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Goal

• Predict short-term stock up-down movements purely using short-term historical stock prices.

• y k + n = F y k , U , where U is a control action (factor), y is stock returns. U is important because it 
determines the changes from y(k) to y(k+n).

• U = G y k , y k + n . We first estimate how to generate U by the mapping G using y(k) and y(k+n) 

first and then using y(k) and U to predict future return y(k+n).

• There are 2 steps in the process. The first step is to generate U first (CON-ANFIS). The second step is to 
use U to predict y(k+n) (PR-ANFIS).
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CON-ANFIS

• The goal of this step is find a mapping 𝐺, which can drive the stock 

price y(k) to y(k+n) in n time steps. 𝑈 = 𝐺 𝑦 𝑘 , 𝑦 𝑘 + 𝑛 . 

• U could be generated by 5^2 rules from the form: 𝑖𝑓 𝑦ሺ𝑘 +
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CON-ANFIS

• Training data is 𝑦 𝑘 , 𝑦 𝑘 + 1 ; 𝑢 𝑘

• 𝑆𝑀𝐴 𝑘 =
𝑠𝑢𝑚 𝑜𝑓 𝑐𝑙𝑜𝑠𝑒 𝑝𝑟𝑖𝑐𝑒 ,𝑑𝑎𝑦 𝑘 ,𝑘−1,𝑘−2

3
,

෫𝑦 𝑘 + 1 =
𝑆𝑀𝐴 𝑘 − 𝑆𝑀𝐴ሺ𝑘 − 1)

𝑆𝑀𝐴ሺ𝑘 − 1)

• We also do not know the true 𝑢 𝑘 .
Because 𝑢 𝑘 is the driver of stock price
from k to k+1, we use change of stock
return to approximate.

• ෫𝑢ሺ𝑘) = 𝑦 𝑘 − 𝑦 𝑘 + 1
2
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CON-ANFIS
• We could estimate u(k) using the above neural network. The fuzzy logic is Sugeno type. 

• 𝑢1 = 𝑝1 𝑦 𝑘 + 𝑞1 𝑦 𝑘 + 1 + 𝑟1
𝑢2 = 𝑝2 𝑦 𝑘 + 𝑞2 𝑦 𝑘 + 1 + 𝑟2
……

• 𝑤1 = minሺ𝑀𝐹1 𝑦 𝑘 ,𝑀𝐹1ሺ𝑦ሺ𝑘 + 1)))

𝑤2= minሺ𝑀𝐹2 𝑦 𝑘 ,𝑀𝐹2ሺ𝑦ሺ𝑘 + 1)))

……

• 𝑢 𝑘 =
σ𝑖=1
25 𝑢𝑖𝑤𝑖

σ𝑖=1
25 𝑤𝑖

• The parameters {𝑝1 , 𝑞1, 𝑟1, … . . } and the parameters 
within the membership function of y(k) and y(k+1) is 
trained by OLS and backpropagation.
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CON-ANFIS
• We could see that the predicted u(k) is very close to the actual stock return changes, indicating that 

it could be a good driver of stock return changes. But actually it is not a strictly an estimate of stock 

return changes because we are using the approximates ෫𝑦 𝑘 + 1 =
𝑆𝑀𝐴 𝑘 −𝑆𝑀𝐴ሺ𝑘−1)

𝑆𝑀𝐴ሺ𝑘−1)
, which is not 

the true value. 
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PR-ANFIS
• Under this step we want to predict 𝑦 𝑘 + 1 = 𝑓ሺ𝑦 𝑘 , 𝑦 𝑘 − 1 , 𝑢ሺ𝑘)) using the training data 

[𝑦 𝑘 − 1 , 𝑦 𝑘 , 𝑢 𝑘 ; 𝑦ሺ𝑘 + 1)], where ෫𝑦 𝑘 + 1 =
𝑆𝑀𝐴 𝑘 −𝑆𝑀𝐴ሺ𝑘−1)

𝑆𝑀𝐴ሺ𝑘−1)
.

• The rule is 3^3: 𝑖𝑓 𝑦 𝑘 − 1 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙 𝑎𝑛𝑑 𝑦 𝑘 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙 𝑎𝑛𝑑 𝑢 𝑘 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙, 𝑡ℎ𝑒𝑛 𝑦 𝑘 + 1 𝑖𝑠 𝑓1 =
𝑝1𝑦 𝑘 + 1 + 𝑞1𝑦 𝑘 + 𝑠1𝑢 𝑘 + 𝑟1.

•
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Prediction Evaluation
• Test set: 3 60-day windows. 4/5/2016-6/30-2016; 11/4/2015-1/31/2016; 2/28/2016 – 5/31/2016. 10 

large stocks in Greece and U.S.

• Forecasting accuracy varies between 56.50% to 68.33% with an average 62.32%.
• Buy if predicted up-trend, sell if predicted down-trend.

• Compared with B&H strategy and other forecasting methods.
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Ensemble Average 
• What is loss function: squared loss function

• Control action

• Membership Constraints: do not require constraint.

• Membership Freedom: 2/3 parameters in each membership function.

• In the test process. We need 𝑦 𝑘 + 1 first to obtain 𝑢 𝑘 . Because we do not know 𝑦 𝑘 + 1 at 
time k, we use the rate of change of 3-day stock price moving average to approximate because of 

trail-error analysis. y 𝑘 + 1 = 𝑆𝑀𝐴 𝑘 =
𝑠𝑢𝑚 𝑜𝑓 𝑐𝑙𝑜𝑠𝑒 𝑝𝑟𝑖𝑐𝑒 ,𝑑𝑎𝑦 𝑘 ,𝑘−1,𝑘−2

3
,

෫𝑦 𝑘 + 1 =
𝑆𝑀𝐴 𝑘 − 𝑆𝑀𝐴ሺ𝑘 − 1)

𝑆𝑀𝐴ሺ𝑘 − 1)


