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Proof of Lemma 1

If the function g, ¢(s, a; w) defined in Eq. (10) satisfies the three conditions of Egs. (6), (7), and (8)
for estimating function and its solution is equal to the gNG(¢), then Lemma 1 is proven. It is clear
that it satisfies the conditions of Eqs. (7) and (8) (under Assumption 1). Thereby, if the following
equation holds,

Eg [g.6(5, a;w™)] = Eq [g, o5, a;w™) — Veln{de(s)7(a|s;0) }p(s, 5+1)]
= —Eg [Voln{de(s)m(als;60)}p(s, 541)]
=0, (s-1)

where w* is the gNG(1), g, 6(s, a; w) satisfies the the condition of Eq. (8) and its unique solution is
gNG(:) and then Lemma 1 is proven. Thus, we prove Eq. (s-1) in the following.

Because of Eq. (13) and
> acaT(als;:0)Velnn(a|s;0) c= Vgc = 0,
> ses do(s)Velnde(s) = Vgc =0,
we know that
Eo [Voln{de(s)m(als:0)}p(s, s41)] = Ee [{Velnm(als;0) + Velnde(s)} {b(s) — b(s+1)}]-
Since a time average is equivalent to a state-action space average with the ergodicity of M(0) in
Assumption 2, the above equation is transformed to
=
lim — Z {Velnm(at|s:;0) + Velnde(s:)} {b(s:) — b(st41)}
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t=0
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= Tlgnoo T [b(so) {Velnm(ao|s0;0) + Velnde(so)} — b(st) {Velnrn(ar|sr;0) + Velnde(sr)}
T-1

+ Z b(st+1){ — Velnrm(at|st;0) — Velndg(s:) + Velum(ay1]s:+1;0) + Veln dg(sHl)}}

t=0
=353 ST dels)nlalsiO)p(sals, a)m(as|sir:6)
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b(s41){ — Velnr(als;0) — Velnde(s) + Velnm(at1|s41;0) + Velnde(s41) }

= Z Z Z do(s)m(als;0)p(st1ls,a)b(s+1) {—Velnm(a|s;0) — Velndg(s) + Velnde(s+1)}
s€SacAsi €S

= Z de(s4+1)b(541) [Vgln de(s+1) — Ee{Velur(a|s;0) + Velnde(s) | s+1}}

s41€S
=0.



For the final transformations, we use the result
Eo{Velnm(a|s;0) + Velndg(s) | s41} = Velndeg(s+1)
in [1]. Therefore, Eq. (s-1) holds. O
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