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Abstract

This paper investigates the optimal asset and consumption problem based on Actor-Critic rein-
forcement learning. To describe the phenomenon of relatively low actual consumption levels after
retirement, we assume that individuals have lower minimum consumption levels and pension lev-
els after retirement. The asset prices in the financial market are regulated by a Markov chain, and
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we consider inflation factors and habitual consumption levels to establish a wealth model with state
transitions. By applying the principle of dynamic programming, we derive the Hamilton-Jacobi-Bell-
man (H]B) equation. Due to the diffusion process and state switching, it is nearly impossible to ob-
tain a closed-form solution. We design a numerical algorithm based on the Actor-Critic reinforce-
ment learning framework to solve the optimal control problem. By discretizing the wealth process
and the optimization function, and parameterizing the value function and control function using
neural networks, we use a gradient descent algorithm to improve the control function. For the value
function, we use a TD error method to update it. Finally, we present the numerical results of the
optimization problem.
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N T IR BENL T IR EN AT BT R . TR AR Gl B, JATER 1 — Mg st
(6] 4 S 2R B R o (t) ZFOR TR, ERAARREIFEA —DHIRZE M ={1---,m| . R
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dSSIl((t)) = s (a(t))dt +og (a(t))dwg (t).
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dll(_(tt)): 4, (a(t))dt+0', (a(t))dW, (t).
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dH (t)=[w (t)C(t)-n(t)H (t)]dt, H(0)=hte[sT],
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WEM, kONPRIRESEL C(t) NSRRI, H (1) NI 7.
AT 5 V4 TT oo 30 I 00 2 2= N9 90 0157 7 LT 1] 0% 2 0B LS 98 1 3

FHRCHE, R AR 7 BRI 250 7 = {7 () = ( (1), (), C (1)), s St < T} i R i
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3(s00 0,00 7) = Epan| [ €7 0(C(0)-H (D)t | te[s,T]

Hrb, p> 0 RRIrin R4 BERA T S BEAL AL 17 U0 B 18 B 380E XN
V(s,x1,d,h,i)=supJ(s,x1,d,hir).

2.3.HIB 71
XA E KRR A 7 AR PEAN A IR HT A S Pl I, i S SRR R pe Ak )
A ST 53 b o N 7 7RI, BAT BT TS . T 0<t<r,
dz (t)=f(Z(t).a(t),z(t))dt+o(Z(t)a(t),z(t))dW (t).

*
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HNo =020 X TUHE, %%’z%%ﬁﬁiﬂw:(l —j" PARE B8 7 1 U8 181 1 2 09 g (1) = 0.04
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Figure 1. Selection of the number of neurons
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Figure 2. Optimal actual consumption C(t), habitual consumption H (t), excess consumption c(t)
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Figure 3. Impacts of the parameters y and 7 on the habitual consumption and the optimal excess consumption
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