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GMOINTERNET GROUP 22 Google Al Blog

The latest news from Google Al

=g ar RO H

Quantum Supremacy Using a Programmable Superconducting

Processor A=I\—-3AEa1-5T
Wednesday, October 23,2019 11 JJEEMEIRE D FH\ 200 T

Posted by John Martinis, Chief Scientist Quantum Hardware and Sergio Boixo, Chief Scientist Quantum
Computing Theory, Google Al Quantum

i Google AlBlog SR #HSY library DR

The latest news from Google Al
Classical Data: Quantum Data:
1 1-e n S 0 rFI ow Q U a n.t u m integers/floats/strings Circuits/Operators

TF Keras Models

o)
TF Layers TFQLayers Differentiators

Announcing TensorFlow Quantum: An Open Source Library for
Quantum Machine Learning
MaRey Mareivg, 2020 TF Execution Engine TFQqgsim

Posted by Alan Ho, Product Lead and Masoud Mohseni, Technical Lead, Google Research

“Nature isn't classical, damnit, so if you want to make a simulation of nature, you'd better make it
quantum mechanical.” — Physicist Richard Feynman
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1981 R. Feynman, “Nature isn’t classical, dammit, and if you want to make a
simulation of nature, you'd better make it quantum mechanical, and by golly it's a
wonderful problem, because it doesn’t look so easy.”
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Supervised learning with quantum-
enhanced feature spaces

Input : x

Vojtéch Havli¢ek, Antonio D. Cdércoles &, Kristan Temme &, Aram W. Harrow,
Abhinav Kandala, Jerry M. Chow & Jay M. Gambetta

Nature 567, 209-212(2019) | Cite this article
20k Accesses | 49 Citations | 2565 Altmetric | Metrics
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IBM Quantum Experience

. ERODEFIVEL-HEHMMNLTHS

. EFIVE2I—S(BM Q) TEtERIBE(15 qubit X T)
. Cloud - C2170RI8E

[

. Tutorial & DocumenthEF

Quantum Network v Technology v Resources Vv Launch IBM Quantum Experience |'_7,'

IBM Quantum Experience
Is quantum on the cloud

Accelerate your research and applications with the next generation of the
leading quantum cloud services and software platform.

Get started |-_,7'

Circuit diagram

1BM Quantum Experience 2 1_advanced_c... X % Diagram <> OpenQasm

in] File  Edit  view Insert  Cell Kemel Widgets Help 1 ¢ Python3 AJupyter

+ s @ B A ¥ »Run B C » Markdown v = + 0 |l

atol [y ‘ :
1
1

aral loy +
=g ql21 o)
— (] L] q[3] o)
I S I ql4a] o)
meas2
Elements for building a quantum future o
®
Terra 0.8 - Circuit API Updates Result
Histogram
In this tutorial, we'll introduce three new components of the Terra circuit-building AP added in the Terra 0.8 release. Their
purpose is to facilitate circuit construction, reduce boilerplate, and aid reuse through composition and parameterization. 3 55 51.074%
These three new components are: 2 50
g 15.251%
: g s
w0
2. Instruction 1d CompositeGate re| =,
z s
3 £ a0
g >
P
from qiskit import QuantumCircuit, QuantumRegister, ClassicalRegister 15
import matplotlib.pyplot as plt 10
#matplotlib inline 5 2.295% 1379%
0
w o o W

State
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SEF5—FDOH 3 : Controlled-NOT (CNOT)

T VTIWAIRZEEDS
control bit g0 —o¢——

Cnorlg) @l90) =19 90) @190)  arget bit g1 —Ep—

control target || control ¢p® ¢

q0 q1 90 71 control bit=1 D&
target bit = R#g
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EFIVIVIIAIREDL>THSB

Qiskit
Elements for building a quantum future

- iskit (C K BEER
= QuantumCircuit(2) # 2 qubit MDEIFEZEVERK Qiski %

.h(0) # qubit © IZ H-gate
.cx(@, 1) # qubit @ % control, qubit 1 % target IZ CNOT
.draw( 'mpl") # 1EH

Step 1
Step 1

=] 1 A RaE (—
qo —|H —o—— [0)® |0) H, 0) @ —(|0) 4 [1)) PEEREDTIREC

V2
Step 2

1
(100) + |11)) oo =ic. 1zReE

V2

CnoT

g —GE) ,

Step 2
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'qc.measure_all() # AIE

2
meas #

ifrom gqiskit import QuantumCircuit i do _. i
I : i
'qc = QuantumCircuit(2) ! q i
'qc.h(0) : ! i
'gc.cx(0, 1) : |

1 | e
75 (00) + 1) gy mmaos—

0.60

0.498 0.502

'from gqiskit import BasicAer, execute

' from qiskit.visualization import plot_histogram i 5 g
 backend = BasicAer.get_backend('qgasm_simulator") i :
 result = execute(qc, backend=backend).result() ! 3 0.301
counts = result.get_counts() :
iplot_histogram(counts) ! -
00 or 11 MIRRED J+
0.00 - : g

#150% F DEBRIS NI

Probabilities
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EFIVIVIOIAX+ZH>THS - IBM QTOHOEE

IBM Quantum Experience M7 NV ~R&E/EMR L. Token ZHS

Quantum Network v Technology Vv Resources Vv Launch IBM Quantum Experience \'_7,' — IBMQ Experience Beta

Qiskit in IBM Q Experience Qiskit in local environment

IBM Quantum Experience First name
IS quantum on the cloud

* No setup required 1. Install

Last n a m e « Create Qiskit notebook 2. Follow the instructions to

Accelerate your research and applications with the next generation of the , this is your API Token:

leading quantum cloud services and software platform.

Get started [ : email

Organization Copy token

Regenerate

ERD 1 DT
00 or 11 IADRELERB I NI

from qiskit import IBMQ

form qiskit.prividers.ibmqg import least_busy

| |
1 1
1 1
| |
| |
L # 75> b &REEL ackendZEET 371 ! 0.60
I IBMQ.save_account(my_token) 1
| |
| provider = IBMQ.load_account() I
1 _ ) 1
| backend = least_busy(provider.backends( I 0.45 -
: filters=lambda b: b.configuration().n_qubits >= 3 :
7]
1 and not b.configuration().simulator 1 w
| . 1 h—~
| and b.status().operational==True)) | —
| I {g 0.30
| | L2
| 4 EROBFILE1—4 TEFT I £
| |
| job_exp = execute(qc, backend=backend, shots=8192) I
: exp_result = job_exp.result() : 0.15 1
: exp_measurement_result = exp_result.get_counts(qc) :
1 1
| |
| # BROTOY b 1 0.00 -
1 1
1 1

plot_histogram(exp_measurement_result)
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EfFLh—-5F—32&lld?
> TV VOIWX Y RZRRBUEFBHREX7ZILVIY X L
Alice @ qubit Z Bob "NEFIREZIRS F(CRE(CREITTZO)

Bob 3 DMqubit (q0, 41, q2) HUE
g0 : Alice ME D Tz L\IRRE
- q1,q2 : Eve W EfmT SEFXADqubit

qqqqqq
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EfFLh—-5F—32&lld?
> TV VOIWX Y RZRRBUEFBHREX7ZILVIY X L
Alice @ qubit Z Bob "NEFIREZIRS F(CRE(CREITTZO)

BOb 3 DMqubit (q0, g1, q2) NKHE
‘ TR ‘ 1. Eve : entanglement pair Z Alice(q1) &Bob(q2)NX1(E

qqqqqq
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EfFLh—-5F—32&lld?
> TV VOIWX Y RZRRBUEFBHREX7ZILVIY X L
Alice @ qubit Z Bob "NEFIREZIRS F(CRE(CREITTZO)

BOb 3 DMqubit (q0, g1, q2) NKHE

‘ TR ‘ 1. Eve : entanglement pair Z Alice(q1) &Bob(q2)NX1(E

2. Alice : ZER/ER(g1) XD 2 LVEFR(qO) ZentangleE FAIE

qqqqqq

BIEFR
classical bit {0, 1}2
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EfFLh—-5F—32&lld?
> TV VOIWX Y RZRRBUEFBHREX7ZILVIY X L
Alice @ qubit Z Bob "NEFIREZIRS F(CRE(CREITTZO)

BOb 3 DMqubit (q0, g1, q2) NKHE

BIERER
classical bit {0, 1}2

1. Eve : entanglement pair Z Alice(q1) & Bob(q2)\1x{5
2. Alice : ZER/ER(g1) XD 2 LVEFR(qO) ZentangleE FAIE
3. Alice : HIEE R %Z Bob XS
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SFfFrUbih—57—aavkld?

> TV VTIWAXY +ZRALUICEFBHREE7 VTV L
Alice @D qubit & Bob "EFIKREZIRT F(cRE(CHEITIZL)

— 0)
ZIELTE Mo I2qubit |
|0)

Alice Bob %y 3 DDqubit (0, g1, g2) MUE

\\\7,|/1 )

1. Eve : entanglement pair Z Alice(q1) & Bob(q2)~\X(E

2. Alice : Z{EfER(91) EED 12 LVEH(q0)Zentangled F38IE
3. Alice : BIESR & Bob\iX(E

4. Bob : Alice MBIEFBRICHED T. Eveh S5 Dqubit(q2) = RIE
5. BobMqubit(q2)(FAlicemMX{E LTz h\ o Tzqubit(q0) & @ UIKRE

71 1 g
- Alice® qubitZ Bob(C (FiX(E L TULVEULAR,
qubit MIKEERT VIV TIVAX Y +&EE L TGN D
- HERLERZAliceD SBobNEET DIMENH D
- EFESBEEE U TCENRATES
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SEFFULR—57—>3 VMg

Alice (90) M qubit & Bob (g2) M qubit ~NERIX

22Z8F| : Qiskit M Textbook

https://qgiskit.org/textbook/ch-algorithms/teleportation.html
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EFTFUR—7T—23 0O (Step 1)
(|0) + 8[1)) ® |0) ® |0)

Step1 H o L
= (0 + A1) ® —Z=(10) + 1) @ 10)

al0) +5[1)  qo a|0) + 51)
0) a1 0) 4+ |1) Eve : TVAVTILAY b - RPE(ERER
Q1 BEREH BREIC
0) a2 0)
C1
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EFFLR—-7—23

>/ [l (Step 2)

(@]0) + 5]1)) ® |0) @ |0)

w1 2 (al0) + 1) @

step2 %% (a|0) + B|1)) ®
al0) + B|1)  qo
0) a1
0) q>
C1

(10) +11)) @10)

—(100) + |11
5(100) + 111)

al0)  +B]1)

0)  +[1) o
i i Eve: TP VDIWXKXIV b - R7
]O) +|1> (91, q2)={ERL . X8
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FTFUR—57—3 0 (Step 3)

(]0) + 5[1)) ® 0) ® |0)
1

el L (al0) + 81) ® (0 +11) @0
NOT 1
Step2  (@]0) + 8I1) @ —(100) +[11)
step3 CNOT, ;§(Oz|000>—|—a|011>—|—5|110> + 8]101))
a|0) + B[1)  qo +al0)  +5[1) +8[1)
R
0) 91 +|1)  +[|1)  +]|0)
OB
0) g2 +|1)  +|0)  +|1)
C1 Alice : IXELZWMBEERqO L

RIELEQ1ZEONEDES
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EFTFUR—7T—23 VO (Step 4)

1
step3 Cnot, ﬁ(a|ooo> + |011) + B]110) + 8]101))

Step 4 g% (]000) + [100) +[011) + |111))
+8(]010) — [110) +[001) — |101))}

q0 HiH-gatelc &L D.
S(CEMEERSDEIREIC

al0) +all) +al0) +all) +8|0) —B[1) +8|0) —B[1)
| Stepd 7 7 7 7 7 7 7 7
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Quantum convolutional neural networks
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PennyLane + PyTorch [C& D EFTILER

H_layer(n_qubits)
RY_layer(qg_input_features)
for k in range(q_depth):

entangling_layer(n_qubits)
RY_layer(q_weights[k])

return tuple(exp_vals)

def quantum_net(q_input_features, q_weights_flat):
q_weights = q_weights_flat.reshape(q_depth, n_qubits)

exp_vals = [gml.expval(gml.PauliZ(position))
for position in range(n_qubits)]

- PennyLanelc & 3 EFOIRERNDIERK

9 _H_fxzy o v ll ?‘
2 0 i
meas 7~

0) — —
o —U:0)]_,
PennyLane
v
QNode

quantum )
function device

QNode object (&
PyTorch ) Neural Network(cC
fHdr A D

class QML_Model(nn.Module):
def __init__(self, input_dim):
super().__init__()
self.q_params = nn.Parameter(q_delta * torch.randn(q_depth * n_qubits))
self.post_net = nn.Linear(n_qubits, 3)

def forward(self, input_features):
g_in = input_features * np.pi / 2.0
g_out = torch.Tensor (6, n_qubits)

for elem in qg_in:
g_out_elem = quantum_net(elem, self.q_params).float().unsqueeze(0)
g_out = torch.cat((g_out, g_out_elem))

post_out = self.post_net(qg_out)
x = nn.functional.softmax(post_out)

return X
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https://dojo.qulacs.org/ja/latest/index.html
https://quantum-computing.ibm.com/
https://pennylane.ai/
https://vdata.nikkei.com/newsgraphics/quantum-computer-basic/

