Kuantum Hesaplama ve
Teknolojileri Calistayi

Gurultiuli Bolgede Kuantum Hesaplama
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A particle impinging on a double slit seen at four different times
t = 5.0, 35.0, 55.0 and 75.0.




Kuantum teknolojiler1 kuantum mekaniginin kendine has ozellikler1 kullanarak
klasik olasilik ve 1statistik kavramlariin 1zin vermedigi bazi olanaklar
kullanabilme yetisine dayanan kaynaklarla gelistirilen kritik bir teknolojidir.

Kuantum kaynaklar:

Kuantum esevrelilik : (Kuantum algoritmalar, kuantum termodinamik )

Kuantum dolaniklik :  (Kuantum guvenli haberlesme, kuantum anahtar dagitimi,
Kuantum internet, kuantum ag, kuantum algilama/radar )

Kuantum ¢gokme : Kuantum kriptoloji, kuantum rassal sayi uretecleri

Kopyalama yasagl : Kuantum guvenli haberlesme, Kuantum kriptoloji



(FP) QUANTUM

The future is

Quantum

[k defa Ekim 2018'de toplanan
kuantum amiral gemisi adl1 AB girisimi
kuantum teknolojilerini asagidaki
basliklar altinda toplamistur.
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electronic, software, process, mechanical, cryo, fab, chemical, optical, materials, sales
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DIVINCENZO CRITERIA

REQUIREMENTS FOR THE PHYSICAL IMPLEMENTATION OF QUANTUM COMPUTATION

D1: Scalable qubits
D2: Initialization

D3: Measurement

Scalable physical system of well-defined, characterized qubits
Prepare a simple, fiducial input state

Measure the qubit state

D4: Universal gate set Perform a universal set of gate operations with high fidelity

D5: Coherence

Robustly represent quantum information (long coherence times)

REQUIREMENTS FOR ROUTING QUANTUM INFORMATION

D6: Interconversion

D7: Communication

Ability to interconvert stationary and flying qubits

Ability to transmit flying qubits faithfully between two locations

arXiv:2006.02799v1 [quant-ph] 4 Jun 2020

D. P. Divincenzo, “Two-Bit Gates are
Universal for Quantum Computation,”
Physical Review A, vol. 51, no. 2, pp. 1015—-
1022, Feb. 1995. [Online]. Available:
http://arxiv.org/abs/cond-mat/9407022



Quantum Computing in the NISQ era and beyond

John Preskill

Institute for Quantum Information and Matter and Walter Burke Institute for Theoretical Physics,
California Institute of Technology, Pasadena CA 91125, USA
30 July 2018

Noisy Intermediate-Scale Quantum (NISQ) technology will be available in
the near future. Quantum computers with 50-100 qubits may be able to perform
tasks which surpass the capabilities of today’s classical digital computers, but
noise in quantum gates will limit the size of quantum circuits that can be
executed reliably. NISC) devices will be useful tools for exploring many-body
guantum physics. and may have other useful applications, but the 100-gubit
guantum compiiter will not change the world right away — we should regard
it as a significant step toward the more powerful quantum technologies of the
future. Quantum technologists should continue to strive for more accurate
guantuwm gates and. eventually, fully fault-tolerant quantum computing.




Glintimiizdeki kuantum
bilgisayarlarin ‘Giiriiltiili ara
Olgek’te yer aldigi
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bilgisayarlarin 1lk
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hallerine benzetilmektedir.
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Main Sources of Error in QIP devices

Gate decomposition errors (Trotterization )

Environmental noise , decoherence, dissipation

Single qubit rotation errors

Cross talk (Unwanted interactions in multi-qubit gates)

1/f noise (phenomenon of the spectral density of a stochastic process)



Kuantum derinligi, kuantum hacmi

What Is Quantum Volume, Anyway? ANDREW W. CROSS efal.  PHYSICAL REVIEW A 100, 032328 (2019)
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FIG. 1. Model circuit. A model circuit consists of d layers of
random permutations of the qubit labels, followed by random two-
qubit gates. When the circuit width m is odd, one of the qubits is idle
A graph showing the number of IBM backends over time. Each bar is broken into the number of backends in each ]‘dy&l’. A final permulaltion can be iipp]iﬁd to the labels of the

achieving each given Quantum Volume. measurement outcomes.

Kuantum Hacmi protokold, bir kuantum bilgisayarin, cihazin kubitlerinin bir alt
kUimesi Uzerinde paralel olarak hareket eden rastgele iki kubitlik kapilardan
olusan bir devreyi ne kadar iyi caligtirabilecegini test eder. Bu devreler, kag
tane kubitin dahil oldugu anlamina gelen bir geniglige ve bir derinlige, yani
kubitler esevresizlige ugramadan once devrenin kapilari ¢alistirabilecegi ayrik
zaman adimlarinin sayisi anlamina gelir.

log, Vo = argmax mun (m, d(m))
m
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Open Quantum Systems

THE THEORY OF

open quantum systems
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Dinamik metotlar
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Kishor Bharti ef al.: Noisy intermediate-scale quantum algorithms

Rev. Mod. Phys., Vol. 94, No. 1, January-March 2022
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Diagrammatic representation of a variational quantum algorithm (VQA). A VQA workflow can be divided into
four main components:

Iteratif ¢coziim gerektiren algoritmalar NISQ hesaplamada perfomans sorunu yasayabilir:
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O Giiriilti baskilayic1 dinamik metotlar
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Oda sicakligi Kuantum hesaplama — NMR -QIP
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IBM Quantum launches accelerator
for enterprise

New program offers resources to businesses at any point on their
journey to quantum readiness.
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Mevcut NISQ algoritmalarinin ¢ogu, kuantum bilgisayarlarin giictinti
hibrit bir kuantum-klasik diizenlemede kullantr.
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FIG. 7. A schematic illustration of the quantum convolutional neural
networks, where the UU;, Vi, and F' are unitary blocks and the V; 1s
controlled by some measurement outcomes.

Kuantum siwniflayicilar
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D. Tiirkpence et al. / Physics Letters A 383 (2019) 1410-1418
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Benzer bir yaklasimi kendi ¢calismalarimizda kullandik.
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Transfer of quantum information via a dissipative protocol for data

classification
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u Flg 1. (Colour online.) Schematical illustration of the proposed model. A probe qubit
Hine = h E Ei (crt',* cr,; + H.c). sequentially interacts with the idenrical units of two information reservoirs with
k=1 coupling strengrhs g;. Binary classification result in terms of weighted combination

of reservoir parameters & encoded in the steady-state.
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