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About the DARPA ONISQ SAAM Project

Compiled SAAM 
Algorithm Run Hybrid Solver

Validate (is it quantum?)
Score Performance (is there advantage?)

Mandate: push QAOA-Like algorithms in solving scheduling-like problems at moderate scale and algorithm complexit, i.e.  
≈100s of variables and ≈1000s of gates (still 2 years to go)



2013-2017: very intense worldwide effort to understand D-Wave and D-Wave-like quantum annealing capabilities 
and prospects

Is the machine quantum? 
Is the theory correlation? Is there 
tunneling? Is there entanglement?

How would I know if I have an advantage?
Asymptotically, at application scale? 
Versus “quantum inspired”?
At best parameters?*

Lessons learned from quantum annealing 
benchmarking for applications



Randomized Compilation provided by True-Q
Phys. Rev. A 94, 052325 (2016)
Phys. Rev. X 11, 041039 (2021)

MaxCut QAOA on Native Chip Layout N=34, p=3

Test of Quantumness: Correlation with Theory 
for Native-Aspen Graph QAOA MaxCut

Simulated

p=1
(N.p=34)

p=2
(N.p=68)

p=3
(N.p=10

2)

RC=1 RC=5 RC=25

0.966 0.990 0.996

0.863 0.940 0.955

0.679 0.750 0.867
It is not feasible to continue to 
increase the number of randomized 
compilations as N increases (p=3 
N=34 for 25 RCs takes 43 minutes, 35 
of which is programming time)

These tests are indirect 
evidence of substantial 
impact of coherent errors.



Hardware 
Advances

“Tunneling” aka “Ability to Superpose” aka “Single-particle Quantum Coherence”

Maximum value of the reduced 
density matrix for a single qubit after 
a QAOA run as a metric of “survived 
single particle coherence”.

Obtainably by standard 
tomographic reconstructions 
(MLE)

Coherences as a function of γ for a fixed value of β = 
π/8 for qubits (thin, gray lines) in a linear chain 
QAOAMaxCut circuit of (top to bottom) 2, 8, 16 and 
24 qubits. The thick (black) line represents the mean 
coherence across all the qubits 2D view – could inform compiler on inhomogeneities

Test of Quantumness: Signatures of non-
classicality, single particle effects

N=2

N=8

N=16

N=24



Quantum Entanglement – can we construct a witness that uses the same measurement overhead (3x) as the tunneling test?

These families of observables require measurements only in 3 
bases

Can act as entanglement witnesses

Test of Quantumness: Signatures of non-
classicality, multi-particles effects

Values in the separable 
states manifold

Entangled states



Quantum Entanglement

After randomized compiling, 
experimental results show that the 
designed witnesses expectation value fit 
the theory assuming a global 
depolarizing noise channel.
For N=2, fitted noise is sufficiently low, 
for larger N fitted noise is too high to 
beat the separable threshold for a line-
graph witness.

For 2 qubit circuits the violation is 
well detected, for N≥3 no detection (active 
noise mitigation, entanglement beyond witness, too 
fragile type of entanglement)

Test of Quantumness: Signatures of non-
classicality, multi-particles effects – N=2



(See Hadfield et al 2019)

Bitflip mixers
• Maximum Cut
• Max-SAT, Min-SAT, NAE-SAT
• Set Splitting
• MaxE3LIN2
…

XY mixers
• Max-ColorableSubgraph
• Graph Partitioning
• Maximum Bisection
• Max Vertex k-Cover
…

Quantum Alternating Operator Ansatz

│001〉 a│001〉+b│010〉 a’│001〉+b’│010〉+c’│100〉

XY(2,3) XY(2,3)

Enforcing the same number of bits=1 is the same 
as doing two spin-flips 

XY = σ+σ− + σ−σ+



See Kivlichan Phys.Rev.Lett 120, 110501 (2018) 
and O’Gorman et al. ArXiv:1905.05118 (2019)

Swap network depth N with N(N-1)/2 gates

QAOA p=1
(Fahri et al. 2020)
- Unconstrained -

QAOA-XY p=1
(Hadfield et al. 2019)

Fully Connected Problems and SWAP 
Networks



If instead of doing 
 a PS round Exp[iγJnmZZ] and a 
 MIX round Exp[iβ(XX+YY)] 
we do a phaser-mixer round
 Exp[iβ(XX+YY) + iγJnmZZ]

γβ

γβ

γβ

γβ

γβ

γβ

Mixer-phaser

γ
γ

γ
γ

γ

γ

β

β

β

β
β β

QAOA-like Hardware Efficient Ansatz with 
XY Mixers



QAMPA p=1
(LaRose et al. 2021)

QAOA-XY p=1
(Hadfield et al. 2019)

QAOA p=1
(Fahri et al. 2020)
- Unconstrained -

QAMPA p=2

QAOA-XY p=2

QAOA-like Hardware Efficient Ansatz with 
XY Mixers



eiπ/4ZZ(γ+π)XY(β+π/2)=ZZ(γ)XY(β)SWAP

QAMPA p=2 QAMPA p=2 (compilation simplified)

Synthesis of QAMPA gate on 
superconducting QPUs

SWAP is for free because it is 
renormalized in the XY and ZZ parameters!



 Probability to keep the hamming weight subspace is minimal 1% 
for N=8 p=3 and gets to 0.1% for N=12, assuming based on indirect 
evidence that most of the errors are coherent, we could consider the 
XY gates as mixers for an unconstrained problem (coherent leakage 
beyond the feasible subspace).

 Experimental tests are done with QAMPA-H where initialization 
consists of hadamards gate, and where some extra parameters are 
added (TBA) targeting the resolution of unconstrained SK model

 N=12, 16 p=2-3 could be pushed on previous QPU to observe results 
significantly over the best random-guess (≈500 gates). N=20 is 
overwhelmed by noise using a very basic parameter setting strategy

 Improvements will come with new parameter setting, and less noisy 
chip (Aspen-M-1 that has 80 qubits)

Current Work inspired by Experimental 
Results on Rigetti Aspen-11 QPU

Worse than 
random guess

Better than 
random guess

Median over 5 
instances



Newsletter on NISQ Applied Quantum 
Computing
https://riacs.usra.edu/quantum/nisqc-nl

 Designed scalable protocols and 
benchmarks for quantumness of runs of 
quantum optimization algorithms, tested on 
Rigetti Aspen. Detected visual correlation, 
tunneling for ≈30 qubits and entanglement 
for ≈2 qubits.

 Designed, numerically and experimentally 
benchmarked an hardware efficient ansatz 
to improve over QAOA in experiments. 
Obtained beyond random guessing 
performance improving with p for N≈16

Conclusions – with resources to watch

dventurelli@usra.edu
davide.venturelli@nasa.gov

https://riacs.usra.edu/quantum/nisqc-nl
mailto:dventurelli@usra.edu
mailto:davide.venturelli@nasa.gov
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