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Claim 2. There is an algorithm that always makes at most log N mistakes.

Algorithm 1: An algorithm with a perfect expert

Set S1 = [N]
fort=1toT do
Let S}, = {z p! = U} be the set of experts who picked U, and similarly

St ={i:p} =D}

If |S}| > | S| then predict U, otherwise predict D
Set St+1 - Sit
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Claim 3. There is an algorithm that makes at most 2.4(OPT + log N) mistakes

Algorithm 2: Weighted Majority Algorithm

Set w} =1 for all i € [N]
fort=1toT do
> iU w! be the weight of experts who picked U, and similarly

Let W[t] =
WtD == Z"pt—D ’LUt

If W, > W}, then predlct U, otherwise predict D
For all i such that p! # s', set wt“ é t

end
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Algorithm 3: Polynomial Weights Algorithm
Set w} =1 for all i € [N]
fort=1to T do
Let Wt =N !
Select expert i w1th probability w!/W?
Update w;H = wi(1 — %), where +y is some parameter to be set.
end

Theorem 4. For an arbitrary sequence of losses, and any expert i,

E[LY] < LT +2VTIn N

In particular, this holds for the best expert.
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Algorithm 4: Polynomial Weights Algorithm - Distributional Phrasing

Set w} =1 for all i € [N]
fort=1toT do

N
Let Wt =30 lwf

Select p' to have pt = w!/W*

end

Update wf“ = w!(1 — %), where v is some parameter to be set

Theorem 5. For an arbitrary sequence of loss functions

T
Srtpt <> p+2VTInN,
t=1 =

where p is any fized distribution over [N].
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Theorem 6. Given an arbitrary sequence of T' queries, we have the following regret bound:

T
> ld'p") = (d'p)| < 2¢/TnX].

t=1
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Algorithm 5: A non-private multiplicative weights algorithm for answering linear queries
Set pi = 1/|X| for alli € X

fort=11t0oT do
Choose a query ¢' € Q such that |{¢’,p') — (¢', p)| > «

Compute s = sign((¢*,p") — (¢". p))

Update pit o pt (1 —s ( M q

end

Corollary 7. Algorithm 5 can only run for at most 41n |X|/a? timesteps, until it is no longer able
to select a ¢ € Q which causes a mistake. Consequently, we have that pT+1

correctly answers all
queries q € Q to accuracy < a.




i vite Mu(%;lp‘l‘ca{fva weg%

n,‘C«Cr: T A A \
iV S txp YV’ﬁCV)

Lap mech

Algorithm 6: Private multiplicative weights

Set p} =1/|X| foralli € X
for t =1 toT do

Use the exponential mechanism to choose a query ¢' € Q with £o-DP, using score
function |(¢*,p’) — (4", p)|

Compute y* = (¢t, p') — (¢*, p) + Laplace(1/eon)
If |y!| < 2a, return p

Otherwise, compute s = sign(y")

Update pi™ oc p! (1 -5 —ln‘TXqu>

end
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