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S News spread in social media
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The Web as a Jungle !
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“Automatic” mining algorithm
Find: compact description of data X
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“Automatic” mining algorithm
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ldea (1): Multi-level chain model

—HMM-based probabilistic model
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“Automatic” mining algorithm
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“Automatic” mining algorithm
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Non-Linear tensor analysis

Given:
Tensor X (disease x state x time) X \
Find:
Compact description of X, “automatically”
l FUNNEL —
X = ﬁ fga ____________ m, .......... o
> . )
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Non-Linear tensor analysis
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AutoPlait: Automatic Mining of
Co-evolving Time Sequences

Yasuko Matsubara (Kumamoto University)

Yasushi Sakurai (Kumamoto University)
Christos Faloutsos (CMU) ( %g
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Motivation

Given: co-evolving time-series
—e.g., MoCap (leg/arm sensors)

“Chicken dance”
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Motivation

Given: co-evolving time-series
—e.g., MoCap (leg/arm sensors)

“Chicken dance”

Q. Any distinct
patterns?
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Motivation

Challenges: co-evolving sequences
— Unknown # of patterns (e.g., beaks)

— Different durations

beaks wings tail feathers  claps
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Motivation

Challenges: co-evolving sequences

Q. Can we summarize it automatically ?
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Goal: find patterns that agree with human intuition

Ieft/right\
legs 1}
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left/right
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Motivation

Goal: find patterns that agree with human intuition

Ieft/rlght
legs 1
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AutoPlait: “fully-automatic” mining algorithm
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Importance of “fully-automatic”

. *
No magic numbers! ... because, h /

N R > -

<

éManual
- sensitive to the parameter tuning
long tuning steps (hours, days, ...)

éAutomatic (no magic numbers)
- noexpert tuning required

Big data mining:
-> we cannot afford human intervention!!
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Key concepts

Bundle: X given
Segment: S hidden
Regime: O hidden
Segment-membership: F EEER




Problem definition

» Bundle : set of d co-evolving sequences

given
_given X = {x.x )

dxn
| P
Bundle X P W A
d =4 45 "/ { ." \ .""' ".,".{‘l"" |
(d=4) 0 A WA
200 , 800 1000 1200
i . 1 B
~ [ . I l ]
o [ I 1 L
s B ' 1 -
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Problem definition

» Segment: convert X -> m segments, S

hidden
hidden S {55}

VﬁmryfrﬁTééﬁﬁﬁg‘
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Problem definition

o Reg]me: Segment grOUpSI @= {Hlagzr"grﬂArxr}

, 6. : model of regime r
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(r=4) 1 |
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M e |\
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Problem definition

« Segment-membership: assignment

F={fi,-s St
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= = =
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e Given: bundle X

left/right

X ={X/,..-,X, }




Problem definition

 Given: bundle X

left/right

legs 1}~

mp‘r\/\

J\;«/ \/\fK
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0.5 1
_ left/right I\ 5\/\%//\%

X _ {xl E xn } armso 200 400 600 soo\N \11000\/ 1200
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Problem definition

 Given: bundle X

left/right
legs 1/

= = — 7 /) Y
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left/right }K p\wwv [\N/ WA /\W
X — {xl occeco xn } armsg 1/\/*/\/\ \/J VR A\ .

200 400 600 800 1 000 1200
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Main ideas

Goal: compact description of X

C={m,r,5,0,F}
without user intervention!!

Challenges:

Q1. How to generate ‘informative’ regimes ?

Q2. How to decide # of regimes/segments ?
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Main ideas

Goal: compact description of X

C={m,r,5,0,F}
without user intervention!!

Challenges:
Q1. How to generate ‘informative’ regimes ?
ldea (1): Multi-level chain model
Q2. How to decide # of regimes/segments ?
ldea (2): Model description cost
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Q1. How to generate ‘informative’ regimes ?

A

Model [ beaks ] [ claps ]

=)

S [ wings ]

Sequences Regimes




ldea (1): MLCM: multi-level chain model

Q1. How to generate ‘informative’ regimes ?

()

t Model [ beaks ]69[ claps
X?CC N P
S :::i> wings ::)

Sequences Regimes

ldea (1): Multi-level chain model
—HMM-based probabilistic model
—with “across-regime” transitions
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©=1{6,.6,,.0 ,A_} (6, ={n A B}

r regimes across-regime Single HMM
(HMMs)  transition prob. parameters




ldea (1): MLCM: multi-level chain model

=10,,0,,..0 ,A__} (0. ={7,A,B}) m

rxr

r regimes across-regime Single HMM
(HMMs)  transition prob. parameters
/0 Qﬁ N\
0 :
Regime n % Regimes
/ak” % Ai1n Hl switch (9 r=2
state 1 .
a state Nstate 2 512 a211% Ay, Reglme 1
1;31 3 D:) > az 0 (k=3)
SWIC oA A, [ ‘\ _
D ‘/Cl% 521 Ui D Reg]me 2
\al 33 Q : J \ state 2 J (k=2)

\Reg1me1 “beaks” Regime?2 “wing9
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ldea (2): model description cost

Q2. How to decide # of regimes/segments ?

ldea (2): Model description cost
* Minimize coding cost
* find “optimal” # of segments/regimes

IEICE-GC2015 © 2015, Yasuko Matsubara
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ldea (2): model description cost

===CostM
===CostC
CostT

ldea: Minimize encoding cost!

min (|Costy(M) |+ | Cost (X|M)|)
Model cost Coding cost

12345678910

(# of r, m)

Good Y Good
compression |[®.4  description
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ldea (2): model description cost

Total cost of bundle X, given C m

C={m,r,S5,0,F}

Costr(X;C) = Costr(X;m,r,S,0, F)
= log™(n) + log™(d) + log™ (m) + log™ (r) + mlog(r)

m—1

+ ) " log” |si| + Costr(®) + Costo(X|©)  (6)

=1
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ldea (2): model description cost

Total cost of bundle X, given C m

C = {m9r9S9®9F}
duration/ # of segments/ segment-
dimensions regimes membership F

Costr(X;C) = Costr(X;m,r,S,0, F)
= log™(n) + log™(d) + log™ (m) + log™ (r) |+ mlog(r)

m—1
+ Z log™ |si| 4 Costy (®) H Coste (X |®)  (6)
=1

v \
segment  Model description ~ Coding cost
lengths cost of © of X given ©
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AutoPlait

o X |
Overview Iteration 1~ |
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AutoPlait

. X |
Overview Iteration 1~ |
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‘IIL' X [
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Ilteration
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AutoPlait

. X |
Overview Iteration 1~ |

r=2, m=4 ¢,
62
l X

9500 Iteration 2
9000 r=3, m=6
8500 -

o

§ 8000} - l
7500/ =2 !
7000| ] [teration 4
esoo— > r=4, m=8

012 3 456 7
Ilteration
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Algorithms

1. CutPointSearch

Find good cut-points/segments

2. RegimeSplit

Estimate good regime parameters ©

3. AutoPlait

Search for the best number of regimes (r=2,3,4...)




1.CutPointSearch

Given:
- bundle| X |
- parameters of two regimes |© ={6,,0,,A}

Find: cut-points of segment sets S,, S,,
{S,,8,} =argmax P(X 1§,,S,,0)

X
S =182:8,1

6
(6,6, -0 T |5, - {5,
2
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1.CutPointSearch

Hl
DP algorithm

to compute
likelihood:

P(X10)
62

state 1
Ll;l (1) Ll;l(
state 2
state 3 |
L;(2)= switch?:

switch?? \é, O

state 1
33(3) =B (4) = B L)
state 2 L .eo
L,4)={4} L,(5)={3} Ly,(6)={4;
=1 t=2 t=3 t=4 t=5 1t=6

X OO0 0O 00

|IEICE-GC2015
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1.CutPointSearch

Theoretical analysis m

Scalability

- It takes O(ndk®) time (only single scan)
- n: length of X
- d: dimension of X
- k: # of hidden states in regime

Accuracy

It guarantees the optimal cut points
- (Details in paper)
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2.RegimeSplit
Given:

- bundle| X
Find: | two regimes

1. find cut-points of segment sets: S,, S,
2. estimate parameters of two regimes:

X

W 0=10,,0,,A}

)

|IEICE-GC2015
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2.RegimeSplit

Two-phase iterative approach m

- Phase 1: (CutPointSearch)
- Split segments into two groups : S,,.5,
- Phase 2: (BaumWelch)
- Update model parameters: © ={6,,0,,A}

S, =15,,5,}| Phase 1

( S, =18,,8; ) )

‘ {HlaezaA} Phase 2
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3.AutoPlait
Given:

- bundle| X
Find: | r regimes (r=2, 3, 4, ...)

- 1.e.

, find full parameter set

C={m,r,S,@,F}4 N e
~, N
of I N
s B 1

|IEICE-GC2015
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Split regimes r=2,3,..., as long as cost keeps decreasing
- Find appropriate # of regimes

r =minCost, (X;m,r,S,0,F)




3.AutoPlait

Split regimes r=2,3,..., as long as cost keeps decreasing

- Find appropriate # of regimes =2, m=4

fi=2 f, =1 fi=2  fi=1

r =minCost, (X;m,r,S,0,F) | X|

81
02
r=4, m=8
fi=2 f,=4 £,=3f,=1 ;=2 f,=4 £ =3 f=1 l
I e e el i el s r=3, m=6
X i A j
x |
61
0, 6
0, 0,
0, Z

\S]
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Experiments

We answer the following questions...

Q1. Sense-making
Can it help us understand the given bundles?

Q2. Accuracy
How well does it find cut-points and regimes?

Q3. Scalability

How does it scale in terms of computational time?
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Q1. Sense-making

MoCap data

left/right beaks tail feathers beaks ta|I feathers

AutoPlait  'ess 1pxWnges 0 daps | [wings'  [claps]
P | ' :‘. ) I m ( F
> = ‘ \k.\.,th\\vvqu\/\, J A

: 0. |
(NO mag]C Ieﬁ;r:?r:go Lf”\}f.\/\ﬂ/\ WAl \/l , | \/‘f“ I\ p\ { l’ W
numbers 200 400 600 800 1000 1200
N ) - [ N . B
- | ~ TN | ]
o [ . i B 1N
« [ . Z i} 1
(a) AUTOPLAIT (no user defined parameters)
~ N H ] | | | g]
m=4 | N ‘.[ ) :1 i I]} R o= SElLS S
m=8 | Iag\Ll i i :I [klag,[' I' IIag i © E 1 : - : : —
% * ~ I ] I H H N

)1»

/Dynal\/ll\/lo (Li et al., KDD’09) . #PHMM (Wang et al., SIGMOD’11)
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Q1. Sense-making

MoCap data

walk run jump walk kick jumpjump wave hands
etright.[ T [ T 7 [~ |walk |
legs .'ﬂ|"||'|."t'|'1‘|"':,“‘Hu“' ' ,-'|-'q.','|,|'.'|'|'||-i‘.VI.:
N" /I/"J/~"'J"‘- l"d"l‘ “‘ }u])mww\ n ,“ fl,.liu’l,'lv).\,l’. \'J/« ll'a/
0.5/ Hh s | .
. MW |l ] . i (‘.p&w
left/right 5 i ey
arms Mﬂ '-[Wm" J | | |
1000 2000 3000 4000 5000 6000 7000 8000
~ [ | | | I I s
o [ i B | : i
™ ' I . N I .
<t I I . TN I I s
o I Z Z ! I 1
© | l B I I I .1
~E T i

AutoPlait (NO magic numbers)
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Q2. Accuracy

0.9¢

Recall

0.8}

0.7{

(a) Precision and recall (higher is better)

(a) Segmentation

e ®

o5, AutoPlait~”

02 04 06 08 1
Precision

AutoPlait needs “no magic numbers”

(b) Clustering

0.8

O
2]

DynaMMo:
N/A

Entropy (CE)
o
AN

O
N

0 .
AutoPlait pHMM

(b) CE score (lower 1s better)

|IEICE-GC2015
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Q3. Scalability

Wall clock time vs. data size (length) : n

AutoPlait scales linearly, i.e., O(n)

Wall clock ime (s)

—
o

—
o

—
o

w

S
T

N

pHMM -~ Y=

/ /7
i

/s

’ -~

- x
-

- x

10° 10°
Length of bundle

10

|IEICE-GC2015
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AutoPlait at work

AutoPlait is capable of various applications,
e.g.,

App1. Model analysis
- Web-click sequences

App2. Event discovery
- Google Trend data

IEICE-GC2015 © 2015, Yasuko Matsubara

84



AutoPlait at work

AutoPlait is capable of various applications,
e.g.,

App1. Model analysis
- Web-click sequences

App2. Event discovery
- Google Trend data
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App1. Model analysis (WebClick)

Web-click sequences (1 month, 5urls)

f ey A

0
w"t A AHKEAUH uw.
;L‘.M "Em ‘\"” xMM "»‘
500 1000 1500 2000 2500 3000 3500 4000
Time (per 10 minutes)

— burls: blog, news, dictionary, Q&A, mail
—every 10 minutes
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App1. Model analysis (WebClick)

Web-click sequences (1 month, 5urls)

= 10 \ |

3 Sl A A N AR A

Q‘\ 500 1000 1500 2000 2500 3000 3500 4000 l oliday
@060 . — — -!
%&9‘ H B B B

AutoPlait finds 2 patterns: weekday/weekend !
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App1. Model analysis (WebClick)

Web-click sequences (1 month, 5urls)

-§ 10 ‘ i N
8 Sl ﬁia.ﬁ&‘éﬂﬂ“.ﬁﬁééﬁ tMMé MM éE
QQ 500 1000 1500 2000 2500 3000 3500 4000 l oliday
L L L L -!

S , [ I
o B BN B

AutoPlait finds 2 patterns: weekda Monday
(but holiday)
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App1. Model analysis (WebClick)

Pattern of weekday regime

: . I ’ 9 '
i 500 1000 1 500 2000 2500 3000 3500 4000

10 d|ct|onary\ blog\
S /@- =
5 — 9\1:_ -
0 o —— I n ews ! I | |
2am 8am 10am 11am 12pm  3pm 7pm 9pm
Time

Observation: Working hard every weekday
(i.e., using dictionary, news sites)
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App1. Model analysis (WebClick)

Pattern of weekend regime

i - 500 1000 1500 2000 2500 3000 3500 4000

1ol {Fblog | Q&A blog |
O news mail #
—+—dictionary

5 Q&A

4éf}1 8am 1 2bm 9pm
Time

Observation: No more work on weekend
(i.e., blog, mail, Q&A for non-business purposes)
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AutoPlait at work

AutoPlait is capable of various applications,
e.g.,

App1. Model analysis
- Web-click sequences

App2. Event discovery
- Google Trend data

IEICE-GC2015 © 2015, Yasuko Matsubara
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App2. Event discovery (GoogleTrend)

Anomaly detection (flu-related topics,10 years)

11— "flu fever"
10+
— "flu symptom"
Q — "flu headache"
§ 5 "flu medicine"

100

Time (per week)
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App2. Event discovery (GoogleTrend)

Anomaly detection (flu-related topics,10 years)

of e T AT Oct2009
u symptom AprII 2009 S "Swine flu
$ || 'fluheadache®  ngying fly Lo
§ 5r "flu medicine" outbreak" fvaCCIne
0 o * AN \f} MH w fia h V,J«’\” i ﬂu,)fw *J“J /
50 100 150 200 250 300 350 400 450

Time (per week)

— L I I I ] N I I ik

(a) Flu-related topics (regimes r = 2)

AutoPlait detects 1 unusual spike in 2009
(i.e., swine flu)

IEICE-GC2015 © 2015, Yasuko Matsubara 93




App2. Event discovery (GoogleTrend)

Turning point detection (seasonal sweets topics)

— "ice cream"
© — "milk shake"
Q 4 — "hot cocoa"
;“ 2 glngerbread | /\ J |
.T\W" I .« \". H b e\
Ofty il 4wl a,« Ml ;m F‘:»««”ilzﬁ'“ \J

50 100 150 200 250 300 350 400 450
Time (per week)
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App2. Event discovery (GoogleTrend)

Turning point detection (seasonal sweets topics)
— "ice cream" ' ! l
, Dec 2010
61— "milk shake" "new android ——>
S 4| "hot cocoa’ OS released" | ,1| -
35 | "gingerbread" 'l zl (\ k )fi | ﬂ i ,{u
.\“ M ll ))H ” , j | y‘ } [\ P ,-’ f :-”:"}h : ,}fm/(‘ \Nh\,}h;f
0 N ]”V A\ Q’ () uL (’! Nl o \-44«1 1 !1(‘ ’fﬂﬂf ' \w’\.‘ﬁ"",-;/ o' /\ﬁw%— ,] LSO ‘i”/ ]
50 100 150 200 250 300 350 400 450
Time (per week)
il I I I I ] : . I
~ .

(b) Seasonal sweets topics (regimes r = 2)

Trend suddenly changed in 2010 (release of
android OS “Ginger bread”, “lce Cream Sandwich”)
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App2. Event discovery (GoogleTrend)

Trend discovery (game-related topics)

20 "xbox" —"ps2, ps3" — "wii" "android"

50

Time (per week)
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App2. Event discovery (GoogleTrend)

Trend discovery (game-related topics)

20 "Xbox" "ps2, ps3" "wii "android"
1. xbox, 2. Wii Dec |3 mobile
° 15 playstation Nov 2006 549 |games
= wii launches Dec 2011 |
© ¥ ! 4
> 1 | J
ol J‘ 'k t !“ A\ “ ﬂ\

100 150 200 250 300 350 400 450
Time (per week)

T T
1 1 1 1 1 1
F T T T T T :|
N L 1 1 L |
™ [ ' r ' ' ' T
1 1 1 1 1 1

(c) Game-related topics (regimes r = 3)

It discovers 3 phases of “game console war”
(Xbox&PlayStation/Wii/Mobile social games)
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Conclusions

AutoPlait has the following properties
+ Effective vV
Find optimal segments/regimes
* Sense-making ¢/
Reasonable regimes
 Fully-automatic ¢/
No magic numbers

e Scalable ¢

It scales linearly

IEICE-GC2015 © 2015, Yasuko Matsubara
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The Web as a Jungle:
Non-Linear Dynamical Systems
for Co-evolving Online Activities

. gl Yasuko Matsubara (Kumamoto University)
Fe 7 ¥ Yasushi Sakurai (Kumamoto University)

M .. Christos Faloutsos (CMU) ( 1 E
100
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Given: online user activities

e.g., Google search volumes for
Xbox, PlayStation, Wii, Android

1t

.

| ,{r.'\. |
.,.mu.“"wJ M ‘qu

2004 2006 2008 2010
Time (weekly)

Volume @ time
o
(@)

2012 2014
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Given: online user activities

e.g., Google search volumes for

Xbox, PlayStation, Wii, Android

| - |

Volume @ time
o
(@)

200 2006 2008 2010 2012 2014
Time (weekly)
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Given: online user activities

e.g., Google search volumes for

1. Exponential growth / Android

Andr0|d

\ J’h' "1\“

Volume @ time
o
o

L ‘4

, f

iu d
o b

2004 2006 2008 2010 2012 2014
Time (weekly)
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Given: online user activities

e.g., Google search volumes for

2. Interaction/competition |droid
between keywords ,

Android

Volume @ time
o
(@)

'u

ll

_L""Q 3

O ‘N
2004 2006 2008 201 0 201 2 201 4

Time (weekly)
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Given: online user activities

e.g., Google search volumes for

ion, Wii, Android
Black

3. Seasonality

/ Friday

Xmas

g
. W{ <
()wﬂALJiliﬁfkw“ ..‘Sﬁgﬁgtf

=
Summer
2004 2006 2008 2010 2012 2014
Time (weekly)

|

vacation n

Volume @ tim
o
(@)
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Given: online user activities

e.g., Google search volumes for

Xbox, PlayStation, Wii, Android

o 1] L1 |

Goal: find patterns and rules
“fully-automatically”

N,

2004 2006 2008 2010 2012 2014
Time (weekly)
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Given: Co-evolving online activities
X (activity x time) dI

>n




Problem definition

Given: Co-evolving online activities

X (activity x time) di ~
>n
Find: Compact description of X
EcoWeb
/P r K A W B A
X = X
’

IEICE-GC2015 © 2015, Yasuko Matsubara
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Problem definition

Given: Co-evolving online activities

IEF Non-linear

Fi

evolution

/]

>

X time) di ~
>n
scription of X
EcoWeb
\/P r K A B A
X = X
= )

|IEICE-GC2015
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Problem definition

Given: Co-evolvinggeew' \+o - ction/
X (activity X| competition X
V==
Find: Compact descr
Ecox A
/P r K X W B A
- | i @i
> G2 G3
\_ J
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Problem definition

Given: Co-evolving online acﬁl"

X (activity x time)

Seasonality

vl g

Find: Compact description of

E3

-

N

p

r

K

= o3

EcoWeb [//(
A W B
B 0
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Problem definition

PIven; ():(O(_a NO mag{ic numbers ! i:
—n
Find: Comp
Parameter-free! _—

N

o

= o3
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Modeling power of EcoWeb

Questions
Online EcoWeb
activity -

P r K

N

A W B\
: _ N

=& o3
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Q1-1. (games)
Who is the competitor?

Wii S




Modeling power of EcoWeb

A. Android!

I~ Fitting result-}v\ 817

[ X2 , r T I
x3
x4

1." , ‘\‘u ‘\ “'. I‘

I ‘ b OF A )

| | | | \S

u‘ ! I\ J

—

o
®©

o
o

Volume @ time
=
FS

o
n
T

0 —— L O ] |
2004 2006 2008 2010 2012 2014
Time (weekly)

EcoWeb: Interaction network

IEICE-GC2015 © 2015, Yasuko Matsubara

116



Q1-2. (games)
Any seasonal events?

o




Modeling power of EcoWeb

B (k=1) Christmas
—w Y &

Black Friday ¢

E3
l Summer

vacation

v

Jan Mar May Jul Sep Nov
Time (weeks)

EcoWeb: seasonal component
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Modeling power of EcoWeb

Electronic e
Entertainment |, -4, |
Expo |
Eo.z Summer

vacation

v

Jan Mar May Jul Sep Nov
Time (weeks)

EcoWeb: seasonal component
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Modeling power of EcoWeb

summer
vacation

stmas

\

1y¢ _

Jan Mar May Jul Sep Nov

Time (weeks)

EcoWeb: seasonal component

|IEICE-GC2015
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Modeling power of EcoWeb

B (k=1) Christmas

.1 Y x .-

BIaCk ick Frida
Friday

-~

EcoWeb:

l vacation

v

Jan Mar May Jul Sep Nov
Time (weeks)

seasonal component

|IEICE-GC2015
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Modeling power of EcoWeb

istmas

Christmas

o E3
§ 0.2 Summer
vacation
ol !

Jan Mar May Jul Sep Nov
Time (weeks)

EcoWeb: seasonal component
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Modeling power of EcoWeb

B (k=1) Christmas
—w Y &

Black Friday ¢

E3
l Summer

vacation

v

Jan Mar May Jul Sep Nov
Time (weeks)

EcoWeb: seasonal component
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Q2-1. (apparels)
Who is the competitor?

JCPenny

' VS.




Modeling power of EcoWeb

A2. Forever21!

14— x1
X2
© 0.8f x3
'g x4
® 0.6} ,
© :
Eo0all
S l /*J
0.2 &

\ 1
g===

’ =7
v AT

H
| T

Fitting result - RMSE:O%\ \

2004 2006

2008

Time (weekly)

2010

2012

il
2014

Forever21

Kohls

@

O

Auusddor

Nordstrom

EcoWeb: Interaction network
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Q2-2. (apparels)
Any seasonal events?

a




Modeling power of EcoWeb

a

B(1 x 52) , k=1
-

— b1 Back to "

0.0l school T |

i Black

Oy iday’

Jén M'ar Méy Jul Sep Nov

EcoWeb: seasonal component
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Modeling power of EcoWeb

Q3. (retails)
Any patterns/trends?

Lowes cos
amazon cosree

Walmart
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Modeling power of EcoWeb

Walmart

A. They are
all steadily

0.065

g -
g resuv

increasing! Al
® 0.6 x5 A : | 1
§ 04— /\ ﬂ A , ‘
> 0.2 /\ A % u X ¥
0=

2004 2006 2008 2010 2012 2014
Time (weekly)

Amazon, Walmart, Home Depot, Best buy, ...
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Modeling power of EcoWeb

amazon -
B(2 x 52) , k=2 ! Walmar
b1l Memorlal Day Black riday
— i Labor Day

0.2
0_
-0.2

4th of July ——
Jan Mar May Jul Sep Nov

EcoWeb: 2 seasonal components
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Problem definition

Given: Co-evolving online activities

X (activity x time) di ~
>n
Find: Compact description of X
EcoWeb
/P r K A W B A
X = X
’
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Q. How can we describe the evolutions of X ?
EcoWeb

[PrK A \%Y% B\
100 B §=

=& o3

N




EcoWeb: Main idea

Q. How can we describe the evolutions of X ?

EcoWeb
e )

P r K A \%Y B
X

G1 2 G3
= 3

N

A. Web as a jungle!

- “virtual species” living on the Web
- Interacting with other species (activities)
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Main idea: Web as a jungle

Squirrel Spider
monkeys monkeys Macaws Ca!pxba[as

> "4, 4 \
‘Q - \::“,}76‘ /
. N 2 g T,
b o ‘.\!.' 20 e
L 4 s Al i o
> o AL i hy

Ecosystem
in the

Jungle

Image courtesy of xura, criminalatt, David Castillo Dominici, happykanppy at FreeDigitalPhotos.net.
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Main idea: Web as a jungle

| Squirrel Spider
monkeys monkeys M

|~ "y -
e y W =,
_9' J ‘ "\ . .T),.‘
. Ny P A
Lt » fl’,'lm S
. ¥ = e < ‘.\ | ] » X
.]‘ - - 4 > \v‘: wk g
- B on the

\m Fruits Nuts -[Grass] Web

Ecosystem

Ecosystem | xhox Playstation  wii  Android
in the WiiL '
Jungle

XBOX

IEICE-GC2015 , Yasuko Matsubara



Analogies: ecosystem on the Web

Online

Biological pemes
e activities

species

Jungle Web

Image courtesy of xura, criminalatt, David Castillo Dominici, happykanppy at FreeDigitalPhotos.net.
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Analogies: ecosystem on the Web

Biological pemes = Online
species i W activities
Food K User
resources = “ resources
Jungle Web

Image courtesy of xura, criminalatt, David Castillo Dominici, happykanppy at FreeDigitalPhotos.net.
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Analogies: ecosystem on the Web

Biological pemss = Online
species Hfas W activities
Food % “ User
resources = resources
Population m “m Popularity
Jungle Web
EICE-GC2015 o015, asiko Matsabara 1



Analogies: ecosystem on the Web

Biological peses
' _

I
A

Online

Population m “

J

species ‘W' activities

Food ik User
resources m “% resources
- Popularity

Climate/ Annual events
season “ - (e.g., Xmas)
Jungle M Web
EICE-GC2015 02015, Yastko Matsubara 140
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EcoWeb: Main idea

Q. How can we describe the evolutions of X ?
EcoWeb
-

P r K A

<
R

[ ]
X

>

_
A. Web as a jungle!

E
E
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EcoWeb: Main idea

Q. How can we describe the evolutions of X ?

N

Non-linear ] Interactlon/ 1
i Seasonality

evolution competition
36¢

van j | &
tam
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€1 EcoWeb-individual ILL

Non-linear evolution of a single keyword

Species

-
l'l
Keywords

t=0 t=1 t=2
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€1 EcoWeb-individual ]LL

Non-linear evolution of a single keyword

T

A
Keywords ysers "'
t=0 t=1
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€1 EcoWeb-individual ]—ﬂ

Non-linear evolution of a single keyword

KeyWO rds Users

|ﬁ| -
t=0 t=1
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EcoWeb-individual

Non-linear evolution of a single keyword

ﬂ
Popularity size

P T 1= P [1+7~<1 PI(;))},

P - Initial condition (i.e., P(0) =p )
r — Growth rate, attractiveness
K — Carrying capacity (=available user resources)
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EcoWeb-individual

Non-linear evolution of a single keyword

S — =]

P - Initial condition (i.e., P(0) =p )
r — Growth rate, attractiveness
K — Carrying capacity (=available user resources)
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EcoWeb: Main idea

Q. How can we describe the evolutions of X ?

Non-linear ] Interactlon/
evolution competition

Vad

N

i Seasonality

A

| 1€ | R
am
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EcoWeb-interaction m

Interaction between multiple keywords

Species Keywords

L -
E | 990¢

e
Food User
resources resources

N 4;\ '.‘
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EcoWeb-interaction m

Interaction between multiple keywords

Species Keywords

# s

6 &

Food User
resources resources
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EcoWeb-interaction

Interaction between multiple keywords

Popularity of (i) Popularity of (j)
-1 + 7; (1 — 2?21 @il (t)>- 7

K

d; - Interaction coefficient
- i.e., effect rate of keyword (j) on (i)
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EcoWeb-interaction

Interaction between multiple keywords

_ Popula (j)

P (t +

S

d; - Interaction coefficient
- i.e., effect rate of keyword (j) on (i)
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EcoWeb: Main idea

Q. How can we describe the evol

Non-linear
evolution

vad)

N

(I

Interactlon/ =
competition i

Vg

j
@

utions of X ?

Seasonality

€3

A
<@~
v

a

|IEICE-GC2015
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EcoWeb-seasonality

“Hidden” seasonal activities

\.-,‘"\1)\

PN
o oY

]

Season/
Climate

I

= g

amazon

Walmart

vA g
n

Seasonal
events

|IEICE-GC2015
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€=l EcoWeb-seasonalit |

“Hidden” seasonal activities Eﬂﬂ

Estimated volume of (i)
Ci(t)|= P(t) [L +es(t)] (i=1,--,d),
~ f(z, t|W, B) — Z’wijbj (7‘) (’7’ — [t mod ’I’Lp])

Seasonal activities of (i)

W - Participation (weight) matrix
B - Seasonality matrix
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EcoWeb: Main idea

Q. How can we describe the evolutions of X ?

EcoWeb
e )

P r K A \%Y B
X

_ y
A. Web as a jungle!

S ={p,r,K,A,W,B}

N

>
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Challenges

Q1. How can we automatically
find “seasonal components” ?

Q2. How can we efficiently estimate
full-parameters ? EcoWeb

X

I
X

=@ o3
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Challenges

Q1. How can we automatically
find “seasonal components” ?

Idea (1) : ICA + MDL

Q2. How can we efficiently estimate
full-parameters ? EcoWeb

X

I
X

ldea (2): Multi-step fitting
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Challenges

Q1. How can we automat

Q2. How can we efficiently estimate
full-parameters ? EcoWeb

X

ldea (2): Multi-step fitting L
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ldea (1): Seasonal component analysis

Q1. How can we automatically .;é(.
find “k-seasonal components” ? Ean
EcoWeb
=) |G A
5 51 I3 J X
1 opt k=7

ldea (1) : ICA + MDL
a. Seasonal component detection (ICA)
b. Automatic component analysis (MDL)
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ldea (1): Seasonal component analysis

ldea(1-a) Seasonal component detection
E d=2

>
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ldea (1): Seasonal component analysis

ldea(1-a) Seasonal component detection

IEICE-GC2015 © 2015, Yasuko Matsubara 164



Idea (1): Seasonal component analysis

ldea(1-a) Seasonal component detection

Independent
components
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ldea(1-b) MDL
Find optimal number k (1<k<d)
d: dimension




ldea(1-b) MDL
Find optimal number k (1<k<d)
d: dimension




ldea(1-b) MDL
Find optimal number k (1<k<d)

Optimal k




ldea (1): Seasonal component analysis

ldea(1-b) MDL -> Minimize encoding cost!

===CostM
===CostC
CostT

min (| Costy(S) |+ |Cost(X]S5)|)
Model cost Coding cost

12345678910

K

Good Y Good
compression |[®.4  description
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ldea (1): Seasonal component analysis

ldea(1-b) MDL -> Minimize encoding cost!

===CostM
===CostC

[}

Costr(X;S) =log™ (d) + log™(n) + Costy(p,r, K)
+Cost (A) -+ CostM(k, W, B) -+ Costc(X|S)

kopt = arg min C'ostr(X;S)
k

Good Y Good
compression |[®.4  description
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Challenges

Q1. How can we automatically
find “seasonal components” ?

Idea (1) : ICA + MDL

X

ldea (2): Multi-step fitting L
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ldea (2): Multi-step fitting

Q2. How can we efficiently estimate
model parameters ?

X

=& o3

4
I

ldea (2): Multi-step fitting
a. StepFit (sub)
b. EcoWeb-Fit (full)
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ldea (2): Multi-step fitting

(2-a). StepFit: Update parameters alternately

4 N
P r K A A% B
StepA " “
!
" J
f’? r K A W B A
StepB N ‘ } X
,
G3
\§ - J
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ldea (2): Multi-step fitting

EcoWeb-Fit: full algorithm

e.g., 4keywords: OO ®

EcoWeb-Fit updates parameters, separately
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ldea (2): Multi-step fitting

EcoWeb-Fit: full algorithm

e.g., 4keywords: OO ®

1. Individual-Fit

EcoWeb-Fit updates parameters, separately
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EcoWeb-Fit: full algorithm

e.d., 4 keywords: QGGQ

1. Individual-Fit 2. Pair-Fit

oo

EcoWeb-Fit updates parameters, separately




EcoWeb-Fit: full algorithm
e.g., 4keywords: @GO OO

1. Individual-Fit 2. Pair-Fit 3. Full-Fit

EcoWeb-Fit updates parameters, separately
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Experiments

We answer the following questions...

Q1. Effectiveness
How successful is it in spotting patterns?

Q2. Accuracy
How well does it match the data?

Q3. Scalability

How does it scale in terms of computational time?
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(#1) Video games

e Fitting resuIt RMSE-O 058817
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Q1. Effectiveness

(#1) Video games

R~ Fitting result - RMSE=0.058817 Seasonali ty
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(#2) Programming language
C,R, MATLAB

Fitting result - RMSE=0.076417
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Time (weekly)
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Q1. Effectiveness

(#2) Programming language
C,R, MATLAB

Seasonality
Fitting result - RMSE=0.076417
1lp o x1 1 B(1x 52) Chrlstmas
‘ X2

2 o8] \ 3 W ﬂ Summer ]
(?é 0.6f \ “ A | ¢
S04 1] March |
~ 0.2} 2 2t ¢Y ( break

ol . . | Jan Mar May Jul Sep Nov

2004 2006 2008 2010 201 2 2014
Time (weekly)
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Q1. Effectiveness

(#3) Social media
Tumblr , Facebook , LinkedIn

Fitting result - RMSE=0.039536

N [— Interactions
2
_‘é’ 0.8} §3
§%(16
S04
=
®

2004 2006 2008 2010 2012 2014
Time (weekly)
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Q1. Effectiveness

(#3) Social media
Tumblr , Facebook , LinkedIn

Fitting result - RMSE=0.039536

N [~ | Seasonality
208 - x3 15w B(1x52) k=1
(3 0.6f bi
g |
> 0.2 - T
T “- /" Christmas

0 - - == el , L . . N
2004 2006 2008 2010 2012 2014  Jan Mar May Jul Sep Nov

Time (weekly)
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Q1. Effectiveness

(#4) Apparel companies
Kohls , JCPenny , Nordstrom , Forever21

Fitting result - RMSE=0.074104 .
| | | . Interactions
1 a
g 0.8}
® 0.6}
o | |
OH®
9 |
0.2p~1" |

200 2006 2008 2010 2012 2014
Time (weekly)
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Q1. Effectiveness

(#4) Apparel companies
Kohls , JCPenny , Nordstrom , Forever21

Fitting result - RMSE=0.074104 :
| | | ' . Seasonality
1 - —
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Time (weekly)
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Q1. Effectiveness

(#5) Retail companies

Amazon , Walmart , Home Depot ,
BestBuy , Lowes , Costco

Fitting result - RMSE=0.065173
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X2
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Q1. Effectiveness

(#5) Retail companies

Amazon , Walmart , Home Depot ,
BestBuy , Lowes , Costco

Fitting result - RMSE=0.065173 Seasonality
1t
| BR2x52) k2 123
gog | Memonal DayABm& Friday
© 06 | : — 0 i Labor Day
£ Wy 0.2 l
= .
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e > | | 00 ~ 4th of July—~—
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Time (weekly)
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Q2. Accuracy

RMSE between original and fitted volume
(Lower is better)

0.2 ; i ;
. Bl EcoWeb-Fit
L B EcoWeb-Plain
S 0.15 . JAY;
o
S
o 0.1
O
£
=
" 0.05|

#1 #2 #3 #4 #5
Data ID

EcoWeb consistently wins!

IEICE-GC2015 © 2015, Yasuko Matsubara 190



Q3. Scalability

Wall clock time vs. dataset size (years)
EcoWeb-Fit scales lmearly, i.e., O(n)

—~ — ECOWeb Fit ) ]
§ 00r — EcoWeb-PI am / :
@ LV
g 1 000 i '®) /’/ &
X
o |~
O &
S 500 o
c;U ':;&——————————C-;—'—““—“‘E}'—-———_————(3
° . - 9 © —
% Datasize (yoars) —

Datasize (years)

/x faster than LV, 20x faster than EcoWeb-Plain
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EcoWeb at work - forecasting

Forecasting future activities

Train:
2/3 sequences

Forecast:
1/3 following years

Original sequences
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\
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3004 2006 2008 2010 2012 2014
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EcoWeb at work - forecasting

Forecasting future activities

Train: Forecast:
2/3 sequences 1/3 following years

EcoWeb ‘

T - .
| ‘.| .\I
\ |

-

1

|
I
0.5 |

L{ jh J \r | -
by \t’{\ ALY J \" L ‘5 I
La s "J‘ l‘“”\ q\;{fv W ,\" "\. \]} \/I‘.:/}M:s’)l\J t/l

2%04 2006 2008 2010 2012 2014
EcoWeb can capture future patterns

?t?d-t—-'-—_‘
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EcoWeb at work - forecasting

Forecasting future activities
EcoWeb

n" K .
Hos 2006 2008 2010 2012 2014
EcoWeb can capture future patterns!
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EcoWeb at work - forecasting

Forecasting future activities
EcoWeb EcoWeb
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EcoWeb can capture future patterns!
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Conclusions

EcoWeb has the following advantages

v Effective EcoWeb
Finds important pattern vk A W B )
v F]U“;-]aup:o;atilzza o I:IDD g
.
No parameter tuning \_ y
“ Scalable 7 :; Fi"ingfesult-RMS§=0.053317
It is linear 532 xa
v/ Practical 3

.......

Long-range forecasting S e — 20— wo —wn

Time (weekly)
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Thank youl! 2

- Fitting result - RMSE=0.058817
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SIGMOD 2015 3h-Tutorial
“Mining and Forecasting of

Big Time-series data”

http: //www cs. kumamoto -u.ac.jp/~yasuko/
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