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Icerik

KUANTUM BILISIM KURAMI
KLASIK BILGI ve KUANTUM BILGI
KUANTUM MANTIK GECITLERI ve DOLANIKLIK

KUANTUM UZ-AKTARIM (Teleportation)
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Ik kuantum mekanigi derslerimi
aldigim degerli hocam

Burhan Cahit Unal’a,

en derin stikranlarimla...
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Bilisim Bilimi (/Information Science):

Bir sistemin (fiziksel) durumlariyla tasiyabilecegi

bilgilerin;  sisteme  kodlanmasi  (encoding),
islenmesi (processing), iletilmesi (fransmission),
depolanmasi (storage), okunmas1" (decoding) ve
bu amaglar dogrultusunda sistem tasarim ve uretimi

ile 1lgil1 her turlu etkinlik.



PFZiksel Sistemler ve Fiziksel Durumlari

1. Klasik Mekaniksel Sistemler (makroskopik sistemler)
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(@ p)=(q" -, q" P, - Pn)
2. Kuantum Mekaniksel Sistemler (atom, molekiil sistemleri)

Birsaf kuantum durum |{(t)) € H Hilbert uzayi

3
ih—-[{) = H[Y)

(Schrodinger denklemi)

Erwin Schrédinger (1887-1961) David Hilbert (1862-1943)
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Y(q, t) =(qly) «—— Konum olasilik genlikleri
P(q,t) = [{q|Y)|? «—— Konum olasilik yogunluklar
q=(x,y, z)

<Yy >=[|{qly)|? d>*q =7 <« Boylandirma (normalizasyon)

flg>< qld*q=I «—— Konum tamlik bagintisi

< ql|q >=86(q-q') «— Diklik (ayirdedilebilme)






Kubit sistemleri: -

Vi §
1. Spini ; olan qubit = quantum bit

herhangi bir parcacik

0) (B. Schumacher, 1995)
2. Iki kutuplanma -:
durumuyla bir foton Tek kiibit i¢in bir baz
3. lkienerji dizeyli
herhangi bir atom |O> - [1} ll> = (0j
veya molekiil 0 1
4.Siperiletken kibitler V) = «|0) + B|1)
5.1ki kollu MZ — girisimolceri |0(|2 + Blz -

6. Kat: — hal kubitleri



Bite karsilik kubi

bit = binary H
digit

on o {

if ol 1 [B] - 1
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—TABLO I: Bugtinkii doga ve evren anlayisimizi sekillendiren iki hareket kurami olan,
klasik mekanigin ve kuantum mekaniginin bir nitel karsilastirilmasi.

KLASIK MEKANIK KUANTUM MEKANIGI

ANLAYIS Indirgemeci Biitiinliikgii
ONGORU Belirlenimci Olasihika
EVRILME Cizgisel degil Cizgisel ve Uniter

GENISLEME Kartezyen Tensorel

BILESIM KURALLARI Sira-degisimli Sira-degisimsiz

OLCUM Tersinir Tersinmez

GERCEKLIK Nesnel Oznel 5
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~__TABLEII: A qualitative comparison of two theories of motion, classical mechanics and

quantum mechanics that shape our current understanding of the nature and universe.

CLASSICAL MECHANICS QUANTUM MECHANICS

UNDERSTANDING Reductionist Holistic

PREDICTION Deterministic Probablistic

EVOLUTION Nonlinear Linear and Unitary
ENLARGEMENT Cartesian Tensorial

COMPOSITION RULES Commutative Non-commutative
MEASUREMENT Reversible Irreversible
REALITY Objective Subjective :




temel matematiksel kavram ve yapilarin (sag stitun) uygulamadaki islevsel anlamlarini
(sol stitun) gosteren Ozet tablo.

Bir sistemin olas: tiim
kuantum durumlarimin uzay:

Bir 27 Hilbert uzayi

Bir kuantum durum

%) € 72, [} £0
Bir kompleks vektor

Yalitilims
kuantum sistemlerinin dinamigi

Schrodinger denklemi
a H i S ] s
thz:|Y) = H|v)

Yalitalimg sistemlerin
zamanla gelisiminin tiniterligi

LTl = F = LT
[U(t)) = U(t, to)|v(t0)), t > to

Koherent iistiiste gelim

|".- ') = ZH':‘I'*.-"":‘)- o € C

siiperpoze durumlar

Tam ayirt edilebilir durumlar

Dik vektorler
(Bl) = 0, [) #0,]6) # 0

Ayni kuantum durumlar

|(r'J| -;)| =1 &5 |-'_) = ('ia|{,-‘)>.(.'l eER

Kismen ayirt edilebilir durumlar

0 < [(o])| <1, CBS esitsizligi

Tam ayirt edilebilir kuantum
durumlarimin tam kiimesi

Tam ortonormal vektor bazlarn

Tam aywrt edilebilir kuantum
durumlarimin maksimum sayisi

#"'nin kompleks boyutu

12
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__Saf-olmayan kuanW

Yogunluk islemcileri (matrisleri)

luy >, Jup; >, ..., |u;>  olasi boylandirilmis durumlar

L 5 onsel olasiliklar
Pi € [01 1] ’ Z{:lpi — i

p=2;p; | w; >< y;] konveks karisim

Trp=1 birim izlilik

p=0 < @lpld) =0, V|) pozitiflik



Sﬁstelm
v ¥
Klasik Durumlar Kuantum Durumlar
Klasik Bilisim Kuram Kuantum Bilisim Kuram

! !

Klasik Mekanik Yasalar: Kuantum Mekanigi Yasalar1
| | | l

V v v v
Donanim Yasalar1 Yazilim Kurallar1 Donanim Yasalar1  Yazilim Kurallar:
(Protokoller ve Algoritmalar) A (Kuantum Protokoller ve Algoritmalar)

Bennett Deutsch Shor Grover

Newton Maxwell Turing Shannon
(1943-...) (1953-...) (1959-...) (1961-...)

(1643-1727) (1831-1879) (1912-1954) (1916-2001)
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( I ) = () > Tam ayirt edilebilir saf kuantum durumlar

¢ y

I‘P) - Zi Cil“;’,) ) Cj=<ujll/)> «—> Olasilik genlikleri
ICj|2=|(ujl1/))|2 «—— Olasiliklar

Kuantum durumlarindaki bilgi;

* koherent olarak tist-tiste binmis _
} Kuantum paralelizm

(stperpoze) bilgidir,
* kf)p.ya.lanamaz s :|— Kuantum kriptolojide kosulsuz giivenlik
* gizlidir.

* Bilesik sistemlerin bilesenleri arasindaki kuantum
korelasyonlar, (enerji gibi, momentum gibi)

yveni kuantum bilisimsel kaynaklardir.
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Durum Ayrilabilir Durumlar Dolanik Durumlar
(Separable States) (Entangled States)

SAF DURUMLAR |¥) = |¢1)B|,)

(W) # [Y1)®P;)

P
( ure States) |(1]) e ‘H = 7‘[1®:7-[2

k k
SAF-OLMAYAN _ ' i i i
DURUMLAR P12 = Z pip1 ®p; P12 F Z piP1 ®ps
(Mixed States, i=1 i=1

Impure States) (R. F. Werner, 108
L , 1989)
p; €[0,1],¥5 ,p; =1
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- Kuantum dolaniklik (entanglement)

1
1811 = \/—-2-(!01>—!10))

= \/%(lo > Q®[1)—|1 > ®|0))

% Biitiin iyi biliniyor fakat parcalarin
durumu iyi bilinmiyor !

% Birbirlerinden ¢ok uzak olsalar bile
iki nesne tek bir yap1 olusturur.



e =
Tek-kubit Kuantum Mantik Gegitleri

Hadamard gecidi (Hadamard gate)

0) —H] \/1.2.(lo>+|1>)

Ry [0)=[1)
«|0) + g1y —H e 8-
Tek kiibit icin bir baz (H = C?)

- :%G ¥




~Paralel iki Hadamard gecidi

1
—(j0)+[1)) —
0) 75 (0)+1) -
1 —
10) —37 5(10)4‘[1)) -
0)®[0) —  [¥) =5(00)+]0)® |1) +[1)®]0)+|1)®I1))
= - (100)+]01) + [10)+]11) )
1
= - (
2

0)+|1) + |12)+|3) ) (ondalik sistemde)
1

2%-1
2272 Z In) (ondalik sistemde)
n=0




~Paralel n Hadamard gecidi = 20/34

— 1

0) — |H|— \E(IO)+I1)]\
. : : .
1 -
9 - |af-— = (0s[A)D
2" -1
1
0@ ®0) —> W= ) In)
n=0

(ondalik sistemde)



Pauli gecitleri

o|0) +B|1) —— X |— o|)+p|0)

of 0)+Bl1) —Y]— ila]1)-5|0))

o 0)+B|) —— Z|— o|0)~R)



Iki-kuibit Gegitleri

CNOT (Kontrollii Degilleme) gecidi

|0) ' 0y [ ' 1)

e ¢ x @ 1)

YV
YV

%) €



~ Dolaniklastirici kuantum devresi:

Bell (EPR) durumlari

a

\V/

IBXJ/)

Cikis
1 —
1 —
1 ) =
o | | T000-111) = 160)
1 —
o [ | 001100 =16
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Kuantum Uz-aktarim (Teleportation)

|®) = «]0) + BI1) — g~ . »
M
b ga
e w
7 g
Yo) [y ) [iha) )



>
~ Kuantum Uz-aktarim

o) @ EM,

oy J M.

8 2 povemey ¢ 00 A

1Y) = |P) & |Soo) 1 i N Ti‘fl—@—l@

= (a|0)+ B|1) ® TUOO) +[11)) W W e ) 10

1
E [a]0)(]00) + [11)) + B[1)(|00) + [11))]

Y1) = T[QIO)(IOO) + 11 B 10) {0 1))
[Y2) = = [a(]0) + [1))(]00) + [11)) + B(]0) — [1))(]10) + [01))]

r\.zlr----xf\-”H

[100)(«|0) + BI1)) + [01)(|1) + B10))
+{10)(a|0) — B11)) + [11)(al1) — B10))]

(Bennett,Brassard,Crepeau,Jozsa, Peres and Wootters,1993)
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Bir kiibitin uz-aktarimi icin

Fatura:

1 ebit+2 bit =???



Diger oncu kuantum bilisim uygulamalari

Dolaniklik trampasi oo B
(dolanikligin uz-aktarimi)

Qo
Dolanik — 0’{«
C € > D
D

Kuantum yogun kodlama

(dolanikliktan yararlanarak

kuantum durumlariyla klasik

bilgi iletme kapasitelerinin ikiye katlanmasi)

Shor algoritmasiyla buytik pozitif tamsayilarin kisa
siirede asal carpanlarina ayrilmasi

Kuantum sistemlerin simtilasyonlar

Kuantum kriptoloji

Klasik olarak gerceklestirilebilir pek ¢ok stirec ve
yukumlilikte hizlanirlik
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REVIEW ARTICLE

= nature

h .
p Otomcs PUBLISHED ONLINE: 29 SEPTEMBER 2015 | DOI: 10.1038/NPHOTON.2015.154

Advances in quantum teleportation

S. Pirandola™, J. Eisert?, C. Weedbrook?3, A. Furusawa® and S. L. Braunstein’

2 Oupt  Basic protocol. Alice’s unknown input
Classical W state is teleported to Bob using a shared
(ommunication - - ]
k YT entangled state and a classical
fodons COmMmunication channel. Alice performs a

unitary Bell state measurement on her systems, a
and A, and classically communicates the
outcome to Bob. Using the measurement

Bob result, Bob applies the conditional unitary

U to his system B, thus retrieving an
ot el output state that i§ an exact replica of
chate Alice o Alice’s input state in the ideal case (F =1).

28
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phOtOI'llCS PUBLISHED ONLINE: 19 SEPTEMBER 2016 | DO 10.1038/NPHOTON.2016.179

LETTERS

'Quantum teleportation with independent sources
and prior entanglement distribution over a network

Qi-Chao Sun'?3, Ya-Li Mao'?, Si-Jing Chen?, Wei Zhang®, Yang-Fan Jiang'Z, Yan-Bao Zhang?®,
Wei-Jun Zhang?, Shigehito Miki’, Taro Yamashita?, Hirotaka Terai’, Xiao Jiang'?, Teng-Yun Chen'?,
Li-Xing You?, Xian-Feng Chen?® Zhen Wang?, Jing-Yun Fan'?, Qiang Zhang'?* and Jian-Wei Pan'?*
Schematics of a quantum network with a star-topology structure.

Quantum
processor

The central node hosts a quantum processor

and shares

entanglement with the relay nodes. The end
EPR ‘E users access the central quantum processor

by teleporting the quantum states to the

central node via the relay nodes. The relay

nodes perform a BSM, and feedforward the

measurement outcomes to the central

processor.

(BsM, Bell-state measurement) 29



MNATURE | VOL 390 11 DECEMBER 1997

Experimental quantum o
teleportation

Dik Bouwmeester, Jian-Wei Pan, Klaus Mattle, Manfred Eibl, Harald Weinfurter & Anton Zeilinger

Institut fiir Experimentalphysik, Universitit Innsbruck, Technikerstr. 25, A-6020 Innsbruck, Austria

Quantum teleportation=the transmission and reconstruction over arbitrary distances of the state of a quantum
system=is demonstrated experimentally. During teleportation, an initial photon which carries the polarization thatis to
be transferred and one of a pair of entangled photons are subjected to a measurement such that the second photon of
the entangled pair acquires the polarization of the initial photon. This latter photon can he arhitrarily far away from the
initial one. Quantum teleportation will be a critical ingredient for quantum computation networks.




LETTERH SEPTEMBER 2012 | VOL 489 | NATURE | 269 '
doi:10.1038/naturelld72

Quantum teleportation over 143 kilometres using
active feed-forward

Xiao-Song Ma'*, Thomas Herbst"-?, Thomas Scheidl', Daqing Wang', Sebastian Kropatschek', William Naylor',
Bernhard Wittmann'-?, Alexandra Mechu, Johannes Kofler'®, Elena Anisimova®*, Vadim Makarov®, Thomas Jennewein?,

Rupert Ursin' & Anton Zeilinger™*

Ca.'lja‘gy Islands (Italy)

aoiiu. luss/namurells re

Trackig beam

144 Kim
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70| NATURE|VOL549|7 September 2017

Letter doi:10.1038/nature23675

Ground-to-satellite quantum teleportation

Ji-Gang Reni,2, Ping Xui,2, Hai-Lin Yongi,2, Liang Zhang2,3, Sheng-Kai Liao1,2, Juan Yini,2, Wei-Yue Liui,2, Wen-

Qi Cai1,2,Meng Yangi,2, Li Li1,2, Kui-Xing Yangi,2, Xuan Hani,2, Yong-Qiang Yaog4, Ji Li5, Hai-Yan Wus, Song
Wan6, Lei Liu6,Ding-Quan Liu3, Yao-Wu Kuangs, Zhi-Ping He3, Peng Shangi,2, Cheng Guoi,2, Ru-Hua Zhengy,
Kai Tian8, Zhen-Cai Zhu6,Nai-Le Liui,2, Chao-Yang Lui,2, Rong Shuz,3, Yu-Ao Cheni,2, Cheng-Zhi Pengi,2, Jian-
Yu Wang2,3 & Jian-Wei Pani,2

An arbitrary unknown quantum state cannot
be measured precisely or replicated perfectly.
However, quantum teleportation enables
unknown quantum states to be transferred

reliably from one object to another over long

distances, without physical travelling of the
object itsellf.

32



Over vife W “greotu-n d

t sat e ahéeamlmeport adf
of a ph o nhogvheer di st ai
Hp o OO0 lem
demonstration of a ground-to-
satellite uplink for reliable and
ultra-long-distance quantum
teleportation is an essential

step towards a global-scale

quantum internet.

Asc hemaf i the s atel
overbdbniad photograp
I Noasrriounnd st atilhre
s eparati on bet we e
and gtrlpaand vasrtfaets«i m n
a'b o ut 5700 e ymiitio 1

quant ealme portati on

the Micius satellite
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Degerli vakitleriniz, sabriniz ve ~—
sorularimiz icin,

Sayin Bilsay KURUC’a bu konusmay1
yapmak tizere davet ettigi icin,

—TESEKKURLER...
Sayin Orhan BURSALI’ya bu

oturumu yonettigi icin,

D. Duran ve S. Yilmaz’a bu sunumu
hazirlamamdaki yardimlar icin, _




