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Proof. As in the proof of Proposition 3.2, forlany convex fuﬂctién ii
with an L-Lipschitz gradient, for any 6 > 0, we have
(Vh(0),6u) _ h(0+6u) = h(B) _(Vh(0),0u) + (L/2) | 6u|)®
20 - 20 . 20 '
Using similar inequalities for h(f — du), we obtain
L3 ||ul? _ (0 +6u) — h(6 — bu)
2 . 20

1 /h(0+0u) — h(6 — 6
Letting ¢(6, 6, u) :=3(L( +ou) e T — (Th(0), 1)), we e

L6 ||ul?

<(Vh(0),u) + 5

(Vh(0),u)

L
66,8, u)| <5 [|ul® -
Using E [VU T] = I, we obtain

E [V (h(e + oU) 2_5} (0 = oU) )] =E [VUTVh(0) + 5¢(6,5,U)V]




=Vh(6) + 6610,6),

~ ~ L
where (0, §) satisfies “qﬁ(e,(S)H < SENVIHUIZ.
Applying the above expression to F'(-,1) and using (3.23), we have

E |[VF(0)] = VF(0,v)+66(0,0) as.,

~ ~ L
where ¢(0, ) satisfies Hd)(Q,(S)H < §]E[||V|| 1U|1%1.

A3.4 together with dominated convergence theorem leads to
E[VF(0,¢)] =V f(0). Using this fact, we obtain

IE (V)] - V10|
IE[V (f(9+6U)

< S||E[Vo(8,4,U)]|

oL
< < E[IVI] U1,

) VUt

L
and the claim for the bias follows by setting C] = 5E[||V|| 1U1?).
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We now bound E ” Vf(0) H ] as follows:
1

Dy

EHW(@)HQ% ‘v((s(p(a 5,U) +UTVf )H

<E [(nvww I+ 5 Vi) ]

< 2B [[VUvsO)7] + @E NZREGE

and the claim for the variance follows by setting
L? ,
Cy=2B} +  E [||V||2 ||U||4] with By = sup | V£(0)]| O
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52L2 .
< 2K [IIVUTVf(H)II ] +—E ||V||-2 ||U||4] |

E |V£(0)| = VF(0,%) + 66(0,0)
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