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Preliminaries

Question

Can we introduce Physics-informed biases into the value learning
step to improve Value estimation and Value generalization?
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Physics-informed perspective on value learning

Hamilton-Jacobi-Bellman (HJB) Equation

Given s(z) = f(s(2),a(t)), t = 0, the HIB for an undiscounted optimal
control problem becomes

aiggf[c(s,a) +V,V(s,8)f(s,a)] = 0.

Tranditional NN Physics-informed NN
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Eikonal PDE

HJB vs Eikonal

The following inequality holds

inf [c(s,a) + V,V(s,8)f(s,a)] < *(s) + ]IV, V (5, Q) IF*(s), (1)

where $(¢) = f(s(2),a(1)), ¢*(s) = inf,, c(s,a) and F*(s) = sup,__, I[f (s, a)l|.
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Eikonal PDE

HJB vs Eikonal

The following inequality holds
aiél;[C(s, a)+ V,V(s,8) ' f(s,a)] < c*(s) + IV V (s, @)IIF*(s), 1)

where $(2) = f(s(2),a(t)), ¢*(s) = inf,c ., c(s,a) and F*(s) = sup,__, [If (s, a)ll.

Eik-HIQL

L(0y) =B,y -0.6-2,[L5(R(s5,8) + ¥ V5, (s',8) = Vo, (5, 2))
+ (IVsVa, (s, @)l - S(s) = 1)?]
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Goal-conditioned RL: Results

Eik HIQL vs HIQL
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Goal-conditioned RL: Results
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Environment  Dataset  Dim Eik-HIQL  HIQL QRL CRL
medium 93+ 5 92+ 2 83+ 3 54419
navigate 13TE 83+ 9 49+13  90+5  56+9
8 giant 794138 7+8 247 37+17
: teleport 47 £ 10 29+ 7 34£7 50+ 5
pointmaze
medium 96 + 3 76+ 8 80 + 10 3+5
titch large 736 19+7 85+ 11 46
stite giant 22 + 10 1+4 56+ 9 0+0
teleport 43 + 9 38%5 42+ 6 12+6
medium 95+ 1 96+ 1 7+5 9442
te laree 86+ 2 90+ 6 80+ 5 86+ 3
RAVIEATE  giant 67+5 69+ 3 14+6 18+4
teleport 52+ 4 43 + 3 39 +£4 55+ 4
antmaze medium 94+ 2 95+14 68+6 54+8
titeh large 84+ 3 74+ 6 2445 13+4
statel giant 48+ 11 2+2 0+0
teleport 47 2 29+ 6 34+4
medium 43 4 15 5+£4 4+2
explore large 13+1 0£0 0£0
teleport 15+ 10 2+2 2245
medium 86+ 2 2242 61+4
navigate large 64+ 7 7+3 22+9
giant 68+ 5 1+£1 4+2
medium 79+£2 2244 40£7
stitch large 29+ 7 3+1 4+2
giant 1945 0£0 0£0
ve aTema 19+ 2 10+3 24+2
RaViEATe peqium 342 2+2 4+2
antsoccer
citen | 2Tema 240 2+1 1+1
stite medium  1£0 0£0 0£0
manipulation cube-single-play 25+ 1 11+3 32+2
scene-play 5247 8£2 35+6
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Thank you!
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