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X _Whaot o NMNMF ?ﬁ

- QA type o Lowr - ronm proxdmaft'dw
g o 3«';':'.. m ot x Aafe em"
where Q5j 20 Vi, B

- Factors muwst be nonncgative

- Cerfarn afp&'cat'av-d (e.g., AenctT
’rw;ma:ng , chemomelices , efe.)
NW‘ nennegaliin'ty w. odl the
focdors wwbl‘?eo( /:7

- SVD, PCA cannol be ue A becoumse
they devrlve negilive. coeffivenda,
negalive ealtices vu the factors
(i-e., enlmaof U,V efe.)

« NNMF Ojjeﬁ%
Giren a nmmia.‘&'u-e mavx AER
ok R < min (m,m) , find nonregalig
'maT/qu Wé[Rmxh, Helkkxnﬁ)
mma,o. the objedine ﬁumotsa'n
Juwmp (W, H) := L1 A= wH I

The product WH a colle
On (a,opmxc'matz) NNMF af A.

mxn

The choica of ® o titical v practee
bud vflow & < mua (. n)
= & Comprosazd approx. o A .



¥ Numervical Approaddes for NNMF
* McMMJﬂ.fI‘M 0‘ JNNMF o &fﬁﬁ&u«@t.
- Mamg Loceld minima exist v
JTnwME wn boith W & H
- Lack of o yuiges polution
Co-m:flu D e R*%, non negal ve
amd monsingulan , amd pvppore
D' bo allao nemnegative (e.9.,
D cnld be deag (di,, di)
wHh dj>0 Isjsk )
Thew i) WH o an NVMF o§ A,
sro 8 WDD'H.

e M aﬂ?cm'ﬂw.o tave bes propoted.
we";ﬁobhom au/; one of y s NI

bosek o the po- colle A
@feinaling leasl Spuones (ALS).

Ohsovithw ( ALS - NNMF)
roedb) o Toibiolize W by W= romd (m k),
rdans . Eop 2= | 2 maxcter

g=1: maycte .
vidom [ Solve for H iw WWH=WTA
modasy 1’ Set ol negalive enluio € H+ 0.
% .+ Solwvefor W ww HH wT=HAT.

mmfnxog | - Se/f'aumsa'h’ve ewlines of W +o O.

wierval (o,1).

Compate L withh “vandn " the sfmdw.o&l hovmal

distrebotion !




Notes: ) Comvergence is mol guaromteed

roctice .

(> WWH= WA, HHTWT=HA"
ome jud o bumch of novmaol egn ‘s
e-3-, WWih;=WTa;  <=1in,
HHTWT= HAT comes from the followning

Il A= WH Iz = misn.
E Nl AT- HTWT g > miw .
& ((H)TH ) W™ = H)'AT
& HH W' =HAT

() Romdow Mtfaﬁaaf;fm Like The
ovigenal aJlﬁ,cn'Thm. moy not be
eﬁ'{dwf. We coeun M-Q.:rl'\ﬂ.
follown rithu 1o unitiale
the fmay;}&—u% : aﬂ-g&

. Cﬂapute. the first R singulon vl
omd the (orrespondune veetors b
[u,s,v]= mgCA:\ﬁfc); J
« Thew oo the Followire :
w,D=UC(C,N;
for 5=2:'ﬁ

c=U(:,3)* V(:,J‘)’;

c=Cc.x(c>»=0);

Lw,s,v]=38vds(C,1);
We:, )=,



The M.ww'w/g belund tWo i/mi{'iaﬂijaﬁm
L the following :
Gooh  If A e momnegativl, thew Lo Fint
servises  singulon veetors W 3 ¥ one olso
umm_}qﬁ& So) A's 3a-ool+o
wwe We,1D)=u, ocd
H(l,!) = Q}T
Umfwh/w\oxela , WU, U, CanmTadns
nagaliue eifies due to the ovthogenality
U;J-L\Az ’ U‘..LU‘:_.
So, Coustimct C= U, by |, owd
set all the negalive eitmes of € 1o 0.
Then thie C Lo mom nesative, so
comm wle the fovet singulon
wofoc:;w;% Thio C,?mwﬁiok ﬁ
y\mv&?aﬂu& amd good cpproximations
40 WUa, U2 . Theu sel the forst
left singullea vector ad the 2nol column
W, We com e thio procedumre
:\E\tl we ¥ W.Pewt
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Problem. 2 of HW

GCE dind L Ginimunicaiion
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| ) I IVIALNCINAalCal Fiysics, All AAVAnced Lourse

Term-Document Matrix
Dy Dy Dy Dy D Dg D- Dg Dg Dig Dy

n|lo 1 o o 1 1 0 0 0 0 0
o o o 1 o0 0 0 0 0 1 0
Ty 0 1 ] 0 1] ] 0 | (1] 0 0
A = nlo o 1 1 o o o0 0o 0 0 0
=0 o o 1 o0 0 0 0 0 1 0
|1 1 o o o 0 0 0 0 0 l
0o o o 0 o 1 1 0 0 0 0

|0 o 1 o o 0 0 0 1 0 0

Lel’s Compule the NNMF 03 A with
R=3, W"ﬁ MATLAB :

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



D, D2 D3 Dy Dsc D¢ D, Ds D? Do Du
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Ir : n mn M Onorn N rereen i NNt N MAMNia N nnit n 3 N oran n :
mn=1]1 U u UUMU Udoid UUUUEL uUudZ U.uuU4] U U U.boZu u |

P T4 i A T NN ii i i il i fininidi
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keT’s wdenpret the results !

W3 hos  (ouge i coyresponding 1o
T4 ( Integral /Integrals ) o

T8 (Sevus ).

The reaponses of the dbamends to w3

o the 3rd 1w o H.

You coam see thaX D3 amd Dgq Doure
Pugh responaea, wliech ore ressonaldy
D3 = Talke of Litegrols, Seniea, amd Products
Dq = Discourse on TFowumen Seried

Exeruse : Do MMP/‘P;(: W, omd W,



