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X Nuwmericol ﬁ'P_PrDaLM For NNMF
* Mcmm‘}aﬁm 06’ J e o ebﬁ'wu-@t.
- Mamg Locol minema exist w.
JNNHF w both W&H
- Lack o U _'g&g plution
Consider D e [R®*F, non negali ve
amd momsingulan , amd pvppore
D' b alao nonnegakive (e.9.,
D could be deag (di, di)
wHh dj>0 1sjsk )
Thew if WH io anm NVMF g A,
ro . WDD'H .

- m aﬂ?o-riﬂfw.o tave besn propoted.
WQ'WO(A.AM m«./z e of bce

bonedk o the po- colle A
Mfeanaling leasl Spuones (ALS)

ﬂggn‘fhm ( ALS -NNMF)

yrowd(w,b) . Initickise W by W= ramo (m, k).

refwwns
wy R

« For j=1: maxcter
J Py B
(- Solve fr H i WWH=W'A .
* Set ol negalive enlito g H o 0.
Solvefor W HH wT=HAT

M"WM . Set oL Msa‘h'vc ewlueo of W 4o O.

o thewnif Compae v with “randn” : the standsarok novmaf
wlerval (o,1)
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Nofes: (1) (omvergene is mo‘fW@
yet theo aiﬁwa'f"hm- wwm.ﬂj workd wa
roctlice .
2> W WH=WA, HHTWT=HAT
e juot o bumch of novmal egn ‘s
4., WWih;=WTa;  <=i1:n,
HH W= HAT cowes o The —follawz‘ng :
I A= WHIE > i
& Il AT= HTWT l|g > mims
& ((HHT) W™ = (H)'AT
& HHTWT=HAT,
(3) Romdow. tmiti aﬁéaiu’m Lire The
wi?inal a-—Q%cw'Thm moy nol be
eﬁ;’dwf. We con wse the
follown rithuw 1o iitiale
the fm:éo% . aﬂ'g&
* Cowmpul the first k singulon vy
omd the Correspondang vectors by
{ wang Arpack
U,S,V = svds (A, nsv=F)[1];
o Thew do the :f'ouwua'" :
wl:,1]=U[:1];5
for j=2:4
C= U[:)j]* V[:,J‘]/5 Yoncan also wnite
C=cx(c.>=0); ¢ cuu=c >0
w,s,v =8vds(C, nsv=1)[1];
W[:u)]: ®,
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The Mwwm)vg belund tWio i/v\i‘riaﬂ{'}aﬁm
o the -(lol\owéa; :
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erermnbe. _s.'v\?»lmﬁvecj'ws U, 3 U, e olso
nmregaive., So, h's gevd to
wAL W[:, 1] = Uy ownd
H[1,:]= Q}T
Umfwhw\axela , WU, U, Canfains
nagalive eifiuies due to the ovthogenality
Ui LU, , &1L ¥, .
So, Coustmct C= U, 0y , ond
set ol the negalive eitiies of C 100.
Then this C o Mmom nesative, so
com wle the fovet singulon
ue&fm Thio Q?Wok ﬁ
r\o'y\vw.ﬁ.a]:wz. onmd 30-00( epproximations
40 U2, U2 . Theu sek the first
left singudaa vector ao the 2Znol column
W, We com re tHuio procedure
::EJ:,Q we. il W.P@t ’
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Examwple : Problem 2 of HW #1

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

Terms Documents

T1:  Book (Handbook, BOOK) DI:  The Princeton Companion to Mathematics

T2:  Equation (Equations) D2:  NIST Handbook of Mathematical Functions

T3:  Function (Functions) D3:  Table of Integrals, Series, and Products

T4:  Integral (Integrals) D4 Linear Integral Equations

T5: Linear D5:  Proofs from THE BOOK

Tée:  Mathematics (Mathematical) | Dé: The Book of Numbers

T7:  Number (Numbers) D7:  Number Theory in Science and Communication

T8: Series D8:  Green’s Functions and Boundary Value Problems
D9:  Discourse on Fourier Series
D10:  Basic Linear Partial Differential Equations
DI11: Mathematical Physics, An Advanced Course

Term-Document Matrix
L) i L) a L) ] [) 4 [) 5 I) 6 1: ) > L).‘ [) ] E) 10 [.) i1

Ty 0 1 0 0 1 1 0 0 0 0 0
Ts 0 0 0 | 0 0 0 0 0 | 0
Iy 0 1 0 0 0 0 0 I 0 0 0
Ty 0 0 l | 0 0 0 0 0 0 0
T 0 0 0 | 0 0 0 0 0 1 0
Ts 1 1 0 0 0 0 0 0 0 0 1
T5 0 0 0 0 0 1 1 0 0 0 0

=l 0 o 1 o o 0 0 0 1 0 0

Lel’s compute the NNMF of A with

k=

3, Wﬁ NMF, 42 :

uamng NMF
result = nnmf(A,3);
W=resut.W ; H=result.H
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The. he,sul‘l':‘ng maices pne

0.0000 1.2841
0.9159 0.0000
0.0000 0.8381
0.4275 0.0000
0.9159 0.0000
0.0000 1.1292
0.0000 0.4460

10.0000 0.0000

D P2 D3 Dy Ds D¢ D, Dsg Dy Do Dy

0.0000 0.0000 0.0537 1.1789 0.0000 0.0000 0.0000 0.0000 0.0000 0.9845 0.0000
0.2952 0.8500 0.0000 0.0000 0.3357 0.4523 0.1166 0.2191 0.0000 0.0000 0.2952
0.0000 0.0000 (953D 0.1917 0.0000 0.0000 0.0000 0.0000 Q5758 0.0000 0.0000

H=

keT’s inlenpret the results |

W3 hes longe eutiieg corresponcling 1o
T4 ( Integral / InTe?ra.Q.o) o

T8 (Senviea ).

The reaponses of the dbamends to wy

w the 3rdk ww £ H.

You com see thaXt D3 amd Dgq Proure.
Pigh responaes, which ore ressomalde
D3 = Talke of Litegrols, Seniea, amd Products
Dq = Discourse on Fourenr Seried

Exeruse . Do \;va.pra't W, omd W,
gO'WVS&Q-f .l.!
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