




















n d

Xi = (X175 Xid) i=1:::n n
d
X = (i) 2 R"
Xk:: K Xk K X
| 1
xd T
dI’X;IIK = (OXkr — Xpr))© ;
r=1
Xk;: XI;: d
c2N c=1
d||¥;l|AN = Xicr  Xir ]

r=1




dII<E;IUC = (Xir Xl;r)z
r=1
1 |3 - .
d xi Xy Y
(X;Y)=s =1 s
% (xi  X)? % i v)?
i=1 i=1

b
<
X
<

d%OR =1 (Xk::5 Yiiz)

djk(jORj =1 j (XYl

hx; yi

COS: V) = 7 -
di 1 cogXk:;yi)=1 ok Kyk.









X150 Xqg

Xi
D
P Q
P[ Q R
D
X
P;Q;P[ Q;R f 1;:::;dg
P Q PIQ R
diP [ Q;R) P[Q R

dP[ Q:R)= 1 d(R;P) 2 d(R;Q)+ s d(P;Q)+ 4 Jd(R;P) d(R;Q)j;

Q ngr;Np




1 2 3 4
= = 0 =
= = 0 =
=) = 0 0
np nQ

np+ng np+ng O O
nep nQ Np NQ 0
np+ng np+ng (np+nQ)2
= = = 0
nR+np Nr*NqQ nr 0
Nr+np+ng Nr+Np+ng Nr+Np+ng
i
R"
m; 2 R
X2 R"
C
c= c(x)=argminfkx mk?g:
i
h h
[ ] ri I
kri k2
— ] |
hij ()= ({)exp 55—

2 2(t)



(V)

x(1)

N (i)

d(x;y)

(t)

mi(t+1) = mi(t) + he; (1) (x(t)

(ni) =

X

12N (D)

0<

m;(t)) ;
t c = c(x(t))
N;
d(mi; m;);
N (i)

(t) < 1

(t)



= f
(X1; Y1)

f(x;
y) 2 Z
jy =

G(w) =

W>
W>

Y
= f+1;
;1
g

(X
M s
|
X,
’y)
=
g

SBW

Sww’

mq



Sgw= S yw:

W
> > W>SBW
S S =0, S =
(W Sgw)Sww (W™ Sww)Sgw g W W Sy W
W
W

Sww




Xk

X

d(k; 1)

Xk
xg X
dik: 1) dk; 1)
X
Ev = (dk;l) d¥k;l))?

k6|

— 1 X . . 2
Ey = P——— (f (d(k; 1)) do(k,l))

. (dUk; 1)

0
X f

Xk

d%k; 1)



n;

Wij = fi i






flickr cusemisuredin Sgnin b
Home [eachevenaespioms . Search

Jump t0: ature

The Tour  SignUp  Explore

Explore / Tags / nature / clusters

green, water, tree, leaves, bird, ildife, leaf,
autumn, fal, spring

= See more in this clustel

ower, flowers, garden, purple, biue,
orange, plants, naturesfinest, plan, abiofave

b See more in this cluster.

landscape, trees, sky, clouds, sunset, laht,
sun, dloud, lake, mountains

- See more in this cluster

IOSEAITY e e i motn

Music Users Listen Events Download

Widgets

| ®eEnaish v

v | e ] on |

Everts

Al

Led Zeppelin (res more)

19,570,635 plays scrobbled on Last.fm

User Tags geemore

7t atermaine bues ClASSIC rock
hard rock
rock

The band was orginally formed i 1968 by guitarist Jimrmy
Page under the name “The New Yardbirds." based on Page’s
previous band, The Yardbirds, While The New Yardbirds arose.

heavy metal progressive rack

in Scandinavia before the originalband's brealcup, Page
attemptei 0 create a fockcsuperaroup out of e new band,

Vardbirds' own Page
and Jaff Beck, The Who's Keith Moon and John Entwistte

“The Rolling Stones

simi Herelx

erband) endpossityliead - e ekly Top Listeners eee mare)

509,708 listanars total

G

WOr = =
« @ -
















P(k) k ;

P (k)

1.6 24

P (k)



F:=(UT;RY);

UuT R
Y U T R

G=(V;E)
E=ffutrgj(utr)2Yg

V=U[T[R



jUj = 75:242 jTj = 533:191 jRj = 3:158297
jYj=17:362212

F=(UT;R;Y)
Gr = (V;E)

V=U[T[ R

E = ffutg;ft;rg;fu;rgj(u;t;r) 2 Yg;

fu;tg fr2R:(u;tr)2Yg ft;rg
fu2U:(u;t;r) 2 Ygj fu;rg jft2T:(u;t;r) 2 Yqgj

w wi O
w dA w+(l d) p;

A Gr
L1 P



d 2 [0:1]
P

kwky = KiKy

d<1

PGt 1, (X) =

o ra
Np Ng

o
No

1
Gr
t+1
= kﬁ(l
kwky o
o
ng
= log, H
ni
X
R

W

to 1









(userid; weekid; songid; playcoun}

UALL SALL

WALL ijLLj =115

: WALL =) (SALL )

W ALL SALL I N



(w;s) =

St = (w)

w2 W ALL

: SALL =) (UALL )

U=fu:iiu,,g2 UAL

s2S*

: UALL =) (WALL )

. UALL WALL 1P (SALL )

: UALL WALL SALL I N

U C U ALL W ALL SALL N

8u2U:8w?2 (u):8s2 (u;w) @ (u; w;s; (u;w;s)) 2 UC:



S=fs;iiisg SAt

S=1s2S%9u2U;w2W;p2 N:(uw;s;p 2 UCg:

U;S W W = WAL

F U U (up;u)) 2 F, Uy U,
T=(t1:::ty;)
t:S T! R;

uc

(weekid; userid; songid; playcouny



realname

WEEK

SONG

TAG




J-\‘p Stronger B Whatl've Done (&
\ Kanye West i M..lm Linkin Park
j ‘¥ Can't Tell Me Nothing i T
SVl [enve West
1“1’ | Wonder
4‘\&" Kanye West
Starlight
Muse

. 2l Hey There Delilah (&

P& Supermassive Black Hole (&
Muse

% wonderwall &
S Oasis

. B§) Bleed HOut >
ME Linkin Park

=

Plain White T xrmg Such Great Heights (»
HTYINEER _ The Postal Service

UID

|ID 2 RnW Ng
iy jf u2U'® :9(u;w;s;p 2 UC W= W, S= S50

b ue 3
W, ns = 6:339971

‘N NI N
5 = ifa2 N:ig > 1P gj+1;

Sj W,



10 =20
(
e,
li;J' = O

+k

9g2 N: + k>
+ k> L?>




uc

|GEN

ucC



Database

v [consumed)( ogs |

Context-dependent
Charts-Extraction

Fisher's
linear discriminant

Trend-Cluster-Discovery

analysis

Tag-

Preceding month WARD - Transformation

comparisons ( ] I ESOM
! UMap
! Island
1 Genre-

Information

Knowledge

about
Trends in Context

o |GEN
|!.GENJ = b
i : :

|GEN
g
g=1



Wi

Wi

4.

JGENj .— ([iGENj.iGEN jy .—
djp;q L= d(HJ;: g ;: )=

Wog

_ GEN
Vi = PG

S

i=1

JGENj  [jGEN |
klmi lqﬂ K

Wi



Wi

j+1

j
j=1::4
X4
g= a5 IPEN);
n=1
S
S
i — (| i —
C'=fc:iq g W cl=w



T="fti:::t,, 0
nr 77300

2 Rns nr

iD]
tIID - |j|Dj 2 RnW nT;

X o

D = |JID] _

[ i;m m;j
m=1:ng

tj Wi .
|iC']






[iC]

{t

I8 6 i

pop

Ci

|jCi lj

Differential versus LDA approach (artificial example)

Ci

rock



Database

l consumed l

Creation of
Consumption-Profiles
for all users

Clustering

R

|—¢,

|GEN

Ua

Knowledge

User-Classification about
"Trendsetter",
"Chart-Listener", etc.

2 W



Ua

A - (dMAN (lGE;l:\l ,|A

2N

|GEN
N O
T
B 0

w

10

|LFM

Ua

O(u;w;s;p 2 UC:w= w;S= 5

O(u;w;s;p2UC:w=w;;s= 5






Wnow 2 W



distance (manhattan)

Wi

Wi 4. W,

Average distance to preceding month

o )
S x 2 o
= & o a
T T

0.35

o
w

0.15

0.1

0.05

10 20 30 40

k =30

50 60 70 80 90 100 110
week

k =400






week

Distances between all generated global weekly charts

manhattan distance

35

25

dendrogram for global weekly charts




Cl= fwl;:.:.:.;
Ce= fwlz,m
CSZ fW26,-“
c'= fW4O’...
c.= fW64’...
C® = fW35,m
C7 = fwigy;

W15

Wa7






80 50

50



C2

C4

C4

C6

C3

C3



c?

c3

c4

chs

c6

c’




expression

expression

15

10

0.014

0.012

0.01

0.008

expression expression

expression

12

10

12

10

12
11
10

hip-hop

expression

x 10°
\/VH/\/‘/\\”\
.
20 40 60 80 100
week
techno
Ay
20 40 60 80 100
week
x10° female vocalists
20 40 60 80 100
week
x10° new wave
20 40 60 80 100
week
x10° heavy metal
20 40 60 80 100
week

expression

expression

week

x10° indie rock
11
=
'% 10 ]
(%]
L 9 u\p/\/
o
x
© 8
7
20 40 60 80 100
week
x10° punk rock
12
< e
% 10
g yWd]
(=8
s 8
20 40 60 80 100
week
x10° screamo
12
§ 10 YN /\ﬁ N
g
s 8
x
O.)
6
20 40 60 80 100
week
progressive
0.014
0.012
0.01 N\
0.008
0.006
20 40 60 80 100
week
x10° pop rock
11 .
c
510 \IJ
[7]
%]
o 9
o
3 8
7
20 40 60 80 100

expression

expression

0.025
0.02
0.015
0.01
0.005},_ ]

0.015

0.01

0.005

expression

12

10

3 emo

",

x 10
12
11
10

3 britpop

20 40 60 80 100

week

20 40 60 80 100

week
funk

20 40 60 80 100

week
alternative metal

x 10

10

20 40 60 80 100
week
3 punk

20 40 60 80
week

100



ti tl GEN

c3 c*




O .
GEN >
ioli;j

1

BIN
Ii;J



We4

W74

We4



w
64

W
74

CS




= Weg

Subdendrogramm

20 21 19 15 16 17 18 6

7

8

9 10 11 12 13 14

2




distance

196

1951

1941

1931

random userprofile for pivotweek 64

AV G
1:::11

distance to pivotweek (delta=0)

B

1.984

1.982

1.978

1.976

1.974

average userprofile over all weeks

1972 L L L L L L L L L ,
-10

_ AV G
= prof 13'..3,



16

= We4



P1 (5.68%)

P2 (6.5626%) P3 (6.0421%)
2

P4 (5.9968%) sorted profile centroids

oy 2 N . L A
| P ank S f/
1.95 N 1.95\/ 1.95 \f 8r 1
/ ol |
19 9 19 19
‘10 0o 10 -10 0 10 10 0o 10 0o 10 of 4
P5 (4.2996%) P6 (4.3675%) P7 (6.721%) P8 (7.2641%) sl |
2 -
L . . ) e .
~ b \ ——— 161 1
195 1.95 | 195 b o5/
o Ar ]
4
1 9 1.9 9 S 14} R
B 0o 10 ‘10 0 10 10 0 10 10 0 10 o
P9 (5.069%) P10 (10.2512%) P11 (5.2501%) P12 (6.5173%) E 13F 4
20 2 20 5.1 ]
—— i~ \ Pt - 10
195) ] 1.95 4//\~195‘ 1.95 12t 1
19 9 9 5r 1
‘10 10 10 0 10 ‘0 0 10 0 0 10 3l ]
P13 (5.4311%) P14 (7.4678%) P15 (6.3815%) P16 (6.6983%)
2 2 oo 6 4
e R ,/\ N s
195 \/\ 195 195 \ 1.95 _\\/ ir ]
2L ]
19 19 19 19 P S S S S S R S S S S S
‘10 o 10 ‘10 0 10 ‘10 0 10 ‘10 o 10 0-98-765-4-3-2-1 012345678910
delta
gl
6l
a4l

el

o L

8 29 2 2527 4 28 6 11 30 19 1 23 18 7 9 20 12 26 17 3 21 24 10 15 22 5 16 13 14

w

= w8w?2 W



P1 (17.1875%) P2 (22.5%) P3 (14.375%) P4 (23.125%) P5 (22.8125%)
2 2 2

2
1.98 1.98 1.98 1.98 1.98
1.96 1.96 1.96 1.96 1.96
1‘%0 0 10 1‘%0 0 10 1'9-‘10 0 10 1'9-‘10 0 10 1'9-‘10 0 10

Benutzerklassen fuer Woche 64

Trendsetter
<1% Nachzuegler
2%
Frueherkenner \

5%

Aufspringer



Pl

p3

16+3 =19



precognition

precognition

precognition

representant user of p! (pre=16 now=0 post=3)

120

KN
o

N
o

@
S

A
[S]

10 15
topsongs

20

representant user of ps (pre=8 now=13 post=18)

10 20 40

topsongs

30

representant user of p° (pre=0 now=1 post=8)

topsongs

precognition

precognition

representant user of p? (pre=31 now=13 post=11)

40
20
o
-20
-40
-60
R 10 20 30 20 50
topsongs

representant user of pt (pre=1 now=0 post=35)

10 20

topsongs

30



EN
S

Si



listener

300

250

200

150

100

Absoulte number of listeners per week

40 60 80 100 120
week

(x

x'® = (d2:::d

y=01 1:::jnw
dID

©10° Relative amount of listeners per week

22 T T

listener amount

ID

)Y)
D sdrrd?

Ny ;17 Ny ;Nw

1;j1 2):::jnw

)

Nw )

120



method

chronological representation for k=10

cityblock-unit(0.92695)

cosine-proc(0.91564)

cityblock-rowsum1(0.9049)

cosine-rowsum1(0.89811)

cosine-unit(0.89811)

cityblock-proc(0.89403)

euclidean-proc(0.87744)

correlation-unit(0.85526)

correlation-proc(0.85526)

correlation-rowsum1(0.85526)

euclidean-unit(0.8533)

euclidean-rowsum1(0.83946)

pea rank 81519)

L
0.1 0.2 0.3 0.4 0.5 0.6 0.7
correlation

0.8

0.9

chronological representation for k=400
T

cityblock-unit(0.96929)

cityblock-rowsum1(0.96439)

cosine-proc(0.94372) ‘

cosine-rowsum1(0.94274)

cosine-unit(0.94274) ‘

spearmans rank correlation(0.92939) ‘

correlation-unit(0.92333) ‘

method

correlation-proc(0.92333)

correlation-rowsum1(0.92333) ‘

euclidean-unit(0.89864) |

euclidean-rowsum1(0.89517) ‘

euclidean-proc(0.86205) ‘

cityblock-proc(0.82678) ‘

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9
correlation

k > 1000
k=1:::400
k< 10
k =400



Correlation between distances and temporal difference Scatterplot for distance in weeks and manhattan distance (k=400)
1201

—— cityblock
—#— correlation|
—+— euclidean

distance in weeks

10 20 30 40 50 60 70 80 90 100 0 0.2 0.4 0.6 0.8 1 12
k manhattan distance

P

(p) = a log(b p)
0:12 b 79



Listener distribution

empirical
approximation

0.9

listener

1 ofs ofs+lap ofs+k 480
chartposition
k A
B = f( +k)
Z+k
A=d . = (x)dx B:

(x) = log(x)

r@d = log(x)

20:::30

r @d

1
o
=~



230

0.65
0.6
0.55

o
o

0.45

manhattan distance
o
»

0.35
0.3

30:::60

=1 k =400

[IGEN | [ILFM |

_ JMAN JGEN j. jJLFM j
dy = d"AN (1 R

distances between Last.fm- and Database-Charts

0.25

10 20 30 40 50 60 70 80 90 100 110
week

T PG



distance (in last.fm weeks)

Quality of generated charts

=<Tq 2>

= 109

100

0:1%



distributions of chart distances

0.8

—6— last.fm

—+&— database

—<%— random
last.fm<->db
—+— last.fm<->random
——#— db<->random

o
o

frequency

0.4

0.2

0.6 0.8 1 1.2 1.4 1.6 1.8 2
distance

Xj



min (m(h K))  dinner (i)
max(dinner (I), min (m(l, k))) ,

S(i) =

dinner (l) Xj

dinter (i; k)

Silhouette Plot for k=3 Silhouette Plot for k=7

Cluster

-0.2 0 0.2 0.4 0.6

0.2 0.4 0.6 0.8 1
Silhouette Value Silhouette Value

0.8
















> 1500

(x)8x

16



W §S T! W T

u §$S T7T! U T









corr

corr

corr

corr

corr

P

| | | | | | | | | | ]
10 20 30 40 50 60 70 80 90 100 110
week
e
L L L L L L L L L L |
10 20 30 40 50 60 70 80 90 100 110
week
s
\—/\W
10 20 30 40 50 60 70 80 90 100 110
week
s
L L L L L L L L L L |
10 20 30 40 50 60 70 80 90 100 110
week
e
| | | | | | | | | | |
10 20 30 40 50 60 70 80 90 100 110

week



Whow 2 W now < jWj

IPre = (1SN )i =1 :::now

el e : JGENj .2
X = (le P 1Xnow+1) ]Xj Inow+1 ;jJ
_ L0 0 — [JGEN].
X=X X = lhow;
X x0

.1JGEN j Q. 1JGENj
d(X’ IJnow+1];:) d(X ! IJnOW+1];Z)

Y = a exp(b x)



uc

difference

0.025

0.02

0.015

-0.005

-0.01

-0.015 L
4

difference between naive approach and exp1-model (top=16)

13 14 15
preknown weeks

16

20

21

22

23

24




































0:219



friendship degree distribution x 10° Connecitivity after Floyd-Warshall

1400 T T T T 25— T T T T T T T T T T T
1200 q
1000 q
2
T
> 800 ] &
-3 o
g &
3 3
g 5
=600 4 2
5
3
8
400 1
200 1
0 L 0
[ 5 10 15 20 25 123456 78 9101112131415161718192021222324
friends length of shortest path

1; u; U;

P(kk) k ;



2:1

A% =

AO

U;









80 50












