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Objective and contributions

Develop a realistic and computationally tractable
stochastic dynamic asset allocation model considering
time consistent and intuitive risk constraints, time
dependence and transaction cost.

Main Contributions:

 Time consistent risk-constrained stochastic dynamic

asset allocation model

— Realistic: transaction costs and time dependence

— Risk aversion: intuitive user defined loss limit

— Computationally tractable: SDDP with Markovian policy
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No transactional cost and time independence
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Q:(W;) =  max ¢ [Qt+1 ({Ct + Zieﬂ(l + ri,t+1)ai,\t)]

at,Ct,dtZO

s.t. Ct+z a;+ = W;
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Where, Q-(W;) = Wy
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Time consistent (recursive) model

» Usually the risk measure is the convex combination of
the expect return and the CVaR

el ¥
o(W,) = (1 — A)FE w;] +):CVaRa(Wt),

* Economicinterpretation: certainequivalent
— Rudloff, Street, Valladao (2014)

* Problem: Howshouldwe define A?
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Risk constrained model

V.(W,) = max E [Vt+1 (Ct + z ﬂ(l + Ti,t+1)ai,t)]
ic

at,CtZO

s. t. Pt [2 Ti,t+1ai,t] =y
IEA

Ct + Z Ait = Wi
iEA

* Intuitive risk averse parameter y

» Relative complete recourse for y > 0.
— One can always allocate in cash

 Positively homogeneous
if Wy =0, V(W) = Wy - Ve (1)
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Myopic Solution

V(W) = max E [Vt+1 (Ct + Z (1+ ri,t+1)ai,t)]
20 i€EA

at,Ct>

s. t. Pt [z Ti,t+1ai,t] =y
LIEA

Ct+z ai,t - VVt
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Myopic Solution

Vt(Wt) = max E [Ct-l_z- 04(1 +ri't+1)ai,t]
le

at,thO

s. t. Pt [Z Ti,t+1ai,t] = yW
lEA

C¢ + 2 Ait = We
iEA
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Transactional cost and time independence

Vi(x;) = max E[Vpq(ppq)]

at,Ct,dtZO

S.t. Pt [Zl (ri’tﬂai,t — T(d;_t + diTt)) ] <vy (xtc + Zixicft)

_ .a + = s
Ajr = X;p + di,t di,t, Vie A

co=xf-(1+0)) dih+1-7) ) diy
l

[at—1] [at] v - [xlfl_l_l]: [at(l +71)
Ct—l Ct t+1 x1,€+1 Ct(l + rf)
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Simplifying notation

4 I
Vielxr) = xf + 2 xf

Ve(x,) = max IE[Vt+1(xt+1(u))] vte{0,..,T—1}

ueU(x

\ s

s
Ulx) = U((xc, xa))

~

Pt [Zl (Ti,t+1ai,t —t(df + dEt)) ] < y(xf + X xf)
=1(cad"d)eRM =y 1+ T, df + (1 —1) N df
Clileq+dil_—di_,Vl.Ec/q /

\.

4 N

_ + + - —\
u=_(ay,..ay,df, .., df,d7, .., dy)

Wr(uw) = Wy(c,a) =c + Z(l +1i7)a;
ieA
X1 (W) = x444(c,a) = (Ct: (1 + 7‘1,t+1)a1,t» . (1 + TN,t+1)aN,t)
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Transactional cost and time independence

e Solution

algorithm: SDDP

-

\.

Ve (x,) = uIETll]%gc(t) E[Vis1 (2641 )],

N
vte{0,.. T—1}

/
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Transactional cost and time dependence
4 )
Ve(xe 1) = max )E[Vt+1(xt+1(u))|r[t]], vt €{0,.., T—1}

\ /




PUC | LAMPS
Transactional cost and time dependence
4 )
Ve(xe 1) = max )E[Vt+1(xt+1(u))|r[t]], vt €{0,.., T—1}
\. /




Transactional cost and Markov dependence

K
VEGe ) = urenu%g )z E[thi1(xt+1(u) )|St+1 = j] P(S;11 = jISe = k)
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Transactional cost and Markov dependence

P(S, = 1|S;_; = k) N P(S; = 21S¢—y = k)

* k
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Transactional cost and Markov dependence

P(S; = 1|S;—1 = k) 4 P(S; = 2|S;—q = k)

* *
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Transactional cost and Markov dependence
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Case of study

* Five types of investments: gold, IBOV, dollar and euro

4 states for HMM, 0.05% transactional costs, a = 0.9
and y = 0.1

» Uses 2 years with sliding window to evaluate the
model, starting in 2008

* Simulate on out of sample data with 10 stages (days)

* Besides the cumulative performance we also evaluate
the performance for 6 consecutive months
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Cumulative portfolio return
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Portfolio trailing return
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Portfolio allocation

100%

BEUR
1.05®MUSD
IBOV

¥ Gold

1.00. Cash
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Conclusions

We presented a risk-constrained dynamic asset
allocation model with transaction cost and time
dependence assuming a Markov Model for asset

returns.

Main Contributions:
 Time consistent risk-constrained stochastic dynamic

asset allocation model

— Realistic: transaction costs and time dependence

— Risk aversion: intuitive user defined loss limit

— Computationally tractable: SDDP with Markovian policy
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Thank you!!!

Prof. Davi Valladao
Industrial Eng. — PUC-Rio
davimv@puc-rio.br
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Stochastic Dynamic Dual Programming
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Stochastic Dynamic Dual Programming
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Stochastic Dynamic Dual Programming
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RHS dependence

T

Qi(ri—1,&) = mlltn ¢, Ty + Qi)

by = ¢by_1 + ¢
S.t. At'$t=—Bt$t—1+bt ! ¢t ! !

.CIJtZO

Q(xt—la b1, €t) = min C;r + Ty + Qt+1(l‘t)
It

s. t. AtCUt = —Btﬂft_l + thbt_l + &t
L Z 0

26



