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Introduction & Motivation
= Social Networks and Big Data
" OLAP and Data Mining for “Big Data”

Acquiring Facts and Dimensions
» Data Transformation
= Discovering New Elements

Modeling Discovered Elements
Usage & Maintenance of Dynamic Elements
Conclusion
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Introduction & Motivation

= Social Networks
= Growing popularity
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" Huge data volumes 684478
" High data generation rate

= Heterogeneity
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Introduction & Motivation

= Data Warehouse vs. noSQL
= Established and mature technology
= Standardized for interchangeability
" |ntegration with Data Mining
= Abundance of tools for various tasks

= Challenges
= Heterogeneous and semi-structured content
= Dynamic data, changing dimensions
= High data arrival rate
= Non-trivial analysis tasks
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Twitter: A motivational scenario

= Why Twitter?
= News broadcast & Information exchange platform

= Active Users
= > 140 million

= Daily Tweets
= > 340 million

= Set of configurable APls:
= Search, Rest, Stream
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Twitter: Output Data Format

" Twitter APIs output the semi-structured data

as JSON objects:

= User data
= Status (tweet) data

®» Timeline data

= Over 67 metadata fields
" 10% of the public stream
is available

Aeeb \
<text>

If you havent read about Mario Balotelli yet,
you MUST before todays #EURO2012 final:
http://t.co/2aFDjnsD
</text>
<truncated>true</truncated>
<date>2012-01-07 18:36:05.000</date>
<source>web</source>
<retweeted>true</retweeted>
<user>
<name>Marcel***</name>
<date>2011-08-01 06:06:34:12.000</date>
<utc-offset>-18000</utc-offset>
<language>en</language>
<geo-enabled>False</geo-enabled>
<statuses_count>1521</statuses_count>
<followers_count>121</followers_count>

</user>
</tweet>
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Multi-Layered Architecture for Twitter Data Warehouse

oth Iaver PRESENTATION

> T A e
Welﬂfrontend

4th layer: ANALYSIS -
S 5V
"M e
= | = = e

OLAP Data Minin DSS methods
t t FrES g

Media Mart—Tweet Mart—ser MaF!—L

SM I_crosoft
e o Metadata

3rd layer: DATA WAREHOUSE T T l

w3 BaseX XML storage

Extractor‘ Enrichment
Staglng area # 5

2nd layer: ETL 4

REST APl Search APl Streaming AP

external sources

1st layer: DATA SOURCES

02-Nov-12 Discovering OLAP Dimensions in Semi-Structured Data — DOLAP’12 Hawaii USA




N
:

Universitat =
Konstanz A

Twitter stream - a Structured View

" Twitter data model:
" Original model is not available
" Streamed data is poorly documented
" Relationships between fields are not obvious

= Reverse engineering of the data model
= Related fields are grouped into classes

= Relationships between classes are specified
" Constraints are defined
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witter stream - a Structured View

Search Profile_Count User_Location Profile_Image Profile_Misc
PK | keyword_id PK,FK1 | User ID PK,FK1 | User_ID PK,FK1 | User ID PKFK1 | User ID
PK Timestamp PK Timestamp PK Timestamp PK Timestamp
Keyword
T Status_Count City Background_color ScreenName
Fav_Count State Default_Profile_Image Language
Followers_Count Country Profile_Image_url_https Protected
Friends_count Continent Profile_Background_image_url Verified
Listed_count UTC_Offset Profile_Background_image_url_https Contributors_Enabled
TimeZone default_profile Geﬂ_?"?““
T profile_background_tile Description
Keyword profile_link_color Email
) profile_text_color Phone_Number
PK,FK1 | Keyword ID ! profile_sidebar_border_color Display_Sensitive_content
PK,FK2 | User_Id , profile_sidebar_fill_color Mark_my_media_As_Sensitive_Content
! profile_image_url Always_Use_HTTPS
is_Translator
} url
Notifications = F H Tweet
PK,FKL | User ID User Contributors pemmmmm e m H- :5 FKL 1b_STR
PK timestamp ' HH PK | User_ID ! ) User ID
0\ o< PK,FK1,FK2 | User_ID | i
Activity_type Name L PK,FK1 ID_ST| 5O ! Tyveet_Text
Enabled 1 Created At : Timestamp
) ! H Re_Tweeted
password | Re_TweetCount
H : t Favorited
FFx : m Truncated
1 " Source
Lists * i Place_city
N . P Place_country
:z FK1 mml;n User_Mention Place_Continent
' ‘ e 1o sie A
g:?::s:;n O< PK.FKLFK2 | User ID PK,FK1 |ID_STR geo_continent
PK Media URL v
CreatedAt Ind_Start_Pos :F
$ 1 Ind_End_Pos Media_URL_HTTPS |
4 T URL g
Display_URL
? Tweet 8T Expanded_URL Hashtags
Followings PK,FK1 ID_STR Sizes
g o PK Times o AL | IDSTR
PK,FK2,FK3 | User_ID ,, | PKFKLFK2 | User ID Ind_Start_Pos Hashlag Text
PR : K Ind_End_Pos Ind_Start_Pos
] BO— in_reply_to_screen_name Ind End Pos
FK3 ListiD in_reply_to_status_id - -
Date in_reply_to_user_id
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Acquiring Facts and Dimensions

DateDIM
UserFact UserDIM
L] ? DateKey ot
. [ ) FulDate ¢ Fac name
u e Ca l I I a e S P Datexey Created_at1
® DateNameUS UserlD location
DateNameEU FriendsCount language
DayOfWeek FollowersCount description
DayNameOfieek od StatusCount Lo o URL1
[ 5
- - DayOfMonth ListedCount screen_Name
DayOfYear verified
WeekdayWeekend utc_offset
WeekOfYear time_zone
MonthName show_all_inline_media
- MonthOfYear @ userid
W e e - r‘ a e a a IsLastDayOfMonth created_at
CalendarQuarter
CalendarYear
CalendarYearMonth 5 o
CalendarYearQtr
B content elements reaenbottes
FiscalQuarter
FiscalYear 8
FiscalYearMonth TimeDim
FiscalYearQtr TweetFact 9 ey
° @ FactlD
Time
= Granularity levels:
Hour
e Datekey MilitaryHour
NoOfHashtags
Minute
lenOfTweet
Second
retweet_count
by O N a— tweetke AmPm
Wi
. TweetDIM S [eo=—=C~ StandardTime
u S e r S a S ‘ S tweet - favoriteCount
created_at userid
place_dity
place_country
L4 [ [ place_continent
. geo_city
geo_country L
geo_continent
mediaUrl
hashtag
L
- retweetcount
opics erms
truncated
source
? id
src 28
02-Nov-12 Discovering OLAP Dimensions in Semi-Structured Data — DOLAP’12 Hawaii USA 10




Universitat ForEriE

Konstanz

=Nl

i
QI

Acquiring Facts and Dimensions

Simple derivation / computation

Including external data sources
= geo-information, vocabularies

Applying external functions (APIs)
" |language detection and translation
= sentiment analysis
= spam detection

Data mining
=" hidden relationships, clustering, ranking
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= Simple Derivation

» Fact/Measure Extraction
= Length of Tweet : 64
= Number of Hashtags: 1

= Dimension

= Source
= Web, App, Phone

" Hierarchy
= Source

Discovered Facts and Dimensions

-

-

Watching #Euro final at British pub in
Capitola while staring at the beach.
Not what | expected but |,ll take it!

Viva Italia

\

v

ALL

Source

Brand

User
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" External Data Sources & APIs
= language
= English
= Entity Detection
= Event
* Euro (Championship)
" Facility
= British pub
= Country
= |taly
= Topic
= Sports
= Tags: Sports, Fun, Eurocup
= Sentiment: Positive

Discovered Facts and Dimensions

-

\_

Watching #Euro final at British pub in
Capitola while staring at the beach.
Not what | expected but I,ll take it!

Viva Italia

~N

J

02-Nov-12 Discovering OLAP Dimensions in Semi-Structured Data — DOLAP’12 Hawaii USA 13




Universitat ForEriE

Konstanz

= |

—

i
Wil

Discovered Facts and Dimensions

Data Mining

" Clusters of Users
" Trending, Spam, Lifestyle, etc.
" Clusters of Tweets
= Popularity
" Non-Trivial Relationships
= What contributes to popularity & trending of

"o users
" tweets
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No of Hashtags >=1 and Sentiment ="No sentiment’ and Iweets 1

Lancuacze not=‘en’ Tweet 2
No of Hashtags >=1 and sentiment ="No Sentiment and ]2' Iweet )
. lanzuaze =‘en’ Tweet 3 |

[ | I W e et P O u | a r' I t No of Hashtags »=1 and sentiment not ="No Sentiment and '

Sentiment not="positive’ Tweet )
No of Hashtags »=1 and Sentiment not="No Sentiment’ ol J
C I e ﬁ and Sentiment= ‘positive’ Trweetl |
a S S I e r All No of Hashtags<1 and User Popularity not="Not Famous’ ]9[ Tweet. |
B . . R . - . Tweet... ||

No of Hashtags <1 and User Popularity ="Not Famous =
Tweet. |
No of Hashtags »=2 and <3 and Language Not ="tr’ Tweet.. |
No of Hashtags>=2 and <4 and Language not ="en’ and RI Tweet. ]

Lansuage not ="tr’ \
i | Iweet ]
No of Hashtags >=2 and <4 and Language ="en’

Tweet. ]

Timezone
="Bogota
Has URL =false

Timezone
Has URL =false

Sentiment not=
‘positive’
=‘positive’

Sentiment not =

“positive

not="Bogota’

Timezone not
='Sarajevo’

Sentiment

=‘positive’

Timezone

= User Popularity

Timezone e
assitier B .

Timezone Missing
=‘Bankok’ -
_Tm\ezcne

- ='Greenland"

Timezone
not="Santiazo’ Timezone not
='Greenland’ Has URL=false
.

r‘"‘e‘."“e. Media=true

='Santiazo

Media=false
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Modeling Discovered Elements

tblentity *

id

entity_type

entity_value
? keyid

T
®

Topics *

topic
? keyid

TweetDIM
tweet
created_at
place_city
place_country
place_continent
geo_dty
geo_country
geo_continent
mediaUrl
hashtag
retweetcount
favorited
truncated
source

?id

m

e O

tblSentiments

id
sentiment
R keyid

Social_Tags *
id
sodial_tags
% keyid

DateDIM
© Datekey UserFact UserDIM
FulDate % FactlD name
DateName DateKey Created_at1
DateNameUS UserID location
DateNameEU FriendsCount language
DayOfieek FollowersCount description
DayNameOfiveek StatusCount URLL
DayOfMonth ListedCount screen_Name
DayOfYear venﬁe;s
WeekdayWeekend utc_offset
WeekOfvear time_zone
MonthName show_al_inline_media
MonthOfYear @ userid
IsLastDayOfMonth eated_at
CalendarQuarter
Calendarear
CalendarYearMonth
CalendarYearQtr
FiscalMonthOfYear
FiscalQuarter
FiscalYear
FiscalYearMonth TimeDim
FiscalYearQtr TweetFact 9] Ty
@ FactiD
Time
TimeKey
Hour
Datekey
MiitaryHour
NoOfHashtags
Minute
lenOfTweet
Second
retweet_count o
m
TweetDIM teetkey o
tweet - favoriteCount
eated_at userid
place_city
place_country
place_continent
geo_dity
geo_country L
geo_continent
mediaUrl
hashtag
retweetcount
favorited
truncated B
source
? id
src 8
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Modeling Discovered Elements

(| TweetClassifier
NodeID
Node_Rule

Parent_Node
? keyd

thlentity *

id
entity_type
entity_value

% keyid

TweetDIM
tweet
created_at
place_dty
place_country
place_continent
geo_dity
geo_country
geo_continent
mediaUrl
hashtag
retweetcount
favorited
truncated
source

? id

m

tblSentiments
id
sentiment
@ keyid

Social_Tags *
id
sodal_tags
? keyid

User Classifier
NodeID
Node_Rule

Parent_Node
¢ keyd

DateDIM
@ Datekey UserFact UserDIM
FulDate ¥ FactlD name
DateName Datekey Created_at1
DateNameUs UserlD location
DateNameEU FriendsCount language
DayORWeek FollowersCount desaription
StatusCount URLL
DayOfiMonth ListedCount screen_Name
DayOfYear verified
WeekdayWeekend utc_offset
WeekOfYear time_zone:
MonthName show_all_inline_media
Monthofear 9 userid
IstastDayOfMonth aeated_at
CalendarQuarter
CalendarYear
CalendarvearMonth
CalendarYearQtr
Fiscalionthoffear
FiscalQuarter
FiscalYear
FiscalYearMonth TimeDim
FiscalYearQtr TweetFact S Tenekey
§ FactlD e
TimeKey —
DateKey MitaryHour
NoOfHashtags
Minute
lenOfTweet Second
retweet_count ok
TueetbiM frectes =0 StandardTime
tweet - favoriteCount
created_at userid
place_cty
place_country
place_continent
geo_city
geo_country L
'geo_continent F
‘mediarl
hashtag
retweetcount
favorited
truncated (3
source
¢ id

sc
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Discovered Hierarchy - Example

= Conceptual modeling of new elements
= Consider user dimension in the TweetCount fact type

location city

country continent

Tiime hour minute  second  timestamp [TweetCount | TweetKey
O —O0<«—0<—0< O<— OFactiD
Tyate day of week date @ #friends message
0F O< < @ #followers re-tweeted
\ quarter month @ #status favorited
year O @ #favorited truncated
Né @ #listed userKey ;reatedAT
location

VViIiITULVG UNWVVILE U lll\—lu'\nlly Wil Viwewl

username

rvr“l“l l‘, (]

:
O—>O0—>0—>0—30™*
/ S(M
>

o TUSEI'
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Discovered Hierarchy - Example

= Adopt some ranking function (e.g., based on the number
of followers)

= Define higher-level groupings (e.g., based on percentages
or thresholds)

Tusero ALL
A //17 y Yr\\
popularity O superstar celebrity  popular regular unpopular
A

PILN AN
ranking % O 1.2 3 45 81 -~ 100
1 1 A

ranking (A) 20.8 Min 19.9 Min ;

user O LadyGaGa JustinBiber mandy chan dummy8
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Discovered Hierarchy - Example

= Add new aggregation path to the fact schema
= Specify the computation formula for added elements

location city country continent

O—>0O0—>0—>0
T;: hour minute second timestamp
t TweetCount Tweethci/ source
O O<«—O<«—O0<«—0De— AN

] OFactiD
Td@te day of week  date /,1:#friends mejsagf :
© O ) 7 #followers re-tweete

\O quarter month / /|@ #status favorited
year

] vl @ #favorited truncated

—O( O : /’ "’ e
week \ :' : @ #listed E%_Seatedm
el N NS url

T
tweet
@)

~
~ ~ ~~
~~~~~~

St TNl \ ) location I
~~~~~~~ username
- ~— \ O O user

“"""‘""‘-"%-.;\.f /
\ . ,
N ranking % '
ranking (@) R > R > (3 popularity

" Problem: the added hierarchy is dynamic
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Maintenance of Dynamic Elements

= Similar to Slowly Changing Dimensions

= Multi-versioning / historization
= current version in the dimension table

= Previous version in history table(s)
" Temporal constraints for historical records

USER-DIM
userkey | url name createdAt location ranking | ranking% | popularity
1308331 wp-guru 2010-06-21 | London, GB 171.2 79 regular
USER-HISTORY
userkey | url name createdAt location ranking | ranking% | popularity created
1308331 wp-guru 2010-06-21 | London, GB 117.4 83 unpopular 2012-02-01
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Querying along Dynamic Elements

" OLAP queries with multi-versioned dimensions

" correct aggregation by joining the fact entries with
the matching versions of the dimension

" “playing” with different versions for what-if
analysis
" Examples

" retrieve the messages tweeted in 2009 by those
users who are popular now (and not in 2009!)

" retrieve recent tweets containing the hashtags
which were in TOP 20 in 2008



Conclusion

" Proposed extraction of multi-dimensional data
cube from semi-structured data.

" Extended the underlying dataset and model
using DM and semantic enrichment methods.

= Adapted the DWH to deal with the changing/
dynamic data using concept of SCD.

= Fnabled OLAP for recent and historic data
analysis.
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Thank You

Questions
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