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Hadoop®| HO|E| X 2|

modena sstiae
Wesa
= te
Word Counting Example T
- Compu‘ter cluster " " g o g ke
— Input File E e o N LT e
. R e 1 28 sadiog
— Hadoop MR application "= e L8 s e
+ Map/Reduce function | iy -

— Output File(thdfs) ..,

O

Computing Node.

Map function
g9 com

~edesomy
RE 1T A

Reduce function
0161222

2
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K-means clustering 7'/ 22|
(whenk = 2, variable x =(x1, x2) )
x : W4 (variable), m7}
, O H&l(observation), 7l O 23 W SUE Aozt
. (maximizing cohesion
LN within cluster)
- @1 GlO|E{2} centroid ¢;
afo| 72| o A4t

- 272 H0]E{ 9} centroid ¢,
ate] Azl ¢ &2zt

1
n

© < centroid = x
ixec;

GiEYE=12..K

k: number of clusters

Min 3£, $5,d(cix)
© 21 M 2als 2ckz

(maximizing separation
between clusters)

- 2%19| centroid ¢; 1t
229| centroid ¢, 2t2|
el Feyst

Max 35, d(ci ;)i #

[R M3t Z22)Y] http://rfriend.tistory.com

(aka Matrix Factorization)
" S

Interpreting Low-Rank Matrix Completion

et &, "—‘

mavit v
1S about
hpre
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=1
=
‘;‘#,'l ég% ;:":1
. [ Starting point for Bayesian inference
1;(.\*’0171-1)'(,\».‘(1171‘.;:

» Write joint posterior density:
p(a?)

f2)
1 -3
p(B.u.ol,ollyB..V,)x (o) :m(p‘tf =
exp( =3B -B.)V;' (B-8.))(02) " exp[ - girurau
» Want to make fully Bayesian probability
statements on B and u?
1 Integrate out uncertainty on all other unknowns.
&u,wmvﬁ): [ pBuoioliyp,. v, Holdo!
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- Cosine 72|

d(x,y) = cosf =

i=1

X-y S XiYi

VT ™ /e e

P2
i=1 Yi
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- O|BIH|O|E{O|l A 0T} 10| SUSH 2R 0} IIEZZ IR = AL

o

b+c

dix,y) = ——

ol 2210/ o &

o

23 29)

271E Mo = _PtC

atb+c
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N d
70 &
|._.“MI|___O_.= n/__
wF ¥
&oé B
Wy &
mT__ ol
nz% 3%
=5 o
Ta ®
BN 5
Emm ~J
=5 =0
Ww Ko
o X
Tl

JH AT
Hasey
Moy =
Ol Nk X &

hE AN B
.TI_|_O1234
X

0%

490l

71 2EY I

E3
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N
o
EN
e
IR
Bl
iz

. KBT TYRH B2 2T

1

Gi[O[E{ <] % 7 slave node?| £~ p’li} StH, 2t slaveo||
n/p?h2| HIO[HE &S

Mater= 2 slaveOf 31AQ| K7Q| 23lol WAS B
Slave= 0|2l K719l WA#S 0|851¢ H|0|E{E &=z
Lt =, M22 232 S master2 2

MaterOf|A] 2+ slaveOjjA] ot 2 S°| WA S &
2-4CHAH|E materOf| M 715t & S2| BO0| +=FL W74
e
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160
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©
@

Number of Clusters: 10

%9

[=]
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rE
BN

N
1z

o 2823 (Mixture model)

K
X1,--~7Xnygz77kf(X’9k)
e

— 2o K7Hel 20| AL, 2t F 2| At=4= 7k Ofl
Hl2dlot 2f #32| #=2|9| 22X = f(x|6k)O|Ct.

- 2H=4: EM algorithm

- 2ygY

argmax mx f(x|0k)
k
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Xr
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ad
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o

100

1100

ol

ol

o
X0 ™Y mN(X] ks )

1
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2

ogl

|8 2URA

e EM 12|

1 27148 BE 7y, Mk,zk (k=1,...,K)
2 Expectation &HA|
A o i .
/)\/I,k: quﬁ/(\xlvﬂk’/\k?\ 7I:1,,n,k:1,’K
> jm1 Rio(Xii fij, X))

3 Maximization THH|
n
Rk = Z’A}’i,k/na
i=1

271’%«’

Y T
Z - 0 .
E/ 1"Y/kzmk 'uk)

fik =

20/62



K
id
Xi,...,. Xn =Y wkCat(X|pkt, .- ., Pkp)
p

e EMY2|E
1 3_7|z}[§75| ﬁkaﬁ)kd (k:1,...,K; d= 1,...,D)
2 Expectation THA|

Tk Prx;
—K A~
>j=1 P
3 Maximization THA|

Nik =

S Aikl(x = d)
S Ak

n
A= _Aik/N, Pra =
i=

i=1,...,m k=1,....K.
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Information Retrieval
e Query 2 &A1 2|AE

Seraa m=— man s mma e S s AR me m s

23/62



TF-IDF

202 2AS HE( =2 0l
A0l WoHe] THofot 9

e

—

HiEH
odg

o2 A2, 2t 2ME W Afelo| wEl2

[
— =

2H=CF

W3ajelo| HiE{0] 2t QIAE BHA CHO{7} 2 MOIM L2
81 0|C}.

ofZ|2h the RIZ S AMEE F2 A L& HOf (Of: ‘the’,

2)9] BlE7} 42 &0}

Of2fe

= _I'__Z'”E OHE

2},

7] SIsHAM TF-IDFE AMZSHCH.

kR 2AOA IR THO{9| TF-IDFZL2
TF — IDF(k, i) = Freq(k, i) x log(N/n;)
0|11 67| M N2 HH| &M &, nie iIHH HOIE Eelst=

=X 2|

Query2t 2M=2
dEAHE Ol

Z2=0|C}.

30

| AL
of0f =g ottt

(02
njo
_|
T
O
T
1o
30
R

oy
)
0
7
40
=
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Mz

7|9 E BI=S O|E¢t IR oA

e Query:“Applied multivariate analysis"
e Term-frequency Data Base

regreson stogram Facoranas Mulatete At custrng Dinension cucin Anayis L MATCH
(R T Lo R
o oo ! I
Dod i 3 oRow
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=AHZ O| |: Latent Semantic
o H|XGHCHO| 2A|E sl 25H7| flot Y
e IR2 HO{E2| SAIAIREIZ(co ccurrent frequency)S
0|go_+ latent semantic2 2=

e "Applied" 2} "Regression" &£ "Histogram"2|
SA|AHE Y= "Asymptotic" 2 CH &4 ALY

26/62



NE

Latent semantics Of|A|

e psychology, history, english, philosophy => Human and
social science

¢ mathematics, statistics, chemistry, physics, biology =>
Natural science

27/62



552 £

Singular value decomposition for IR (Deerwester et al., 1990)
C ~ | T |X| S |X

nxw nxK K XK KxWw

e K :semantic?| &
o TEHIEIOR BMEQ| SAIME =23

28/62



CHOf: X, i =1,...,n;

SVDe| & 2 H: Latent Dirichlet Allocation (Hofmann, 1999)

X

e EM:j=1,...,n
o JHHR| ZA Q| iR 22]0] U=

o At :w=1,....W
e EIl (semantic): k =1,...,

29/62



SVDe| &= 2: Latent Dirichlet Allocation (Hofmann, 1999)

o 32X EL D
— JEHR 2MO|

- ELO| RS W, HHS2E

£ HOS2 02l 2E2 kA ERO|| B E

p(zji = k) = O

30/62



LDAS| H|O[ |t =&

NEEE
o ELIO| £~ KVt Y&t 71
o CISFZIO| ZfARME R Te|Z2 21 ALE:
0, e (ay...,«)

bk =" D(B,...,B)

o O| AJHMEIZE AIR5I= ETZHE “Latent Dirichlet
Allocation” (Blei et al., 2003)2} £
o ot = ETO| Ohish At ZJEE '—HEPLHE 224
— o} ZOod 2T ET| AJ}
— B7t 2to™ ELigt chof 47}
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LDAS| 0| 2|0t 22

At I

T
M

P(0,#,2|x) < P(x|,2)P(z|0)P(¢)P(6)

[ﬁﬁﬂ@ﬁw [HHIKT /i ]

j=1i=1w j=1i=1 k=1

R

“rwp) & 5_11 " M(Ka) £
x oo 0°
[ o Lo | | I e 1%
ud " OR(K

L r(wp)
> LH1 (8"

where N = #{i : xj = w, zj = k}.

N.jw—1
S ]

w=1

K
O[) a+Ny. —1
0, ,
oy L ]

J=1

32/62



0jlzj ~ D(a+ Njt.,...,a+ Ni.)
oklz ~ D(B+ Ni1,..., 8+ Nyw)
p(zji = K|6}, ) x Ojxbx;

o HpS710| oj2d WE0| O] 2
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MCMC &11e|

ol

Collapsed Gibbs sampler (Griffiths and Steyvers, 2004)

°
=)
©
(o}
O
(]
[72]
Q
3

=2
@
ok
oE
=2

o
ol
1>
oY

I
|.|-|
d
ofu

34/62



HDP EZiQ

ogl

o KE AtHO|| 2| 43HOF &
- K7t Y2 2o 25t £

- Kot 42 38 S At

o EME HIZO| 205 280
ELS0| 0f2h =0 M= 2

wivpe
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HDP E13

ogl

HDP A 2IL: Bayesian nonparametrics (Teh et al., 2006)

Gy ~ DP(ag, H)
inde]
Gj|Go "~" DP(a1, Go)
041G "~ G
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HDP E13

ogl

Collapsed Gibbs sampler (Teh et al., 2006)

p(sz =k | z_jiaﬂ-)

i Ny th . .
o d (NG + a1wk)w if k previously used
oymy/ W if k = ke
p(mjc = m | z,m) oc S(Ni., m)(a1mx)™
(m1,...,7k,mu) | (M2Z) ~ D(My,...,Mk,ap),

where s(n, m) is the Stirling’s number and
Ty = Z?:K-H Tk-
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HDP EL2

ogl

Infinite LDA representation (Teh et al., 2006)

« HDPZ LDAQ| 25t02 B3 7t

o =, K7t Y0l 2t LDAL| xo| FHEEE= HDP ARMERE
AESIAE Te| FHERZ ZXLTE
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HDP E13

ogl

Large K LDA vs HDP

o K7t 3% LDAS] 74t £E7} 042 =242 (KOf Hi2)
« HDPE K = 0o Q0| 22517 AEEE EX40) 22
g B3] S,

=
KO thist At2 2 A Lt 7Hs5H0 KOj| Chet 8=

[ ]
N R oR

ofr ok oo
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HDP EL 2

09£

0f|: KBS At=

o 2015 AtS| 20| KBS 7|At AR E 212 2|510] ZA{0f| AL
o HDP ET 23O 2 J|AS S 2AI5t0] 20712] ETIS 2ot

OII

=
Chaksd 7| A S AT HE, S 4
145074 | 2.59% | 236570 | 4.22% | 20917f | 3.73% | 36217 | 6.47%
7ol i el | iR v, HEE gl ME o%*E
21307) | 3.80% | 33847 @ 6.04% | 291471 | 5.20% | 22947 @ 4.10% Tk 7| A}
Y, ey O{2I0| X O} =8 =L 4tol, Abs| 437} 0.08%
23667§ | 4.22% | 17407§ | 3.11% | 29137§ | 5.20% | 37747 | 6.74%
A7 28 HE s 7| Hl2|(Z8) 3|
38507 | 6.87% | 263770 | 471% | 27627f | 4.93% | 29497 | 5.27%
DEANT %] 42,93 g

354474 6.33% 441074 7.87% 23697Y 4.23% 240274 4.29%
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0f: KBS At=
o Ciered 7[At
— Zactof: A,
Atst
o 7|2l Y A
- Z2do): g3,
=9
o 49, HYY
e
o AP7|EHH 2|
- Zadof: Za,
=T, T[oA}

HDP E13

gl?l-

2t 2A, e,

3IAL 29

’ T

CHE,

ogl

&, Ak, A3, sljA, 0471,

OF
>

FAL, A, SAL
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AHSE 20| X AEl
ngE}- —|—| Txl;l AI— [=
o ZHMOoR MY Atole| FHAHH QI HAE mtet
o RMT 4 Ut HE

+ News Articles, Tags, Online Mates, Restaurants
+ Courses in e-Learning, Movies, Books, Various Goods

+ Research Papers, Citations, ...

s C—L) T “=  LINKEDIN TODAY . OCT 20

Fi F 2
dog hocd oo e e [ComnRR N NSRRI SR A

Ll Tokyo “ silicon Valley's New Hiring Strategy

wan

© N S = B

Linked [
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—

LHE 7] 2 A[AE

LH& 7|4t =H B (Content based model)

® “Recommend items that are similar to those the user liked in the past”
o 20| MBSHs MED} HIZH L8| 4ES FH.
© O : ALGXI7} FB ATO|CTE HYTHR, RSE ‘ATHO|CIM * of Th3t W (heroes,
adventure,..)2 A1310] H|28 H3E &0} £H,

Recommendation are
generated by matching the
features stored in the user
profile with those
describing the items to be
recommended.

user profile items

45/62



LHE 718t =3 A&

—

L 7|4 =8 8 (Content based model)

o ¥H:
o CHE A8ALe| FELL H7t Lol ERstx] 8.
o ME F7HE(Z2 oFX BILEIX| B2) ¥ Eot FHO| IS,

o THY:
o FAXoR HHE EWWUS C}E 4 21, XY (Qualitative) FES ZA
o FHshE gR0| HIXE B20| HEE.
o 0 : 22 IS Fofsts nHojjA WA FojakS FH

v #H H3l(Collaborative Filtering) 4 EHA1
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et
iy
N
ox
tol
ok
IF

AN ot (Collaborative Filtering)

o HEE Bapuozn

o JHQISHE FHE 3t SAH WY
o J9lo| Mzt mtA AE ojo|H

B EoH

Y 52 Y HAUoIA HHY 42 FH.
o 7|2 otolciof
o FO|T DA MBS 4 MSET} HSE D2 TA
o HIELHH DA4S0| Fopsts 4E B0 FoiF 1240] 220 = 4ES FH
° 3R
o 17 SHo| HH YU User-based)
o ME 3o BHH Y

o144 (Item-based)
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I = = =
AE 24 B2 Yot uy
HI|H

eu=1,...,n 0N
ci=1 L LAE

o ryi: URHR JHO| 2k jOf TS Mo
e R ={(u,i): r,is observed }.
o 5(i,j) : &F i2 jo| FALE (similarity)

ZueR Tuilyj

s(i, )
\/ZUERU uz\/zueR,/ uj

o7|M Rj = {u: ry and ry; are observed }O|LC.
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ZjeR( ) S(I,]) ’
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ui

rui =

017|M

(k)
Ui . ru'
j € RS =)
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ME IRtF
AHSO| 2 k7K 4
|-II:I:
oo = g
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o XtEY sparsity FAHIQ| £70| ofHLL

© 1749| demographicE 2Lt &S| LISHEE 240 A83}7|7t o{FCh

o M2 aZAo|Lf M2 FE Cyet FHo| oLt
v Cold start problem
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i (Matrix Factorization)

00|I

u
i
ol

* RS nx /9] ds: A0} 5tat.
e R~AB S 743sICt. Ot AtB 2 22t nx k 2t k x |

#o0|ct,
Q=TI 2] U2 RO JAE CI2E 24T} FIEE SH=
A2t B E 2Ego 24 2 HSICL
(rui — auby)
(u,HeR

ol o A 2t B of =YOi|A ridge If2E|Q} 22 B Y atS
205k, a, = A 2| uHA A HE|, b =B 2
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HH=ZsH (Matrix Factorization)

o W e 27|
Item
X Y

4.5 20|

4
O]+ 10
2 0= =
2.0
1.0

0 o »
.;OE

OO

User

S
e

3.5 40

Rating Matrix

o ZT| 29l 2 (Latent factor model)2 M2 S Haf HHH 0|2,

o ZAIH
- ALt £27F L2(ch
— A&7} 2/A0]| OFd 4= QICt.(not optimal)
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olst 242 9ot HERY:
CtH = A 2L (Multivariate Gaussian
distribution)

2 w7t F iof tholl BIHE ME =S LIEUE
5
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= : Method of Moment approach

Motivation
o OFOF QY & Y Tt 7HYSHH,
o MS & ARt FOFSC

E(Rui|Ry = ryj, (u,)) €

ot Oy (Fu(=iy = H(=i))- (1)

E._", Cuyi = (J,’j,(u,j) c 'R,,j ;ﬁ I'),Zu,' = (ij,j S Rflj,k S
RLLJJ’.I 7é i,k 7£ I)7 Tu(—i) = (ruj»j € RLLJja.I 7é I)! =i |

iy = (uj,j € Ry,j # 1) OIC.

2P 1 9 T2 2HBORM BEER oS HEEES DE

=2 T oo

"

—

55/62



24 : Method of Moment approach

24 23
.
oy = utwper [
Zu:(u,j)eR1
o YO (j,k)HM HLE 2Fot7| ol CHE2 22 covuS
A|QFSHTE

ZueR}mRL(”uj - Muj)(ruk — luk)
>l ke RY)

. covolti?‘*Oﬂ 5|8t Z(sparsity condition)2 & +%= QUCH
Soft
COVj (covik — A/ /M) +, Nk = >, I((J, k) € R )

c@v/-k =
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=4 : Method of Moment approach

HA3H(Regularized) 0|

o R,2| A3t OS2 L3 2t

pu + Cui(Zui + Mny) ™ (Fuiy — 11(—iy) @)

for some A > 0, O17|M ny =3 I(j € RY)OILL, Ik &=
k x k ©t|si=0|C}.

* (2) Ol Cit O 52 Ridge 2|H=ME Sl = AO|Ch
o Ol2fct EYotE Eoff 0|5 ds= HS =€ & UCH
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=29 48
o =712 2Eo| H|1
— M2 2afj(Matrix factorization)
- MME &t
° X|-E
— R 2| “jester5k’ At=
— U =5000,/=100
° 02”% Roil-E 1147'-
- 0/o°| s, Rrisar 30%9| NEREES
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28 24 )\ 9 M8
e MME : Sign match &12|&

- YEUSHUSUS RS VR Z RAZI=ENE

e
o MF:0|Z 232 7} 207 5t AS MedBict
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oX
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Less

1€5

18.0

175

17.0

# of Simulation
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AlLE Al

« MME7} iterative 2112|Z0] OFL|7| TH20] MF2}Q] H/At
AlZte] 43| bl @ 22|0| SiCt.

e MME 242 HadoopO|L} SparkZ &l #+3iE 4+ UCt
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Thank you!!
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