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Ridge Regression

Given: A € R™*2 b € R" in rows.

Goal :X, = argmin(||Ax —b||* + y|x||*)
xER4

=|(ATA+yD YATb

Space: 0(d?) 0(d)

Time: 0(d3) 0(nd)
Our approach: Use Frequent Directions (FD) (Liberty, 2013) to
estimate AT A in stream.




Frequent Directions Ridge Regression

Algorithm FDRR (Based on Frequent Directions)

Input:A € R b e R" 4,y

) 0£X€, VT - Ofxd,C — Od
C=3VT " Initialization
for batch A, € A,b, € bdo I size £ batch A, and by
Lz, v < svd([cT;A7]")
DR \/Z}Z —of 1y - Frequent Directions
V<,
cC=3xv' -
c—c+A,b, | Compute ATb on the fly
end for
E’ =V'c _ Return the solution X, = (CTC +yD)"1ATb = (VE?VT +yD~1c
R, «VE*+yD™ " +y H(c—-Vc) R - AT
R Recall the RR solutionx,, = (A'A+yI)""A'b
return € X, |




Frequent Directions Ridge Regression

Running time: 0(nd?), required space: 0(d¥). Note that £ < d.
If

A—A.l%4 A—A.l%4
32” ﬂF+k or I k5

y =
Y €(€—k)
Then

. |)2y — xy|| <¢€ ||xy||, or the coefficient errorw <¢&
14

- |&Ja—x]a| < ¢||x,||llall for any a € R?

+ B(g,) < (1 + i—z ||A||‘2*) B2(x,)
« V(%) < (143 1A13) v(x,)



Experiments

Space vs Coefficient Error
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