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IBM Inches Closer To Quantum
Supremacy With 16- And 17- Quhlt
Quantum Computers :

by Lucian Armasu May 17, 2017 at 9:00 AM

IBM Raises the
Bar with a 50-
Qubit Quantum

Computer
by WillKnight November 10,2017

CES 2018: Intel's 49-Qubit Chip Shoots for Quantum Supremacy

By Jeremy Hsu (/author/jeremy-hsu)
Posted 9 Jan 2018 | 0:00 GMT

Prioto: Inted
InteF's new 48-qubit supsrconducting quantum teet chip ie named Tangle Lake.

Intel Roadmap: 1000 qubits 5-7 years

ScienceNews

Google moves toward quantum supremacy with 72-qubit
computer

Google contends its Bristlecone chip

demoes 1% error rates for readout,

0.1% for single-qubit gates, and 0.6%

for two-qubit gates. —
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*1982 R. P. Feynman proposed the 1idea of a 'quantum
computer', a computer that uses the effects of quantum
mechanics

*1984 BB84 Quantum key distribution
*1994 Shor’s algorithm (fast prime factorization)
*1995 Quantum error correction (Shor and Steane)

*1996 Grover’s searching algorithm



Moore’'s Law Challenges Below 10nm: Technology, Design and Economic
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TV EX ~ 46w EFE N
RE/RFFRHFRGENTF 6 B ® . (quantum
information science) (~20004F)
BrE#fE BEi MH HiEoee FEEEE Gmal E2v
Google :quantum information science ERERE | EHRT
© mEHEE O diiEs O sgdsEs O SEnEs
FradEa #Jﬁlf,m,oomﬁﬁéquantum information sciencefy&4E R » DI T25 1-1018 - HIJH0.51 5 o
=T EEERSPX (ER) RIER  EEHRTLUEERSES
Quantum Information Science- [ E:EH.E ]
Quantum Information Science (QIS) is an emerging field with the potential to cause
revolutionary advances in fields of science and engineering involving ...
www_nsf.gov/pubs/2000/nsf00101/nsf00101.htm - 120k - B EFFEHE - FLUEE
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Qubit Lifetime (ns)

Threshold
SCHOELKOPF'S LAW for error-corr.
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Devoret & Schoelkopf, Science 339, 1169 (2013)
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Berkeley Lab Supercomputer Breaks New Ground in
Quantum Computing Simulation
Michael Feldman | April 12,2017 11:26 CEST

Cori, the fifth fastest supercomputer in the
world, has been used to model a 45-qubit
circuit

Classical computers 50 qubit  Quantum supremacy
" BT

S50 T EAE By —RETFEGREE


https://www.top500.org/project/top500-news-team/

B ETAE ) —RE T 2 RER...

S BHBENANKNE L E LA AR P S R 4T K3 E (40 Europe Quantum Manifesto, UK National Quantum Technologies
Programme, Centre for Quantum Technologies in Singapore, % & DARPA call program,...)

426 | NATURE | VOL 532 | 28 APRIL 2016 SRy

e AN QuantumManifesto

A3l (USS1-blioEuropeanlagah prject o 4 quantum computing, . ANew Era of Technology May 2016

ermlon— €uro boost
for quantum tech

Microsoft just upped its multi-million bet on quantum
computing

The Quantum Manifesto calls upon Member States and the European Commission to launch a

Microsoft pours millions into a new Station Q outpost in Copenhagen €1 billion Flagship-scale Initiative in Quantum Technology, preparing for a start in 2018 within
the European H2020 research and innovation framework programme.

Liam Tung Innovation

This initiatile aims to place Europe at the forefront of the second quantum rlevolution now

The DOE Is Giving Berkeley Lab $3 Million
Annually for Quantum Computing Research

WISEE 2 1% 0 X—ERGETHESEARNECEEER Newsroom
fex mem | %008 2018 % 01 5 18 B17:35| HM A ATEE , ANNN , RiEw G+ [ ms)(2%)
2018:£03F 088 10:17 FHESM SR RGN Australia’s first quantum computing
SORMGHE - EES AR RIETF HEFRA - 5 company faunches at UNSW
REFHERGNESAEARBHAS - SEHBE P |
HERERER—ROBTHEARA - WESHRT rustvaia's vt siicon
H;m%?ﬂ%q’ ° Computing Pty Ltd has been Iaunched toradvance the development and
commercialisation of UNSW Sydney’s world-leading quantum computing
technology.

BFHEMERR B 6878 ATBEER
HAARRNERZER - AZEARALSE (NEH
BERt) FH -



&7 3T MR

Eniac 1943

¥ T8

(Quantum Technology)

M.




¥ T8 R a0 38 K SR AR

SR EITKEE 7MREEFEE

LR - 2017/03/20 14:40 @\FHWEH - 2017/03/20 15:18

(FRLEEFERESIL20HE) SRBO LB JITOKELERM - THRIEKEFZTEEE
EMLEREL - SMEIFOREUIFE MR - FPHR/HEBFEEET KL TR iz
ﬁ °

UCSB/Google nine X-mon qubit processor
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12 & B Z 438

I think that it is fair to say that no one
understands the quantum theory...
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http://www.youtube.com/watch?v=2Z6UJbwxBZI



https://youtu.be/2Z6UJbwxBZI
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https://www.youtube.com/watch?v=D3koi9jfl7M
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Nature 395, 33(1998)
PRL.70,2359(1993)




polarized

Phys. Rev. Lett. 70,2359(1993)

Ground state: 6s%S,,,, Excited state: 6p*P,,
degenerate: m;

Photons: c&n polarized
n: Am;=0 two atoms are in the same state
c: A |[m;|=1 two atoms are not in the same state
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Electron version: Applied Physics Letters 97, 263101 (2010)
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50 18 = F43L 7T
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Quantum Technology

o = RRIZE =1 ot
=21 a
. Quantum Quantum
Quantum Informat|on
Sensor Component

=f&t& =8
Quantum Quantum
Computing Communication

==k | =EFERH | = FEE =FEEERE]| =FEH
Quantum @ Quantum Quantum Quantum Quantum
Computer f§ Simulation] Algorithm Teleportation J Cryptography

Source: MOST_& T FiischitFe Bl s g i # ZE e & (B A7 2
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—FRAEXRMEEE MR FZEE (Quantum speed up)
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BQP = bounded-error |

2/ 3)quantum polynomial time \ oo -

TTREGMEA...

#44 B 697 2 F] 88 (Traveling Salesperson Problem)

: B &P

gFE AR R wmEs (4 5
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23 km
A

12 k
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16 km

Computation complexity 4 PSPACE problems ) Bw—% BRI
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c11000) + ¢,|001) + c3]010) + ¢, |011) +
C<|100) + c6|101) + ¢;|110) + cg|110)  ToRCLC2 €5 . o BIERL

oy EEF—MEAET:0-1,1-0

(c1, €3, C3,Cy4,Cs, Cg, C7,Cg) — (€5, Cg, C7,Cg, C1, C2, C3,Cq)

. s 0 —{0
e dRASEE: [0) > - g‘”,m N 'g'”

(c1, €2, C3,C4,C5, Cg, C7,Cg) —

1
NG (c{ —Cg,Cp — Cg,C3 — C7,Cq — Cg,C1 + Cs5,Cy + Cg, C3 + C7,Cq + Cg)



Universal Quantum Gates

+ 3 FfG : AND, OR, NOT (combination of
NAND) 2 A BB EH

FFEF: any U (UU' =1) can be
decomposed into ..

L(I 1] (Hadamard) [1 0 ] (7 /3)

bl -1 0 "
(1000

01 0 0

00 0 1 100) —[00) [01) —|01)
L0 0 1 0 ) (control-not) |10y—[11) |11)—|10)
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(Grover algorithm)

Lov K. Grover

2£x=0,1,23,... NGB H PR HEA RS FTH

TR T TRE) =1 (@RTRIORF, £
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1251 ¢k 3 (Oracle)

0+[1)  [0)+[1)  [0)+]1)
Vz vz V2

x=2"-1
Na S
— 2(n+1)/2 Z %)

x=0

Vi 524
T s —

EES 2 B — |

Bk 3 EHWIRER [T

%G 4 B WA — |

Bimh1BEETRE 214H[=] =0

Oracle: |x)|y) = |x)| y®f (x)) J(x)

%)(10) — [1)) '—

|X>(|f(X)> _ | 1®f(x)>) - (_1)f(x)|x>(|0> _ |1>) Value 1 for good coloring
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#4848 69 7& 2 F]#8 (Traveling Salesperson Problem)
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87359

RBE Ho A R R AR B CE $p 45 1) &9 B AR

(Shor’s algorithm) 4

2,000 CPU years

exp(const x d1/3)

best classical
algorithm
(number field sieve)

' const X d?

10:-1{;.

1031_
v
c
o 107
-
o .
] 20 classical
a 10
2 record: |
o 15 . . 1
S 10 230 digits
Q i
Re} ;
£ 10"
=
2 [

10°

10(1 1

0 50 100 150 200

Number of digits d

{ Shor’s algorithm

300

https://gquantumexperience.ng.bluemix.net/proxy/tutorial/full-user-guide/004-
Quantum_Algorithms/110-Shor%27s_algorithm.html
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110010 1 01000
— T transmission
1 01000

XOR1T 1 00160
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ﬁ }6% ?E‘ % 5:{3—’5% ’fj’—f— Ki: BB84 (by Bennett and Brassard)

=l NENNN

Alice@liZ—HEEFHIZE AlicetTEEE/
i R1Bob A

Bobl kRt 25 oY+ 1,3,4,50] DI{&EFH

© Dul B0 8 | 1T = L) O
m =

“l"lo) X To 01 1

AlicetiBob (i FFgrHTE  ffitkey

Bobigit:—Ltukey(%11,5..)
{H45AlicefhEy
iR? 15N B HERKE?

AR Ve (B RIR)+
1/2x1/2 (EiE{wix) = 3/4

Ry B E (M), s, (3), mino 1



B AT A WA EH:EE

@ Decoy-state BB84 T o AN

Free space, satellite-based

@ DPS (Differential Phase-Shifted) [0] |m |m
Optical fiber

@ E91 (Entanglement-based) $ &

Longer distance, verification of QM

@ MDI (Measurement-Device-Independent)
Against hacking on detectors

Bell State
“Generator”

Source: MOST_ & 1 FHs W5t B S fEE AR 1 28 i o5 (+ T A2)
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Alice Bob

60x90 pixels

8 bit color information
per pixel + header

= 49984bits &
Venus von Willendorf effigy

Bob's Key

Encrypted (b) Decrypted: (c)

Phys. Rev. Lett. 84, 4729-4732 (2000)
(Ekert scheme, using entangled photons, E91 it} %)



Quantum Teleportation

a|1) + B0) a|1) + B10)



¥ -+ R4 (Quantum teleportation)

(Bennet et al. Phys. Rev. Lett. 70, 1895-1899 (1993);
Nielsen,Knill. & Laflamme, Nature 395, 5 Nov, (1998), record 102KM over optical fibre)

Alice
quantum channel

‘ . >O< . |wa3>=7|m|¢3>—u>m>)

|é1) = a| T1) +b] J1) l 1 F

classical channel
|W1a3) = |d1) @ I‘I’(z;)) = %“ Tl T2 da) — [ Tl 42} T9)) + %(l )l T2l da) — | d1) | d2)| Ta))

05)) = 7 (1 Tl d2) £ 41)] T2))

Recombined 1 & 2 using Bell basis

185)) = fu T 1) £ 4a) 42))

—1 —0y,

Wi9g) = —u\lf ")(—al t3) — b] La)) + | 013’} (—al| 13) +B| la))

+|9357) (a] Ja) + b| 1a)) + |®5)) (a] La) — B] 1a))]-
—0, —loy,

Bell measurement on 1&2
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= A ‘?‘FX‘(‘ .‘Flj/-—}_l_ = 20174609 B07H 07:51 hREF
LR ol 7 EEBRR FISER AT

#8 % 8489 78) = ultra-sensitive camera‘**

44T
« v\'\ Quantum Radar

) N\
. N
/ : \
/0 ] . N .
. . |
Target (/J\f \ detection

Eb X A48 B P
converter 'v

o
’\’\/\—* gjo]/v ;gﬁf‘f?

S. Lloyd, Science 321, 1463 (2008); S. Barzanjeh et al., Phys. Rev. Lett. (2015)



w7 FRWB/EF & Clock synchronization

. ) . E, |1 E, —E
L FRSA8EP 2 R B R 2 1 Aoy o

h
Initial Bell state shared between Alice & Bob
T l
l T

1 1
V) = NG (IMalbde = allp) = NG C1=)al+)e = 1+)al=)B)

Alice measures in different basis

1 1
E—— = — (-
= = (D+ID) —) 5 (M=)
1 —iEot —iEt
) = = R ey ) [0 = 5 RN e )
Alice/Bob Bob/Alice
1
P(+,t) = % (1 + cos wt) P(—,t) = > (1 — cos wt)
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Programmable quantum simulation

Large-Scale (1800 qubits) Quantum Simulation of Topological State

of Matter

(D-wave, Nature 560, 457, 2018)
H= z h.o” + Z ],.jcr,zajz—FZ o

i<j

a Periodic

¥

4 R R R R ¥K R R R ¢+ a2 a2 x»
+ 4 R R R K ¥ R R 4+ 2 2 2 ™

Open

R R K

v ¥ R R R R R ¥
kK ¥ R K KR R R K K R K
¥ ¥ R R R R R R R R
K 4+ R K OO0
R4 e [Vote b T T T T e

+ 2 » kK Kk R kK kK kK R 4 4 k Kk
+ 4 4 R ¥ R R ¥ K K R 4 R ¥

Periodic

successfully
generating quantum
vortices

0.3

02

T

T T
—— QAat8.4 mK
—&— Upper transition

s§=025

s=0.30

0.5 1
J

15

square-octagon lattice

Phase correlation, Cy

=
-b

BEATWETAH# KA (Feynman)

T T T
b = 0.366(21)

\tiz!o.eegm 1)

§=0.26

—e— QMC 8.4mK
QMC 21.4mK

—— QA 8.4mK
QA 21.4mK

| 1 |

3 6 12
Distance, x;
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180 296 489 681 945

10M . . . : — 1014
- 85th 3

2 —-=— 75th B
GEJ 1012_ _1012
E‘S 1010_ | 1010 g
< = 843
= | "2 fubr10342
(] R
= 8 S ©
8 108 | 110 '8
o £
[=)) r 7 [
c
‘» 106 | —106 %
& =
o - R [m)]
G
o 0%} 4104
=
e} L 4

10? 10%

100 200 300 400 500 600 700 800 900 1000
Problem size (bits)

L=-J Z o'“a“, th"

{j.j )€ intra

v z .2
=-J E : 01,j03

J Einter

Google’s team, Phys. Rev. X 6, 031015 (2016)



+ F A3 &5k F(Quantum simulation of Fermions)

: : _ 1)
Any state a: occupied n, =1 N Il bi |
unoccupiedn, =0 = aturallytorm @ qubt 10)
+ Jordan-Wigner transformation:
000000011111111 by +bjb; =0  blb; + bjb] = §;;

H = —VE o bl-l-bj + b]bl-l- + Uz_n”nu
Rk FHEBRE (L,j) i

a U=exp(-i5 (bybyt + byby1)) b U=exp(-i5(by1b, + bytb,)) c U=exp(-i5(byb,t + byb,t
) +b,tb, + b,tb,))

{b,.b,1}
+b,b,1}= b,byt + b,b,t + b,tb, + b,tb, - 0

J. Martinis’s group, Nature Communication 6, 7654 (2015)



Noisy-intermediate hybrid quantum simulation
--Energies of small molecules, small size of spin systems,
fermions

1. MOLECULAR DESCRIPTION 2. MAP TO QUBIT REPRESENTATION 3. PARAMETERIZED ANSATZ
e.g. Electronic Structure Hamiltonian e.g. Bravyi-Kitaev or Jordan-Wigner Transform e.g. Unitary Coupled Cluster
Na g N _g2 e 4 Variational Adiabatic Ansatz
H=Y =25 , e.g. HYDROGEN B B
IR~ Rl 2 =Ty
| H = foll + fiZo + f2Zy + f3Z2 + f1 202, “D(e)l_'H |‘P_'(0)> > E
e + faZoZa + fsZ1Z3 + f6 X021 X2 + f6YoZ1Y2 {(0)|e(0))

Ne HIPT
HET, N, |

(N'MQ_N HIPT =

G

e.g. SCHROCK CATALYST for

+ f72071Z + faZoZoZs + f32,Z27;
+ JeXoZ1 XoZs + [6Y0Z1YoZs + f7Z0Z1Z2Z3

4. RUN Q.V.E. QUANTUM-CLASSICAL HYBRID ALGORITHM

NITROGEN FIXATION
| QUANTUM PROCESSOR CLASSICAL PROCESSOR
(Hy)
- W‘W CLASSICAL
SUM (Hy) OPTIMIZATION OF
QUANTUM [l MEASURETERM2 S 2 (H; ANSATZ

TERMS ;
Hy _— PARAMETER

(N

- ) MEASURE TERM N

e ——

Will Zeng, 2016



Noisy-intermediate quantum simulation
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A. Kandala et al. Nature 549, 242 (2017)

O’ Malley et al. Phys Rev. X 6, 037007(2016)
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Machine learning: quantum speed up?

Classical supervise learning
Machine Learning

& — &y — 227 — il

Input Feature extraction Classification Output

Deep Learning

o — 33zt - Il

Input Feature extraction + Classification Output

Source of image: https://www.quora.com/What-is-the-difference-between-deep-learning-and-usual-machine-learning
Axinput — Xoutput
Trained more efficiently ?

Xinput = |Xinpue) = Car [000 ... 1) + cat [00010..0) + ---.

Exponential quantum speedups: given A & X4y¢py¢ find Xippy (HHL algorithm, PRL 103, 150502, 2009)



AR - FRAE S
PSR T




ETMARETEMR

fE & RAEAKRE(|0), 1)) E 7T iR A E FAL T

*2 fe Y (two level): ]]j:l l(l);
’ 1)
T AT R T, kel AR 4‘_ o
G Y| 10) Lo
i | 1 ]0)
%// |




T F i A6 Bl #

TR IR >~ FAEHARE

F—EE K B
E T R8T 7E i R e [\ ehy

(decoherence time)

& FHANEIER AL
TR AFERFR > #AE— F (FEAFgate) 84 B ]

E,

1> g T
“Rabi” oscillation -
l] :; ol T = 85ns ]
ho = E; ~ B F ol
g
§ 03
8 02§
1]

Ey — Egih &7 3B#AF B o



EEFFMATER &K

> R F eIk & ¢ RsTEFA T degrade ~ 200km - A A= FiE

+ 0 X

> RAENMRUER F4% B 5 ££3R) - FHI4 R ~ T4 H~ no entanglement

> Trapped ion, R4 3+ + 89 E FHEFE (IonQ)
Hyperfine qubits (thousands to millions of years)
Optical qubits (the order of a second)
operation time (microseconds)

> @5 RT (BEC, ~uK, the order of a second)

Cormell&Wieman




» Diamond nitrogen-vacancy (NV+3C+other 2C
spinless) - 10 s (room temperature); Science 336, 1283 (2012)

> ry R g T ek & T g ik (Intel)
2% & 47 (Hitachi Cambridge Lab.)

g1 g
4 12 e %
AR %i 71: B o~ ' e . ack gates
e = = =S collectors
Loss & DiVincenzo
- {)nag_netized
. . . . arrier
Spin qubit - 4t 28Si + donor (*'P) igh g-fctor
ayer

RAEAFEER © 30ms (R E~7K)

> A8 H #¥Josephson ] unction circuit ¥ oy ek = (D-Wave)

, Superconductor Superconductor
— 7 38 Y /
ABEE R l

> #3864 E f7(Al/Si or Sapphire Al,O,) (Google, Rigetti, IBM)

Qurent

FiE R 1 30-140 ps (& & ~10mK)
FAERF ) ~ 10 ns

Capacitors

Inductor

——Microwaves
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SF M de: no dynamical dephasi
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— S-wave
superconductor
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|0) = |012,034) = |112,134)

Science 336, 1003 (2012)
PRX 6,031016 (2016)
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A Dbit of the action

CQurrent

Capacitors

Inductor

——Microwaves

s

Superconducting loops
Aresistance-free current
oscillatesback and forth around
acircuit loop. An injected
microwave signal excites

the current into superposition
states.

Longevity (seconds)
0.00005

Logic success rate
99.4%

Number entanaled

49 — 72 now,1000

LOImpdny Support
Google, IBM.Quantum Circuits

O Pros
Fast working.Build on existing
semiconductor industry.

©OCons
ollapse easily and
qust be kept cold.,

0.01K

Science (Dec. 1,2016) DOI: 10.1126/science.aal0442

In the race to build a quantum computer, companies are pursuing many types of quantum bits, or qubits, each with its own strengths and weaknesses.

Laser

Electron

Trappedions

Electrically charged atoms. or
ions.have quantumenergies
thatdepend on the location of
electrons. Tuned lasers cool
and trap the ions.and put
themin superposition states.

>1000

99.9%

10 -- 60

ionQ

Very stable. Highest
achieved gate fidelities.

Slow operation. Many
lasers are needed.

Microwaves

L
Silicon quantum dots

These "artificial atoms"
aremade by addingan
electron toa smallpiece
of pure silicon. Microwaves
control the electron's
quantum state.

0.03
-99%

10

Intel

Stable. Build on existing
semiconductor industry.

Only a few entangled.
Mustbe kept cold.

domestic researchers: 2-5 qubits

Time

Topological qubits
Quasiparticles can be seen
in the behavior of electrons
channeled through semi-
conductor structures.Their
braided paths can encode
quantum information.

N/A

N/A

N/A
Microsoft.

Bell Labs

Greatly reduce
errors.

Existence not yet
confirmed.

Electron

Q

Vacancy—s
e
‘7

Laser

Diamond vacancies A
nitrogen atom and a vacancy
addanelectrontoa

diamond lattice. Its quantum
spin state.along with those
of nearby carbonnuclei.

can be controlled with light.

10

99.2%

6

Quantum Diamond
Technologes

Canoperate at
room temperature.

Difficultto
entangle.
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Devoret & Schoelkopf, Science 339, 1169 (2013)



# 3 7 T #9#&(quantum network)
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DiVincenzo criteria

» A scalable physical system with well characterized qubits. ?

» The ability to initialize the state of the qubits to a simple
fiducial state. v

» Long relevant decoherence times (>10* operation time) V

» A “universal” set of quantum gates. V

» A qubit-specific measurement capability. V

» The ability to interconvert stationary and flying qubits.

» The ability to faithfully transmit flying qubits between
specified locations.



CES 2018: Intel's 49-Qubit Chip Shoots for
Quantum Supremacy

* Intel has passed a key milestone while running alongside Google and IBM in the marathon to
build quantum computing systems. The tech giant has unveiled a superconducting quantum test
chip with 49 qubits (code-named Tangle Lakeg): enough qubits to possibly enable quantum
computing that begins to exceed the practical limits of modern classical computers, i.e., the so-
called “guantum supremacy.”

e But practical quantum computing also requires much more than ever-larger arrays of qubits. One
important step involves implementing “surface code” error correction that can detect and correct
for disruptions in the fragile quantum states of individual qubits. Another step involves figuring
out how to map software algorithms to the quantum computing hardware. A third crucial issue
involves engineering the local electronics layout necessary to control the individual qubits and
read out the quantum computing results.

* Intel’'s roadmap suggests researchers could
» achieve 1,000-qubit systems within 5 to 7 years.
e ol ¢ 17-qubit arrays have the minimum number of

...........

OO NI qubits necessary to perform surface code error

wmass [T O correction.

53 ?x % '\ T T 'y 3 T £9 &n & & & . .
| » ] oo aoceoaeeecel °©  Intel has developed packaging to prevent radio-
g%%.j H e frequency interference with the qubits, and uses

flip chip technology, enabling smaller and denser
connections to get signals on and off the chips.

Source: MOST_It TR HIHTSE 81 85 R B 20 15 (5 7 )



CES 2018: IBM Shows Off The World's
Largest Quantum Computer

* The promise of the quantum computer is to solve problems that
typical computers will never be able to tackle, by bringing unheard-
of power and speed to computing through leveraging the principles
of quantum physics.

* Developing new synthetic materials, allowing for faster machine
learning, and providing an advanced back-end to power consumer
apps. These are just some of the potential applications of the first
ever 50-qubit quantum computer prototype displayed at this year's
CES conference in Las Vegas, Nevada.

N E 2

IBM is also working

| with commercial
partners in the finance,
materials, automotive,
and chemistry
industries by allowing
them access to the
groundbreaking
computing power
these devices offer.




Google reclaims quantum computer
crown with 72 qubit processor

TRISTAN GREENE ARTIFICIAL INTELLIGENCE 2018 March 6

00“

g

* Google unveiled the world’s largest quantum computer processor to
date. Dubbed Bristlecone, it’s a 72-qubit gate-based
superconducting system that blows the previous best, IBM’s 50-
qubit processor, out of the water. The race to build the world’s first
useful qguantum computer is nearing its end.

* The Mountain View company’s Research at Google team created
the 72-qubit processor by scaling its previous 9-qubit system. Its
obvious goal is to provide the power and stability necessary for
guantum computers to become functionally useful.



https://thenextweb.com/google/2017/11/14/ibm-claims-quantum-supremacy-over-google-with-50-qubit-processor/
https://research.google.com/
https://thenextweb.com/author/tristangreen/
https://thenextweb.com/artificial-intelligence/

Prototype quantum computers

Rigetti: 8-qubit and 19-qubit superconducting quantum processors,
accessible to users over the cloud through our open source software

platform Forest

IBM Q: 5-qubit and 16-qubit (open free), 20-qubit & 50-qubit (paid)

Available to Taiwan users 1n 2019
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https://www.rigetti.com/products

Alibaba Launches 11-Qubit Quantum Computing Cloud Service 2018/10/9 L59:46

oy Syneed

3 Al Technology & Industry Review - www.syncedreview.com || www.jigizhixin.com ||
‘ h Subscribe: http://goo.gl/Q4cP3B
v Feb 23 - 3 min read

Alibaba Launches 11-Qubit Quantum
Computing Cloud Service
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D-Wave Launches Free Quantum Cloud Service

Canadian company joins IBM and Rigetti in offering online access to

pricey hardware

By Mark Harris (/author/mark-harris)

Photo: D-Wave Systems
D-Wave's latest 2,048-qubit processor has to be kept close to absolute zero to function.

Quantum computing could someday supercharge
artificial intelligence, accelerate drug discovery, and even
reduce traffic jams. But existing quantum computers,
which have only a modest, if any, advantage over their
classical brethren, are expensive, finicky beasts. Even if
you could afford the US $15 million to buy a D-Wave
200 uantum annealer
(https://www.dwavesys.com/sites/default/files/D-
Wave%202000Q%20Tech%20Collateral o0117F.pdf)
[PDF], for example, you would need experts to maintain
the ultracold operating conditions its processor requires.

Until today, that is, when Canadian startup D-Wave
Systems Inc (https://www.dwavesys.com/home).
launched a real-time online quantum computing
environment called Leap
(https://cloud.dwavesys.com/leap/). Leap is the latest
addition to the quantum cloud—services that virtualize
quantum computing for almost anyone with a computer
and a broadband connection to use.

Leap allows anyone to sign up, giving them one minute of
time on a cloud-connected 2000Q each month. That
might not sound like much, but a key advantage of
quantum computing is to be able to solve in milliseconds

problems like factoring large numbers, optimizing routes, or calculating molecular structures that could take traditional computers days or weeks.
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European scientists propose world’s largest quantum
network, between Earth and the ISS

April 9, 2013 at 8:50 am -&‘,?i( % — /f@ —:E-‘ -}- ﬁ%ﬂ% E
(F B), viable for 300s

(chRiaI18BEE) 2017/06/18 13:52
REEMETHES TR TEIMMWBEER

Laser Ranging|

|

Qubit Analyzer

B Qubit Laser P = e EETW 13

)

100 ms

10 ns

o S S| R Pulse Qubits _ SLR Pulse

FIG. 1 (color online). Scheme of the satellite QKD demonstr-
ation. Qubit pulses are sent at a 100 MHz repetition rate and
are reflected back to the single photon level from the satellite,
thus mimicking a QKD source in space. Synchronization was
performed by using the bright SLR pulses at a repetition rate
of 10 Hz.

Phys. Rev. Lett. 115, 040502 (2015) Phys. Rev. Lett. 120,
# K #| B B%, qubit error ratio 4.6% 030501( 2018)
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Status

Near-term
applications
that are beyond
the capability of
classical
computers

THBIBRATE

UV

»

50-100 qubits 1000

Noisy Intermediate
quantum computing
regime ~ quantum
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Intermediate scale & rate

quantum communication
200km

1000-10,000

Probably 5-10 years

1000km

1000,000...

Universal
Quantum
computing

A

global quantum
network

»




Quantum Manifesto (European union)

Quantum Technologies Timeline
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Estimated annual spending on non-classified

uantum-technology research, 2015, €m ,
q &Y European Union*

Netherlands 27 rSSO
D k 22
Canada Britain enmar
100 105 @ Sweden 15
® Finland 12

France (D Poland 12

52
United States
360 Spaln @ @
O Italy 3 Austria 35 Switz6e7r|a hd

Brazil 11
World 1,500

Source: McKinsey (estimate)

100

National
spending ®
Russm 30

apan
63

South

Korea 13

Slngapore
44

*Combined estimated budget of EU countries



20154&2315@1 T #3693 F 3¢

Patent applications to 2015, in:

Quantum computing Quantum cryptography Quantum sensors
United States 295 | China 367 T United States 105 [
Canada 79 B United States 233 [ China 104 e
Japan78 [ ] Japan 100 ] Germany 25 [
Britain 36 [ | Britain 50 B Japan 18 [
China 29 [ | Malaysia 31 [ | Britain 12 |
Australia 26 | South Korea27 | Canada 6 |
Germany 22 | Germany 24 I Israel 6 |
South Korea11 | France 15 | France 5 |
Israel 9 | Australia 14 I Australia 3 |
Finland 7 | Canada 11 | SouthKorea2 |
Italy 11 | Russia 2 \
Taiwan 2 \
Quantum-lfeyfiistribution ' 510 20
Patent applications by country* Patentsissued o [ []
China « E
United States g’————- m
Japan S m
Europe — e ——
South Korea ——
Malaysia e 20 |
T T T T T 1 L T 1 T T T T T T T T 1
1992 95 2000 05 10 14

Sources: UK Intellectual Property Office; European Commission *By location of corporate headquarters
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e Passes $1.275B Natio
igive
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September 17, 2018 Leading Solution Providers

Last Thursday the U.S. House of Representatives passed the =

National Quantum Initiative Act (NQIA Qhiwin
(https://iwww.congress.gov/bill/115th-congress/house- I(https'J/‘tci.taboroommun_ications_comlsponsor-
mu&&znexn) intended to accelerate quantum oomputlng adaptive)

QUANTUM NEWS

US invests $249m in quantum information science as White
House unvelils strategic overview

28 Sep 2018 Hamish Johnston
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Quantum Technology Centers/Projects in Taiwan

~ 140Million NTD (~ 3 Million Euro)/Year, including NTHU Center for
Quantum Technology, IBM-NTU Quantum Computer Hub , and three
large-scale Quantum Information and Technology Projects.

Quantum Technology Centers /projects
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Quantum Key Distribution (QKD) Network
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Quantum Key Distribution (QKD) Network
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Status of Our QKD System

— Data Acquisition
I




Bit Generator (Alice)

1. One photon 2. Splitting 3. Encoding
Probability NI
f
- = =
Time Time Time

(9, . ©,) are randomly picked from phases 0 and &, corresponding to bits
0 and 1. so that the single photon is in one of the non-orthogonal states

1
I¢) = E(Il)alo)blo)c i Ioall)blo)c i Io)alo)bll)c)

and cannot be identified by a single measurement.



Bit Analyzer (Bob)

Mirror | | 1
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Field Test of Quantum Key Distribution
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Field Test of Quantum Key Distribution
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Secure key rate [kbit/s]

10000 - Weak pulse and entangelment-based QKD systems

1000 {®e ® Dark fiber experiments
100 - ® Coexistence experiments
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CES 2018: Intel's 49-Qubit Chip Shoots for Quantum Supremacy

- Limited VIP tickets remaining - Book now
e IBM Raises the
Bar with a 50- 2é&lLVNEWS 22 June 2017, updated 26 June
Qubit Quantum Google on track for quantum
Computer

computer breakthrough by
end of 2017

by WillKnight  November 10, 2017

=> # & (Al/Si or Al/Sapphire Al,O,)

Intel's new 48-qubit supsrconducting quantum test chip is named Tangle Lake.
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Thank you for your attention!



