/VWU’L&;&ZZM Modhirex Fecdo "2’ oo
CNNME )

* Whet o NNMFZ

- Q@ type cro/’ Lows - mMéAgfgmx:}mm‘:‘aw
e kh?‘
74

d; O ?‘m matw'x
where QijZ0 Y4, bp

- Facfors muwef be nonnegative

- Cerfaun applbicotiong (e.3., Hoxt
an , cthemoneliceq , efe.)
regune monnegalin’ te oll The
focdors e J , f;7

- SVD, PCA Canndl be wied becoumse
they devrlve negilive coeffivienta,
negalive eatived v the factors
(c-e., enlrmiesaf U,V efe.)

* NNMF OloJeoCJwQ

Giren a nmmia.‘tiu-e mdivwx AER
ok R < man (m, n) | 'Fiho( nmm.jaii'u
’MMM Wé[Rmxk, Helkkxnh
Mmg,e. the d‘Gjedt‘w& 6umd}'m

Juwmp (W, H) 2= (1 A= wH I

The prootucX WH o collle ok
on (approximale ) NNMFE of A.

The chovea of ko witical un pracker
bud rPlare | << mun (m, n)
= & Conprosied agprox. of A

mxnt




¥ Nuwmericol Approadhes for NNMF
* Mirimigation of Juwmp co oLifffiedX :
- Mamg Locel minema exist v
JNNMF l;M- bOﬂ\o W‘(H
- Lack O W,.,.,;g&& polution
Coneider D e R®**, momnegitive
omd mms:’h?vfa/l—, omd puppoie
D-'(:o olao nmmgai'iu% (&,g,)
D could be ding (o, di)
whh di>0 Isjsk )
Thew i WH o anm NVMF 5 A,
nro & WDD'H.,

* Mony alssrithume ave beav proposed..
wo.'jraobhm only one of Mt
bonedk o the po- colle A
(feanoling Leasl Spuores (ALS).
hsonthu C:ﬁ&Lﬁ-NA/MF)

h) . Inibiolze W by W= ramd (m, k).

» For j=1: Magr:f‘e.r. , -

[+ Solve for H v WWH=WA,
* Set ol negalive enluzo f H 4o 0.
. Solvefor W in HH W= HAT.
| - Se,faumsaﬁvea«ﬁ\'wc’fk/*oo.




Nofes: () (Comvergenw i mo{'Weed

yet theo a.l?’aw'fglm wwmﬁey Wrkd v
I‘A(‘/tt'cz .

2> WTWH= WA, HHTwWT= HAT
one a‘uwt o bundh of mnoymol egm's
.., WWh;=WTa; <=i:n
HH W = HAT counes o The
followrng = 1l A- wH Il > .

& Il AT= HTWT [|g > mwn
= ((HT)TH) W™ = H)'AT
@ HHTWT-’HAT‘

(3) Romdom nmiti oﬂéo.t.fm Like the
ovigunal a.ﬂ(&o-n'l‘hm moy not” be
eﬁu’demf. We con use the
follown rithw 1o ihiale
et o A
- CO'w\-puxa. the first kR singulon vodles

omd the Correspondung veedars loa
[Uu,S,vI=5vds(A,%);
« Them. oo the :f‘ouwl:‘gﬂ:
we,ND=UC(C:,1D;
for j=2:4
C=U(:,3)% V(i) s
c=cC.x(Cc>=0);
Lw,s,v]=svds(C,1);
We, )= U,



The ‘M.a/umwg belind thio \./wi:h'&tlju}‘im
o the ﬁl\oun'w; :

Gook  If A Lo monnecotivl, thew Ko fint

eren

se! _Sn'nti«lov\- weetors WU, 3 U, se olso
ne Vi 3 So) ;/t'S ano(-l'o

UAL WC:,I)=U;) oundk

Het,2) = KT
M{wl‘w\ateia , WU, U, Centoans
nagalive etaies dune to the orthogemldy
WLt U, , &L,
So, Coustimed C= U, by, owd
set all the negalive enides of C 10 0.
Then thic C Lo momnegative, so
com e the Rivet singuloa
ued'o(::‘:% Thio C?Wok ﬁ
nmnﬂ.ﬁ.ﬂz we. amd good appreximations
to WMa, U2 . Them sel the first
left singulea vector ao the Znol column
of W, We com repeal thio prowedure
wlid we 1l W,




Exowple : Problem 2 of HW #1

Consider the following set of terms (words) and documents (or rather book titles):

TI:
T2:
T3
T4:
T5:
Té:
T7:
T&:

Terms Documents

Book (Handbook, BOOK) D1:  The Princeton Companion to Mathematics

Equation (Equations) D2:  NIST Handbook of Mathematical Functions

Function (Functions) D3: Table of Integrals, Series, and Products

Integral (Integrals) D4:  Linear Integral Equations

Lincar D5: Proofs from THE BOOK

Mathematics (Mathematical) | Dé: The Book of Numbers

Number (Numbers) D7: Number Theory in Science and Communication

Series D8:  Green's Functions and Boundary Value Problems
D9: Discourse on Fourier Series

D10:  Basic Linear Partial Differential Equations
D11:  Mathematical Physics, An Advanced Course

Term-Document Matrix

Dy D Dy Dy Dy Dg Dy Ds Da Iho Dn

Iy | O 1 0 0 1 1 0 0 0 0 0

Lel’s
k=3, wmg MATLAB :

> [(wW, H] =nnmf(A,3);

mpuxc the NNMF 0‘5 A with



H

[1.4366 0.0016 ] T
0 1.4181 T2
00536 0 3

0 06530 08984| TH

=1 0 145 s
1.2031 0 6
0.4820 0.007¢ T7
0 0 T&
Ws
Dy D2 D3 Dy D D¢ D, Dg Df D Dy
0.2681 0.7569 0 0 02022 0.3875 00054 0.1967 0 0 02681

0 0.0370 07573 0.0001 0.0042 0.0041 0 0 06520 0
0

= 0
0.0014 0.0004C0OSD 01669 0 0 0 0 0 00014

LeT’s wilerpret the resulls |

W3 hos lowse eulieo corresponoling to
T4-( Integrol /Integralo) omd

T8 (Senus ).

The responses of the doumenta to wy

w the 3rd ow of H.

You com see thak Dy amd Dq Powre
Pigh responaes, wlidh ore ressonalidy
Ds = Table of Litegrols, Senieo, amat Produds

Dq = Discourse on Fouwren Seried

Exedvse . Do wlerpret W) omd w/,
gwe@f .l.!



