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Lemma 1 (Corollary 8 in [CMS11]). If N is differentiable and 1-strongly convez, and { is convex

and 1-Lipschitz, then—fe-ﬁ gl‘f;’\fﬁ—sensz’tivity of[arggzn E(G,D))is at most 27”
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Algorithm 1: Projected Gradient Descent

Set 0y € C arbitrarily
fort =1 toT do [‘e"”'vﬂ hale

te ; = o (01 — n(t 0;—1,D
| Compute 6; ¢ (Or—1 —n(t)VL(Or-1, D))

d Ner,
::turn 6 =6p Proje é\’io 4 Ol/l-\'o C

Theorem 2 (Theorem 2 from [SZ13]). Let F be a convez function and let §* = arg mingec F'(0).

Let 0y be an arbitrary point in C, and 0;41 = e (6 — n(t)G¢(0:)), where E[G(0;)] = VF(0;) and
E[||G:(6:)]]3] < G2, and the learning rate function n(t) = [z Then for any T > 0, we have the

GVt
following:
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Algorithm 2: Stochastic Projected Gradient Descent

Set 0y € C arbitrarily

for t =1 to T do O)
(Select i € [n] uniformly at random Vj- (GH

Compute 6; = Tl¢ (01 — n(t) (n - VE(0;_ 111'1,3!:)))

end
return 6§ = Or

(6087 =
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Algorithm 3: Private Stochastic Projected Gradient Descent

Deﬁne O' — 32L 1 g( /(5 1 g(1/5

Set 6y € C arbltrarlly

for t =1 to n? do

Select ¢ € [n] uniformly at random

Compute 0; = Il¢ (Ot 1 — 77( ) (7’L . V€(9t_1, Ti, yi) + bt—l)), where by_1 ~ N(O, o2 'Idxd)
end

return = Or
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