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Main contribution

Use hashing so that required memory 1s
independent of number of users and number
of user/item features.




Notation

e [ctY be the rating matrix.Y;; 1s the rating of
the it* user for thes*" item.

e [etF be the matrix of the predicted ratings.
® Then- Fz'j — <Ui,Mj> and Ui,MjERd




Regularization

o Standard: QU, M] = 5 [[|Ul|%0 + [IM||%,03)]
® Proposed: QU M| = 3 |2 nil|Ul[2 + X m;.||M;|[?
i j

® Minimize: RIU, M| = LUMT,Y] + AQ[U, M]

n; and m; are scaling factors that depend on the number of ratings




The algorithm

Algorithm 1 Matrix Factorization

Input Y, d
Initialize U € R™*4 and M € R™*? with small ran-
dom values.
Set t = to
while (7, j) in observations Y do
% and t — t+1
Ej = <(/Ti,.v"\[j>
(./T.i — (l — 7]/\)(./'71' — 77“[]0F131(Fz] };J)
.‘[J — (1 — 7}/\)3[]' — ‘I](./Tf,:(‘;)Fijl(Fij. };])
end while
Output U, M

n —




H;clshing- The 1dea

3(4(5|16|7|8]9

A hash function h, mapsh (1 toe, 1 tod)to 1 ton

Say h(3,8) = h (4,3) = h (5,6) =2
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Hashing- The 1dea

ups =Y (A-0(3,8)+B-0(4,3)+C-0(5,6))

o is the Rademacher function

O |0 |J|DN|DN | |W | |—

Reconstructing: A = usy - 0(3, 8)

Works only when a small number of matrix values are significant




Rademacher function

® Also known as the square wave function!
Looks like:

SQUARE WAVE

=




Mathematically...

Hashing:
Ui 1= Z Ujro(j, k) and
(j.k):h(j.k)=i

m; 1= Z Mo’ (3, k)

(j.k):h!(j.k)=i
Reconstruction:

Uij :== up(i jo(i,j) and ;\Yij = mh/(i_j)o'(-i,j).

This allows us to reconstruct Fj; via

Fi = Z Up (i, )M (k.5)0 (1, 7)o (K, 7).
J




Modified algorithm
with hashing

Algorithm 2 Compressed Matrix Factorization

Input Y,
Initialize w € RY with small random values.
Set t =t
while (z, k) in observations Y do
77«'—\% and t «—t+1
Fip = Zj U('iej)al(’\”J')u-‘h(z'.j)'wh’(k.j)
v = 'I]apikl(Fik,)’fik)
= (1—nA)
for j=1to ddo
Wh(i,j) < MWh(ij) — YO (1, 7)o" (K, j)wh (k. 5)
Wh(k.5) < MWh(k.5) — YO (K, ) 0 (2, J)wh )
end for
end while
Output w




Results

Squared e-Insensitive Huber

Moviel.ens

0.857 £0.006 0.859+0.004 0.857 £ 0.004

EachMovie

1.177 £ 0.003  1.161 = 0.007  1.180 = 0.005
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Better to feduce cﬁmensionality a bit than to hash.
Use Hashing only when dimensionality needs to be

reduced substantially.




Thank You!




