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• We reformulate the Sharpe ratio (buy & hold strategy using 12 months historical data) to run on D-
Wave 2000Q 2,048 qubit quantum annealing computer (2017) 

• We scale problem to 40, 60, and max 64 stocks on the D-Wave quantum annealer  

• We use 5 classical solvers, and the D-Wave, to find efficient portfolios in < 1 minute per method 

• The ‘ideal’ portfolios published in July 2020 and August 2020 under-performed the market and 
benchmarks through September 16, 2020 

• We scale the classical solvers up to 1,855 stocks (all NYSE common stocks) in ~1 hour overall 

• Net-Net: Investors can use either classical methods or quantum annealing computers to build 
efficient equity portfolios out of 64 stocks or less

STOCK PORTFOLIO OPTIMIZATION

We continue our research (adding simulated bifurcation model & 
quantum walks on graphs) 



Copyright 2020, Chicago Quantum (SM), US Advanced Computing Infrastructure, Inc., All Rights Reserved

Quantum annealing computers cannot divide, but they can subtract (linear algebra) 

Sharpe Ratio (and CQR) divides, while Chicago Quantum Net Score subtracts 

The CQNS formulation works on a quantum annealer and other classical methods

NEW FORMULATION

Buy and hold strategy based on 12 months of historic data 
- BETA (0,2.5) 
- Continuously traded US-listed stocks 
- Can ‘tile together’ independent, random samples 
- Market and risk-free index data (floors & ceilings)
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The CQNS formulation on a quantum annealer finds portfolios near the Sharpe 
Efficient Frontier (via Monte Carlo)

NEW FORMULATION (2)

2 Portfolios 30 Portfolios 150 Portfolios 414 Portfolios

2,588 Portfolios

3,556 Portfolios

461 Portfolios (vs. 930k)

115 Portfolios (vs. 1.63M)
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Kept our focus on US liquid equities  

Solve 40-assets on a D-Wave 2000Q quantum annealing computer & classically 

Solve 60-assets on a D-Wave 2000Q & add classical capabilities 

Solve  64-assets on a D-Wave 2000Q 

Understand challenges to continued scaling 

64 stock maximum on D-Wave 2000Q (2017) Chimera 

Potential for more stocks on D-Wave Advantage (2020) Pegasus 

Need faster methods (e.g., custom Simulated Bifurcation Model, QWOG) & better code

WHAT DID WE ACCOMPLISH?
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• Six methods ‘solved’ 60 stock 
problem in < 1 minute by finding 
“Ideal” portfolio 

• These use non-proprietary methods 
(Python) & D-Wave Systems Inc.

INITIAL ANALYSIS

“Ideal” portfolio minimizes: 

• CQNS  = Variance - Return ^ 2+alpha 
Sharpe alternative maximizes: 

• CQR ~= Sharpe Ratio = Cov(i_m) / 
StDev
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INITIAL 
RESULTS

• Our ‘ideal’ results: hold 2 of 60 stocks (APA & AMP) 

• We selected 2 alternative portfolios based on ‘good’ CQR and CQNS scores 

• Interpretation: pick high BETA stocks with offsetting covariance
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• Market test after 5 weeks 

• CQR & CQNS ‘adjusted’ portfolios (6 or 7 assets) 
track benchmarks 

• CQNS “ideal” portfolio outperformed all 
benchmarks 

• Market advances pressure formulation to choose 
too few stocks (e.g., 2) 

• We adjusted our formulation & picked 2nd portfolio 

• Set floors & ceilings on market indices  

• Adjusted CQNS power setting (reduce weight of 
expected return)

INITIAL RESULTS 
WERE OPTIMISTIC
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First portfolio was run and published on July 9, 2020 

Initial returns over 2 and 5 weeks were at or better than the benchmarks 

CQNS returns @ 48 trading days were significantly below benchmark.  Chicago 
Quantum Ratio outperformed benchmarks over timeframe. 

BENCHMARK PERFORMANCE

~25 trading days 48 trading days
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Second portfolio was run and published on Friday, August 28, 2020 

Initial returns after 13 trading days, in a declining market show the CQNS portfolio 
of 4 stocks declined more than the market benchmarks (64 stocks & S&P 500) 

Decline of 3.357% vs. 2.798% (64 stocks) and 3.045% (^GSPC)

BENCHMARK PERFORMANCE (2)
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SOME INTERESTING 
DETAILS
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SCALE CHALLENGE
Our linear and quadratic terms need to be 
within (-2, 2), and should be large enough to 
create an interesting energy landscape
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SCALE CHALLENGE
We use between 1300 and 1700 qubits out of 
2048 installed for 60 assets.  Yellow line 
represents one asset spread across 20 
qubits (this is a 58 of 60 asset QUBO) 

Limited connectivity between 8 qubit cells 
requires chain lengths of up to ~40 qubits, 
which break
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SCALE CHALLENGE
We can find up to a 64 clique embedding 
(fully connected vertices or stocks) that will 
run in the D-Wave FixedEmbeddingComposite solver 

There is no work-around to this (theoretical 
maximum is 65 stocks on the chimera graph) 

We expect Pegasus architecture can embed 
more than 64 stocks
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ENGINEERING 
ACCOMPLISHMENT

We can see the portfolio sizes we would like 
to see (orange dots) vs. blue dots (actuals).  
Dots should converge or be close (vertically).   

If not, we can adjust parameters and try again 

In this example, first three runs were 
unsuccessful, fourth was significantly 
improved, and 5th did ‘ok’ in reverse order

D-Wave Systems Simulated Annealer Runs
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ENGINEERING 
ACCOMPLISHMENT

Our Monte Carlo Fat-Tailed approach combines a 
random sampling around N/2 assets with a small 
sample at each size portfolio (out of 64) 

This shape indicates where the optimal portfolios 
may reside.  Different for each sample.  For this 
sample, there are smaller portfolios with great 
CQNS scores 

We still search the entire space (2-64 assets)

CQNS Scores as found by our fat-tailed Monte Carlo approach

Portfolio sizes increase after initial random seeding
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VISUALIZATION 
ACCOMPLISHMENT

We can see the Sharpe Ratio ‘best values’ are hard to find 
(close to the top), and the best X% solutions are likely 
equivalent for an investor (left chart) 

The CQNS allows one to find ‘great’ and ‘terrible’ 
portfolios concentrated in the smaller portfolios (the 
vertical range) which quickly moves to a tighter range 
with random diversification (right chart) 

We create these views from our Monte Carlo Fat-Tailed 
approach (2,64) stocks

Sharpe Ratio & CQNS scores vs. random (N/2) & random by portfolio size

Portfolio sizes increase after initial random seeding (n=930k samples)
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• Research Artifacts: 40 Stocks (arXiv), 4 x BLOG articles, 
including 60 Stocks Portfolio (Medium), 60 Stocks (arXiv) 

• Research Gate 

• Google Scholar 

• Public Citations and Acknowledgements (from our website)

RESEARCH ARTIFACTS

https://arxiv.org/abs/2007.01430
https://medium.com/@cohen.sourcing
https://arxiv.org/abs/2008.08669
https://www.researchgate.net/profile/Jeffrey_Cohen5
https://scholar.google.com/citations?user=BldFhIQAAAAJ&hl=en
https://www.chicagoquantum.com/portfolio.html#/
https://arxiv.org/abs/2007.01430
https://medium.com/@cohen.sourcing
https://arxiv.org/abs/2008.08669
https://www.researchgate.net/profile/Jeffrey_Cohen5
https://scholar.google.com/citations?user=BldFhIQAAAAJ&hl=en
https://www.chicagoquantum.com/portfolio.html#/
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Mature and expand our portfolio optimization model and application 

Cap at 64 stocks on 2017 D-Wave quantum chimera architecture (2048 qubits) 

Find maximum classical stock universe (1,855 takes ~ 1 hour) 

Add simulated bifurcation model & quantum walks on graphs 

Evaluate additional investment types & investment horizons 

Add backtesting, independent portfolio tiling, and design UX/UI 

Earn revenues by serving clients to grow ‘quantum’ academic research capabilities

WHAT ARE OUR 2020 GOALS?
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LinkedIn Profiles of the Chicago Quantum attendees:

https://www.linkedin.com/in/jeffrey-cohen-2050053/

https://www.linkedin.com/in/alexkhanmba/

https://www.linkedin.com/in/clark-alexander-266232aa/

MEET OUR CHICAGO 
QUANTUM TEAM

Twitter Name: @chicago_quantum

Website: https://www.chicagoquantum.com

US Advanced Computing Infrastructure Inc. 
DUNS Number:117153073  
GAGE Number: 8D6D8 
BBB Rating: A+

https://www.linkedin.com/in/jeffrey-cohen-2050053/
https://www.linkedin.com/in/alexkhanmba/
https://www.linkedin.com/in/clark-alexander-266232aa/
https://www.linkedin.com/in/jeffrey-cohen-2050053/
https://www.linkedin.com/in/alexkhanmba/
https://www.linkedin.com/in/clark-alexander-266232aa/
https://www.chicagoquantum.com
https://www.chicagoquantum.com
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THE SYSTEM WE BUILT
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We offer CQNS-based quantum & classical portfolio analysis for up to 64 stocks, for $150.  
Classical only: $50. 

Client provides 65-70 tickers which we validate (e.g., positive BETA, 253 trading days of 
data).  We tune system parameters for specific portfolio, perform classical runs (MC, GA, SA, 
TABU), run quantum annealer (multiple embedding options), then run final genetic 
algorithm. 

Perform analysis and write-up results 

Currently takes a few hours to turn around the analysis 

Client signs up and pays on CQ website, emails tickers to CQ

APPLICATION PROCESS

https://www.chicagoquantum.com/portfolio.html

https://www.chicagoquantum.com/portfolio.html#/
https://www.chicagoquantum.com/portfolio.html#/
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1. Download the data 

2. Understand the market over the past year 

3. Calculate the ‘all in’ 64 asset benchmark 

4. Run Monte Carlo 

5. Run GA…through D-Wave 

6. Run GA again (seeded by prior answers) 

7. Show the results…voting by method

APPLICATION OVERVIEW (1/3)
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APPLICATION OVERVIEW (2/3)
1 - 3 4-6
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APPLICATION OVERVIEW (3/3)
7
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Coded in Python 3.7, runs on PC w/ backend to D-Wave Systems 
2000Q 

FTP and validate tickers, tune parameters, build BQM/QUBO 
models, run custom & D-Wave classical models (MC, GA, SA, 
TABU) 

We call out to D-Wave (Canadian cloud) using the QUBO, return 
‘matching portfolio size’ portfolios of (0,1) (equally weighted) 

Run D-Wave, soon all solutions through GA for deeper solution 

System has extensible plotting capability (matplotlib) 

Coming soon: finalizing custom simulated bifurcation model

SOFTWARE OVERVIEW
Backend System by D-Wave Systems 2000Q
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SOFTWARE CHARTS & GRAPHS
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QUESTIONS?
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