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Section 1

A Note on Manuscript
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A Note on Manuscript

Our manuscript is being updated. The current manuscript does
not include all of the findings mentioned in this presentation.

An updated manuscript will be available soon at the following links:

1 https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3665051
2 https://kuntara.weebly.com/working-papers.html
3 https://www.yangbai-finance.com/research.html

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3665051
https://kuntara.weebly.com/working-papers.html
https://www.yangbai-finance.com/research.html
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Section 2

Introduction
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Findings in the Literature about Predictability using Historical Information

1 Traditional Methods:

Goyal and Welch 2008: Popular predictors cannot produce
predictability in OOS tests.
DeMiguel, Garlappi and Uppal 2009: Traditional methods
cannot produce excess profit through predictive portfolio
allocation with historical information.
Stambaugh, Yu and Yuan 2015: Prices get corrected slower for
the short legs, because limit to arbitrage in short leg is severe.
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Findings in the Literature about Predictability using Historical Information

2 New Methods in Finance Machine Learning2:

Rossi 2018: Goyal and Welch predictors produce OOS
predictability for market returns with boosted tree models.
Gu, Kelly and Xiu 2020: Returns are predictable in OOS tests
with stock characteristics.
Chen, Pelgers and Zhu 2020: Deep learning models adapted
in the GMM framework can predicatively price stocks in OOS
tests with characteristics.
Cohen, Malloy and Nguyen 2020: Prices are lazy and
information may be reflected in the prices with lags.

2This is not a comprehensive list of recent developments in finance machine learning literature.
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Market Efficiency and Information Economics

Market Efficiency
Market efficiency is defined as information efficiency, i.e.,
current prices reflect all information and there is no pricing
error.

Grossman and Stiglitz 1980:
Information efficiency is conditional.
Full information efficiency is impossible.

Kyle 1985:
High noise reduces the information.

O’Hara 2003:
Higher proportion of informed trades induces better
information quality reflected by the price.

Easley and O’Hara 2004:
In equilibrium, the quantity and quality of information affect
asset prices.
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Gaps in the Literature and Our Ideas

1 Gaps

All the methods in the finance machine learning literature frame the
asset pricing problem about risk premium explanation and return
predictability as a numeric value prediction problem.

The modeling target is numeric value return.
The metrics are all error based. We cannot measure accuracy
directly and thus we have no explicit measurements on how
well the models perform.
The modeling uncertainty is hard to measure.
There is not enough economic intuition on the source of
predictability, i.e., why and how ML models work.
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Gaps in the Literature and Our Ideas (Continues)

1 Gaps (Continues)

Despite of the close relation between predictability and market
efficiency, there has not been a formal test on the EMH with the
new methods including the features of:

OOS test setup
ML methods

With numeric prediction methods, it is hard to formally test the
predictability against a benchmark that is implied by the market
efficiency.
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Gaps in the Literature and Our Ideas (Continues)

2 Our Ideas

Frame the asset pricing problem about risk premium
explanation and return predictability as a machine learning
classification problem targeting on the return states and the
probabilities of future return states.
Introduce new testing framework through predictability with
binomial test as the tool to evaluate whether return state
predictions by the machine learning classification models are
statistically meaningful.
By looking at return state transitions, OOS prediction
accuracy and modeling uncertainty, we can better anatomize
the ML models and the predictability.
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Return States: Our Modeling Target



A Note on Manuscript Introduction Empirical Setup Empirical Analysis Conclusion Appendix

Section 3

Empirical Setup
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Data

Coverage Statistics

CRSP, COMPUSTAT, Goyal and Welch Variables, FRED-MD
Reconstruct Green et al. 2017 for a CRSP Centric Data: 3.34
Million Observations
332 lagged predictors

101 firm characteristics
2-digit SIC code
2-digit SIC lagged Industry returns
9 market specific predictors
125 macro indicators
94 anomaly long-short returns based on single sort of 94
numeric firm characteristics

Security Coverage
196301:201912
EXCHCD 1,2,3 and SHRCD 10,11,12
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Data

Note: We ran our models with 2 data setups, one with
macroeconomic data components and one with only the
characteristics augmented with industry information. Due to the
similarity in the performance with or without the macroeconomic
data components, we present our results with the data setup
including only the characteristics augmented with industry
information.
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Sample Splits

OOS tests are in spirit of Martin and Nagel 2020 and Fama and
French 2018

IS tests can lose economic meanings (Martin and Nagel 2020)
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Machine Learning Models
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Metrics for Performance Evaluation

1 Economic Metrics

Monthly Sharpe Ratio (SR)
Certainty Equivalent (CEQ)
Cumulative Return
Maximum Draw-down
Turnover

2 Statistical Metrics

Overall Metrics
Accuracy
Cohen’s Kappa

By-Class Metrics
Prevalence
Balanced Accuracy
Sensitivity(Recall)
Specificity
Precision
F1 Score
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Tests

1 Factor Models: FF3F, FF3F+MOM, q4 and q5
2 Binomial Test: A Joint Test for OOS Prediction Accuracy and

Market Efficiency

Benchmarks:
Naive Classifier with No Historical Information beyond Return
Distribution
Martingale Classifier (which predicts the future return state
with the current return state.)

Selection of No Information Accuracy Benchmark: TukeyHSD
Test with OOS Prediction Accuracy
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Section 4

Empirical Analysis
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OOS EW Portfolio Performance: Returns (196301:201912)

Return Distribution: An Example OOS Value Weight Performance: Returns
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OOS EW Portfolio Performance: Economic Metrics (196301:201912)

Cumulative Return: An Example OOS Value Weight Performance: Economic Metrics
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Factor Model Tests on OOS EW Portfolios: α

Factor Model Tests on OOS VW Portfolios: α
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Factor Model Tests on OOS EW Portfolios: t tests on α

Factor Model Tests on OOS VW Portfolios: t tests on α
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Factor Model Tests on OOS EW Portfolios: Regression R2

Factor Model Tests on OOS VW Portfolios: Regression R2
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Binomial Tests

Accuracy: The correctly predicted portion of return states.
Correct Prediction = Success in Bernoulli Trial
Null Hypothesis: The correctly predicted percentage by the
model is the same as the correctly predicted percentage by the
benchmark classifier.
Alternative Hypothesis: The correctly predicted percentage by
the model is NOT the same as the correctly predicted
percentage by the benchmark classifier.
A Joint Test:

The historical information
The modeling structure
The market efficiency/the information efficiency
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Binomial Tests: On OOS Predictions

The Selection of No Information Classifier
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Binomial Tests: Conclusion and Implication

1 With historical information and our modeling structure, the
OOS future return states are predictable.

2 All of our models deliver statistically significantly higher
prediction accuracies comparing to the benchmarks.

3 There exists information about future return states in
historical information.

4 Our models can generate some correct information about
future return states with historical information.

5 Combining with the clear OOS economic gains, the
information generated with our empirical framework can lead
to trading profits and the profits are from the prediction
accuracy.
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Behind the High OOS Prediction Accuracies

1 Imbalance of Return State Transitions
2 Characteristics, Accuracy, Modeling Uncertainty and Market

Return
3 Variable Contribution and Modeling Structures
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Return State Transition Probability: the Ground Truth 196301:201912
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Return State Transition Probability: Average Model Performance

196301:201912
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Characteristics and Prediction Accuracy at Stock Level: Regression on

Prediction Accuracy (Example with GBM8 100)
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Modeling Uncertainty, Accuracy and Market Return: Rolling Window

Correlation (Example with GBM8 100)
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Behind the High OOS Prediction Accuracies: Implications

The efficiency level for different return states may be different.
Stock characteristics have significant relation with OOS
prediction accuracy.
Modeling uncertainty, accuarcy and market return have
meaningful relation.
We also checked variable contributions with both TS and CS
setups.

Historical trading information contributes the most to the tree
models.
Theoretical risk exposure contributes to the models.
Corporate announcement related information makes
contribution too.
Macro variables also contribute to the models but the
contribution is very limited.
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Section 5

Conclusion
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Summary and Contribution: Setup

We are the first to frame asset pricing problem as classification
problem.

We focus on probability of future return states and measure
accuracy directly.
We demonstrate 22 models, 2 time window setups and 2 data
setups.
We show that the portfolios based on our classification
predictions realize significant economic gains in OOS time
period.
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Summary and Contribution: Tests

We introduce a new explicit empirical test of market efficiency with
new methods, the machine learning classification methods, through
the predictability as the bridge.

We are the first to introduce the binomial test as a tool to
examine market efficiency.
The OOS prediction accuracies are statistically significantly
higher than the 2 benchmark accuracies, questioning the
correctness of prices.
Our models can generate correct information about future
return states with historical information.
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Summary and Contribution: Behind Predictability

Return state transitions are not uniform. The transition probability
implies that the market efficiency level can be different for different
return states.
Our models take the advantage of the imbalance of the return state
transition probability.
Characteristics are significantly associated with OOS prediction
accuracy.
Model uncertainty, OOS prediction accuracy and the market return
have a complex correlation.
Variable importance of our models questions the weak form and
semi-strong form EMH. The fact our model can generate useful
information from historical information implies the possibility of
creating private information with analytical tools.
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Section 6

Appendix
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Coverage
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Summary Statistics
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GBM8 100 based OOS EW Portfolio Return Distribution (196301:201912)
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OOS VW Portfolio Performance: Returns (196301:201912)
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GBM8 100 based OOS EW Portfolio Cumulative Return (in 100%)

(196301:201912)
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OOS VW Portfolio Performance: Economic Metrics (196301:201912)
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Factor Model Tests on OOS VW Portfolios: α
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Factor Model Tests on OOS VW Portfolios: t tests on α
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Factor Model Tests on OOS VW Portfolios: Regression R2
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Binomial Tests: On OOS Predictions
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