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Use case Application: VQE

Obtain the explicit expectation value function of a circuit’s observ- . Goal of VQE: (ANNNI model)

1

able in terms of its parameters. Useful when the loss is defined via | o —~ ‘h
expectation values but the output is a single measurement. Find the ground state of the Hamiltonian: @ ® @ @
Training: Output: N ~—

_ . H(k, h) = —J; (X(Z)X(Z—I—l) —mX(z)X(z+2)+hZ(z)),

A Loss function: =

L(O) =Y, 0; 3 3 . 5 by minimizing the expectation value of the observable
E(0) = (v(0)|H[(0))
* Result of VQE: (number of qubits: 18)

Energy True Energy VQE

Propagation < 2,00 800 VQE energies classically
-16.00 i
Propagation of observables in the Heisenberg picture: 199 obtained through.the .
T . 1.00 -24.00  propagated Hamiltonian
Circuit example: Propagation rules: 0.50 3200 show a close match to
D X — coshX +sinf”Z 0.00 -40.00 the true energies.

RY (6 RY (6;)
% RY(0) | Z — cosfZ —sin6X o2l s’ 00 00725 %" 25”00
¢ K

D Zol — Z®Z ’
Propagation of Z ® I: —o— X®I - X®I » Effect of the cut-off parameters: (k,h) = (0.2,0.4)

1 Actionof RY (61) ® I > "
Z Q1 — cos(01)ZR1 —sin(01) X 1 £ o =2 i =10
- Weyt =4 == Vgyt. = 15
2 Action of CNOT(1, 0) i ~ B
cos(01)ZR1 —sin(01) X RI — cos(01)Z®7Z —sin(61) X ®1
3 Actionof RY (0y) ® I
cos(01)Z®7Z —sin(01) X1 — ° 0 406080 109 R
! ! lterations lterations
> 4+ cos(fp) cos(01)Z®Z — sin(fp) cos(01) X R Z Veut = 20, Varying weut Weut = 8, VArying Vet

— cos(bp) sin(01) X @1 —sin(fp) sin(61) 21 * Relatively low v, and w.,; suffice for good performance.

4 Trimming: Computing the expectation value of the Pauli Obs.

—

(Z ® I)(0) = + cos(b) cos(61) — sin(0o) sin(61) Application: Warm Start (VQE)

= = . « Hamiltonian: (2D Transverse Ising Model)
xact Propagation @%@
1 . . .

Studied circuit Quantities H=-= (J Z Z()Z(j) + h Z X(@)) Y ‘h
T Tty - Paull weight number @) | © O 0,

o ! B of non-identity Pauli-O

| A : - y P  Result of VQE: (J = h = 1, number of qubits: 64)

O>_:' RY O EX &Y - Frequency: number of | | | | -
0)V—I Ry ——IRxX OE ny |— trigonometric Systgm size too Iarge.for cIassu;aI simulation. Training (warm

S . X functions multiplied s%artl?g) through Pauli Propagation & deployment on Quantum
O>_:L RY ® RX ()' RY b— Example: (I M- ez)
N 1 | sin Og sin 61 cos By XgZ1 5 Info:

— | S —— N —— — —  p— il . .

> :__Ri}f_ _EJ_ _ _f_iA_X _____ | il Frequency (3) Weight (2) L 0 - Ansatz: 2D brickwork with

= 1 alternating entanglers
Al AL - Number of parameters: 320
-2 - Number of qubits: 64
= DMRG:  -1.900 - Deployed on ibm_fez
® Random: -0.001+0.100
A Al Warm Start: —1.263 - Number of shots: 2048

Effective Effective

W For specific problems, Pauli Propagation proves effective at off-
load initial costly computations from Quantum Computers
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