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data = (data - repmat (sampleMean,nSmp,1));

[eigvector, eigvalue] = mySVD(data',ReducedDim) ;

% [U,S, V] = mySVD (X, ReducedDim)

% X = UxS*V'. Uy Uz, e 1hy) T
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% data’ datakeigvector=eigvalue*eigvector o
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Ktest = constructKernel (feaTest, fea,options) %Kij

Y = Ktest*eigvector;



LE:

WIERBATA B BHs B BARREGE,  RUnTEHE 2 R ARRE RS, FI0 4 B 4 R0 ph 75 B AR IR AE SR AR 2% (1)
B ARACL R B 71 B 5 S T R AT AR AR AL . LE MBI AR B s s 5 2 TR R AR AR, AN B AR SR i
— AN, BRI AR BAE AR B — AN E .

Stepl: 1T 5Hf & BEA s HIAIER (FR4E Knn 55 e -neighbors 51D, Dii
, sl X XX, -
Step2:i% FEAUE RTINS S FRCE: 17, = e
Step3:iHH AR A [AIHIFLE: argmin 3 (s — )W
i
Do =) Wiy = 30007 +y) — 2g00) Wi =

STuIDG A Y iD= 2>y, W, =2y Ly
i [

%

. T
argminy’ Ly
¥
v Dy=1

T L=D-W LM T argmax y"Wywith yTy=1, Bl Wy=21y

Z%4}/€ﬁg:
#constructw
dist = EuDist2 (fea (smpldx, :),fea,0);
nSmpNow = length (smpldx) ;
dump = zeros (nSmpNow,options.k+1);
idx = dump;
for j = l:options.k+l
[dump(:,3),1idx(:,J)] = min(dist, [],2);
temp = (idx(:,]J)-1) *nSmpNow+[1l:nSmpNow]"';
dist (temp) = 1e100;
end
G((i-1)*BlockSize* (options.k+1l)+1:nSmp* (options.k+1l),1)=
repmat (smpIdx', [options.k+1,1]);
G((i-1)*BlockSize* (options.k+1)+1:nSmp* (options.k+1),2)=idx(:);
G((i-1)*BlockSize* (options.k+1l)+1:1i*BlockSize* (options.k+1),3) =
dump (:) ;
W = sparse(G(:,1),G(:,2),G(:,3),nSmp, nSmp) ;
W =W - diag(diag(W));sEfH SN, Bw (i,1) =0,w (i, 1) HKlEsparsef#cu
data = (data - repmat (sampleMean,nSmp,1));
[eigvector, eigvalue] = eig (W) ;%Y= eigvector (top d)
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Z%4}/€ﬁg:
X2 = sum(X."2,1);
distance = repmat (X2,N,1)+repmat (X2',1,N)-2*X"'*X;
[sorted, index] = sort(distance);
neighborhood = index(2: (1+K), :);
W = zeros(K,N);
for ii=1:N
z = X (:,neighborhood(:,1ii))-repmat (X (:,1ii),1,K);

C = 2z"*z; % local covariance

C =C + eye(K,K)*tol*trace(C); % regularlization (K>D)

W(:,1ii) = C\ones(K,1l); % ====solve Cw=1

W(:,1ii) = W(:,1ii)/sum(W(:,11)); % enforce sum(w)=1
end;

for 1i=1:N w = W(:,1ii);
33 = neighborhood(:,ii);
M(ii,33) = M(ii,33) - w';
M(jj,ii) = M(33,1ii) - w;
M(33,33) = M(33,33) + wrw';
end;
[Y,eigenvals] = eigs(M,d+1,0,o0options) ;%2000*2000
Y = Y(:,2:d+1) "*sgrt (N) ;
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Stepl:itH i E A SIS S (WRYE Knn T € -neighbors JZ ), 73 neighohoods;
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f/fé /L:‘ﬂfﬁg:

for idx=1l:nLabel
classIdx = find(options.gnd==Label (idx)) ;
Distance = EuDist2(data(classIdx,:),[],0);

[sorted, index] = sort(Distance, 2);
neighborhood(classIdx,:) = classIdx(index(:,2: (l+options.k)));
End
SRw, MAVEFILLE;
LGE: [eigvector, eigvalue] = LGE(M, D, options, data)
MySvD: [U, S, V] = mySVD(data)
ddata = X*X'; [U, eigvalue] = eig(ddata)

eigvalueHalf = eigvalue.”.5;

S=spdiags (eigvalueHalf, 0, length (eigvalueHalf), length (eigvalueHalf))
eigvalue MinusHalf = eigvalue Half.”-1;

V = X'*(U.*repmat (eigvalue MinusHalf',size(U,1),1));%V<-U

END MySVD

data=U; eigvalue PCA=full(diag(s));

eigvector PCA=V*spdiags (eigvalue PCA.”-1,0,length(eigvalue_ PCA),
length (eigvalue PCA));
WPrime = data'*M*data;

[eigvector, eigvalue] = eig(WPrime) ;

eigvector
END LGE

eigvector PCA*eigvector;
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Stepl: 1T 5Hf & B s HIAIER (FR4E Knn 55 e -neighbors 5D, _Dij;
Step2i AL (K AT A HH ALy, — ot
Step3: it H AU A \\ZI‘E_'JEI"JHE- min = N(y —y,)?W,, With ¥ Tpy= l =a' XDXTa=1
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&7 (D_W)y:,(Dy = Zi:a 1.-D,-.-x,- a— !Zj:aTx.-ﬂ-}_]—:}_a = aTX(D - H"].‘(Tﬂ =a'XLXTa
=>Wy=(1-<)Dy
=>WD~1/2Dp2X'q =(1-<)DY/?2DY?X'a
=>D2 WD~Y2p1/2X"a=(1-£)D*?X'a
Argmin a”XLXTa <=>argmax a’D/? WD~1/2D'/2X'a with a"XDXTa=1
= XTDY2 WD Y2Xa =)\X"TXa #H+X =DV2X
Z%Q)ffﬁg:
#constructW (CW)

dist = EuDist2 (fea (smpldx, :),fea,0);

nSmpNow = length (smpldx) ;

dump = zeros (nSmpNow,options.k+1);

idx = dump;

for j = l:options.k+l

[dump (:,3),idx(:,3)] = min(dist,[],2);
temp = (idx(:,]J)-1) *nSmpNow+[1l:nSmpNow]"';
dist (temp) = 1e100;

end
G((i-1)*BlockSize* (options.k+1l)+1:nSmp* (options.k+1l),1)=
repmat (smpIdx', [options.k+1,1]);
G((i-1)*BlockSize* (options.k+1l)+1:nSmp* (options.k+1l),2)=idx(:);
G((i-1)*BlockSize* (options.k+1l)+1:1i*BlockSize* (options.k+1),3) =
dump (:) ;
W = sparse(G(',l),G(:,Z),G( ,3),nSmp, nSmp) ;
W =W - diag(diag (W ;OZTﬁEﬁﬁTﬁﬁﬂ Blw (i,1) =0,W(i,1) K Esparset#cu
data = (data - repmat(sampleMean,nSmp, ));
D = full(sum(W,2));%Dij
DToPowerHalf = D.*.5;
D_mhalf = DToPowerHalf."-1;
tmpD _mhalf = repmat(D_mhalf,1,nSmp) ;
W= (tmpD_mhalf.*W).*tmpD_mhalf';
data = repmat(DToPowerHalf,l,nFea).*data;%f

[eigvector, eigvalue] = LGE (W, [], options, data);
#LGE WbFlargmax aX’WXa=\aX’Xa <= XTDY?2 WD~1/2%a =AX"Xa
[U, S, V] = mySVD(data); X = U*S*V'.

[U, S, V]=CutonRatio(U,S,V,options);

data = U;%PHD PAPER P19

eigvector PCA=V*spdiags (eigvalue PCA.%*-1,0,length(eigvalue_PCA), lengt
h(eigvalue PCA)) ;

WPrime = data'*W*data;sX'*M*X

WPrime = max (WPrime,WPrime')

[eigvector, eigvalue] = eig(WPrime) ;

eigvector = eigvector(:, l:ReducedDim)

eigvalue = eigvalue (1:ReducedDim) ;

eigvector = eigvector PCA*eigvector;#END LGE
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WiRYE Lep, AA[O(X ) Lo (X)lv = A[6(X)Do" (X)]v

Argmin @(X)LO(X)'v=xO(X)DO(X)'v

i, — ¢ _ 1

Argmax O(X)W®(X)'v=xD(X)DD(X)'v $ = By), BRE = B3 ), B st 5 BB [ 7 S 2
=>4 Q(X)=USV’ E # U<-O(X)c’D(X)c<->eig(Kc) [{g =< @f@f > => Xc=(X-repmat (Mean,nSmp, 1)) ;

vUSV'WVSUv=xvUSV’'DVSUv; 1 1 ’ =>X’

= (®- N Z 3y (@5 v Z &) OX)" D(X)<=>%" %
b'VWV’b=<b’VDVb; Sk ] Ke<=>Xc’Xc
- 1 1 1
v=US"'b :@3"@"1-?2@3"@1-?2@{@3+FZZ@{@;
T T AT
1 1 1

e an? =Ky Y K- 5 N Kyt = Y ) Ky
W = constructW (fea,options); : ' b
JconstructKernel [K = constructKernel (fea a,fea b,options) ]
D = EuDist2(fea a, [],0);
K = exp(-D/ (2*options.t"2));
FconstructKernel
D = full (sum(W,2))
[eigvector, eigvalue] = KGE (W, D, options, K);
#KGE [eigvector, eigvalue] = KGE (W, D, options, data) ]
K = data;
SRS I 7 ZHERE [Ke]
sumK = sum(K,2);

H = repmat (sumK./nSmp,1,nSmp) ;

K=K - H - H' + sum(sumK) / (nSmp"2) ;

K = max(K,K"');

[eigvector PCA, eigvalue PCA] = eig(K);

eigvalue PCA = diag(eigvalue PCA);

K = eigvector PCA;

DPrime = K*D*K;

DPrime max (DPrime, DPrime"') ;

WPrime = K*W*K;

WPrime = max (WPrime,WPrime') ;

dimMatrix = size (WPrime,2);

[eigvector, eigvalue] = eig(WPrime,DPrime) ;

eigvalue PCA = eigvalue PCA."-1;

eigvector = K* (repmat (eigvalue PCA, 1, length(eigvalue)) .*eigvector);
tmpNorm = sqgrt(sum((eigvector'*K) .*eigvector',2));

eigvector = eigvector./repmat (tmpNorm',size (eigvector,1),1);
#Testing data

feaTest = rand(5,70);%Test

Ktest = constructKernel (feaTest, fea,options)

Y = Ktest*eigvector;
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& Dgli,j) RNy e L A2
Step3 B NARE 7 | arg uuuz (dwt, X;)—d( f(x:), f(x; 1]) = Spemﬁcally, let D be the distance matrix such that D;;

he distance between X; and X ;. Define matrix 5;; = D
i E= Dg)-t(D ; E&===== is t : 1= ij
ST eI QT(thzﬁﬁPr?6TW$j%ﬁ5 de=I—$NTWMMﬁﬂmMmmemxmdﬁnm
|It(Dg)-t(Dy) ||z = [It(Dg)-T(Dy) || vector of all ones. It can be shown that 7 [D) =-HS5H/2is
=tr((t(Dg)-X'aa’X) (t(Dg)-X'aa’X)’) thelinner produet matrix That is, D7, = 7(D):; +7(D);;—

- tr(T(Dg) T(Dg)r)_ Xraa;x*t(Dg)l_T(Dg)Xlaan+ Xlaalx X/aaix QT(D){J', Y T.j ”ﬂdl’dld Kenl & Blbb)' IOSD}

4 a’XX'a=1---->tr(X'aa’X X'aa’X)=tr(a’XX’aa’XX"a)=1,#k_F X @1k H
Argmin : tr(t(Dg) T(Dg)’)-2tr(a’X T(Dg)X'a)+1
Hr tr(t(Dg) UDg)) 5 a ok, Pl EXEENT
Argmax : a’X t(Dg)X’a with a’XX’a=1
TP a’X t(Dg)Xa= < a’XXa
FJER) XXORF LR FE, 4 X=USV’
% V' 1(Dg)Vb=« b;
a=US~1b;
e t(Dg) I I A R U 3 d(d=2)4E P [P 5 206 R B A I
20 = &(x;), BREY = B- 55, By
K =< 3{3¢ >

(‘I’F%Z‘I’k)T(@f%Z@:)
* k * [
= i-?@f—% Z@?@;—% Y @, = ZZ@T@
* ] * k
— I{H—j\i._ Z;:K,;— J\i,zk:h’kj + % ZR:Z K

f%’ﬁ'/fﬁg:
#2 A [A] PR
for i=l:nLabel
classIdx = find(options.gnd==Label (i));
D = EuDist2 (data(classIdx,:), []1,1);
G(classIdx,classIdx) = D;
end
RERAEES Rl
for i=1l:nLabel
classIdx = find(options.gnd==Label (i));
D(classIdx,classIdx) = G(classIdx,classIdx);
end
S = D."2;
sumS = sum(S) ;
H = sumS'*ones (1,nSmp) /nSmp;
TauDg = -.5*(S - H - H' + sum(sumS)/ (nSmp"2)) ;
TauDg = max (TauDg, Taubg') ;
sampleMean = mean (data);
data = (data - repmat (sampleMean,nSmp,1));
#LGE AtFargmax aX’WXa=MAaX’'IXa [top d]}
[eigvector, eigvalue] = LGE (TauDg, [], options, data);



Y = fea*eigvector;
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|sW| |larSwal|
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Il hal
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. Fr— o
= — 28 At Sa A XWipaX'a
EXET%‘@J Ao 4173?““m 'rlliﬂ.;”'d-\ T aTxxTa )R a’ Xx’ a=1,“Eﬂ

Argmax a’ XWXa=XAa’ XX’ a ; &x=Usv’, 1%
aUSV'WVSU’a=xaUSV’VSUa;

X

VWV’b=<b;
a:US_lb /
ﬁ?ﬁﬁfﬁ%

#Sdv->Us~-1
[U, S, V] = mySVD(data)
[U, S, V]=CutonRatio(U,S,V,options);
eigvalue PCA = full(diag(S));
data = U;
eigvector PCA=V*spdiags (eigvalue PCA."-1,0,length(eigvalue PCA), lengt
h(eigvalue PCA));
#V’ WV=Hb' Hb (Suspective) ->b
for i = 1:nClass
index = find(gnd==classLabel (i));
classMean = mean (data(index, :),1);
Hb (i,:) = sqgrt(length(index))*classMean;
End
[dumpVec, eigvalue,eigvector] = svd(Hb, 'econ');
eigvector = eigvector PCA*eigvector;

#EA DRI

if idx < length(eigvalue_ PCA)
U= U(:,1:1idx);
\Y Vi(:,1:1dx);
S S(l:idx,1l:idx);

end





