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Algorithm 1 KALAMN FILTER Function: Input: price data, W = model
variance, V=observation variance. Output: 6.
Function KALMAN FILTER (Z;)
Ift = then
Initlallze 90|0 — Zy

Initialize Py)p <1
End if
Bojo-1 < 9t—1|t—1-
Pyjp—q < Peoqpe + We
Ve < Oy — ét|t—1-
St « Pye—q + Ve
K < Pt|t—1St_1'
Bt < Opje—1 + Kery.
Pye < (I = keHe)Pyye—s
Store 6. and Py,
Return 6¢;.
End function
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Algorithm 2 Momentum: Input x: Log of index futures, Output: Momentum model portfolio.

# READ daily futures prices as Xy, where t is time stamp and n is the number of futures markets
and x € R.

# rebalance () is a function that takes the current portfolio, computes the mean in-vestment in
the futures market and buys and sells so that capital is equally divided among futures markets.

# w=moving average window size

# 1t=(ly, Hew, ... , lny, where 1 oy=<Ciy,Pgo>

# Cq,y is capital invested in futures contract | at time t
#P=(llwy, ey, ... , Hlny) position in portfolio.

# Py € {Buy. Sell} position of futures | at time t.

# KALMAN FILTER is the kalman is the kalman Filter Function as described in Algorithm 1.
Forl=1tondo

Cq,0) < investment / n

P(|,o) « Buy

End for

Fort=1to T do

Ct « rebalance (Ct.1)

Pre P-1

Forl=1tondo

Xy < get current price

Yiy < KALMAN FILTER(x(i,t) # kalman filter prediction

2y < moving average (y(io) =~ bW Yo
if X@i,0>Z(i.0) then

if Piy '=Buy then
Py < Buy

End if

Else

If Pgin=!= Sell them
P(i,t) « sell

End if

End if

End if

End for
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Algorithm 3 Long Only: Input E: Stock returns, Output: Long Only portfolio.

# READ stock returns prices as &), where t is time stamp and n is the number or stocks and ¢, -y € R

# rebalance() is a function that takes the current portfolio, computes the mean investment in the futures
market and buys and sells so that capital is equally divided among futures markets.

# 1Ut=(lwy, Hey, ... , lny), where Hiy=<Ciy,P.o>

# Cq,y is capital invested in futures contract i at time t.

# C(t) is capital value of the portfolio at t.

#P=(llwy, ey, ... , Mlny) position in portfolio.

# Py € {Buy. Sell} position of futures | at time t.

# Let S be set of sectors.

# Letsisasector CS.

# Let € be set of equities iu sector S.

# Let e be single equity.

# Let £ be set of laggard stocks in a sector.

# laggard() is a function that returns [|£|/2], the worst performing stocks a.t current time.

fori=1tondo

Ca,0) « investment/n

end for

fort=1to T do

C « rebalance (Ct1))

fors e Sdo

£ < laggard (g¢s.r))

Fore € g do

Of Py = Own and e & £ then

Sell

End if

End for

Fore e £sdo

If pey=Not-own then

Buy )

End if

End for

End for

End for
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Algorithm 4 Fractional Kelly : Input = QIM returns, output = Portfolio returns.

# READ QIM returns as X, where t is time stamp and n is the number of QIM models.
# Py s the value of the of the portfolio at I.

# gy is portfolio at current time, , where 1l = <Cg), Xp>/

# Wy are the weights to allocate capital to the QIMs.

# Cyy iuvestrneut capital.

# KELLY/() is fnnction described in Algorithm 5 that calcnlatc fractional Kelly weights

for all the QIMs at t.

# reallocate() is a function that changes the proportion of capital invested in different QIMs

according there weights, <lIlg), wWp>.

X11 Xlz es
X = X21 X22 e
XTl XTZ
W(O) « 0
P(O) <0

fort = 1toT do

Wiy < KELLY (X))

Cey < reallocate (I z_1), W)
P < Xizq X@)C )
end for

th
th

Xin

Ko g Wy a2 Joho
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Algorithm 5 Median Kelly: Input = QIM returns, Output = Portfolio returns.

# READ QIM returns as X, Where t is time stamp and n is the number of QIM models.

# Py s the value of the of the portfolio at I.

# Wy are the weights to allocate capital to the QIMs.

# Cy iuvestrneut capital.

# 1l is portfolio at current time, , where 1l = <Cg), X>

# MEDIAN KELLY () is function described in Algorithm 6, it calculates Median Kelly
weights for all the QIMs at t.

# reallocate () is a function that changes the proportion of capital invested in different
QIMs according to their weights, <Ilg), Wgy>.

Xll X12 th

yo X Koo X

Xr1 Xr2 Xin
W(O) <0
P(O) « 0

fort = 1toTdo
W) < MEDIAN KELLY (x4))
Cty < reallocate (Ip_1)- W)
PO < Xi=1 X)) <)
end for
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Algorithm 6 Kelly uith Kaalan Filter: Input = QIM returns. Output = Portfolio returns.

# READ QIM returns as X, Where t is time stamp and n is the number of QIM models.

# Py s the value of the of the portfolio at I.

# Wy are the weights to allocate capital to the QIMs.

# Cyy iuvestrneut capital.

# gy is portfolio at current time, , where 1l = <Cg), X>

# reallocate () is a function that changes the proportion of capital invested in different
QIMs according to their weights, <Ilg), Wgy>.

# PERFORMANCE CURVE() is the function described in Algorithm 7. It con-verts QIM
returns to price.

# KELLY/() is a function described in Algorithm 5 it calculates fractional Kelly weights

#BIN ARY KALMAN FI LT ER() is a function described in Algorithm 8. It gives a binary
output based ,on the forecast from our Kalman Filter.

X11 X2 e X
X = X1 Xoz o Xin
XTl XT2 e th

fort=1to T do

KellY = KELLY (X@)

Sum « 0

fori=1tondo

price(t,i) < PERFORMANCE CU RV E(X(t,i))

if BINARY KALMAN FILTER(pricewy) 1 =1 then
Kellygi =0

end if

sum += Kellv;

fori=1tondo

kelly(¢i
Kelly(t,i) = %
End for
End for

W(t) — KeIIy (t)

Cq « reallocate (I1(z_1)- w(p))
P « Xieq XHCt)

End for
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