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F—E =EZHMEN

B oK (P4 Quantum Leaf) 52 F FEFF L BLE T &7 EH ST KM = )54 (Cloud Native) &
FirFE &, IREDETFEER RS (Quantum infrastructure as a Service fij 54 QaaS) M &1t
FIAES. SR PSR T IRy AT B SLES, H QCompute EZTTZIKﬂﬂ BATAER R
JRiZ1T, PyOnline. QComposer fil YunIDE N 75 %% 5% Quantum-hub 7E£kiz

1.1 FPRim-&FimZE

BFY RiEG 2FNA BFIRFELE BFRE
Quantum Quantum Application Quantum Error Quantum
Extensions Python Package Processing Network

EFIASE QComposer PyOnline YunIDE
User
Interfaces QCompute SDK QMobile
— N = 3.
BFEES s pitRE = Lok EiliEy
[eEEN Scheduler Module Sharing Cloud-native =] CUETTHT
Hub Computation
PU {3 RIS PR 5 - N — 5
A e L b G BT BFNEREEE
QPU Agent Virtual Quantum X
) . Automatic Workflow State Management
Services Hardware Mapping
) = 1) _
BFEMY Efﬁﬁﬂ,{éﬁ BE=H1EDER =E QPU ==% QPU
Quantum Baidu Sim2 3rd-party Baidu QPU 3rd—party QPU
Hardware Simulator Simulator party

ERRRN

Quantum Leaf Architecture

1. P ] BAIGE B DU AN [R) 4 A S B 4 A2
o BEMA) QComposer: QComposer A& {4 & T 4mfe TH. @idHziE T TR QASM
WSS A T, H P BLE QComposer | 5E T LS I @ FLEAT .
o fEEAY PyOnline: PyOnline j& &1L =i RN E T KI5 . H P o] BAZE PyOnline
A Python il QASM & F iR & %fE. PyOnline & A FE K& T HEEN, BIFEIA.

e 3BAAY YunIDE: YunIDE 3T code-server ¥ & [, HBE1E 2 i () 4 B 2 & T R T R MBS .
B ®E cpu A NGASEIFEBREAZA TR I =i I R IAEE, BRNET Jupyter
Notebook 3C#4 (.ipynb) HIVE I HF .

o RJER QCompute: QCompute s&23ET Python FFFIE SDK, Z£F Python 1 QASM R &
EEgfE. AP T FEZEE QCompute JFHHATAIRIA AL E A Rl H . BT 4570 A AU 35,
QCompute X HFEF HEE A HIZAT.

 {EHEH) QMobile: — MR T2 B HHEIFEAT B 1 iH R SCI A% sl N o

5



6 % ETHHREA
9. B THARMENE . ELBEN QPU ik
o HUBI BB A T B VEUE, P T LAY EI 4 R R

o LM EE o ERIE, AP HAENECH Token 4 A8, 1A HI T WHFE Credit.
e QPU #IFAH (QAgent) $2H4LR%, VIP ARBMEZEAE QPU R AT,

1.2 FPFPiE

P & DR, R FE T K. ARG BT R P . T RAE A 0 ARSI
VERRIFAER N, IXLe o (A A A, AT R Hh2°F & Quantum-hub RS -

1.2.1 =FHEFA: Quantum-hub

Quantum-hub &&= FIHZOFR, ZFE T QaaS (Quantum infrastructure as a Service) 5¢%#
RSG o N Quantum-hub 7] LLEE &N H i, QComposer / PyOnline / QCompute SDK / YunIDE ()45
RAAT LA Quantum-hub & F 2. /78R ELA Quantum-hub $EHUE H QCompute Fr 7 i Token,
MU AT S5 FR A PR DL B R R A 1) PR R 55

1.2.2 =ZF{E#HZK: QComposer

QComposer J&— AL IIEL S T HES R AR IR . I 30 1] b BV AT 61 g o A8 2 A RS HE
AR, QASM Y, Zwf QASM ARG [FIFESEIN H Bk BRI A . FI P BT BRI E, &
i Quantum-hub B AJ g .

1.2.3 EFHEZLYFS: PyOnline

PyOnline #& 3 #F Python i 5 1) web 4mfH 2%, [FB 2 — N 58 4 (1) Python ARASFEE A FH P Al LAAE
T H I RIS, (HR TGRSO E HUE CRRE . H AT DL ST B A% S B R 5 N s
KREUEE S, b v] DL IS P B IR 15 B AT pip E1%113%, PyOnline ¥ H 2014 BB requirements. txt
.

1.2.4 =FI{Euh: YunIDE

YunIDE & —AE #4061 = i T R, 55T code-server K M4 T)fE IDE. YunIDE JEfiliFf
BT Jupyter Notebook XY (.ipynb) MIVEZLS R, H @I BRI R M SHE 5 O RS
2 a] fE RIAl . X3+ QCompute. PyOnline 1 QComposer [/&: YunIDE 75 248 H 5 sh A 554 58
iR, JFiE YunIDE PREERERE 1 /NS FE— € 2 (Credit, Z2%213,8), HIEEES5SHEHE (CPU
MAAE) B, AEdsfEw ™ CRAL fi/hD -

W = CPU HLE* (WA / 512M)

1.2.5 EFHFAEH: QCompute SDK

QCompute SDK ZIFHEZE(E T Python 3 JF&, FHHEFE N UIT KL KA. H A4S Python
3, MHAT KA, BitEFIFENMHET . QCompute &H FF K& 1 BRI AR, H ALl
£ GitHub R #%3 QCompute, LM A1ES] pip install gcompute %% QCompute.


http://quantum-hub.baidu.com
http://quantum-hub.baidu.com
https://github.com/baidu/QCompute
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1.2.6 ETF®Hahim: QMobile

QMobile Jfg&—NA] T2 2 B itk EIF AT B T SRR AR Shim S ] . QMobile TG AL A AEL
5, RUFFRPA, 50538 R R 25 S 811 . QMobile I K # 1R AU #E I &1 1 HAT 55 F 2 5 AR
SEHINRE, JFH R R AN SR B IRE s P IBOR SR .
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1.3 EFiK

o AHIBEYES: BH MM 1 DA, REIRIRRTY LocalBaiduSim2., AU 75 4 & 7
RSB o, AN RIRE AT SE it 5, SCRe A PR R K1 O

o mUNMEILES: EHRFEM 7 D oumtE iy, HAUKMAR RS TR L F, RAE
s KCFMiE . muntilas B E a1 HE IR, HPFEAENE O Token A REMEH, &
HLI% 75 VH#E Credits.

o ETHHENL: BHMRIEMS 3 ANETIFEN, Hd CloudloPCAS F1 CloudBaiduQPUQian 24 i3k
H o E R G A E R TR T S B AL CloudlonAPM J2& 3K H R i 2
M ERE SEARCIH RGNS FHE Y. BEPirSyuEd b E =it R IERARS, Ho
T NE O Token A BEAEFH, HE BT HFE Credits. VIP HI A ZH & FHHEHLIHRA
8 H AR o

EHRRMENE T IR T RN, B2ETHHENSEAIRE, LR TIERS S EMCEE,
THERSIRET, MR EE.

EKB  EFim iRA
A LocalBaiduSim?2 i Python 4w5 ) Sim2 AXHLAR

CloudBaiduSim2Water i C++ 512 45 Sim2 BAULES 2 i
CloudBaiduSim2Earth i Python 4’5 I H— S S AL E Sim2 B =R
CloudBaiduSim2Thunder ] C++ 45 15— LI HCE Sim2 B =R

=i CloudBaiduSim2Wind A C++ 405 BB — B Sim2 BHLLE% = CLRFR B D
CloudBaiduSim2Heaven i C++ w5 M5 —SLFIEERE Sim2 HEILES 2 hit
CloudBaiduSim2Lake fEH C++ 40’5 Hs— 52 Sim2 B2 ZhR (FF GPU i85

CloudAerAtBD THIE Aer(C++ hR) BAES = hit

CloudIoPCAS K EHFRIEYELATE 10 s S 87 iHEAL (VIP)
CloudBaiduQPUQian KEHEEFITEM AT 8 W FE T IHEN (VIP)
CloudlonAPM K H HRHGERE B R B 1 R T PR T EAL (VIP)

7E: £ QCompute FRATIHELIEEFN QPU BEHEAN Token (5EB22),

1.3.1 BaiduSim2
Sim2 /& H B H TR AIE TR 5, f8H Tensor contraction [FIMEVE, BAR S MEREMTE
R Sim2 73 NAMRAN 2 RS HRAS 53 38 A AN R 0 Je 3 44 75 B R A, i
« env.backend(BackendName.LocalBaiduSim?2)
o env.backend(BackendName.CloudBaiduSim2Water)
o env.backend(BackendName.CloudBaiduSim2Earth)

o env.backend(BackendName.CloudBaiduSim2Wind)

(

(

(

o env.backend(BackendName.CloudBaiduSim2Thunder)

(

o env.backend(BackendName.CloudBaiduSim2Heaven)
(

o env.backend(BackendName.CloudBaiduSim2Lake)


https://quantum-hub.baidu.com/services/
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E: APAILUEE BaiduSim2 RUBHEMSE (5EB23),

1.3.2 Aer

Aer & AITIEHAUES = 5, A — WA PR, ATE LS EEE B AR P H P e bhsid
7 env.backend(BackendName.CloudAerAtBD) #{ . QCompute f#/H Aer BHl28 7 £ Quantum-hub
FAEMH SRR Token.

1.3.3 QPU

QPU @/ (QAgent) #RALARS . i QPU FTiEM Quantum-hub, FHKEL VIP BFR, FFfEN
Token. &5 MREM 3 METFIHENL, HA CloudloPCAS Fl CloudBaiduQPUQian #2435k H # [H f} 27
BEAEE R AN R TN EAT AT S & P E L CloudlonAPM &3k H HHRIE R %0 & FHE 5 H R 61
FE TR RS BRI EAL. P AT LGB Quantum-hub MIHRSSIRET, T QPU KISZRPRERS B
AN A YE A

« env.backend(BackendName.CloudloPCAS)
« env.backend(BackendName.CloudBaiduQPUQjian)
« env.backend(BackendName.CloudlonAPM)

FFRRE Quantum-hub ARZIRETL, ZH CloudloPCAS HJ&Titghs, SSECBE U T:
1. g7 HRE R JE

o AvailableQubits - AJ F ) 585 7 LL 51 3R

£10 - BT HCARHIHIZR, WA |0) MERS 1) ZAREEEZ, B4 GHz
« ReadoutFrequency - HUE - HURPIRAS A s I 1 Sz Uk Al 5047 GHz
o Ec- #&FHRAETE, 40 GHz

B HURR R R AH T 8], S0 us

o T2 - BT IAFIARCLIE AT R], A7 us

o SingleQubitGateFid - HL& T HAFZH 1P R

o Pilen - HLE T ILRHZHETTHEEN 1K, 847 ns

o measureFids - &7 [WRF [0) A1) M EHUREE

2. QPU Al B

« T1

o AvailableCZgate - 1] F FIXUE T LhAF CZ 111515R
o CZFid - W& T CZ I THIREFE


https://quantum-hub.baidu.com/services/
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o CZLength - W& T HHF CZ IR, HA7 ns

% BHERAA

F#FRRE Quantum-hub RESIRETT, ZH CloudlonAPM K& Tifgsr, SSH0RE XU F:

1. BE T EURR I R 1

o AvailableQubits - 7] F i) & 1 Eb i 51 %

o Ion - FTHPk

o T1- BT HARFIREHIOTRI (6], A7 s

o T2 - BT HARHIAALRAHFIE, B4 ms
o Pilen - HEHURFE BTN A, AL us
o SingleQubitGateFid - F& 1 LR 8T 1)~ F AR B

o SPAMFid - il 2 Fse B R 2

1.4 HHXRIZ

AR /NSRBI AR UG B BVR RE B BR A T P SR — SR, BT IN JVA B X SRR I A P RT
o B —/INT, X B By ARAT T 2 1 S B AR 6 X HLIRURE P AR RN R AR

1.4.1 QCompute tH>*
o QCompute A MACHDHIFE

o AR FRIE o
EFE i AR

o QCompute 1R %578 A HL L

— ly  i@idTokeniR
B E IR SR g ESHI >
P EER i!x;;;k;niﬂ %8 FEER FEREEAA

AL RIZE

o ezwe AR

.

R %5 =R AL IR AR R

ol N 55 % R
< P R SimiEins
B 507 o
TSI SR AR BRI

FIHTRAR FRE AR - THEM PSRRI

< i ii— T P

4 FERHUTER

o eEwe AR FIMRAE
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1.4.2 PyOnline 3%

o PyOnline MHATIH

PyOnline i Tit

m
r
E3

IDE TR E Python3| § Quantun-hub

APt BEXH ‘

Linux/EE &

FEERME
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Iy ARET
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2.1 KKSEIHE

2.1.1 FMEER

RIS A 0 B8 #4807 17 Quantum-hub, 8 H K 5 80 Github K 5 & Fi&E 51K,

QUANTUM LEAF

I RS, aily G/ 0] - SZRPEM ] B 200~ i | kS .

. N,
AR i

LSRRI RE B S
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https://quantum-hub.baidu.com
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2.1.2 EFERAPEER
kg R [NAF0])Y ATEEKSER, ST R ("B . O %.

[ -8

% B

Bl

VIP1

QPUFUE:
AT
CPUBRS:

OB :

2.1.3 =#HExX
Hig

o FEAEH il IT R T HEBE R 1 A,
o M YunIDE #R45 G35 A1 B 0Ky 9 — e 8 THAEE R VE L 1.2.5;
o MIXFEHENEBITETHEEE 1 &,

RIGIRER
o HTHFIEIE 128 AN %K,

iHid Quantum-hub W [ L] FIE G5 S ok B0 LR % 751 5 1 0UR & 2 H P iR
. HLE LA ANFLY Fin [RE])] A RE TSRS NS, BN RETFHIS5 R aefd
F—;

o FHSATM R, FHILIRE A, SR RRERFIERETERE RIS, S BHEERE
bEFI

Hits
o SRR IR IS AT BT HL
« M/ EH QCompute [¥] LocalBaiduSim2 5l 3832 4T HL i Ak AN 31 #E 5 5K
o MMM FAE LAY FALRHIEE [DAHO) BE.

2.1.4 4% Token

Token ;e H P mimE F il BRI AESR, HEXR—8 24 75, BaE [0/ BE
Token) . F/EME SRS 4R ERIN Token, Token t9A] VA HATAIE. — Token & T
FANETE, B FEE,
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2.2 PyOnline

PyOnline & — N7 L E TIHFIP RS, 1P ERFETERMEE, & Quantum-hub J& R
FIAEHT, Ik B PR R S AR AT e K H .

2.2.1
REBGRIEX
ZTERTK
THAEVE T
TEEZI Dhaefi TEEZI Dhaefik
HTE I H HEETHEYE, HEIH 4 5E

R s T SR LA G P B
(A7 ST T S ST

S 2 AT IF SO

2.2.2 GELH
s D) %4, REEmHES Sel@mE, %5 30000

X
1 plEmE it @ inizrp @ iizToken




2.2 PYONLINE

e T Pythoniz THRR

QCompute SDK 1.1.0

= QCompute 1.1.0

® enabled

Pythonhiz4s: 387

Bl A): 2021/03/11 02:08:30

St a): 2021/03/11 09:21:46

a

bee-python-sdk

bidict

IR IRIEATIAG 3 R @ iiroken

TBEREAEE R
Starter-1.1.0
&k Starter-1.1.08#

Bl A): 2021/03/11 02:39:20

SEAE): 2021/03/11 02:39:20

BIERE EPRBATIASS

AR E T I Token

User default token

R

=i User default token
BlsEAdE: 2020/07/13 04:35:22
A% Token ID:

TERA Token2Rl:

FiEFABTokenl
=

Back

Finish

15
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2.2.3 EEFLER

RPATEME [EHAESS] FHim a8 R St 5a R

= o
%I%L*Ar R APLSRY R ST M) W | En .

GERTEE

5 11756 Fﬁﬁ{}%

QComposer

o 25847

PyOnline

(=) WATEED
YunOnline baidu_sim2_water

_ PyOnline
s

Qcompute
SDK

Token4

1fEiEs| by APIXZRY LA 4 ES 0]

s

25847

PyOniine
o ST 2021/04/1911:35:32

YunOnline baidu_sim2_water 2021/04/19 11:35:32
S Pyonline PyOnline

acompute Python 1.1.0 D Python 1.1.0
soK
TokeniE
o
R
Token
s

o L 2
F ERPE
)

RS

] LA F RS B ) QComposer FIH T F HLEE A

%N%!§ BRfEIES| A APISZEY 2 eSS 2] | En .

TR TR
; = e ([EEE
®

Qcomposer
OPENQASM 2.0; Operations Subroutines

<> include "gelibl.inc

pmel e GEESEEEEEEEEDEEEDEEEEEnE

creg c

s iw T

Yunonline ex qle], a[1];

ex qle], al2];
e measure q[e] - A ! TLIENS
Qcompute
SOk measure q[1

TSR

P
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2.3 QComposer

2.3.1 AEFE

QComposer /& PNAIMALIIEL B 7 B i dE AT TP Hi2h 171l bn BIRT 6152 Fi i 78 22 A RS AR
A SARRACRS . ARBIATIERERT Y ¢/ )

eS| AT APIZ RS i ES sl | En .

Operations Subroutines

TITIIT]

¥ Brsn R AR

QASM
RADIE

iR

S}

RS

Operations

B E FrEFF=

2.3.2 EFLER

QComposer BT 45 R AT AEPATEE RE D, el CAE [EEES]) &R N E:

R 4B AP BRI Y ESE20] | En .

@ wE mtT

Sul

EEaan
¥ R R izt el TR VG THRPNG

o
© HiE

it

0,
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#fHEs| AP

FiES 11760 Fﬁﬁ{}%

o 0
25867

PATRE
baidu_sim2_water
QASM

BEER

HEESER

=]
WEES

2.4 YunlDE

-
=

2.4.1 FERAE

YunIDE & —MERNIT KI5,

=T wE VunIDERGZA - viorkspace
VunlDERIER X
 WORKSPACE

5 BT

de i cod

BREFBNEFHEFES AANSTETF

© (T A AT 1)

BEFIFUENER

MR NRIERG

C CANETRT, T2 ARG ERRAINAN, hIFHRERER

M GHZ Cloudpy
X yunidetest.baiducom @ 0 A 0

2.4.2 QERE

AR

i

FF AEELRAEHK

ESE0) L .

C Bl W ESAR

R Z D RIE AR, AR A A A AR, LR A SRS

Layout US

JFR YunIDE i s 8. AR, AP MESUEIAER CPU MAAS 5L &

SRl ] 1-2 #%, 1024M F B I RE I BEHEAT 22 ST RISE R, 40 7 ZEN BT 78
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HelEis yunide:QuProduct-PySDK-1.1.0

Token

2200

2 myhat

N—

2.4.3 Z{THH

Python FEIFASE ] LIEFHEIAR, EFHASEE. WFELEKH A, FEXmd A pip B 588K
B T s AT sS4, B P el LLEAT AT H SO, AR RTATH . YunIDE _Bis4T I H 45 B A] PLE
YunIDE BT TR, Wralbl3) [E5E5]) #HTrEaM .

1B i &8 w2 S &3 aG S W

X yunidetestbaiducom _Python 388 64-bit (default: conda) @ 0 4\ 0

2.4.4 XHFIE

BULTFER, FERRBHEAS. SIS Quantum-hub ) YunIDE FER. i/ 27 LL
B EBARIRI I, M0 IDE REGIHASIEN, 61H52 e DB, I3 1B . s
W R TDE JRIETTR, K% YunIDE B A T4 2, FLBLAOSON 5 A6 & E1 30K R
Bt



20

EERTRE

@

QComposer
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o
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QCompute & — A IEAR RS AE &= 2 R & -8 x0F kK TR, @460 82T Python ) SDK
(Python SDK), AJ LAl H 2 & T i i HAE LR i 3. 3EFE, A QCompute ¥ FHTELL YA
W Gk Quantum-hub 42 A JF 4% U Token, KiliFiZ247/CM8) Define.hubToken = "" .

3.1 QCompute &%

3.1.1 Z% Python

{E 1 Python 3.7 - 3.9 JRAKIEIZTHAES .

3.1.2 %% QCompute
%% QCompute HLLFWAIT, AP EERL—.

BHR—: NiEKEZRE QCompute
1. M GitHub F#EISACAS R I if 5 46
2. fEVEIS HF AT pip install -e .

BARZ: A\ PyPI &% QCompute

$AT pip install qcompute

python -m Test.PostInstall.PostInstall_test

I RI N Token, FHEZ, ¥

Local test succeeded.

Cloud test succeeded.

FonilliEid .

3.2 QCompute =15l

e PLAH AT R T HE PSSl o H 1A CX 11/ Bell &. #2 Bell SHBLEET
HEHH “Hello World”, s&— NP EFIFEANTTHBE .

21


http://quantum-hub.baidu.com
https://github.com/baidu/QCompute
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3.2.1 AtHE

o SIAJTREEKE
from pprint import pprint
import sys
sys.path.append(’../..7)
from QCompute import x*

o QI E TIIENE
env = QEnv ()

o i%EF LocalBaiduSim?2 1 & T i
env.backend (BackendName .LocalBaiduSim?2)

. HERT R

q = env.Q.createlList (2)
H(q[0])
CX(ql0l, ql1l)

MeasureZ (*xenv.Q.toListPair ())
o MTIHABELSR

taskResult = env.commit (1024,
pprint (taskResult)

fetchMeasure=True)

{’00°: 513, ’11°’: 511}

3.2.2 ZEfEItE
o SIAFTTEEM

from pprint import pprint
import sys
sys.path.append(’../..7)

from QCompute import x*
o #iI\ Token

Define.hubToken = "3 A _,Token"
o QIEE TREMIE

env = QEnv ()

AKxig B2 H K



3.2 QCOMPUTE =1 23

EFE CloudBaiduSim2Water 1F N & T Ui

env.backend (BackendName.CloudBaiduSim2Water)

I S5 R T LS

q = env.Q.createlList (2)
H(q[0])

CX(ql0l, ql11)

MeasureZ (xenv.Q.toListPair ())

o RIFEFRLR

taskResult = env.commit (1024, fetchMeasure=True)

pprint (taskResult)

{’00’: 510, ’11°’: 514}

WAk CloudBaiduSim2Water {EN R Fimi AT @ fE Tt 5, 2R T:
¢ CloudBaiduSim2Water

e CloudBaiduSim2Earth

e CloudBaiduSim2Thunder
e CloudBaiduSim2Wind

¢ CloudBaiduSim2Heaven

¢ CloudBaiduSim2Lake

e CloudAerAtBD

o CloudloPCAS (VIP)

o CloudBaiduQPUQjian (VIP)
o CloudlonAPM (VIP)

3.2.3 fEHEH
WHETM NS RR, OV E FRENEE R EEFEE T Im. 7 DUEEAHBULS . a2 5L
HHUWENE T . HH BaiduSim2 HA 2% ] LUEE 40 -8 FE NS EL seed. {70 F:
env.backend (BackendName.LocalBaiduSim2, ’-s_,0’) # Local BaiduSim2
env.backend (BackendName.CloudBaiduSim2Water, ’-s_,0’) # Cloud BaiduSim2

ZHEFEIN [0, 2147483647] . PyOnline A1 YunIDE A FI 481 88 2401 /5 :0F1 QCompute #H[F], QComposer
fFRAUES S8 58 midi QComposer FHHI) [ E Y %48, & [MS%] £ -s 0

%8 [Z17 B ] N CloudBaiduSim2Water J&, Hazh[ 1EFREI 20N H -



24 =% EAKuiEHEHKL

IBATHR, MEERRINEE R, KR e Ea 5,

R [E seed X BEROR [R]—BLALh AR AE [ — N RAS T 1F 5 FELES N I BEALAT 9 — 3. R eI ER 2R
AZ AR AT Re— 80 (EATRIEENTRES — 2. X & FNA RIBFLES BA (R b 4% 2 [A] B Bl L= AR 7 3 ]
REANE], T FEX states probs. counts &5 2R, (HIXLLLE HLHT R RFABHLAS FL Y o

BT seed ZHAh, R LIRS HIBRAT 55 I IE ] DR E PUTIRES L (shots) , Fom R AT I &
LB R OB, A R

env.commit (shots=1024)

Eidan iR, % E shots N 1024,



Y ay = . o R
BT (KL
XL TRBIACHS B 7 F2 7 & DN 485 2k 2] QCompute / PyOnline / YunIDE H, P AJ7EiX &
AP S
4.1 P WiE GHZ 7&
Qo] ﬁrﬁi
a
B

AHMER H 5 CX 4/ GHZ 3.
o SINATRERIE

from pprint import pprint
import sys
sys.path.append(’../..7)

from QCompute import =*

o i\ Token

Define.hubToken = "3 A, Token"
o G E T IFEMEL

env = QEnv ()

iEFE CloudBaiduSim2Water 1E &= T

env.backend (BackendName.CloudBaiduSim2Water)

o WMEETHI

q = env.Q.createlist (3)

H(q[01)

cx(ql0l, ql1])

CX(ql0l, ql21)

MeasureZ (*xenv.Q.toListPair ())
RAZFFAFE S

taskResult = env.commit (1024, fetchMeasure=True)

pprint (taskResult)

25
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o LR

{"o00": 556, "111": 468}

4.2 Rfl: REEBSHE

an D B

AP fersin F R G A, 154 Python REAR RS e A R B H SRS b g R 200R
o SIAFTHENE

from pprint import pprint
import sys
sys.path.append(’../..7)

from QCompute import x*

&\ Token

Define.hubToken = "3& AN uToken™
o QIR FIMFEAEL
env = QEnv ()

#F CloudBaiduSim2Water 1 & ¥

env.backend (BackendName.CloudBaiduSim2Water)

o JnEE T HLEK
TotalNumQReg = 2 # 8 T MAHK
q = env.Q.createlList(TotalNumQReg) # ¥ W E T Z X & F %

& q

for index in range(TotalNumQReg): # W E F R UK X LA MW H
7
H(q[index])

MeasureZ (*env.Q.toListPair ())
o WMTHEEL

taskResult = env.commit (1024, fetchMeasure=True)

pprint (taskResult)

o EFER

{’10°: 245, °01°’: 252, ’00’: 250, ’11’: 253}
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T RE X H

4.3 wfl: XEXITE

QO C=0 Z
o

AR B PR Python BFACHL, I % YAt BT 51 .
PN

&\ Token

from pprint import pprint
import sys
sys.path.append(’../..7)

from QCompute import x*

Define.hubToken = "3 A, Token"

#HE uValue ¥JIEH

uValue = 1

H Python 5 —MEE, TEIMIRECH 15

for _ in range (15):

print ("uValue is,:", uValue)

HIBIMER, GUER T A

env = QEnv ()

P CloudBaiduSim2Water 1E N & T Ui

env.backend (BackendName.CloudBaiduSim2Water)

9 5 R L

FREAZ HL

u = RX(uValue)
u(env.Q[0])

MeasureZ (xenv.Q.toListPair ())

taskResult = env.commit (1024, fetchMeasure=True)

M Python 5—ANHIWrEH], #iE 0 MANEUNT 5 IFESHRIEIS, HISE uwalue * 2

CountsDict = taskResult[’counts’]
if CountsDict.get(’0’, 0) > 5:
uValue = uValue * 2
else:
print ("When,the parameter is_%d, 0 ,is eliminated." %
uValue)

break

27
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o LR

When the parameter is 512, 0 is eliminated.

4.4 1 EFBERG

Bennett & Wiesner T 1992 4k Bl fE T8 % 4ah (1] J2 I8t Kk — /N &7 LLReR AR > 2 31 LU Y
B —MEFIEE N Rk, EESmAAHE MBI RE T EERRE. N T HiX—
LT* X, AMBEA Alice A1 Bob AN, JF HARATTIL = — X gi (1) &1 Loy,  HIX% & HuRe it
TRRMgES (JURE.
12%) = (10)4 ®[0)p + [1)a @ [1)5)/V2.

Qo] ul E

B ET RGN CE T3 (0)4 @ |0)p FHi84T LR g, BPall & — N DURSES . REHASH
PERIURSH R —DNE TR, BAOMRE Alice EH| K2 EFIE T ¢, Bob ZERIMEZ NIIH)
q1o IAER R Alice 1 Bob 7rfafRizE, {H Alice 2845 Bob &5 A4 4t LLRERIE S, B {00,01,10,11} H
PH—Tk. B4, Alice B /aEN &1 R g0 HATHBIERE, SREHHKIEL Bob. Bob IE|&E 1
FERE g0 J, XTAETHRREATIINE, (EREMID L Alice M EAEHITI 4 HAE B

R Alice 284L% 00 45 AL Bob, A4 Alice A FEEITH 2 MA?UE’JE%WH qo BELIERIELS
Bob. 4 Bob Ug#| Alice KIEM =T HHFfE, LTI &1 RGO E, Tt N r sk, 15200
MEL LA |00), 2 Alice i BIRIEKIE B

R Alice #8ki% 01 B4 702 B, it HFEELAH K qubit BAEH X 177, AEHIEECCH qubit

Ri%k%s Bob. Bob UXE| Alice ] qubit, [FFEZFPIA qubit HELFF (Q[0] 4 Alice ) qubit), A )51
FE RS, SR FA U (01), e RELR:

AlicefEBC
MEFLLYS
BENRAE  LEEBRTXT Bob/[E] B & M8 F L 4§

\ oE
Qi

AR Alice K% 10, AT LA HCHE TR LR Z 17, R H O E 7 I KRS
Bob. IR Alice #4&%m 11, A ELAH CHRRE TR LM Z2 166 X 11, A TECET
FRFRIE 4G Bobe KT RIE 10 A 11 58 8RB 40 il




RAF R TR E WS AGIERARRHAE QCompute FHISEH:
o SIAFTHRENY

from pprint import pprint
import sys
sys.path.append(’../..7)

from QCompute import x*

o & H message fH, Fi~ Alice ¥E L4 Bob HIEE, AP ATHHEES 007, 2017, 710 Fl2 11’

message = ’11°

AR TR

env = QEnv ()

o 1% CloudBaiduSim2Water 1F &1 i

env.backend (BackendName.CloudBaiduSim2Water)

o JMEETHK

H(q[01)
Cx(qlol, ql1l)

if message == ’01°:
X(ql01)

elif message == ’10’:
Z(qlol)

elif message == ’11°:
Z(ql01)
X(q[0])

CX(ql0l, ql1l)
H(q[01)
MeasureZ (*env.Q.toListPair ())
o WMTIHEELER
taskResult = env.commit (1024, fetchMeasure=True)

pprint (taskResult)

o (£S5
{’11°: 1024}



30 FvaFE KA

4.5 fil: ERETFESKESE VQE

HPEIXRE N 450 — DN IRACKEREERE H, QTR B S iR NRFIEE ? X ) AR A B
TACE P HAERIN o X T — D IRNVEMER IR T FO R R G, FAEE IR IZ ARG EIE AT g
PR, XU LR — NMRIOKR R o 8 SR i /NRFIE B A RHIE A B, 3RATTTT PR B AN &
TARGMNES . BB TSKWELS (VQE) sEXH MR THE, HEHEIFAR R, Bl EiiE 7
e ANBIRORRFERE, R /MFIEER N, AR TAERE D RLLE [6), FATH

VQE S0 TEAEBIT R WTR R R |6), B4 (6 H|o) BRMBIE Ao 5 FRUTA T HE—
T VQE RIRRSTELI i, L% |¢) TR (| H|¢) 15
I SEUETRE
T WA AR (o), BRA A BT .

FEER T —AERT 2 METHROSE R, XRG4 DMSE RFTIME o) 6], 1E
G MAANETSIELT, SR 4 MSEL AT RIS BRI R T A AR, K
I AT DRI B R 2R M S ML i

Q0]

Q1]

Q2]

Q3]

oY 7] -

ERERE-ADERT 5 METHRESH 12 A28, R, @i 12 S35 &A1
DA EIA R E 7. MOmEE e £4E —MIAR TSN, — IS hHKGE
BAER K — N ETEG? " KR TS HAC B RE . X T RAEWNE TR, A1
CIAIE H — M0~ B FR B05 16 NS E TR

Q0] _goe W | o o N
1 ! 1
o o N o -




15 . EAEFAALME VQE 3

AT R X 15 NS, BAT DS E T IR TR M E TS AT EEZINE
TLORs, WG — MR RGR M S HUE LB ISR T — AP UR . SERR BRI, R ESRZ
HAC BRI RS |o) IRESEHSCHRER TR [oa,,,,), FATHAEILLRE X = Aino
BUESRATRGE 1 R I 2 50l e B 8 135 [¢), T HERANI BRI E 7R (0| H (o),
EAEYE AP RIS E TR H AR TS o) THREE.

L BFNE
BATEFAC H 730 2 DGR O S R e 3 e H, (24 ()

H =Y cH

GH o, TR T AR. b, BRI H, QRIEE (6| H|o) BRI, BFE
Fi T R A A AT T
(O|H|®) = _ cilg|Hild)

— MR, H AL O (poly(n)) B H; » b n RRGHE T RN &0 H; #2
AR R ER, Bl o, @I ®0, @ ® 0,0 MR,

H; e {I,az,ay,az}(@"

Horp I AR, 0y, 0y, 0. WZ Pauli 5. B0 b, AFRT—A> 27 x 27 [F3RKOKKHERE H #507
AR AR, WU, {1, 0,,0,, 019" R —HIRIOKFEERE . BERIS R (0|H|¢) T BTt H A
— I (G| Hilp), MBATUIIHFIAERATE Z it Ja — P, Bt it & (o|Hilo) e? —
MRRR O FITIE ** fEORTT AR BB AT I AN R AT T SR — M S5

HRAMMIMTHSBL B E&H 3 MET IR — N ETE |9).

Q [0] 6
I 1
Q1]

: 1
Q2] 0

BRBAEE] (Do, © 0, @ 0.]6), T4 B FEBIRE, [T

Qo]

1 1 1

|
|
Qi I o
: I
Q@ | | 1 .
1 N
Q3 | -
|

M qubit B4 (.5 |0000) 45 5| ERBTRBEITNEEE (Glo, @ 0, B0, |P)
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FACE AT

BR |o) 2 3N ETHRNE TS, ERNMTE - DESMARBIE T g BT (¢lo.
oy ® 0, |d)o ERBIHIGINAIEE — Mo, EEAPIAIT B (FFER T XA H RPAI,
AR AT HHe G W) M R.(—7/2) 1, X—MoHEEN 0, ® 0, @0, BHITIER . AR
H; S0 AR R, AT IS AN 4. 2 ERMBE 7R S, FtthlEsi RN o
A1 R, HINERS 0 FMBERMENESS] 1 PR, [JRREEEL (o, ® 0, @ 0.]¢)
HIAEAME . M ERBEZ , TR RZRBAS . TATHBIAF R Hy S0 NASE B r s, IR
KE—TH Hy=0.00, 1 KN, WEHERSLHRA AR,

Q0]

Q1]

Q2]

1 ) 1
Q] ’

HRE R A I e T, BRI E I AR FEA AR . AR LA R EWIIG S
|0000) LHily 2 U5 2 %, Fit g WIS 0 MOMEZR LIS 1 A=, BRI EUEE & (9|o.®0,R1|¢)
AT AME . L SIX B AN B E AR

o o, XNANIERTIAIS] H + CNOT &

o o, MMMIE R.(—n/2) [T+ FIEH] H + CNOT i

o o, XNME CNOT &

o I FALREXS RAT A WA
B —T 0, ® 0, @ o, FIATRFIHEES, REILT 152
qu WINIRFTEE TR CNOT |, SRR 0, ® 0y ® 0, B —T 0,3 ¢ WINIE R.(—7/2) + BT
KT + CNOT , WRKZ 0, @0, @0, EE T 0,; g3 BMKIZ CNOT, X N.HZ 0, @0, ®0,
FIE =T 0, WIGMMNIZEH T K, IERIMNBFHAL T 0. @ 0, @ T XTNIFTH S .
@ WMPZE CNOT, SRNIHE 0, ® 0, @ I FIE—I 0,; g WMPZBTIAI T + CNOT, XM
& o, R0, @1 W I o, g3 M AWEMN, SRR o, ® o, @ T B8 =00 T, 1EREHZR, W&
(loy, ® I ® o,|¢) HIHEESKAAFE? Z 50 TE:

Q0]

Qi ) n
:
Q2] .
1 1
Q3 . ﬂ .

ERERE, OO TUSEE H=05%0,Q0,80,4+02%0,20,01+08x0,01®0, KT |0)
PINEME (ol H|p) T, RERANERT AV AN ML T 20 2R, Gttt Es—
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WA R, 456 RBCATLAEAIMBUL 1o BAIE, 5 REERSRE S (EHRAAHA, /i &
U, RIS

3. BB TR
MIRZEANZ TR T AT A0, JATREERTRE . EERE], BAIRGARRIRBUE L Z (¢|H|g) 1
—AMNERME, A ERNGTHRE BRI EREEE , REM/N, RGBSR 2ok, LR,
AR NN S, IRSREIHH |¢). FIBEARSBREHN (0| H|¢). W7 ZAMZ 4
ZICRRE? 2R, LT ITART VQE KRB, S#EITHSIE (0| H o) B — A2 JCRiEL

L(01792a"' aem) == <¢(015027"' 76m)|H|¢<917627"' )em)>
= (00---0|U" (01,02, ,0,,)HU (61,65, ,6,,)]00---0)

Hf U(01,0,,- -, 0,) ZESHAHICRIENE . DRI EHERZ TR, BATER 7 KR
RFAEAR ) AU A R T TR TR L(01, 02, - - - 0,,) HIB/IME R iR AT — T %, A48
FRBNBIRRRHHERE H HRMFEE N> B EMIE DS SRR E —HS8, RE1E
H 5@ Pauli FEFE5K EARIZE VL & 952 2 B AU AESRAT] 10 2 oA R % i T4 A0S L Fr) 0 B
HLE, MR 2 R THERSIEE A (0| Hylo) FEEMUEIFHZ I QT 2 2T 2 AR N

L(01,05, - 0m) = (9|H|$) = Y _ ci{|Hi)
FILIRA SR T (| H|o) HUEMME . K4 T RAT— MBI, RATATLLHE L0y, 02, -+ - 0,) HIHEEE . F
FIZ BERE T IE, SRATRATLUER 250, R IKLE, BATREEILE L(01,00,- - 0,) HIf/ME
T BN 0 FIA
OL _L(-+-.,0;+e-)—L(- ,0; ")
00; ~ ¢
TR LR e R IR, SR BN IR 2 7. 1T VQE G R AR, AR 5
S (R BE o DRI TRA G 165 PR AT B BE (R 735343 L (01,0, - - 0,) (CIBEIE
OL _ L(--,6i+m/2- ) —L(-- .6 —7/2,)
00; 2
VERE, TR 1 2 B O B T AS R 45 IR 22 4 O OUBB S ¢ AT 6 PR P 2 B P, (Rt
T VQE BEATH R EE T B, R AT I7E 8 5 (R LSk !

4. EEZHKEXH VQE

o HERATERA

from copy import copy

import multiprocessing as mp
import pickle

import random

from functools import reduce
from os import path

import numpy as np

import scipy

import scipy.linalg



WFE R E

Ei

from matplotlib import pyplot as plt
import sys
sys.path.append(’../../..7)

from QCompute import x*

o RIFBAVET BRI SH B RN E

# hyper-parameter setting

shots = 1024

# n must be larger than or equal to 2;

# n 1is the size of our quantum system

n =4

assert n >= 2

L =2 # L is the number of layers

iteration_num = 20

# That’s the number of parallel exzperiments we will run;
experiment_num = 4

# 4t indicates the number of processes we will use.

# Don’t stress your computer too much.

learning_rate = 0.3

delta = np.pi / 2 # calculate analytical derivative

# Thtis number wtll determine what the final Hamiltonian 4s.
# It is also used to make sure Mac and Windows behave the
# same using multiprocessing module.

SEED = 36

K =3 # k is the number of local hamiltonian in H

# N is the number of parameters mneeded for the circuit

N =3 x*n *x L

random.seed (SEED)

o JE AT DABHATLA: Fre 5 5 2 ) 2R 4

def random_pauli_generator (1):

nann

The following functions are used to generate random
Hamtltonian

non

s = )

for i in range(l):
s = s + random.choice([’1i’, ’x’, ’y’, ’2’])

return s

def random_H_generator(n, k):
mnnn
n 1s the number of qubits,

k is the number of local hamiltonian in H

nan
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H = []
for i in range(k):
H.append([random.random(), random_pauli_generator (n)
i)

return H

Hamiltonian = random_H_generator(n, K) # our hamiltonian H

o fH Paddle Quantum 115 2 N0 PR 5K s FR ) BR 4

def NKron(AMatrix, BMatrix, *args):
Recursively exzecute kron n times.
Thts function at least has two matrices.
:param AMatriz: First matriz
:param BMatrixz: Second matriz
:param args: If have more matriz,
they are delivered by this matriz
:return: The result of temnsor product.
return reduce(
lambda result, index: np.kron(result, index),
args,

np.kron(AMatrix, BMatrix), )

o 8 SCHHSRL— NG S IR B/ NV AEARL ) R £

def ground_energy (Ha):
nmann
It returns the ground energy of hamiltonian Ha, which
looks like [[12, ‘zyiz’], [21, ’zzzz’], [10, ’diizy
)17

nmann

# It is a local function

def my_f£f(s):

s.lower ()

= np.eye(2) + 0j

np.array ([[0, 11, [1, 011) + 0j
= np.array ([[0, -1j], [1j, 011)

= np.array([[1, 0], [0, -11]1) + O]

N < X H ®n
1]


https://github.com/PaddlePaddle/Quantum/blob/master/paddle_quantum/utils.py

WFE R E

Ei

return I

# It is a local function
def my_g(s_string):
H = []
for ele in s_string:
H.append(my_f (ele))
return NKron (*H)
sum = 0
for ele in Ha:
sum += ele[0] * my_g(elel[1])
eigen_vector = np.sort(scipy.linalg.eig(sum) [0])

return eigen_vector [0].real

o XN FEBEERATR S0 5 AT AT LA I PR R

def eigen_plot(eigenv_list, actual_eigenv):

noan

Thts is the plot function of actual loss owver iterations.
for ele in eigenv_list:
plt.plot (list (range (1, len(ele) + 1)), ele, linewidth
plt.axhline (y=actual_eigenv, color=’black’, linestyle=’-.
7))
plt.xlabel(’iteration’)
plt.ylabel(’loss’)
plt.title(’Actual Loss Over Iteration’)

plt.show ()

o EETORMIXAMREH RGBS I E SR, In Mt 2 R ET qubit WERF] 0 KM
WERR 1 B
def prob_calc(data_dic):

nann

Measure the first (ancilla) qubit. Returns the walue
of ’the probability of getting 0’ minus
’the probability of getting 1°.

nann

sum_0
sum_1 =
for key, value in data_dic.items():
if int(list(key)[-1], 16) % 2 == O:
sum_0 += value
else:
sum_1 += value

return (sum_O - sum_1) / shots
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def add_block(q, loc, para):
nann
Add a RzRyRz gate block. Each block has 3 parameters.
noarn
RZ (para[0]) (q[loc])
RY (para[1]) (q[loc])
RZ (para[2]) (q[loc])

def add_layer (para, q):
nann
add a layer, each layer has 3*n parameters.
para s a 2-D numpy array
for i in range(l, n + 1):

add_block(q, i, parali-1])
for i in range(1l, n):
CX(qlil, qli+11)
CX(qlnl, ql11)
o PRIGIATHRIE LA 7 I AP B aE, BNk AR TR N2 PR 2 P

def self_defined_circuit(para, hamiltonian):
nann
H 75 a list, for example, if
H = 12xX*Y*I*Z + 21*%ZxZxX*xZ + 10% I*I*X*Y,
then parameter hamiltonian s
[[12, ‘=zyiz’], [21, ’zzzz’], [10, ’<izy’]]
(upper case or lower case are all fine).
It returns the exzpectation wvalue of H.
noan
env = QuantumEnvironment ()
env.backend (BackendName .LocalBaiduSim2)
# the first qubit ts ancilla
q = [env.Q[i] for i in range(n + 1)]
hamiltonian = [symbol.lower () for symbol in hamiltonian]

# change 1-D numpy array to a 3-D numpy array
high_D_para = para.reshape(L, n, 3)
# set up our parameterized circuit
for i in range(l, n + 1):
H(q[i])
# add parameterized circutt
for i in range(L):
add_layer (high_D_paralil, q)

for i in range(n):

37
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# set up pauli measurement circuit

if hamiltonian[i] == ’x’:
H(q[i + 11)
CX(qli + 11, ql01)

elif hamiltonianl[i] == ’z’:
CX(qli + 11, ql01)

elif hamiltonian[i] =

7y7:
RZ(-np.pi / 2)(qli + 11)
H(q[i + 11)

CX(qli + 11, ql01)

# measurement result

MeasureZ ([env.Q[i] for i in range(n)], range(n))

taskResult = env.commit (shots, fetchMeasure=True)

return prob_calc(taskResult[’counts’])

o TTIREMITHBE, FHFEH SR L

def diff_fun(f, para):

nnn

It calculates the gradient of f on para,

update parameters according to the gradient,

and return the updated parameters.’para’ 4s a np.array.

nnn

para_length = len(para)

gradient = np.zeros(para_length)

for i in range(para_length):
para_copy_plus = copy(para)
para_copy_minus = copy(para)
para_copy_plus[i] += delta

para_copy_minus[i] -= delta

gradient [i] = (f(para_copy_plus) - f(para_copy_minus)

) /2
new_para = copy(para)
res = new_para - learning_rate * gradient

return res

o I (0| H]9)

def loss_fun(para):

norn

Thts is the loss function.
nnn
res = sum([ele[0] =*
self_defined_circuit (para,
Hamiltonian])

return res

ele[1]) for ele in
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o HTEHF multiprocessing XML, FRATER FE 47 — i 2%

def multi_process_fun(j):

"o n

Thts fumnction 7runs one experiment,

parameter j indicates tt ts the j-th experiment.

won

np.random. seed ()

para = np.random.rand(N) * np.pi

para_list = [paral

for i in range(iteration_num):
para_list.append(diff_fun(loss_fun, para_list[i]))

with open(path.join(outputPath, f"para{jl}.pickle"),

"wb") as fp:

pickle.dump (para_list, fp)

o HEEANIMTLLIEITERF T

def main():
nnn
main
nnn
pool = mp.Pool(experiment_num)

pool .map(multi_process_fun, range(experiment_num))

loss_list = []
for _ in range(experiment_num):
actual_loss = []

with open(path.join(outputPath, f"para{_}.pickle"),
"rb") as fp:
new_para_list = pickle.load(fp)
for j in range(iteration_num):
actual_loss.append(loss_fun(new_para_list[j]))

loss_list.append(actual_loss)

eigen_plot(loss_list, ground_energy (Hamiltonian))

if _ _name__ == ’_main__"’:

main ()

o NTIXGK B EAACHEE S IR AR, R AR DASFEI process JHAZREATIN 20 K
BERE T REALAL, 7T LAE BIRCRIEASE .
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Actual Loss Over lteration
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iteration

4.6 wfl: EFFIERF

THEFF (Subroutines) LhHEFE QComposer A AN A, TMHBE THMETHSHME TH
ARG TRE A AT (1 7 2 R S NS Lo T

4.6.1 QComposer LI FIZF
1. DIREX 1A

LBag RO R e

s 0 5w
Jipeteidl

BasE W «© e Q
— B IR B l
nnnnnnnn %%E
o e

iz

2. F e
TEOMfiR 156 = 3 x 5 iX—A{E45H, Shor HE T EIHH —ANEEEL 15 3RIERY . TATEIUZ A LA

2, R 2 AR RE T YA LR T A R G
1) = 100), [2) = [01), [4) — [10), [8) — [11).

(8 F G0 R B ARG T B, S E R FA (01) 3 11) B, ATRUERLA 2 BE 15 [
4 Okg @ fn W2 oy 1g),

B 4 ANTRRAKXENAEE] 15 1970 i

15 = ged(2*? — 1,15) x ged(24/? +1,15) = 3 x 5.
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H 245 B LLZ% QCompute SDK B{# & 5 f#] .

3. EXFHEF CMM
CMM 7&—~ 3 thhr2 4tk ], B OX [TH CCX T4 k.

Q) -
Qi .
fEEFIIMFRFES Subroutines, i Add HaGIE—N% N nG0 K% HFIERF;
M nGO BbR, s BILEEIbR A B A e, dENTIEF g . Sl Operation nGO
FAR g, TR EM AN CMM;
A IS, AR T AR Q1] A Q[2]:
ER I IMFREFiEF Operations, MH A FFEF L EHE— CCX [], #ii COCX 7, &
e B dmiasacdl, ENETIgREAH, B Q) EiELiushsl Q2), BHET]
YR 510 5
MEFITTHFET R R B EHE— CX 1], iy CX 1, s HIEL b AR ieH.,
HNETIgRESRHE, B Q] LrELiazh®] Q2], BHE T 14w H;
B TR s A BN A & 3] Subroutines T2 T — 4%~ CMM W TR

4. EXFHEF IQFT
IQFT 5ERK 2 i T EH 484, B SWAP ], H [JA1 CU 4Rk

Q! . n
I &
Qu : o .

FERT I TAEF 1L Subroutines, fiddi Add HEIEIE— D4 nGO 7 H THEF:

mi nGo BbR, s HILE bR A A R g EAL, 3N TREFF g S . 515 Operation nGO
SN gmiE, BT REFEG LN IQFT;

SIS AL, n— AR TS QL

FERT I IR FREF &S Operations, M) FF2 7 HLEE B HE— 1~ SWAP [];

EF TR AR ) 2 e e e — A H 17

MEFTTRIFRRT A R g e — 4> C 17, 8 CU 7, s HIEZE E A gmiB 4%,
HENE TR, ¥ Q0] EMIELHEZIF] Q[1], 7E theta HEMIA 0, 7E lambda HE4IA
-pi/2, BRI

MEEF [ TR 7 1) 12 7 s B — AN |15

BH RPN ] B 3] Subroutines N2 T — 1% AN IQFT HITREF .

5. WHFERF
WA FREFE I 7 0 T 20— RERG,  4% 08 75 06 HHE a0 21 i A B 52 i H
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Qo]
Q1]
Q[2]

Q3]

EVARIESS " Sl < i

FACE AT

n w© @ | =
\
n @ [ =
‘ vl om
M v at ‘\
B E @ \
\

AT SR B AU, 1R T R BB T AR AR U B AL P R R —

B, q0 Zon RPN Q0], PAESEHE.

SEREM LR QASM AT

OPENQASM 2.0;

include "qelibl.inc";
qreg ql4];

creg cl4];

gate nGO(param0) gbO
{

+

gate CMM gbO,qgbl,qgb2
{
ccx gb0, gb2, gbil;
cx gb0, gb2;

gate IQFT gbO,qgbl
{
swap qbO, qbil;
h qgbi;
cu(0, 0, -pi/2) gbil,
h qb0;

h qlo0];
h ql1];
CMM ql1], ql21, ql3];
CMM ql0l, ql2]1, ql[3];
CMM ql0l, ql2]1, ql3];

qbO;

barrier ql[0], ql1]l, ql2], ql3];

IQFT ql0l, ql1l;
measure ql[0] -> c[0];

measure ql[1] -> c[1];

4.6.2 QCompute FLIFIEF

1. B X TR CMM

CMM &—A 3 L2k, H CX 1M COX T4 k.
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CMMEnv = QEnv ()

CCX(CMMEnv.Q[0], CMMEnv.Q[1], CMMEnv.Q[2])
CX(CMMEnv.Q[0], CMMEnv.Q[2])

CMM = CMMEnv.convertToProcedure(’CMM’, env)

2. E X TR IQFT
IQFT 5E/% 2 thAFii & T 484, B SWAP [, H A CU T4k

IQFTEnv = QEnv ()

SWAP (CMMEnv.Q[0], CMMEnv.Q[1])

H(CMMEnv.Q[1])

CU(0, O, -np.pi/2) (CMMEnv.Q[1], CMMEnv.Q[0])
H(CMMEnv.Q[0])

IQFT = IQFTEnv.convertToProcedure(’IQFT’, env)

3. WHFEF
W R 7 R & TR 02— R

SEREH L Python ARSI F:

from QCompute import *

from pprint import pprint

from QCompute.Define import Settings
Settings.outputInfo = False

import numpy as np
matchSdkVersion(’Python;;3.0.0°)

# Create environment
env = QEnv ()
# Choose backend Baidu local simulator

env.backend (BackendName.LocalBaiduSim?2)

# Initialize the three-qubit circutt

q = env.Q.createList (3)

# Define subroutine CMM

CMMEnv = QEnv ()

CCX(CMMEnv.Q[0], CMMEnv.Q[1], CMMEnv.Q[2])
CX(CMMEnv.Q[0], CMMEnv.Q[2])

CMM = CMMEnv.convertToProcedure(’CMM’, env)

# Define subroutine IQFT
IQFTEnv = QEnv ()

SWAP (CMMEnv .Q[0], CMMEnv.Q[1])
H(CMMEnv.QU[1])

43
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CUu(0, 0, -np.pi/2) (CMMEnv.Q[1], CMMEnv.Q[0])
H(CMMEnv.Q[0])
IQFT = IQFTEnv.convertToProcedure (’IQFT’, env)

# Call subroutines
H(q[01)

H(q[11)

CMM(q[1], ql2], ql31)
CMM(ql0], ql2], ql31)
CMM(q[0], ql2], ql31)
Barrier (xq)
IQFT(ql0], ql11)

MeasureZ (xenv.Q.toListPair ())

# Commit the task with 1024 shots

taskResult = env.commit (1024, fetchMeasure=True)

pprint (taskResult)
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4.7 Bl RERE R RB

45

BRGLE AIIEN Gn R B s, Al ” 7 SR R AR ROE A A B AT, P AR AL FL BRI 7 5K
WeFH AT, A MRS AR R o e R 7 S — A R rh o SR BRI, AN[R] (T im e A,
b WA, B i ARG AR, PR, R R LA e

o, DIY AHRDIRE, fHIXA] B8 T 2B ICIRIZAT I O -

T T=ir=y
R E
/ N ~ ~ N
pe— < CloudionAPM > < Cloudsaiduapuaian > < Cloudiopcas > < paidusim2 > < Aer >
EFRER \ / N / AN s N\ / /
Efg?f% ( InputCircuit ) ( InputCircuit )
=
El3=Eic)) l ‘
InverseCircuitModule Inverse CircuitModule
ReverseCi ReverseCi
ﬁ%g% ServerModule.Unrol(CircuitTolo ServerModule.Unrol(CircuitToBai ServerModule.UnrollCircuitTolo v v
éz\ﬂ; nAPMModule duQPUQianModul PCASModule n

| l

\

ServerModule.MappingToBaidu
QPUQianModule

ServerModule.MappingToloPCA

SModule

( OutputCircuit )

OutputCircuit

OutputCircuit

UnrollCircuitModule

UnrollCircuitModule

CompressGateModule

( OutputCircuit )

( OutputCircuit \

4.7.1 TAiEIER

1. InverseCircuitModule

InverseCircuitModule F FAE i il . FTERE, MENGNETHFASNRE —NMEE, B8

THAREZHIT - RNE.

“ B0

InverseCircuitModule

|
Qo] 'g u'

import sys
sys.path.append(’../..")

from QCompute import *

# Bl EE T HIE env,

env = QEnv ()

F e E T A

env.backend (BackendName.LocalBaiduSim?2)

q = env.Q.createlList (1)

# A E T

MeasureZ (*xenv.Q.toListPair ())

=,

=N
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H(q[01)
S(ql01)

# W F InverseCircuitModule

env.module (InverseCircuitModule ())

# XA EHE S H BB

# KXW UnrollCircuitModule 1 CompressGateModule
from QCompute.Define import Settings
Settings.drawCircuitControl = []
env.module(UnrollCircuitModule ({’disable’: Truel}))
env.module (CompressGateModule ({’disable’: Truel}))

# Wod R B R
env.publish ()

print (env.program)

. ReverseCircuitModule

ARAD 5 K,

ReverseCircuitModule I TE i x . THiERE, MEANS ETFHFASNRE —MEE, BEA

BT RELZIAT K&,

Qo] o e

ReverseCircuitModule

4

QL] e n

import sys
sys.path.append(’../.."7)

from QCompute import *

# G EE THHE env, FWHELE THFLHKNL
env = QEnv ()
env.backend (BackendName.LocalBaiduSim?2)

q = env.Q.createlList (1)

# AwE T

MeasureZ (*xenv.Q.toListPair ())
H(q[0]1)

S(ql0l)

# W f ReverseCircuitModule

env.module (ReverseCircuitModule ())
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# KA EHE % F BB

# KX W UnrollCircuitModule F CompressGateModule
from QCompute.Define import Settings
Settings.drawCircuitControl = []

env.module (UnrollCircuitModule ({’disable’: Truel}))
env.module (CompressGateModule ({’disable’: Truel}))

# e R A
env.publish ()

print (env.program)

4.7.2 WEIER

1. UnrollProcedureModule

UnrollProcedureModule 5& T FfFREMH, HET FEFHNBETZERETF . TEF (Sub-
routines) WNAETE R B R IEHBE B A E, BHFREF DS & F9mfs N o F.
o« ZHULH
- disable
# * W UnrollProcedureModule, FTH FTEF AW EFWMHE Y & H
B R, XV BT EE L&A
env.module (UnrollProcedureModule ({’disable’: Truel}))

# T B UnrollProcedureModule, FTH TR FHET AN N E FI1
env.module (UnrollProcedureModule ({’disable’: Falsel}))

o FHITRER
W RBARR B, B SR BIE E T IR procedurelEnve HUR, WINE T RX, WEMASEHN
procedurel Env.Parameter[0], {EF7E procedurelEnv.Q[0] _F. A5 FF2/F procedure0, fE
FTE procedurelEnv.Q[1] 1 procedurelEnv.Q[0] F. H /5 M convertToProcedure T.JH 4k
FHEF, AN procedurel FERIMEB| EFEFHIE FHEE env H,

procedurelEnv = QEnv ()

RX(procedurelEnv.Parameter [0]) (procedurelEnv.Q[0])
procedureO () (procedurelEnv.Q[1], procedurelEnv.Q[0])
procedurel = procedurelEnv.convertToProcedure (’procedurel’,

env)

o THEFHMT A
QCompute SDK He iR A Bl F2 Fr 0 H iR s FE B ) T B i R BT, 2 T P2 procedure2
At R 0 FE R R s FELES

procedure2__inversed, env.inverseProcedure (’procedure2’)

procedure2__reversed, env.reverseProcedure (’procedure2’)

o WH T
W AE A R EE R ERT AH FRR Y, CAX TR, TEEE, EREANTRET
[E]¥8 A Barrier
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procedure0 () (q[0], ql1])

Barrier (xq)

procedurel (6.4) (q[1], ql21)
Barrier (xq)

procedure2 () (q[0], ql1])

Barrier (xq)
procedure2__inversed () (q[0], q[1])
Barrier (xq)
procedure2__reversed () (q[0], ql1])

Barrier (*q)

2. UnrollCircuitModule

UnrollCircuitModule H T T &7 HE, BRABIFAATTN U CX 1], FHER S U A1 CX
[T Sim?2 il 2L,
o STEEMI]
MsEl]: ID, X, Y, Z, H, S, SDG, T, TDG, CX, CY, CZ, CH, SWAP, CCX, CSWAP
E#1]: U, RX, RY, RZ, CU, CRX, CRY, CRZ

. BRI
- disable
env.module (UnrollCircuitModule ({’disable’: Truel})), * H
UnrollCircuitModule, FTH I T H BRI MR & £ & & B ¥, &
I =2l 3 o e
env.module (UnrollCircuitModule ({’disable’: False})), J E
UnrollCircuitModule, AT H I TH EF ¥ U F CX ],

- errorOnUnsupported

env.module (UnrollCircuitModule ({’errorOnUnsupported’: Truel}))
, BE L RAENIT &R
env.module (UnrollCircuitModule ({’errorOnUnsupported’: Falsel})

), ABAXFEWI], TXRNWINIITHREFTART AR D B & +F.

- targetGates
BEmRENE / AEAXFEHIIFIELE (BRILA U M CX) , 2SI 2
EFAMAREEREREEY, ZPEF U M CX [T. W:

env.module (UnrollCircuitModule ({’targetGates’: [’U’, ’CX’, ’S
IR)), BB FH ULCX M S I 4#EFAMKRY £ B BB
Eljo

- sourceGates

BESBBINTN X (RIANABRBFHAIT , RAHBEZENIISH S
R, AT ETMREELE T, :

env.module (UnrollCircuitModule ({’sourceGates’: [’S’]1})), H &
S TIa4#HEFT, HAITFTaHBEAMKREER B & & F,
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3. CompressGateModule

CompressGateModule H T R4f 1, WMATEETHER, Wb E4EE0NETHEE, K458
PRI B2 ik

4. S

- disable

env.module (CompressGateModule ({’disable’: True})), X A
CompressGateModule, & ¥ B % T & # & % ;

env.module (CompressGateModule ({’disable’: Falsel})), 7 E
CompressGateModule, & T H B #H E %, W EE F TN 2R

o

4.7.3 ~fl: EHHERER
PA CloudBaiduQPUQian A1, FARFAUAH XA & HAF A5 S QCompute SDK ] Example/Level 1.

from pprint import pprint

import sys

sys.path.append(’../..7) # "from QCompute import *" requires this
from QCompute import *

# W E hubToken

# Define.hubToken = ""

# Gl EE T HENR

env = QEnv ()

# % # CloudBaiduQPUQian 14 & F /5 i
env.backend (BackendName.CloudBaiduQPUQian)
# A% R

q = env.Q.createlList (3)

# Bl 1:

# KBl H ServerModule.UnrollCircuitToBaidu@QPUQian () 1 ServerModule.
MappingToBaidu@PUQian () R W /E R, X W ANHEHEEFAF FE A
CloudBaiduQPUQian fE 7 J5 % Bt B # i A

# ServerModule.UnrollCircuitToBaiduQPUQian HE K H |1/ CH |14 @K QPU

X F W Rz,Ry M ¢Z |1, ServerModule.MappingToBaiduQPUQRian £ 3 ¥ W &
FaIT (c2) YHMANEBE T UBRAINFTABENLEE T

# H(ql0])

# CH(ql0], ql1])

# CH(q[0], ql2])

7l 2:
A x Bl ServerModule.UnrollCircuitToBaiduQPUQian (), VAW & H /£ A
H(ql0]1)

CH(ql0], ql1])
CH(ql0], ql2])

H O OH " OB R
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ARAD 5 K,

# env.serverModule (ServerModule.UnrollCircuitToBaiduPURian, {"disable”:

True})
fl 3:
K Bl X W ServerModule.MappingToBaiduQPUQian (), VLW & H £ A
H(ql01)

CH(ql0], ql1])
CH(ql0], ql2])

HOH OW® OB OB R

})
# Measure with the computational basts

MeasureZ (xenv.Q.toListPair ())

env.publish ()

print (env.program)

# RREFHAEFEER

taskResult = env.commit (4000, fetchMeasure=True)

pprint (taskResult)

env.serverModule (ServerModule.MappingToBaidufPUQian, {"disable":

True
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5.1 EFI] (Gate)

ETIRETIHE—FRAREE TR AR —— A AR AR — A e B T AL E T
ERE T RIS, ROMESEE TR BT R 2 B R R . S2HUERERIIAR, ETEHE]
SR ST, ARGEHITH AT DL T AT I 1138 . 281k, FIMER CCX/Toffoli [1R] EASKEUITA
HAT RS 2T — DN EEERNE T, BRIARE 7R DT A SR 3R E (B
). BHIRFFUNET

1. %07 ID. X, Y. Z. H. S. SDG. T. TDG. CX. CY. CZ. CH. SWAP. CCX. CSWAP;
2. Jgh11: U (U1 / U2 / U3). R. RX. RY. RZ. CR. CRX. CRY. CRZ;

3. AT RZZ.

5.1.1 [EE[] (Fixed Gate)
52 | TR BRI — KR T 1], HBMEE TR FHEMR. ME RN T:

ID

ID(q[0])
X

X(q[01)
Y

Y(q[01)
Z

Z(ql01)
H

H(q[0])
S

S(ql0])
SDG

SDG (q[0]1)
T

51
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52

T(ql[0])
TDG

TDG(q[01)
CX

CX(qlol, ql11)
CY

CY(ql[0]l, ql1l)
CZ

CZ(ql0l, ql11)
CH

CH(q[0], ql1l)
SWAP

SWAP(q[0]1, ql11)
CcCX

CCX(ql0l, ql1l, ql21)
CSWAP

CSWAP(ql[0]l, ql1l, ql21)

5.1.2 JE4%i] (Rotation Gate)
e T 1 MIAT A f e fzti], HBHGEME SHE TR TS IR TR ILAREIT:

U(anglel, angle2, angle3) (ql0])
RX

RX (anglel) (q[01)
RY

RY (anglel) (q[0]1)
RZ

RZ (anglel) (q[0])
CU

CU(anglel, angle2, angle3) (ql0], ql1])
CRX

CRX (anglel) (q[0], ql11)

CRY



51 #F11 (GATE)

CRY (anglel) (ql[0], ql11)
CRZ

CRZ (anglel) (ql0], ql11)

5.1.3 %HA&I17] (Composite Gate)

HETIEMEET SR AT, RSHRMESETETTFE.

T
RZ7

e i CompositeGate MHLH At H:
# G # 8B
RZZ (anglel, angle2, angle3) (ql0], ql1l1)

# N AR
env.module (CompositeGate ())
o [THRITN:

CX(env.Q[0], env.Q[1]1)
U(al, a2, a3)(env.Q[1])
CX(env.Q[0], env.Q[1])

5.1.4 Hit
Barrier
Barrier (q[0], ql1]l, ql2])

MeasureZ: &[]
SHN—HE T HFABIMER T ARNIER, BETETHEBEORRE.,

MeasureZ (*xenv.Q.toListPair ())

5.1.5 #%3R (Module)

53

HETIRILAREm

B T Ab B 7 g, HAAN . B v R T k. 2B LAAT T AT, AU S B A
BRI o FEA BRI 55 48 PAAT I 2 S 4% IR 51 3 o AR R AR I HEAT A B 5 FEREAT PAT AN & BRIy
Module (AJFERIEEER, XIRE & H4T) 1 OpenModule (JFUEHIREL, #i /5 6 #E AT LAAT).

InverseCircuitModule: 4 i E 5
InverseCircuitModule T4 B BB o

env.module (InverseCircuitModule ())
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ReverseCircuitModule: 4 i} & BB &
ReverseCircuitModule F T4 il B 1% o

env.module (ReverseCircuitModule ())

CompositeGateModule: B&[ Rz

CompositeGateModule H T J@IHET]T, MMERETHE, BEPWAHAG TR, ZERE5HE
17, W1 RZZ, WA,

env.module (CompositeGate ())

UnrollProcedureModule: BHEFFIEF

UnrollProcedureModule 5&E T FIEFEEMH, HETFFETFANREFZIERETH.

env.module (UnrollProcedureModule ())

CompressGateModule: [E45& FH &

CompressGateModule | T E4f & T, M MEEETHEYE, Wb E4ENE BB, EY65 E%
HE TN B2 kb

env.module (CompressGate ())

UnrollCircuitModule: FiEITEH R U # CX 7]

UnrollCircuitModule T ML EIT, IHGEBNSCRE U M CX 111 Sim2 B8, MAEEE TH
BN PATIE T . SASE errorOnUnsupported NER, BEANGEACFRR T SHEE, &
BREASCHERITT, AR I R T O B A S R R P o AN S 3L targetGates 9 BAREEIUES / FHL
THRIIBIER, XL I IR T AR B e B, B SRS iRes, — B2/ D adE CX il U
AR T AHATIN, FEE CompositeGateModule, JoREFHATT, FHEIFMEE / Fefh 1. %5
P55 Sim2 AR AEH .

env.module (env.module (UnrollCircuitModule ()))

5.2 EFim/#EILEE (Backend/Simulator)

B imiid 7R T EBAPIT T, AR R, RS E AN Bk 2 —. BEHRE
Ao fi it A T A AS . RS Im gt VIP B BRiallasdt, bl s QPU U5
A =T BTN BT HKE TR~ &R
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KB 2T iER

AH  LocalBaiduSim?2 ffH Python 4’5 1 Sim2 AHuki
CloudBaiduSim2Water ffH C++ 95 M2 96 Sim2 FRAUAS 2
CloudBaiduSim2Earth f§/ Python %5 ()5 —SEB S E Sim2 B 2R
CloudBaiduSim2Thunder f§H C++ %5 {5 — B AL B Sim2 BLALLEE 2 hit

=i CloudBaiduSim2Wind FH C++ RE A —2H] Sim2 RIS = GIRMmBR )
CloudBaiduSim2Heaven i C++ 4’5 5. —SCHIEERE Sim2 HILES = R
CloudBaiduSim2Lake i C++ 9n'5 A8 — 2 Sim2 BB =R (GZFF GPU i85)
CloudAerAtBD FHIE Aer(C++ hR) B =i
CloudIoPCAS KE RIS 10 R 558 Fi-HEAL (VIP)
CloudBaiduQPUQian KEEERETIFEF N 8 s SEFIHEN (VIP)
CloudlonAPM R E PR SRR 1 ER S T PR SN (VIP)




]
&

U

- e R AR B ?

o M ATLLRAME A Python 4uffif 5 M QASM BT SLIRFNHF A

o WA FHA Quantum-hub [ PyOnline / QComposer / YunIDE #7525, & BHahiHH
Token, AT HATHEHA;

o WHFEH QCompute HEATSEE, 77 EAE N Token PLIZEHEIT v Ak 40l #8 5 15 4%

. 4R QCompute ?

° TU\ %ﬁ’fﬁﬁﬁéﬁéﬁﬁdn l:l%u-l//\
o FEIEDA IR BL T AR T LA FH A RS2

- AR HUAEALL AR AN LB A A4 X3 ?

o AHISI A H A R, RIS E T B S R
o TELRBUURAE H L = TR ISR R N5 KIS 7).
UKD 157 S = S U

o i FHTELRAE LA
o WEREZEIAIHE, HEMEMIMTIHE T .
. Credit I AL?
o B B AE AT R R R 1
o MR YunIDE AR ¥ 58 J50R Bt e — e R AL, THAREIEAR IR 1.2.5;
o FUEHENGET 7RI 1 A
o IREUHEZ SA0EEY Quantum-hub 1) [ERRE] BRI
- AAESE VIP?
VIP JEMAEE S, P 7 258 Ok B i 50
o %2 VIP Hi% 3] Quantum-hub F1 [ERRIR]
o frlEaHWnE, WHERY), [MHAFO] TR VIP 0.
. Quantum-hub 5 QCompute [ [X 5 FIEL £ 2
e Quantum-hub &8 Rk F6, L= PyOnline, QComposer, YunIDE B2 QCompute [
23 BT B A5 R AT LA Quantum—hub AL

o QCompute & & Z R —NEFIF kA4, EiLrbd A, B arbldtiT Python 5 HI& T
IRFETE S IR A e .

56



S22 3E

[1] Charles H. Bennett and Stephen J. Wiesner. Communication via one- and two-particle operators on
einstein-podolsky-rosen states. Phys. Rev. Lett., 69:2881-2884, Nov 1992.

[2] Alberto Peruzzo, Jarrod McClean, Peter Shadbolt, Man-Hong Yung, Xiao-Qi Zhou, Peter J. Love,
Alan Aspuru-Guzik, and Jeremy L. O Brien. A variational eigenvalue solver on a photonic quantum

processor. Nature Communications, 5(1):4213, 2014.

o7



	前言
	量易伏简介
	用户端-量子端架构
	用户端
	量子中控平台: Quantum-hub
	量子作曲家: QComposer
	量子在线平台: PyOnline
	量子工作站: YunIDE
	量子开发套件: QCompute SDK
	量子移动端: QMobile

	量子端
	BaiduSim2
	Aer
	QPU

	相关流程
	QCompute 相关
	PyOnline 相关


	在线使用量易伏
	账号管理
	注册与登录
	查看用户信息
	点数相关
	生成 Token

	PyOnline
	熟悉界面
	创建项目
	查看结果

	QComposer
	熟悉界面
	查看结果

	YunIDE
	熟悉界面
	创建环境
	运行项目
	关闭环境


	本地使用量易伏
	QCompute 安装
	安装 Python
	安装 QCompute
	验证安装

	QCompute 示例
	本地计算
	远程计算
	使用参数


	代码实战
	示例: 构建GHZ态
	示例: 混合语言计算
	示例: 交互式计算
	示例: 量子超密编码
	示例: 变分量子基态求解器 VQE
	示例: 量子子程序
	QComposer 上实现子程序
	QCompute 上实现子程序

	示例: 模块使用示例
	可选模块
	必选模块
	示例: 真机相关模块


	API
	量子门 (Gate)
	固定门 (Fixed Gate)
	旋转门 (Rotation Gate)
	组合门 (Composite Gate)
	其他
	模块 (Module)

	量子端/模拟器 (Backend/Simulator)

	常见问题
	参考文献

