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We present a hierarchical planner for dynamic systems based on reinforcement learning and symbol ground-
ing. In experiments, we evaluate our planner using a hydroelectric dam simulator and demonstrate the potential
effectiveness of our approach in supporting decision making in dam flood control.
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S x ∈ R

s ∈ S x s

θ

θ = (μs1 , ..., μsi , ..., μs|S| , σs1 , ..., σsi , ..., σs|S|) (1)

μsi , σsi S = {s1, ..., si, ..., s|S|}
si θ

π(s,θ|x) := π(s|x,θ)P (θ) (2)

π(s|x,θ) s

N(x|μs, σs)

π(s|x,θ) := N(x|μs, σs)∑
s
′∈S N(x|μs

′ , σs
′ )

(3)

P (θ) x s

θ P (θ) := N(μs|μm, 1)N(σs|σm, 1)

π(s,θ|x)

1: μm, σm

No. s (μm, σm)

1 300m3/s (150, 116.3)

2 300m3/s

400m3/s

(350, 38.8)

P (θ) μm, σm

μm, σm 1

P (θ)

x s

2.3
2.2 π(s,θ|x)

REINFORCE

[Williams 92] (4) θ (6)

arg max
θ

Eπθ[
∑
t=0

rt] (4)

Δθ = α

(
M∑

m=1

T∑
t=1

rmt ∇θ log π(s
m
t ,θ|xm

t )

)
(5)

= α

(
M∑

m=1

T∑
t=1

rmt ∇θ log π(s
m
t |xm

t ,θ)

+

m∑
m=1

T∑
t=1

rmt ∇θ logP (θ)

)
(6)

α, rmt , smt xm
t m

t

t

rt
rt

rt = Qe/10 +RulePoint (7)

RulePoint =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

5.0 (Flood ∩GateFullOpen)

−100(l − lmin) (Flood ∩ ¬GateFullOpen)

−l (l > HHWL)

0.0 (otherwise)

Qe (m3/s) Qin

(m3/s) Qflood (m3/s) Flood := (Qin >

Qflood) l (m) lmin Qin
∗2 (m) GateFullOpen := (l =

lmin) HHWL (m)
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3.2
x = (x1, x2, ...)

Sx = {sx1 , sx2 , ...}
G

g ∈ G Sx

g

g

2 2

ruleA ruleB ruleA

ruleB

2 ruleA

3.3
g x a ∈ R

n

Qg Qe 2

a = (Qg, Qe)

∗3 (
) ( ) 2
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3:
[h]

ruleA handmade 53.39

ruleA learned 68.15

ruleB handmade 61.13

ruleB learned 67.63

2:

Qin (m3/s) l

(m) Qe (m3/s) Qg (m3/s)

g

g x ( )

( ) ( ) 3

1

Qg Qe Qg +Qe

Qe Qe

Qe Qg
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9

handmade

learned

ruleA ruleB 2
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