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ToHEHEHESFEFITESH (202546383H)

® WE#=F: (Amazon Web Services, AWS) EH T BFEFITHRCHOcelot, BEMFRIZM
IXEIGENRAEISZ2—: i5. AWSTRXFNC R I1SEFMUERAIEEI0%, X—EXRHISIIR
StH. BfasEFTENBFLHIE.

® AWSZERROcelotiS HISMUBINGIENEERITRN, MARRBLERMIIEE. ZFeHRE “EE
FEUIF" | XSS FEUSHGRIET "SSESAE" B8,

7| E e [

C J : E -3 = ; *
CZTTT TTTTT TTTT
Amazon Braket Build Test Run Analyze

Get started W'ﬂ_‘ Build your quantum Test your algorithms on a Run your algorithms on your Analyze results after your
quantum computing algorithms on managed local simulator or a choice of choice of different quantum algorithm has completed

Jupyter notebooks or in your fully managed, computers. Combine classical

own dgvelopment high-performance simulators and quantum computing
environment resources for hybrid algorithms
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SEFTEERXMEANBFLIERSES (20258385H) 9o

e IEERER=k. KRR EVARRFIRNERING, IE54EYHE. SFiE. B8H

Be. 6GEFEREF=IL, .

SRR, AR

EME X ., EE2ERFHNTLRE/
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HAREFitE?

® EFTRERE—MEREFHFNBFIEEFERERTHET

TR RRN. EEEEFTER

BER, EEBEHSETEHELE.

® SHITREA2HFINSFBFHNHRITER, =k

222k T 0K 1 IITREIRTS.

& 2EFTEIIMEMNTEIR N R2AE, SElEFHENSINISHE, sessSMitERSHEN, ©
AMNEZ0F1, HEZ0FI1BERTFEEASINE (Superposition) ,

FHITH

ZEHE S BRI BRI

BFitH
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® fraBE=FiTH?
o BB SRR ST EER— MR R (00, 01, 10, 11) HigI—4
s BFHHIARI2AETE (qubit) SRR IHRSOBITRES

& fEEEFILHHENEE, WFnPEFIIEMES, EFERAMLT2HEIEEIASHEM, &S
FRFECFHITE, TLIRRLLERITRINERYCEERE

® EFYE (Entanglement) Fi5iE, ik, SFTEIMERTISRIERREFEZNZEITEN
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AT AFEEFITH?

@ IRIBERER, SR LARANRPENBESRN18-2440BIBIN—E, EeetBERIEMN—1E.

® Phik—: BEECHTHSRAERNAIHES, ShHRERRAMIRAEREHERIEN, BHRFREHH
AIEERIR, Ml RSN ~FEITELR.

Hiek—: FeRRFRIBAEE), EPREEHIRETEHITRERBOVIERESABER, =
E "Eq?&m " o Moore’s Law: The number of transistors on microchips doubles every two years

Moore's law describes the (mpmc | regularity that the number of transistors on integrated circuits doubles approximately every two years

This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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v Year in which the microchip was first introduced @
the world's largest problems Li { under CC-BY by the authors Hannah Ritchie and Max Roser N J
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AT AFEEFITH?

2 1 BRI EFTRRIRBERTE.
® EERITENP, SSMANTMAENER

@ Ml SHEFNDFNRETREINBEHIEPRHENNMSRE, MANEBFEHE—ERALELE

® EFTENEFRERFIAEFHFAIMUFIBERLEREEE

BEXtFIRGESETILE

, FERNENSHARIEE X TRIRIEY:

i

0,

~a_m 3

&

BAER, FASEFENSERUEM—EANLESMIAEFHTE, SERVIEFHEL, X=2

—MEERRINNEF KX,

s RTEICEN EHH ESEENEK, BRI S EEETERRE R BRI,
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AAEEEFTH?

& REHEIER: ESRIRKEIEHIALSERN, EFTETLRRBENIEIN R

e SFIRI: EFEFRIAE, SIREAHISTR, EFRIUGEFBEMNMYSEFRAEEIKRE
SCEINERIhHITS FREL, AMSEM SRR KET MBS IEERER

® EFiTH: SFTETMERRSITIAIANEHRERMMICRRE, WMREHSMISIRACFIRNE
till. SFTEALEFEHEEE RS DIREHES

KERI R E¥Em" ey
MJTUJ— L
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AAEEEFTH?

e XKPENE: EALIEEAHE, SEFTREENRSIRFINFRENERE, FEA LSRR
A,

s MARIL: EFTEINEBRESITAFECTE, FRERENECHIASER~=ER.

& mitH: EF=ItREERASHEISNGE. SFzEanllEfREE, FRENEFTEN
(&R 21518,
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HEERREFITE? ol

-Wave, &3%. Rigetti Computing. 1Qbit, IBMEEEAREFITEYIHRHENIG,

D-WAVE SYSTEMS

IBM
- =1
8] | muR |
ﬁﬂl <
. EEBFiTEEE J2EE

A
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D-Wave

NIl
[=]

R
Intel

IBM

PIEEEE

BE

KNIFEF

NEX

/ » \
2 3
%, 7
\%, S/
40 ToNG 5/
[ ]

20MEES B 1M BIER A T 2B FE—F AR E A TEL “D-Wave One”,
201718, D-WaveXElHEH D-Wave 2000Q, HEFRZZSEH2000 qubitfapk, BILARTF
KR, WEZ2e, Y IMRESFR,

20165, ARINMMNAFEEMFEESEFTE, RE7TESEFIUSINSREREEE, FHL
THIRIEND-Wave AEIRIEFIRKHL, FREALEREIUL.

PMERHETARRKRA "EHINEFEEST (Topological qubit) * H{TitHR, MAREEN "ZEEF
Eb#F (logical qubit) “ ,

fECES 2018 (EFfmHZEREFTRRERS) , RIFREURR F49EFIRIIBSEFITETH.
IBMTECES 20191Ez(=4H 1 Q System One, KHEELA" HR EABRANRIHTIERIE N EEE
RUHBREFATERS" | HE20MEFATED.

2018F5H8H, MEBESEMEEMHHHA NIsBHFRINEFHEIREISRE "KE" | HENID
RHILT81 (9x9) EURFM0EEHENEIPENEFEES.
2018F3H8H EF, BEEMHRMEFITENRF, FREFTERETIERRARALVSHR.

2017598 11H, AREFATERNEREEAEIMILZ.
BaiS s L EFLUSFAMREE X MXW B2-100, EFMEZ—A410riginQ Quantum AlO, #EJ:%T
THREEFATEZFEE. KM T meBFNEREFRIEIESQRunes, EFRIENEFATR

QPandaZr= R, 4



FITENRRE

s WFEFTEHNREIELARE, WREEANEB20tHEREFESFRIEE
&K, BEWN/REIRFERIchard FeynmanfE1982F— X AT EHPIRLAYA
MAJRR:

O MR 2R BRI EFRR?

Aage, EABRNRBEAeT8YGEE, ALAKBHXAZZTERIHND
72,

OWUNRMFEHBERTRE, 2RISR EF?

Richard Feynmanig HUIREE— TSN ITIELTN, NMERELEI]
FEETEN, mE—EEMAERA, tiloFHRT.

= =

BEEE %S
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e tiE, ITENEFERIN—BEESNHEGRZX—IREN L. FEIMRRNES, E201HEL0EK, =

FITBHNNEZELZREE7TEXIHE,

Richard Feynmanif il F it R

Bernhard OmerffHil T+ RNERAR

Harrow, Hass|dim, Lioydig
HTHHLEFRE

D-WaveBH T5120
AERFNE&

Lov Groverii il T Grover BT 18 BT E = - |

4

IBME % T 6-qubiteya IR BT i N —

InteliGoogle MME TAHE R RT TR !-—l

IBEME&TE—SRInET _|
HRMIEM Q Syatem One

# QriginQF HEFH T 32-qubl ek BINE

QriginGd RER T §FHE—SN00gn Quantum AID

/\T\i"%‘i@ﬁdﬁ L
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BFHENER

19924

19944
19964

19984

20094

DeutschfJJozsaiEH T
D-JEFEX

Peter ShorigH 7 Shor&
A

Lov GroveriZH T Grover
EFEREE

Bernhard Omerf2 HEF
i ERRES
MIT=(RFHRERS TR
Tk iR MR FRY
HHLEFEX

20134

20165F
20174

20184

2018%F12H6H

2019%F1H

JiZAD-WaveRF /N E]
R T512QMEFiTE
R

IBMA& % T 6= FEUASHY
o YRfIEEF1TEL
NEEF KM T 3I2(=
FIEEIRR
IntelF1Google> Bl
TAMNFOT2NE A
NEEF KM T E N
F—KH/1Origin
Quantum AIO

IBMA#Hm TR LE—&
JR7RIEFITENIBM Q
System One
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BRI ERHNE—RBFES

& HFSRIEFITRINERBPRFMERFISR—, EEHERLNRARSBREERE, FrLIE
BT ARENMEF A SHEENERE. E5HE,

s INBEEFIHERENENTFRSNASA "EFERE" . "BEFHSIMRES" . "BFt
EEGHREES NARAF, FFSEARTHESEFIEIARRDNRRES.

& FEFILISHERPHIIRERE T, EFEBERKXZSHNFEEFTRENARE—FInRANR
izdIEsl, BRXSHNEFITEES WFREFITEZFES. IBM QER) 25X —HFEA.

ql0l | 10> I
i1l | o>
al2] | 10>

ql3] | 10>

/T\i"%‘i@ﬁdﬁ L
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EFHHRHNE—BFES

o EEFITERAHRPAEREN, AXGRERNEFILISHERZIIEK, EXMERT, =
FEIRERNRELNEBATEENMNAREE 5, EFILHESMEAmE.
OQASM
ORRELEINYIREF TR CHESQrunes
ORigettifZ HAJQuil
EZHITEESR, SRREESDHHSANBENAAE, MEEFIERETDN, FFEER. .
Om<S: BEHAEIIEFRBESER—FERFH QCL., HEFTFANQH. ERTFEFEXES
HIQMASM
OREE: Peter SelingerfE X BIRFRETIIERHIEFRIZIE=QFC F1 QPL. #EKi5ktStationQ
TAERILIQUI>. Quipper
ONGEHE FRizE s E s iiztEl, FINEHRIKMENT, FRITNEENEFSIREHITIR
E;, EFmEEsSRIT FREREIEREETFHE.

/\T\i"%‘i@ﬁdﬁ L
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s fPEEFESHNAEZR, EFTRITIPSREFRERREBELASS, ClilREESHEFR

E1R, ENSREEE. KB5R6. EFEFRNTEEIER, RITHRARESEEFESLE

IEEFRENBERE.

® EFRERALTIRADARKRE: —REJLIBNSFUERINSDK, —XEEFSFTREEEM

SDK,

OB — R AREEREE =S4 NEFEIEE DiElT
=g
O 5EHEERIE T S A RYProjectQ. IBMAYgiskit,
RigettifyForest
O3 RAEFEIUSEHEFNEFRIET RS
OEERIQHFF A EE. GooglefICrigLAR AN EAIQPanda

An open source
framework for
programming quantum
computers

7 muﬂ)m
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EFIHERUNB—EFETA

o SFSAER “HE" —ClIFEEFERIEE THE, SNSRI HwRLA,

® WRESHEFTEQR. HRINELRTGTSAENEFTEZES, SHNEREIBMAIQuantum
Experience, Rigetti§ Forest, FFEEFITREZFEF, FTENANRES FTREMR LS.

NEEF=IHEFS /Y\i%@ﬂuﬁ L.
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FHERHNE—BFEFE -~

« BFETR, SHMZEEFAIETS; —CRELANERIBAFSSRAE. HRMENE
FitENZANNETS: BRELET=PAEnARRSENERNESEEEENETiTE
HIBRHES, BRI B SEEE RS SN RS SRR,

iR [l RAT AR
J8 FIAPL

1t
He 4 % AR A5
L2 iiL , LB
iy B
7 L
. . 1) J

1 2 Hiz 55 e

EFnFatEaieE 20 \i’%@ﬁum
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® B4 Quantization 5EF7Z Quantum State |
O & 852 — MR 7 R A .
OfR — MR HRASE, S E3— e ge il B R X 4 oWk F i@ 1. fEZE W S, Rik— A
fE—HERigsl, WRME—Z, MRAT" 185" £2F, BReT 28" T —Z,
BT "1 & . R T RAE R R, e E.

OB NIEFE ERERS, AR —ADMEIFPIRES, X
FERIA KRB Z X BERE " &2 "28" , L
T B — KU AE N S L R R X — 7 T 1 JE
LLanpr b iR . EE, fEHEAEY, XERIAELE
BB, IRl o0 B B /NP ER 43

e=srulL
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® B4 Quantization 5& 13 Quantum State I
OGRS #EI T, BRAEASE “JINEF" SMRA BRI ER, SN 1. B
TS TSR AT, — @SBRI EI NN, XM/ R, SN ET IR, B
MRNET. XRE T — MR

oo — % % O B, fE R o ot A OB om o, — O OB B g IR
w7, XM/ MR N T E 2 E - K, B 4K K, UK
T OB Homi R, E R, BN R MU ks i RGE T b
RIS . XEBEE TR R E——RT %‘ JL 4—1
—I. j I L jy
(s -
ANr=esmul L
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® B F3IME: Quantum Superposition |
O&FSEeEFIE =R 27T, B fENRELSE TSN — ARG,
W R A RERAT: AT AE SRR IS
® JRASHIIE L Evolution of State
DIREHHEASTEE T AN ERERL. TP HEANET RS, EFRESREASELTH
Bk B AL E BRI AR —FE, BT DR RN AR BB, e BE I A E A 5t R BR T _E
s FRI 7 BB I B ) A A Ak S AR

raaN—anutln
s e




W ZFP4E Measurement And Collapse |
OFFEis 5N, NMITHET, B TAMER "ShE" , X "JZTAETHET, 294 7&K
MIBIUEE, Wi Pge 8] — M E A IS B .
O=7HENANMRE: XT3 nESnsE, TUEl=EY, MERER e —4HdE=Tie)E
P TER S LIS B —A

FRIE I /S IMNF=rsutull 1
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® PR A X RS B rRE—H. |
®1 ZS5< State Vector
O& A5 LR R A Ekfnid, T, mEEFERE. £ FHreH, dET
DM ERASK, DRTNIERMNAR.

%k (ket) :

[ = el €2y ER]T

% (bra) :

(Y| = [c1%,¢27,...,¢c,]

e=srulL
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®2) WS |
SNTHEENRNE TS (&%) T

|H} B [a'lz-ﬂ'ﬂv “ e 1aﬂ.]T

|13> == [bl'.'b?:---:bn]T
HRAHEN A:
(a | B) = Zab
HIMBEN A:

) (B = [a:b] .
F=T— 1" n x n BE,

sl L
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3) Pife R4 Two Level System |
OXTRMETFE, A MRENTHERNREESE—IRR. NTIHEERSTEILN LK

RES L IEIEUE, BREVBUE R ATRETERT A BIRT, XN T REHR R St

OFR /7 FELRFIRI TSI Fh, XA e o8 Bed R — DN EUIRHT, Bz A%4s(ground state), id
Mg s A—NREERER, PR AR A (excted state), 12 M |e -

- [oo-

OfZ i bbb, ¥ le e |0 , K |g e, F+#|1 2 N=TH4dr (quantum bits)
OMF =24 (superposition) |w FTPAEE|0 A1 |1 HZME4 &

l¥) = al0) + B|1) a2 + |82 =1

e=srulL
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®4) IREHE Evolution of State |
O8 &SR (ERmE) KRx, ErHTUAEANRPPIRE, F+H 7T AR AT A R
&, Mam 1AW REN R EAE ?
O %: AR (cosed)& T &G H)iE (evolution) HIFEAZ#H: (unitary transformation) ik .
HARH, 7Rt B ZI KRG TIRES w1l , @ — D FIBfEtL A2 FRi 28U, K45
£ 12 B ZI RS

Y2) = U |¥1)
00X B 7 522 #eU /] DAERAR N2 — DN ERE, I Hm 2

UUY =1

e=srulL
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®4) REKH4L Evolution of State
O& FitEY, M REESEFRIEEFT]. FlanPaulifh et 2 —24 FH5E R,

weiey § amemxe ]

0 1 1.
JEEJyEYEE T;] UEEUzEZEE] _ﬂl]
OUIXT IERER T8 28, o
[ §6]--»

0 1| | I}
1=y o] s = o
O= 7 SHEEAT _ER] LA RN &1 0 M A FE RS #e,  RITE ORI R 3R
/VN\T=TSIT

L



5) BINAMME Superposition State And Measurement |

HeRESFAUA, XM EERLER— ETENE. He—ESER LS A&
SR ERERttHE, Al

[4) = al0) + Be*|1)
Eirh o™ FTME IR 0 (IS

JLAE M NISHERE TS [¢) B85 —1%F o) b, REXAN SR IRIREE
75, B

P, = (¥ | a)]?
i R TR CIESsS %, B
Py —=1—F,
e SR ARSI | -l
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®6) ffr. SRS Phase, Pure State and Mixed State |
OU R & T SVIIEAR RS INES B, el xERNESRERIERE? &L
NP RS-

1
V1) = E“ﬁ) +[1))

3} = %um 1))

OKIAE [0, |1 KI5 ENE, ENIRRIAEZ —FEFN0, N1, RARGEX .
MIZA G AT URTE A B RG2S HAHAE R0, Kb b, S SRR E TR
PRI

Offbl, & Xaidsme "ARNE TS, EMUBAEME, R (BeeE T .
RBESZASHBRES N, BEERE T EniaElr)) MAER .

e=srulL
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WA EATHEE T RAE

@ &1 e (qubit) ANEFLMF R (bit) , — /=T HRE |w ] BLEFALF10 A1 |1 BAASIRES, |
A &R E P it 4 (linear combination) SkEE A

%) = a|0) + 1)

®ER T R ERESF R 4T 10 f1 |1 B2 (superpositions) , HHa. BHZE L
(complex number) , WS [a =R 1) —dH s 1EACH: (orthonormal basis) ZHmki— [0 A1 |1 4
iHH & (computational basis)

BAEET /1 IlE (measure) <S8y, BIRUEN =S| FRPE RS, FHEEFIRESH
EEME BA R ReE I — R EA 2. BN E TR g JEATUER, e RhxE 7 R MR a2 4k
£ 10 &, B |BlRAATE |11 &, HTIrAEEARIEEMAN 1, WA |al2+|B]=1 . |

e=srulL
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SFTERE--ENEENRENX

®1) Hadamard (H) []

OHadamard | JE2—FE]E
=y

\f

ERBES |0) TRk (]0) +|1) )/2,

Hadamard| J5E8EH:T A
1 I il 1
= [1 —1]
HEERE FRINE2.2. 2

B2.2.2 Hadamard | ]

Big, HIWEEREEESETES ) = of0) + [|1) HiE, SSsmsFSA:

OR[N

SESTASISHEFZE ], BigfafRAHI ). Hadamard [ J/ERTEER
SES 1) ZE(10) -I1) )/2,

/\T\J%‘i%ﬁdﬁ
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®2) Pauli-X[]

Orauli-X| MERERE AU L, BELHEITEY NOT INEFFN, REFSHTEHE, 275
T HTA:

Pauli-X[ JFEFERZZERIFER o, B

0 1
KZJX:I: }
1 0

Pauli-X| I EFENER NOT |7]; HIELERR PSR NE2.2.30w:

E2.2.3 Pauli-X[]

Bz, NOTIWEBHEESEERE [Y) = «|0) + F|1) @ SRENETFEA:

¥') = Xy) = ['f .ﬂ m = E ] = B0} + a1}

/\T\J%‘i%ﬁdﬁ L
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®3) Pauli-Y|]

Opauli-Y| J/EFTEBEEFLUEF E, {EFRER%EBIochEK Y tRFEEEAE n, Pauli-Y| JEYSEIE R, /8
A% oy , BO:

HIFLEE FBRE2.2. 4Fm:

E]2.2.4 Pauli-Y[ ]

Big, Pauli-Y[I{FBEEEEEE |¥) = a|0) + B|1) EH, SRIFHNE S

¥) = Y|g) = [” ;“'] E] . [‘f] — _iBl0) + iaf1)

/\T\J%‘i%ﬁdﬁ L
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SFTERE--ENEENRENX

®4) Pauli-Z|[]

Opauli-Z [ JEREREFLUES £, /ERREERSEBlochEk 2 HEdEHBE n, Pauli-z| JREEFZZ( 9,87
AEfE oz, BP:
1 0
L=ag= L] —1]

B2.2.5 Pauli-Z []

HTEerg FBNE2.2. 57

Bz, Pauli-Z WEBREEEEFE |[¢) = a|0) + B|1) tHE, SRFNEFEA:

W=z =, ° ][5 =| %] =0 - e

/\T\J%‘i%ﬁdﬁ L
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SEFTERE--EZE VAR E X
®5) hEFel] (rotation operators)

0% 3 A REFIERFENEMTTEIIR% RX , RY , RZ 897374,
ORX(8) ["JHPauli-XFEFEF/AERITER, BRI

: : 9 3
RX(0) = e /2 — ¢os (—)I—fsin (—)X: ot
2 2 —isin[

)
7)

E2.2.6 RX(6) ]

—isin(%]
cos (4)

EFLERE FEmNE2.2.6f:

iz, RX(7/2) TWEBEEEETE |¢) = «|0) + B|1) L@, SRFNEFEA:

|9") = RX(7/2)|4)

ﬁ[ 1 —i] E‘ _ ?{u—iﬂ V2(a — ip) ﬁ{ﬁ_m]ilb

= 8—i 2 0) 2

/\T\i"%‘i@ﬁdﬁ L
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SFTERE--ENEENRENX

®6) ZEFHHIHEZIE]
ORNCEREESHITERREAITEP, MEFIUEILREEVEF S HRRRNREERZ.
AREFEETEFHNSEAEIRENINEAS, EFEE1JEKRTEINEERFVRIERTE, I
LIS N H BV s E R EE.
OXF— n E2FEEF [xn-1+ x0) |, n EFHUESRFINTEERS 2n BAIERKEHR, EEITF
ZHESHNH A AT EF R TIRG, NERIARAE SEFEIFINSMNENRM, B2
158 [xn-1+ x0) FRxn-1 A, x0 AL

i F—2E& SN ES, EitEEs ok ENENEETEE] i, SEEINE2.2.909En:

(1] 0] ———
0 1 Lk

00)= | [, Jo1y =], \'
0 0
-D- -D-
e o
0 0

10)= ||, =] K
5 1 St L

FEEE |01) oh, ZEMBoRRINIAEA, 1XINARIEAL, B2.2.9 2Lk EF 248l



SFTERE--ENEENRENX

®6) ZEFLLIZLEI]--CNOT []
O3=F3EJ(Control-NOT), 1BEH CNOT #17%~, =—EiEERINMmEFELE .
OEKEFIEYs, IBPACESW TRIRERER

0 0 0

1
CNOT =

1
0
0 0
0 1

=R =
= =2

OXIRZAY CNOT [ JEZFBAE, SELRAVRZXINAYE F LR AEHIECTs (control qubit)
B+ NAVE FIR/IBIRELRS (target qubit)

{E{uELYF R
Rt }\

6

\_[mamns /\T\J%’Z%ﬁdﬁ
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® 6) SEFHIFHEIEI]--CNOT |]

Oz, CNOT [ JERRD

PR ERTERR |¢) =|00)

[4') = CNOT]00) =

4') = CNOT|01) =

[¢") = CNOT|10) =

[4') = CNOT|11) =

O Elﬁz{ EEﬁtIz%?S}'I"“%Utlﬁ%, SVl &sys|= ﬁtlﬁfl%,

ANV el S DY S -== R BV . N

. INCNLECFIL S /I0HT,

, 111) B, SRFERIES:

- - - - - - = T ==
DDHD::DHDD::HDDC:E:DDDH:

'HDDD::DHDD::DDH:E:EDDH:

= B == R = S Y e Y e S e Y R s S s S e IO R e Y e [
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Overview

ML is a class of advanced algorithms that perform a certain task. Given a large number of
inputs and desired outputs, an ML model can be trained to make predictions on unseen data.

If it is executed on quantum computers, it becomes a quantum ML algorithm.

Quantum Machine Learning (QML)

\ 4 L 4
Fully QML Hybrid QML
|
v v v v
Quantum Optimization Prnbllems Quantum Kernels Quantum Neural Networks Parametrized Quantum Circuits
| Quantum Approximate | |} Quantum Support »{ Quantum Convolutional Neural Networks
Optimization Algorithm Vector Machines
— > Quanvolutional Neural Networks
" Variational Quantum " Quantum
Eigensolver Clustering »  Quantum Recurrent Neural Networks
. uantum - ,
»  Quantum Annealing > Q » Quantum Generative Adversarial Networks
Autoencoders
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Overview

Selection of the architecture of a parametric quantum circuit (PQC), also known as ansatz.
OSelect the architecture of a PQC by specifying a sequence of parametrized quantum gates
Ooperation of the PQC is defined by a unitary matrix U(8), which is dependent on a vector of free

parameters 6

Parametric optimization

OThe optimizer is fed measurements of the quantum state produced by the PQC, typically in the
form of estimated expectations of observables; and it produces updates to the parameter
vector 0.

U(6) @ v

average
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Parametrized Quantum Circuits

® Variational or Parametrized Quantum Circuits (PQCs) are specific types of quantum
algorithms that depend on free parameters.

® PQCs allow us to utilize the existing quantum computers to their full extent.

In the context of QML, PQCs are used either to encode the data, where the parameters are
determined by the data being encoded, or as a quantum model, where the parameters are
determined by an optimization process.

Optimization

o I

10)—

jO)— .
. Classical

u(w) Computer

]
v -
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Categorization of QML Approaches

Before diving into the details of QML algorithms, it is important to characterize different
approaches based on the type of data and type of processor used to solve the problem.

CC cQ

QC QQ

Type of Processing

C: Classical
Q: Quantum

Type of Data
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Categorization of QML Approaches

CC refers to processing Classical data using Classical computers, but using algorithms
inspired by quantum computing.

® CQ refers to processing Classical data using Quantum machine learning algorithms.

COMain focus

QC refers to processing Quantum data using Classical machine learning algorithms.

OActive area

® QQ refers to processing Quantum data using Quantum machine learning algorithms. It is
also known as Fully Quantum Machine Learning (FQML).

OFuture area
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Categorization of QML Approaches

CC refers to processing Classical data using Classical computers, but using algorithms

inspired by quantum computing.

classical
optimizer

E classical data
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Categorization of QML Approaches

CQ refers to processing Classical data using Quantum machine learning algorithms.

COMain focus

4(2,0))

P P

dverage

classical
optimizer

Ec]assi{:a] dataj
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QC refers to processing Quantum data using Classical machine learning algorithms.

OlIn the QC case, quantum data are first measured, and then the classical measurement outputs
are processed by a classical machine learning model.

classical
optimizer

A

average

Equantum dat'c‘il
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Quantum Neural Networks

® Quantum Neural Networks (QNNs) are computational Artificial Neural Network (ANN) models
that are based on the principles of quantum mechanics.

OThe quantum circuit contains a feature map module,
Oan Ansatz module with trainable weights,

OMeasurements are conducted to obtain the outputs.

1) Data Loading 2) Data Processing 3) Measurement

Feature . | . ,71\
Map . o .

(inputs) | (weights) (outputs)
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Classical Compute

Quantum Compute

Classical Compute

Classical
Input

.
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Quantum

State as

input | \
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Quantum to
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Mapping

{ /} Measurement 2
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Quantum Neural Networks

® Quantum Convolutional Neural Networks

OThe structure of a classical CNN consists of applying alternating convolutional layers (with an

activation function) and pooling layers, typically followed by fully-connected layers before the
output is generated.

Quantum Cuantum

CLI:HEEI Convolution Pooling
yers
Layer Layers
(1]
£
= pled j= LT - E | I - =
E" L>$ I:'1> E E [1) |:—|> g
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L i \ Quantum and Classical Layers / L )
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