
Making Predictions...

Χ iscertainlya human desireand
oneof the greatchallengesin time
seriesanalysis. 

NeuromorphicQuantum Computing for Predictionand Optimization
(NeMoQC)

NeMoQCΧΦ

ΧdoesQRC reallyyieldsafeand reliable forecasts?

Χaresuch smallquantumsystemsconsistingof 4-10 qubitsreally

sufficientto replaceconventionalreservoirswith a fewhundred

nodes?

Χhowdo thepredictionand optimizationresultsdependon the type 

and strengthof the interactionbetweenthequbits?

Χwhat isthustheoptimal setupof a quantumreservoir? And why?

ΧΦhowisthepracticabilityof thesimulationresults?

Χhowcana possible hardwarerealizationof aquantumreservoir

computerlooklike?
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With RC-basedmethodsΧΦ

Χit isnowadayspossible to simulaneously
predictseveralchaoticsystems.

Reservoir Computing (RC)
asneuromorphicAI conceptΧ

Χrepresentsthe so far best-suited
AI methodfor the prediction
of nonlinearcomplexsystems. 

InQuantumReservoirComputing (QRCύΧΦ

Χthe reservoirisformedbya quantumsystem
consistingof entangledqubits.

WearelookingforΧΦ

Χpartnersfrom industry, whowant to developwith usprototypical

quantumreservoircomputersbyhardware-software codesignon 

thebasisof our theoreticalresults.

Χpartnersfrom industry, whowant to takepart in oureffortsto

optimizeQRC and/or whowant to applythenewlygainedresults

directlyto their own usecasesin the realmsof optimizationand/or

prediction. 

Letusachievetogethera quantumleapin thepredictionand 

optimizationof complexsystemsbyquantumreservoircomputing!

Summary
The application of AI-based forecasting methods has led to great progress in the prediction of complex systems. Among the AI-methodsbeing used reservoir computing (RC) turns out to be 
so far the most promising approach as it combines superior prediction results with little CPU-needs for training. In Quantum Reservoir Computing (QRC) the reservoir that is commonly a 
random network, is replaced by a system of entangled qubits. Using a spin-network as ad hoc quantum reservoir it was demonstrated that a NARMA process can be well predicted using as 
few as 10 qubits [1]. Our recent first results suggest that even a 4-6 qubit system may be sufficient to predict the Lorenz-systŜƳ ŀǎ ǿŜƭƭ ŀǎ ǿƛǘƘ άŎƻƴǾŜƴǘƛƻƴŀƭέ w/ ώн]. 
In ǘƘŜ ŦƻǊǘƘŎƻƳƛƴƎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ άbŜǳǊƻƳƻǊǇƘƛŎ vǳŀƴǘǳƳ /ƻƳǇǳǘƛƴƎ όNeMoQCύέ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ 5[w vǳŀƴǘǳƳ /ƻƳǇǳǘƛƴƎ LƴƛǘƛŀǘƛǾŜ όv/Lύ ǿŜ ǿƛƭƭ ƴƻǿ ƛƴǾŜǎǘƛƎŀǘŜ 
systematically which quantum reservoirs are best suited for prediction and optimization tasks. In a software/hardware codesign we will seek for hardware realizations of QRC. Further, these 
newly developed QC-based forecasting and optimization methods are to be utilized in real world applications. Industrial partnersfor both the hardware design and the applications in real 
world use cases are welcome to join our project.
[1] R. Martinez-Pena et al., PRL, 127, 100502 (2021) 
[2] J. Steinegger, MasterthesisLMU (ongoing) 

FirstsimulationresultssuggestΧΦ

Χthat verysmallquantumsystemsconsistingof four (left) or six(right)
qubitsarecapableto makereliable predictionsof a chaoticsystem.
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