompleks sayilar durum vektorlerinin stiperpozisyonu, girisim ve
dolasiklik tanimlanmasi icin kullanilir.

» Klasik bir sistemde olasiliklarin toplaminin 1 olmasi gerektigi gibi,
genliklerin mutlak degerinin kareleri toplami da 1 olmalidir.
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Kuantum register icindeki her qubit | 1> ve |0> in sliperpozisyonu olarak bulunur.

Sonuc olarak, n qubitlik bir register n bitin 2" kombinasyonunun stiperpozisyonu olarak bulunur.

Uzunlugu n olan bir kuantum registeri durum uzayinda 2" taban vektorinin stiperpozisyonu olarak
bulunur.

21 s
g, >= Xi—o a;|i >

Ornegin 3-qubitlik bir registerin durum vektdri asagidaki gibi olacaktir.

|g,>=a, |000>+a, |001>+a, [010>+a; |011>+a, |100> + a. |101>+a, [110>+a, |111>



Kuantum Bilgisayar Nedir? datatalks

* Kuantum bilgisayar
kuantum mekaniksel
etkileri kullanir.

What is a Quantum Computer? -~

Exploits quantum mechanical effects

Built with “qubits” rather than “bits” AWy . Ozel kosullarda korunur

Operates in.an extreme environment &

Enables quantum algorithms to solve 3 e 0 ; e Kuantum algoritma|ar|
hard probl ; . :
VEIg NAEGIDDIEMS | kullanarak problemler;

e
v

- o ‘ .o




Kuantum Bilgisayar Nedir? #datatalks

Processor Environment

* Cooled to 0.015 Kelvin, 175x colder
thap interstellar space

. .Shielded to 50,000 X less than Earth’s
", Magnetic field

* In a high vacuum: pressure is 10 billion

» times lower than atmospheric pressure

—*0On I.ow Vibration floor

* <25 kW total power consumption — for
the next few generations

0.015 Kelvine kadar soguk
bir ortam.

Dlnyanin manyetik
alaninda korunmak icgin
ekranlama.

Vakum ortami.

Sarsintisiz ortam.



Klasik ve Kuantum

Classical Component

Bilgisayar
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physical error rate

101
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Kuantum Hesaplama Hata #datatalks
Orani ve Gelecek Tahmini

Noisy Intermediate Scale Quantum

where we computing
¢ are today NISQ application areas:

e Quantum chemistry
e Optimization
e Machine learning

error correction

- © threshold
/ fault-tolerant QC
within S5
years
% ; i % ; ' >
10 100 1,000 10,000 100,000 ™
number of physical qubits
Ad

“Quantum computing in the NISQ era and beyond™ Preskill, 2018 https //anav org/abs/1801 00862



Unknown Problems
100,000+ qubits

Quantum

Material Science H

100s - 1,000s qubits co m pUtIn g
Key Potential
Applications

Machine Learning
100s - 1,000s qubits

gartner.com/SmarterWithGartner

Source: "Nature.” Wikipedia
© 2019 Gartner. Inc. All rights reserved.

Chemistry
100 - 200 qubits

Optimization
100s - 1,000s qubits

Gartner

H#datatalks



Uzerinde Calisilan Kuantum Algoritmalar sdatatais

Class Problem /Algorithm Paradigms used Hardware Simulation Match
Inverse Function Computation Grover's Algorithm =0 WhE! med
Bernstein- Vazirani n.a. QX 4, QX5 high
Number-theoretic Applications Shor's Factoring Algorithm QFT WhE! med
Algebraic Applications Linear Systems HHL (X4 lowr
Matrix Element Group Hepresentations QFT WhE! lowr
Matrix Product Verification =0 QX4 high
Subgroup Isomorphism QFT none n.a.
Persistent Homology GO, QFT QX4 med- low
Graph Applications Graph Properties Verification =0 WhE! med
Minimum Spanning Tree 0O QX4 med- low
Maximum Flow =0 WhE! med- low
Approximate Quantum Algorithms =IM WhE! high
Learning Applications (Juantum Principal Component Analysis (PCA) QFT (X4 med
(Quantum Support Vector Machines [SVM) QFT none n.a.
Partition Function QFT WhE! med- low
Quantum Simulation Schroedinger Equation Simulation =IM WhE! lowr
Transverse Ising Model Simulation VOQE none n.a.
Quantum Utilities State Preparation n.a. (X4 med
Quantum Tomography n.a. WhE! med
Quantum Error Correction n.a. WhE! med

Grover Operator (GO), Quantum Fourier Transform (QFT), Harrow/Hassidim/Lloyd (HHL), Variational Quantum
Eigenvalue solver (VQE), and direct Hamiltonian simulation (SIM)



#datatalks

Quantum Algorithm Zoo : quantumalgorithmzoo.org

Quantum Algorithm Zoo

This is a comprehensive catalog of quantum algorithms. If you notice any errors or omissions, please
email me at stephen_jordan@microsoft. com. Your help is appreciated and will be acknowledged.

Algebraic and Number Theoretic Algorithms

Algorithm: Factoring
Speedup: Superpolynomial
Description: Given an n-bit integer, find the prime factorization. The quantum algorithm of Peter Shor

solves this in 5(113} time [82,125]. The fastest known classical algorithm for integer factorization is

Al
the general number field sieve, which is believed ta run in time 20(n !?_ The best ngorously proven

upper bound on the classical complexity of factoring is 0[2'”"{4_“{15 via the Pollard-Sftrassen
algorithm [252, 262]. Shor's factoring algorithm breaks RSA public-key encryption and the closely
related quantum algorithms for discrete logarithms break the DSA and ECDSA digital signature
schemes and the Diffie-Hellman key-exchange protocol. A quantum algorithm even faster than Shor's

for the special case of factoring "semiprimes”, which are widely used in cryptography, is given in [271].

If small factors exist, Shor's algorithm can be beaten by a quantum algorithm using Grover search o
speed up the elliptic curve factorization method [366]. Additional optimized versions of Shor's
algorithm are given in [284, 386]. There are proposed classical public-key cryptosystems not believed

to be broken by quantum algorithms, of [248]. At the core of Shor's factoring algorthm is order finding,

which can be reduced to the Abelian hidden subgroup problem. which is solved using the quantum
Fourier transform. A number of other problems are known fo reduce to integer factorization including
the membership problem for matrix groups over fields of odd order [253], and certain diophantine
problems relevant to the synthesis of quantum circuits [254].

Al s widle ma s Mimmerntan Lo

Navigation

Algebraic & Number Theoretic
Cracular

Approximation and Simulation
Acknowledgments
References

Translations

The quantum algorithm zoo has been
translated into:

Japanese
Chinese

Other Surveys

For overviews of guantum algorithms
recommend:

Mielsen and Chuang
Childs
Preskill
Mosca
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GROVER ALGORITMASI

Grover algoritmasi rastgele dizilmis N 6geden aranani 6geyi : den ylksek olasilikla O(VN) islemle bulunmasini
saglar. Klasik bilgisayarlar icin bu islem adedi O(N) dir. Bu nedenle, Grover algoritmasi en optimal klasik
algoritmaya gore iki kat hizlanma saglar.

SHOR’UN ASAL CARPANLARI BULMA ALGORITMASI

Sayilarin asal carpanlarini bulmak icin kullanilabilecek bu kuantum algoritmasinin karmasikhgi n-polinomdur.
Bu algoritma, yaraticisi Peter Shor nedeniyle Shor algoritmasi olarak bilinir. Algoritmanin karmasikhigi O(n:log
n) . ilk uygulamasi 2001 yilinda yapildi. 15 sayisinin asal carpanlari bulundu. Su ana kadar carpanlarina ayrilan
en yuksek sayi1 21 dir. Bugtine kadar bir kuantum bilgisayar tarafindan carpanlarina ayrilan en blylk sayi
4088459. Kullanilan bilgisayar 5 g-bitlik IBM islemcidir.

Eger N bitlik bir sayi dlistintllrse, bilinen en etkin klasik algoritmanin karmasikligi

O( exp( 3\/(6—94 n(logn)2))) drr.

Pratikte 1000 ve Uzeri bitlik tam sayilari asal carpanlarina ayirmak bilinen klasik algoritmalarla mimkun
degildir. Bu zorluk nedeniyle blylk sayilari carpanlarina ayirma RSA kripto sistemlerinin temelini olusturur.
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*Kuantum Ustiinliik:

*Herhangi bir problemin klasik coziime gore kuantum bilgisayar ile daha hizli ve daha etkin olarak ¢ézildiginin
matematiksel olarak ispatlanmasi ve gercek bir kuantum bilgisayarda calistiginin gosterilmesi.

Zayif Kuantum Ustiinliik:

*Herhangi bir problemin klasik coziime gore kuantum bilgisayar ile daha hizli, ucuz ve etkin sekilde ¢oztilmesi.

*Kuantum Avantaj:
*Kuantum bilgisayarin degerli bir problemi klasik c6ziime gore daha hizli, ucuz ve etkin sekilde ¢cozmesi.

*Gii¢lii Kuantum Avantaj.
*Degerli bir problem icin kuantum algoritmasinin daha avantajli oldugunun gosterilmesi.



Kuantum Hesaplama Programlama Dilleri #ttals

Quantum Computing Programming Languages

QUANTUM
f XACC ‘ WORLD
[ Quantum Universal ] L ] ASSOCIATION

i . st ProjectQ ) [Cirq ProjectQ]

IBM Rigetti DWave Xanadu Google Microsoft* Qilimanjaro*

Quantum
Cirg Development
Kit

[ Full-stack libraries ] QISKit Forest

4 '

Quantum algorithms

g ™

Quantum circuits

\ 7

s ™

Assembly language

. v

s \

Hardware Quantum device

* Hardware under development. Quantum programs are run on their own simulators.

“Quantum Language” is refered with no distinction both as a quantum equivalence of a programming language and as a library to write quantum programs
supported by some well-known classical programming language.

© Alba Cervera-Lierta for the QWA (2018)
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Kuantum Algoritmasinin Kuantum Annealer Uzerindeki Akis Diyagrami

First, the problem is defined at a high level and is then encoded into an Ising-type Hamiltonian which can be visualized as a
graph. Next, via minor graph embedding the problem Hamiltonian needs to be embedded into the quantum hardware
graph. Finally, either a qguantum annealer or a classical solver is used to sample low-energy states corresponding to (near-
Joptimal solutions to the original problem.

[H(a’) = - ZJijUij = #Zhj"j]

lIiEEEHgE" :
Encoding
Problem

into
definition

Quantum —
annealer 4

Classical
solver -
ﬁ_\\/,,ﬁ

Full-stack

Minor
graph

Ising-type

Hamiltonian embedding
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A

Kuantum Giiclendirici (Annealer) &®&:

H = 5152 + S2535 + S354 + - - -

H = (1 —s)Ho + sH1

« Kisitlaricin QUBO kullanilir

« Dahasonra QUBO cizgeye donUsturulir

A4

\ Y
\\ \\ ANENNN
NN NN

Energy

Classical path -

Tunnel effect

Solution Solution

Quantum Tunnelling Adiabatic evolution
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Kuantum Algoritmasinin Gate-Model Kuantum Bilgisayar Uzerindeki Akis
Diyagrami

First, the problem is defined at a high-level and based on the nature of the problem a suitable quantum algorithm is chosen.
Next, the quantum algorithm is expressed as a quantum circuit which in turn needs to be compiled to a specific quantum
gate set. Finally, the quantum circuit is either executed on a quantum processor or simulated with a quantum computer

simulator.

e.g.
Traveling

Salesman
Quantum Quantum i
Problem Quantum compiler processor gl
definition algorithm ESY
Quantum
simulator -

—~—
Full-stack



BiIi§im Zirvesi’19 #datatalks

Kuantum Gate Model

jo) =0) | H—4—H T . NP
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Kuantum Makine Ogrenmesi

» Klasik Hesaplama Problemi: Klasik olarak
hesaplanamayan ne gibi problemleri kuantum
bilgisayar olarak cozebiliriz?

* Yenilik: Yeni algoritmalar?

- Hesaplama Karmasikligr : Klasik hesaplamaya gore
ne gibi hizl1 hesaplama cozumleri bulunabilir?
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Veri Bilimi ve Makine Ogrenmesi Hype Cycle
Hype Cycle for Data Science and Machine Learning, 2019

Augmented Analytics

AutoML

Conversational User Interfaces
Digital Ethics

Decision Management
Citizen Data Science
MLOps

Edge Analytics
Continuous Intelligence
Explainable Al

Deep Neural Networks (Deep Learning)
Graph Analytics

Prescriptive Analytics

Advanced Anomaly Detection

Event Stream Processing

Advanced Video/lmage Analytics
Augmented Data Management

Synthetic Data

Data Labeling and
Annotation Services
Al Cloud Services

Transfer Learning

Traditional Model Management
Reinforcement Learning

expectations

Text Analytics
Notebooks
Predictive Analytics

Adaptive ML
Generative Adversarial
MNetworks

Federated Machine
Learning Spark
Quantum ML
As of August 2019
. Peak of
Innowvation Ir:;li-ut:f-}u Trough of Slope of Plateau of
Trigger F.:cpcn;etation:j Disillusionment Enlightenment Productivity
time

Plateau will be reached:

O less than 2 years @ 2to 5 vyears @ 5to 10 years 4 more than 10 years & obsolete before plateau

Source: Gartner
ID: 369766
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Kuantum Makine Ogrenmesi

Example: Linear systems of equations

-+ Wide range of applications — exponential speedups for:
- Quantum Support Vector Machines
- Quantum Principal Component Analysis

- Quantum Generative Adversarial Networks

Caveats:

(i) classical data must be uploaded efficiently
(i) output is a quantum state that can only be measured to reveal information



Kuantum Makine Ogrenmesi

New Al models

» Quantum computing can also lead to

new machine learning models

Examples currently being studied are:

- Kernel methods
- Boltzmann machines
- Variational circuits

- Tensor networks

—]

Uy (8, )

S l—
L{l_l-':l L

)

Ua(02, 2

#datatalks
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Kuantum Yapay Sinir Aglan

Hybrid computation

e
. 1>-{el-0

Classical nodes

/

Quantum nodes



Kuantum Yapay Sinir Aglan

Embedding classical NNs

e Puttingit all together we get

BoDollyoSolh|i) o [p(Wi + b))

Ui (01, p1)

S(r1)

S(rz)

-

S(rn)

Uz (82? (if)?)

D(a1) — (A1)
D(az) —— @(A2)
D(an) — ®(An)

\

Layer L

#datatalks



Kuantum Yapay Sinir Aglan #datatalks

Agin yapisi klasik versiyonunun kuantum bilesenlerin karsimi seklindedir. Giris
uniteleri kuantum parcaciklarin girebilecegi araliklarla degistirilmistir. Parcaciklar
evrilerek 6lcim cihazi Gizerinde girisim aglari olustururlar. Bu giris agi klasik aglardaki
agirliklar yerine gecerler. Grover algoritmasi ile girisim agi dlizenlenir.

Ornek olarak Feed Forward
kuantum sinir aginda,

S kuantum ve klasik bilesenler
N/ ortak kullanilir. Birinci ve
— 73 ikinci katman arasindaki
~ NS baglantilar girisim ile
™ *jﬁf};”f . degistirilmistir. Fakat ikinci
;;;f” H"“*::‘a : ve ucuncu katman arasinda
e NN ki baglantilar klasik baglanti

olarak kalmistir.
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Weights Bias MNonlinearity
W = 02204 b i

o—8-

Klasik sinir aginin, x—®(Wx+b)
donusumuni yapan basit bir katmanli . -—
orr!egl. SVD ¥| kuII.anarak W matrisi blr Interferometer  Squeezing  Interferometer  Displacement Nonlinearity
birine dik iki matris 01, 02 ve U S U D P
diyagonal matris Z olarak yazilabilir.
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QML Demo - Cok Katmanli YS Siniflandirici
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QML Demo - Cok Katmanli YS Siniflandinci

T
1.0

Predictions with random weights

1.0

051 &

Predictions after training True test data

1.0 1

051 %

0.0 B
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Kuantum Makine Ogrenmesi icin genel yaklasimlar

Table 1.1 The Characteristics of the Main Approaches to Quantum Machine Learning

Algorithm Reference Grover Speedup Quantum  Generalization  Implementation
Data Performance
K-medians Afmeur et al. (201 3) Yes Ouadratic Mo No No
Hierarchical clustering ATmeur et al. (201 3) Yes Cuadratic Mo No No
K-means Lloyd et al. (201 3a) Optional  Exponential Yes No No
Principal components Lloyd et al. (2013b) No Exponential Yes No No
Associative memory Ventura and Martinez (2000) Yes Mo No No
Trugenberger (20:01) MNo Mo No MNo
Neural networks Narayanan and Menneer ( 2000) Yes No Mumerical Yes
Support vector machines  Anguita et al. (2003) Yes Cuadratic No Amnalytical No
Rebentrost et al. (2013) MNo Exponential Yes No No
Nearest neighbors Wiebe et al. (2014) Yes Cuadratic MNo MNumerical No
Regression Bisio et al. (2010) Mo Yes No No
Boosting MNeven et al. (2004 MNo Cuadratic MNo Analytical Yes

The column headed “Algorithm™ lists the classical leaming method. The column headed “Reference™ lists the most important articles related to the quantum vadant. The column headed
“Grover” indicates whether the algorithm uses Grover's search or an extension thereof. The column headed “Speedup™ indicates how much faster the quantum variant is compared
with the best known classical version, “Chuantum data” refers to whether the input, output. or both are quantum states, as opposed to states prepared from classical vectors. The column
headed “Generalization performance” states whether this quality of the learning algorithm was studied in the relevant articles. “Implementation” refers to attempts to develop a physical
realization.



Optimizasyon

e Tedarik zinciri
optimizasyonu

e Risk yonetimi

e Energy grid
optimizasyonu

e Uretim optimizasyonu
e Otomatik surus

e Trafik ve yonlendirme
e Planlama ve lojistik

e Robotik

e Bilgisayar zaman
planlama

e Sistem tasarimi

Makine Ogrenmesi

e Tibbi tam

e Kisisel tip

e Musteri modelleme

e Anza tam

e Anomali tesbiti

e Multimodal entegrasyon
e Genomics

e Image isleme

e Pekistirmeli ogrenme

H#datatalks

Kimyasal / Malzeme
Simulasyonlan

e Malzeme tasarimi

e Molekul benzerlik tesbiti

e Batarya tasarimi

e Tarim

e Protein folding

e DNA binding

e Enzim ve katalizor tasarimi
e ilac tasarimi

e Yesil teknolojiler



#datatalks
Uygulama Ornekleri

D-Wave sistemlerin 70’in Gzerindeki prototip kullanimlari icinde

*Genel olarak:

*Optimizasyon 50%

*Al/ML 20%

*Malzeme Bilimi 10%

*Diger 20%
*Prototiplerin yaklasik yarisi, performans anlaminda klasik
orneklerine yaklasmis hatta belirli durumlarda daha iyi performans
gostermistir.
*Fakat hepsi kiicik boyutlu projeler ve halen canli ortamda
kullanimda degiller.
*Pek cok makale, sunum, problem ¢ézimbu ve acik kaynak kod

bulunmaktadir



Uygulama Ornekleri pdatatalks

Volkswagen (Germany/US)
Trafik akis optimizasyonu
Bateri simulasyonu
Akustik sekil optimizasyonu
*DENSO (Japan)
Trafik akis optimizasyonu
Uretim proses optimizasyonu
eRecruit Communications (Japan)
Internet reklam optimizasyonu
Makine Ogrenmesi
*DLR (Germany)
Hava trafigi rota optimizasyonu
Havalimani Kapi Planlama

QxBranch(US/Australia)

Genel secimler icin Makine Ogrenmesi
eTohoku University (Japan)

Tsunami tahliye modelleme
*STFC/Ocado (UK)

Depo robotu optimizasyonu
¢OTI (Canada)

Malzeme bilimi
eNomura Securities (Japan)

Finansal portfolyo optimizasyonu



Tiirkiye’de Kuantum Hesaplama #datatalks

WORKSHOP ON
INTRODUCTION TO
& QUANTUM

G PROGRAMMING

QTurkeySoftware 8-9-10 Nov 2019
8% standard group Q Konya Science Center

Konya Bilim Merkezi

Three-day workshop on programming quantum
computers for undergraduate and graduate

https://www.qturkey.org/ e o ey s
Kuantum Teknolojileri Turkiye @KuantumTurkiye EIE riaces e e

For more information:
[m]=x=q https://ej.uz/qukbm_info

ERE To apply:
OfCH https://ej.uz/qukbm-apply

Zeki Seskir - ODTU

Ozlem Salehi Koken- Ozyegin University S —

CEAS Latvia
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Kaynak Kitaplar #datatalks

EDITED BY TONY HEY AND ROBIN W. ALLEN

QUANTUM
COMPUTING SINCE
DEMOCRITUS

CRC Press
leigt&ﬁmh Group
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SCOTT AARONSONMN

COM PUTATION




H#Hdatata lks

Tesekkur
Ederim



Richard Feynman
John Preskill
Seth Lloyd
Scott Aaronson
Peter Wittek




