Beyond Filters: Compact Feature Map for Portable Deep Model
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Feature Map Y

Dimensionality
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New Feature Map 7 (M) Input X

CNN Layer Reconstruction ‘ Save memory/computation resource
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Feature Map Dimensionality Reduction

The most compact representation of a CNN should have no correlation between
feature maps derived from different convolution filters.

OY)=|Y'Yo(1-1)% min |IPYTY P! — C||7,st. O = diag(c)

Y

Preserve the distances between feature maps

~< |
iﬂ

min |IPYTYPT — C||% + \|D(Y) — D(Y)|

st. Y=YP! C =diagc).

D;; is the Euclidean distance between the i column and the j column of Y



<r>

W,
ﬁsg\i\\‘\“ Uir

Feature Map Dimensionality Reduction

win |[[PYTYPT — C|[F + A|D(Y) = D(Y)] ' ' min PYTYPT — (|,
st. Y=YPT, C=diag(c). s.t. C =diag(c), PPT =1.
N1 P12 = [lyal]2 |y PT — 42 P15 = lyr — u2l[3

‘ Dimensionality has not been reduced since P is a square matrix

1 o i fginHPYTYPT—C%JrﬁHcHl
min J[[Y — Y P |7 4 A[[Y ]2, me——
Y s.it. C =diag(c), PP!' =1,



min ||[PYTY P — O[5 + Bllells

s.t. C =diag(c),

min|[|[PY'Y P! — O[3 + af|[PPT =T|[7 + Blle|l;
p.c

S.1.

P = circ(p),

C' = diag(c),

PPT =1.

circ(p) :
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Early Active Learning via Robust Representation and Structured Sparsity

IJCAI 2013
n
min > (b - Ball3 +vllald) st A=[ay,..a,] €R™" B C X, Bl =m
’ i=1
n
min Y (b~ Xaill +vllald) st A=lay,..,a] RV [Allpe =m
i=1

n
mAin E (lx; = Xa;ll5) + vIlAll2 1 sensitive to data outliers
=1

i
J= mAin (X = XA) 1 +vIAll2 1
Sort the rows of A by the row-sum values of the absolute A in the decreasing order.

Therefore, the active learning task can be performed by selecting the m samples
corresponding to the top m rows of A.
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(b) Learned matrix A (c) The top 20 rows of A
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(b) Learned matrix A (¢) The top 20 rows of A
] = mjn (X = XA 51 +vIAll21
d] T T : T T 2
~7 = XTXAU = XTXU +yVA = 0 J=min [[(X = XA)"ll21 +y[lAA" = CllF + Allclly
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J =min IIX = XA I, +¥ 44T = CII3 + Allcl],

Tr(ATA) = ||A||3

|AAT — C||Z = Tr((AAT — CO)T(AAT — C)) = Tr((AAT — C)(AAT - C))

= Tr(AATAAT — AATC — CAAT — C?) = Tr(AATAAT) — Tr(AATC + CAAT)

Tr(ABC) = Tr(BCA) = Tr(CAB) = Tr(4AATAAT) — 2Tr(CAAT)
J Tr(BXXT) = BX + BTX 0 T
% r( ) = BX + aTr(CAA ) = 2CA



FEITHEMEM Y 1. $BMEEREU = F(X),V = G(X),W = HX)FTFRBH O 5EMER:
(3K UKD

d(UVW) = (dU)VW + U(dV) + UV (dW)

2. }ERER BN EESF T RERENMIERNEE  dX) =dX)"

3. FERERNIE R RERE T 70 T RE R o0 B3 d(Tr(X)) = Tr(dX)
d(Tr(AATAAT)) = Tr(d(AATAAT)) Tr(ABC) = Tr(BCA) = Tr(CAB)

= Tr(d(A)ATAAT) + Tr(A(dA)T AAT) + Tr(AAT (dA)AT) + Tr(AATA(dA)T)

= 2Tr(ATAATd(A)) + 2Tr(AATA(dA)T)
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Tr(ATB) = Tr(BTA)
Tr(AATA(dA)T) = Tr((dA)(AATA)T) = Tr((dA)(ATAAT)) = Tr((ATAAT)(dA))

2Tr(ATAATA(A)) + 2Tr(AATA(dA)T) = ATr(ATAATd(A))
dTr(XTX) = Tr(2XTdX) AHE3.2.15EESTr(XTX) X T Xt E A

aTr(XTX) oTr(ATAATd(A))

= TNT = — AATA
X (2X") 2X 52




J =min ||(X — XA) 21 +7 11424 X € R

] 1 1

Y _ xTyay — xT _ Uy = Vi =
9A X XAU X' XU +)/VA 0 i lexl _Xaillz i 2||Cli||2

Input: The data matrix X € R4*<",
Initialize A € R™*"™ ;

while not converge do

u X" Xa; —uy XTx; + yVa; =0 1. Calculate the diagonal matrix U, where the i-th

diagonal element of U is u;; = 2I|x'—1Xa'|| .
7 illo

Calculate the diagonal matrix V, where the i-th

diagonal element of V is v;; = m :
a; = u(u X' X +yV) 7 X" x 2. For each i(1 < i < n), update a; by

a; = u‘ii(uiiXTX + A,r"V)_lXTXi X
end
Output: The matrix A € R"*™,



dJ

dA

J =min ||(X — XA) 21 +7 11424

= XTXAU — XTXU +yVA =0

U:uii

X € Rdxn

1

 2lx; — Xagll,

NIPS 2010
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J =min |I(X = XA)" |l +yIlAAT — ClI + Allelly

3] 1
— = XTXAU — XTXU + 4(AATA —yCA) =0 Uiuji =
2 a4 rCA) = 20l — Xagll,
o
4 u X ' Xa; —u XTx; + 4y(M — C)a; =0
For each i compute: . Lo T l
Uji M = AAT
| a; = u[ug XX + 4y(M — O] X" x;

For each i compute: \_ -

a; = A[ ) l]

(update M) e N\
update M M = AATA u;X"Xa; —u;XTx; + 4ym; — 4yCa; = 0
compute : : a; = [uXTX — 4yC1 Yuy XTx; — 4ymy]
minyl|AAT = CII% + Allclly AN

,C

(& y




rginVIIAAT — Cll + Allelly
,C

o F(11.12), ATEHH 2 = o) - —\"f(:r;\ R J K

Tj41 = arg min —)I,IL —z|5+ All|); - (11.13)
7 ) —-
St Rnx AR, B(11.13)#% s BEFTE N, KPAHFE ot

(i # ) X, B 2 & EEAEW, T&5K(11.13)F AR #
= AL, ML<2;
e ) 2| <ML (11.14)
P LMD A<=ML,

Kol 52 AR o 5 2 5 i M. Bl @d PGD fEfE LASSO
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1. Fix the others and update .J by setting .J

argming - ||J][« + 5[ — (Z + Y2 /p)[| -

2. Fix the others and update S by setting S

argming [[S||« + 3[|5 — (L + Y3/u)| |3

3. Fix the others and update Z by setting Z = (I +
)-
1

XTX)" Y XT(X-LX —E)+J+(XTY, -Y3)/u
4. Fix the others and update L by setting L = ((X
XZ-E)XT+S4+WMXT —Yy)/u)(T+XXT)~

5. Fix the others and update E' by setting £ =

argming A/p||El|1 + 05||E — (X — XZ — LX +
Y)/ull%-

6. Update the multipliers by Y1 = Y; + pu(X — X2 —
LX —FE),Ys=Yo+u(Z—-1J), Y3 =Y3+pu(L—-25).
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(b) Learned matrix A
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(¢) The top 20 rows of A
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