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CocTtosiHne KybuTta Ha chepe baoxa
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Pauli-X gate

0 1 The Pauli X gate is a w-rotation around
X — l\/TOT — the X axis and has the property that
1 0 X =+ X, Z— —Z. Alsoreferred to as
a bit-flip.
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Hadamard gate
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1
|0) — — (l 0) —I— | 1 )) The Hadamard gate has the property
z

thatit maps X —+ Z,and £ — X.This
gate is required to make

1
1 — — 0 _ 1 superpositions.
1) \/E(l ) — 1))

 Hadamard gate produces quantum superpositions

* Rotation on pi around x-axis followed by rotations on pi/2
around y-axis



Measurement in the computational
Measurements standard) basis (2,
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In general case

cos(6/2)]0) + €' sin(6/2)|1)

Using multiple measurements, we can extract theta, but not phi



: Measurement in the computational
Measurements (standard) basie (2.

In general case

cos(6/2)]0) + €' sin(6/2)|1)

By measuring in X basis, we can extract also phi. Apply H before
the standard measurement

L )

The state of the qubit after H:

The probability to measure O: -




Pauli-Y gate

0 _’3 The Pauli ¥ gate is a w-rotation around
Y — ' the ¥ axis and has the property that
,i 0 X = —X,Z — —Z.This is both a bit-
flip and a phase-flip, and satisfies
Y=X27.

Pauli-Z gate

]_ O The Pauli £ gate is a w-rotation around
Z p— the £ axis and has the property that
O e ]_ X — —X,Z — Z. Alsoreferred to as
a phase-flip.

XY -YX =2iZ YZ - 7Y =2 X ZX —XZ =2Y



Two-qubit gate CNOT

Controlled-NOT gate: a two-qubit gate
o that flips the target qubit (i.e. applies

Pauli X) if the control is in state 1. This
date is required to generate

entanglement and i1s the physical two
qubit gate.

e Control qubit and target qubit

 CNOT does not change the state of the target qubit provided
control qubit is in the state O

* CNOT inverts the state of the target qubit provided control
gubit is in the state 1



CNOT - pasnnyHbie peanmsaumm
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aea BapMaLMOHHOIO aaropmtma NOMUCKa
CODOCTBEHHbIX 3HaYeHUMN

 Matpuua H, 6onblion pazmepHOCTH
* Llenb — HanTM cobCcTBEHHbIE 3HAYEH U

<H>I*¢'-'(§)} = (v(6)|H|v(6)) H) @y = M

MwuHuMmanbHOe cpegHee — cobcTBEHHOE 3HAYEHUE

[na cnegyowmx 3Ha4YEeHUM

F (6= (v (811w (8))+ 31w (6w ()



ObLan cxema

Classical minimization

algorithm Quantum subroutine




[TOUCK 3HEPTUN MOJIEKY/

Z:Z,
IR; — R

+ 2

1,]>1

+ > ,

i 1= 1jl

He- -~
~ M,

i

IR; —rjl

E hpqapa + - E hpqwa a (1, (g

pqw
h,pq/ do ¢ ( ZU'? ?) (o)

63(01)0%(02) 0 (1) by ()
h’pqrs = dr_}'l dr_}'g ‘?1 » ‘ .
=72




{aK CBA3aTb PEPMMOHHbBIE ONEPATOPbI C
KyOUTamm?

* ToMBMaNbHbINA METO, — CONOCTaBUTb COCTOSHUIO KybuTa
OAHO3/IEKTPOHHOE COCTOAAHUE

T o+ -
=0 a. 0.
a ; j J

* [paBUAbHOE KOMMYTaLMA BHYTPU 1 ypOBHH
[
{ai,a;} =1
* He Te KOMMYTaLMOHHbIE NPaBMAa ANA Pa3HbIX YPOBHEN

(nonrkeH 6bITb aHTUKOMMYTaTOP O ANA GepMNOHOB)
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Jordan-Wigner transformation

* [NpoHyMepyem Bce KybuTbl M BBEAEM

j—1
aj = Uj H(—U}:) aj =0, (—o%)
k=1

* BblnonHAOTCA HY*XHbl€ KOMMYTaUUNOHHbIE COOTHOLWIEHUA

Tt
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PasnoxeHne  aMmMAbTOHMHA

H :ZCIHI < thqapa + = thqwa gy

p(_’t'?.‘_':

IW
H"Y =coZ + c1(0f + 07) + c2(05 + 03) + c30503
c4010G + ¢5(0505 + 0307) + c6(0507 + 0503)
m ‘l H o
+ cz(050507 05 + 0305070)

— cr(05050{0q + 0303070(), (B2)

HBY —=¢T + 105 + Co07

+ c30505 + caoio] + csofo?



ObWMM anropmTm

A Classical preprocessing
Molecular basis set / Hartee Fock solution ce(R)
Molecular BK or JW Qubit
Hamiltonian : Hamiltonian H
transformation
Unitary Coupled Cluster U(8)
2
B VQE implementation
classical computer ! quantum processor
variational 0; @) parametrized
optimization @ state preparation

—————————————————————

@) = UG)Ie0)

Measurement of
o —— @ observables

for each R i (0(6:)| Hy|p(0:))

C

PES reconstruction




JBONOLMA COCTOAHMUA

3 | g | it Llenb: co3aaThb 3BOMOLMIO, KOTOPasn
L’TU(Z'JG (H) — e{z“f Oy (15 T""’)} ~ | | GQA”(TA’“ Ty) byaeT BeCT COCTOAHME Ha BXOAe K
OCHOBHOMY
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Cnctema KybmuToB

NoHbl Ca+

0) =[1) =[3d°Ds /9 (m = +3/2))
1) =) = [4s°S1 /2 (m = +1/2)).




MoaennpoBaHmne monekyabl H2

Energy
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JBONOUMA COCTOAHMA ANA MONEeKYIbl H2

Llenb: co3aaTtb 3BOOLUMIO, KOTOPAA

Uvcce J — e{z"r 0~ (T’?‘_T-D} ~ H qufTAf —T,I) ByaeT BeCTU Halle COCTOAHME K
T OCHOBHOMY
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.I.
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Peannsa UNA YHUTAPHOTO ONepartopa C NMOMOLLUBHO

MS gate exp (—iaA) exp (i0DB) exp (icA) = exp (i60B"),

A8~ marputel Hlayn B’ = exp(—iaA)Bexp (iaA)
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KBAHTOBbIV a/ITOPUTM ONTUMM3ALLNM
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FIG. 49: Schematic view of the implementation of the variational quantum eigenvalue solver using a hybrid classical
and quantum circuit. The figure is adopted from Ref. 80.



Anropntm nomcka mmHmmyma (Nedler)

PasmepHoOCTb npocTpaHcTtBa N

Order according to the values at the vertices:

f(x1) < f(x2) < -+ < f(xXnt1)-

Xp = Zxk [ (N +1) centroid

Compute

reflection  Xr = Xo + (X — Xp11) witha > 0.

fx1) < f(x) < f(Xn), T Xnyt =Xy



[lpoaonKeHne

4. Expansion Nelder—-Mead method applied to

Rosenbrock function
If the reflected point is the best point so far, f(x,) < f(x1),

then compute the expanded point X, = X, + 'y(x,,. — xo) with v > 1.
If the expanded point is better than the reflected point, f(xe) < f(xr),
then obtain a new simplex by replacing the worst point x,, 1 with the expanded point X, and go to step 1;

else obtain a new simplex by replacing the worst point x,,,1 with the reflected point x,, and go to step 1.
5. Contraction

Here it is certain that f(x,) > f(x,). (Note that x,, is second or "next" to highest.)
Compute contracted point X, = X, + p(xnﬂ — xo) with 0 < p < 0.5.
If the contracted point is better than the worst point, i.e. f(x.) < f(Xni1),

then obtain a new simplex by replacing the worst point X,,+1 with the contracted point X, and go to step 1;
6. Shrink

Replace all points except the best (x7 ) with

x; = X1 + o(x; — X1) and go to step 1.



[lpymep pacyeTa No waram
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Pe3ynbTaTt pacyeTa H2
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OWwmnbKM ycpegHeHUA
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CymMmMapHble oWnbKn
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Monekyna LiH
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Pe3ynbtaThl LIH
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PacnpeaeneHne no ypoBHAM MPU pa3InyHbIX R

Orbital index
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BbiBOAbI

* KBaHTOBbIE aNITOPUTMbI B TEOPUN A0/IKHbI CYLLECTBEHHO OBroHATHL
Knaccuyeckme Ha 6onblInX pamepHOCTAX

* EcTb meTOAbI CBEeAEHUNA raMUNbTOHMAHOB MoneKy1 K CMMHOBbBIM
cncremam, Ho B4 yCAOBHKAETCA

* Jtobon MHOXUTENb B rAMUNBTOHMAHE - 3TO onepauusa ¢ Kybnutom Ha
cxeme. Jlioban onepaumns HeceT OWNOKU (TEXHUYECKN)

* bonblwme cuctemMbl — MHOTO Onepaumim — OrPOMHbIe OLLINOKM

* ANrOpUTMbl KOPPEKLUMU OLIMOOK — YMEHbLLIEHUE YNCa AENUCTBYHOLLUX
KyounTos
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