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Oblivious Alg A = Adversarially Robust Alg B with Space O (\/ﬁ : Space(c/l))

Algorithm B

Input: Collection of k ~ +/m random strings R = (r'q, ..., 13) € ({0,1})¥
1. |Initiate k independent instances A4, ..., A}, of the oblivious algorithm A with random strings
ry ..., g
2. Fori=1,2,.., m:
a) Receive next update (u;, A;)
b) Insert update (u;, 4;) into each of Ay, ..., A} and obtain answers y; 1, ..., ¥ik
c) Outputz; = DP_Stable_Median(y;1, ..., ¥y ) using stability parameter £y ~ 1/y/m

Analysis idea:

e Bis DP-stable w.r.t. the collection of strings R

Fixi € [m]andletd; = ((ug,Ay), ..., (u;, A;)) denote the first i updates

* Let A(r,u;) denote the output of A after the ith update when it is executed with randomness
T on stream U;

*  Consider the function f3, (1) = 1{A@, U;) € (1 + ) - g(uy)}

*  Observe that u; is the result of a DP-stable computation on R (post-processing B’s answers),
and hence, so is f3,

* By the generalization properties of DP-stability we have
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rh Z ﬂ{yi_j is accurate} =~ rh Zfﬁi(r]-) = Er[fﬁi(r)] ~1
j=1 j=1

* So, most of the yl-,j’s are accurate, and hence, any approximate median is also accurate
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The Misra—Gries Algorithm
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Sketch Switching
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Algorithm Switch

1. |Initiate 4 independent instances of the oblivious algorithm A, denoted as Ay, ..., A,
2. Letr=1andletOUT =0
3. Fori=1,2,..,m:
a) Receive next update (u;, A;) and feed it to all copies of algorithm A
b) Lety; be the answer returned by A,
c) IfOUT ¢ (1t a)-y;thenset OUT « y; and setr « r + 1 (if r > A then fail)
d) Output OUT
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Algorithm Switch-#

1. |Initiate 4 independent instances of the oblivious algorithm A, denoted as A, ..., A,
Letr =1andletOUT =0
3. Fori=1,2,..,m:

a) Receive next update (u;, A;) and feed it to all copies of algorithm A

b) Lety; be the answer returned by A,

c) f(r<#£)andOUT ¢ (1+ a)-y;thensetOUT « y;andsetr «r+1

d) Output OUT
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