Random walking through the
data: novel spectral methods
for the analysis of networks

Fabrizio Silvestri
ISTI - CNR, Pisa, Italy



RdMea walking throug
data: noyels8®&Rl methods
o the analysis of netwcC

Fabrizio Silvestri
ISTI - CNR, Pisa, Italy



Random walking through the data:
applications of a less known spectral
method for the analysis of networks

Fabrizio Silvestri
ISTI - CNR, Pisa, Italy



Spectral Methods

® Deals with analyzing the spectrum of
matrices...

® .. we need to put our data in matrix form
(or equivalently... graph!)

® |n the context of Web data we are full of
graphs, i.e. matrices



Applications

® Recommender systems:
® TJourist recommender system
® Query recommender system
® How do they mix!

® Stay tuned!



Preliminary
(Center-piece Subgraph)

® Hanghang Tong and Christos Faloutsos. Center-piece subgraphs: problem
definition and fast solutions. In Proceedings of KDD'06.

® |t is a generalization of the connection-subgraph
problem:

® Given:an edge-weighted undirected graph G,
set vertices Q from G, and an integer budget b
Find: a connected subgraph H containing
vertices in Q and at most b other vertices that
maximizes a “‘goodness’ function g(H).



Example

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)
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Example

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)
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softAND

® |ndeed, Center-Piece Subgraph problem has been defined in
terms of a softAND coefficient:

® Given:n edge-weighted undirected graph W, Q nodes as
source queries Q = {qi} (i = I,..,]|Q|), the softAND
coefficient k and an integer budget b

® Find:a suitably connected subgraph H that

® contains all query nodes @i, at most b other vertices,
® it maximizes a “‘goodness” function g(H), and

® intermediate nodes must have good connections to
“at least” k of the query nodes.



softAND

® |Indeed, Center-Piece Subgraph p
terms of a softAND coefficient: In our applications we

® Given:n edge-weighted undir a[e]gle (U= Ha (s Hojiva NP,

source queries Q = {qi} (i= I, coefficient.
coefficient k and an integer b

® Find:a suitably connected subgr

® contains all query nodes @i, at most b other vertices,
® it maximizes a “‘goodness” function g(H), and

® intermediate nodes must have good connections to
“at least” k of the query nodes.



How to Compute it

® | et us first define the goodness score for
nodes. For a given node j, we have two
types of goodness score for it:

® |etr(i,j) be the goodness score of a given
node j w.r.t. the query g

® |etr(Q,j) be the goodness score of a
given node j w.r.t. the query set Q.



How to Compute it

® The goodness criterion of H can be defined as:

g(H) — Z T(ij)

JEH

Q
r(Q,7) £7(2,5,Q) = ||, j

=1

where r(i,j) is the steady-state probability of a
single node j w.r.t. query node g.



FAST CePS

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)

Input: the weighted graph W, the query set O,
K _softAND coefficient k, the budget b, and
the number of partitions p
Output: the resulting subgraph H
Step 0: pre-partition W into p pieces (one-time cost)
Step 1: pick up partitions of W that contain
all the query nodes to construct the new
weighted graph nW
Step 2:. run CEPS as in table 1 on nW




CEPS

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)

Input: the weighted graph W, the query set O,
K _soft AN D coefficient k and the budget b

Output: the resulting subgraph H

Step 1: Individual Score Calculation. Calculate the
goodness score (%, 7) for a single node j wrt a
single query node g;

Step 2: Combining Individual Scores. Combine the
individual score r(%,7) to get the goodness score
r(Q, j) for a single node 57 wrt the query set Q

Step 3: “EXTRACT?”. Extract quickly a connection
subgraph H with budget b maximizing the
goodness criteria g(H)




EXTRACT

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)

1. Initialize output graph H null
2. Let len be the maximum allowable path length

3. While H is not big enough
3.1. Pick up destination node pd = argmaz;¢1r(Q,7)
3.2. For each active source node g; wrt node pd
3.2.1. use table 3 to discover a key path P(q;,pd)

3.2.2. add P(q;,pd) to H
4. Output the final 'H




Single Key Path Discovery

(from H.Tong and C. Faloutsos. Center-piece subgraphs: problem definition and fast
solutions. In KDD'06.)

1. Let len be the maximum allowable path length
2. For j « [1,...,n]

2.1. Let v =u;

2.2. For s <+ [2,...,len]

If v is already in the output subgraph

s =s
Else
ss =s—1

Let Cs(2,v) = mazyju—d, »(Cs (2, u) +7(Q,v))
3. Output the path maximizing Cs (i, pd)/s, where s # 0




Overall Cost

® (Cost of Partitioning +

® for each “query” Q:

® CEPS(Q) = RWR(i,j) (for each node jin W) +
EXTRACT(Q)

® EXTRACT(Q) = b*(key path discovery)



Overall Cost

® (Cost of Partitioning +

® for each “query” Q:

® CEPS(Q) = RWR(i,j) (for each node jin W) +
EXTRACT(Q)

® EXTRACT(Q) = b*(key path discovery)

® Prohibitively high to compute it for several Q
arriving online



Our Take on Center-
Piece Subgraph

® Goal:

® to find a representation for the graph
allowing online computation of CePS for
multiple query sets Q

® Motivations:

® |n the context of recommender systems
queries arrive online and need to be
answered in a fraction of a second.



The ldea
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The ldea
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The ldea

To solve queries take
entries related to nodes in
the query and compute
Hadamard product.Then
take nodes in reversed
order of product result

Compre> g



A Tale of Two
Applications

® TJourist Recommender System:

® (. Lucchese,R. Perego, F. Silvestri, H.Vahabi, R.Venturini. How
random walks can help tourism. 34th European Conference
on Information Retrieval (ECIR), 201 2.

® Query Recommender System:

® F Bonchi, R. Perego, F. Silvestri, H.Vahabi, and R.Venturini. Efficient
Query Recommendations in the Long Tail via Center-
Piece Subgraphs. SIGIR 2012:To Appear.



Tourist Recommenders
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Tourist Recommenders
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Some Results

® Baseline: suggest always the top-k visited Pols in a city

® We used three datasets: Florence, Glasgow, and San Francisco.
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Anecdotes

Starting Pols in U

Palazzo Vecchio
Piazza della Signoria

Starting Pols in U

La Specola
Museo Fiorentino di Preistoria
Museo Horne

Bargello
Top-10 ranked Pols Top-10 ranked Pols
Pol |Probability Pol |Probability
Ponte Vecchio 59-¢° Uffizi 1.4.¢ '
Piazzale Michelangelo 2.1-¢"4 Giotto’s Campanile 1.2.¢71°
Palazzo Pitti 1.9-¢74 Palazzo Medici Riccardi 9.8.¢7 !
Giotto’s Campanile 6.8-¢° Vasari Corridor 74.¢ 1
Boboli Gardens 4.9.¢7° Medici Chapel 6.5-e
Loggia dei Lanzi 4.6-¢7° Basilica of Santa Croce 53.¢ M
Piazza Santa Croce 4.2.¢7° San Marco's National Museum| 1.3.¢7'!
Uffizi 4.1-e7% Dante Alighieri's House 9.6-e 12
Basilica of Santa Croce| 3.9-e” % Modern Art Gallery 9.3.e" 12
Ponte alle Grazie 34-e"° Museo Stibbert 8.0-e 12
a) b)
Starting Pols in U Starting Pols in U
Clyde Tunnel Golden Gate Theatre
Govan Subway Station San Francisco Conservatory of Music
Hillhead Subway Station
Renfrew Airport
Top-10 ranked Pols Top-10 ranked Pols
Pol |Probability Pol | Probability
Glasgow International Airport 1.2- e~ % War Memorial Opera House 1.1-e~°
Buchanan Street Subway Station| 4.2-e~? Dolores Park 1.0-e7°
Kelvinbridge 6.8 e 'Y Castro Theatre 8.1-e°°
Glasgow Seaplane Terminal 2.4-e 'Y Yerba Buena Gardens 78-e7%
St Enoch Subway Station 2.0- e~ 'Y Embarcadero Center 7.3.-e” %
Glasgow City Heliport 2.0- e 'Y Metreon 6.3-¢"°
Buchanan Bus Station 9.5- e~ ' Golden Gate Bridge 55-e7°
Ibrox Subway Station 9.5- e~ ' Pacific-union Club 4.2.¢7%
Kelvinhall Subway Station 8.3-e ' Lake Merritt 4.1.¢"%
Cowcaddens Subway Station 9.5-e'? American Conservatory Theater| 3.9- e ®

c)

d)



Anytime
Pastday
Pastweek

Past month

Query Recommender

YAHOO ! trento

WEB IMAGES VIDEO SHOPPING

Search

BLOGS MORE

Also try: trento italy, trento austin, trento agusan, more...

Save Big on Trento Hotels

Hotel Deals in Trento, Italy. Compare Prices and Save up to 75%.

Trento.Hotel.net/Hotel-deals

Trento
Find Great Savings Online. Shop Target.com.
www.Target.com

More Sponsors: trento, hotel trento

Trento, Italy

travel.yahoo.com
Thu Jul 26 10:40 am (CEST) | Fair, 75°F

Just three hours from Venice by train, and less than an
hour from Verona, TRENTO makes a good base for
exploring the southemn part of this region, not least
because of its bus services into the Dolomites range.
Overshadowed by Monte Bedone just 13km away, the
town is beautifully situated, encircled by ... more

Flights

Trento

Shop for Trento. Deals up to 80%
Off, Free Shipping.

Beso.com

10 Hotels in Trento

Book your Hotel in Trento online. No
reservation costs. Great rates.
Booking.com/Trento-Hotels

S0 GERMANY . ’ More Sponsors:
Cologne ™ Prague | tranto
o —_——
- sLuxembourg '
Paris | hotel trento
Munich_ . Vienn
__ Berne jvig AUSTRIA )
" Gbenay o See your message here...
TAL CROATIA
Monacoy San Marino,  Sarajevo, ;
Soera
Mops by Rome  Skg
NOKIA

® 2012 Yahoo! Inc Potenza
bl -1



Query suggestion practices

® Use of the Wisdom of the Crowd mined
from Query Logs to recommend related
queries that are likely to better specify the
information need of the user

® shorten length of user sessions

® enhance perceived QoE



Queries in the Head

Web Images Video Local Shopping News Apps More

iA_Hoo.’ moscow Search &  Optons

Images

More...

Red Square

VDNKh

St Basil's Cat...

Tverskaya

Ivan the Great ...

Lubyanka

Paveletskaya

Arbatskaya

Novokuznetskaya

=
=
i
.

Shabolovskaya

Also try: moscow river boat crash, moscow cloud, moscow bombing, more...

Moscow - Russia

Choose from 20 Moscow Package Tour Offers from "Travel All Russia". .

www.travelallrussia.com m&aﬂm&mﬁm
Stylish Décor & Attentive Service.

More Sponsors: moscow, hotels moscow, moscow travel Book Renaissance Hotels in
Moscow.

Moscow - Wikipedia, the free encyclopedia Marriott.com/RenaissanceHotels

History = Geography and climate | Demographics Cityscape

Moscow ; see also other names) is the capital, the most populous city, and the most 175 Hotels in Moscow

populous federal subject of Russia. The city is a major political, economic, cultural,
scientific, religious, financial, educational, and...
en.wikipedia.org/wiki/Moscow - Cached

Book your Hotel in Moscow online.
No reservation costs. Great rates!
Booking.com/Moscow-Hotels

Communities - Welcome to Moscow!
Volunteer Fire Department: 208-882-2831: League of Women Voters of Moscow (208)
882-8338 : Friends of the Moscow Library: 208-882-3925: City of Moscow

Deluxe Travel to Russia
Award-winning travel to Russia and

iy Eastern Europe
www.moscow.com - Cached .
www.Exeterinternational.com
Moscow - Image Results More Sponsors:
moscow

hotels moscow
moscow lravel

See your message here...
Moscow-Pullman Daily News - Dnews.com
Daily news covering serves Latah County, Idaho, and Whitman County, Washington.
Includes local news, sports, and classifieds.

www.dnews.com - Cached

Moscow: City Guide, weather and facts galore from Answers.com
The capital and largest city of Russia, in the west-central part of the country on the

Moscow River, flowing about 499 km (310 mi) eastward to the Oka River. First ...
www.answers.com/topic/moscow - Cached

Moscow travel quide - Wikitravel

Moscow is the capital of Russia and the largest city in Europe. Having played a central
role in the development of the Russian state and its history, Moscow was the ...
wikitravel.org/en/Moscow - Cached
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Moscow - Russia
Choose from 20 Moscow Package Tour Offers from "Travel All Russia".
www.travelallrussia.com

More Sponsors: moscow, hotels moscow, moscow fravel

Moscow - Wikipedia, the free encyclopedia
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Cityscape
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Moscow - Image Results
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Daily news covering serves Latah County, Idaho, and Whitman County, Washington.
Includes local news, sports, and classifieds.
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Renaissance Hotels Moscow
Stylish Décor & Attentive Service.
Book Renaissance Hotels in
Moscow.
Marriott.com/RenaissanceHotels

175 Hotels in Moscow

Book your Hotel in Moscow online.
No reservation costs. Great rates!
Booking.com/Moscow-Hotels

Deluxe Travel to Russia
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Eastern Europe
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moscow
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i AHOO’ RuSSIR EDBT 2011 Search

# Web
Images

More...

Web of Data: Joint RUSSIR/EDBT Summer School 2011 ...

The joint RuSSIR/EDBT 2011 Summer School will be held on August 15-19, 2011 in Saint
Petersburg, Russia. The school is co-organized by Saint Petersburg State University, ...
romip.ru/edbt-russir2011 - Cached

WOD - Summer School 2011 : WEB OF DATA: Joint RuSSIR/EDBT ...
WEB OF DATA Joint RuSSIR/ EDBT Summer School 2011 August 15-19, 2011, Saint
Petersburg http://romip.ru/ edbt-russir2011/ school@romip.ru APPLICATION DEADLINE:
25 May 2011

www.wikicfp.com/cfp/serviet/event.showcfp?eventid=16460&... - Cached

ru_ir: RUSSIR/EDBT - Community Center

RuSSIR/EDBT CALL FOR PARTICIPATION WEB OF DATA Joint RuSSIR/EDBT
Summer School 2011 August 15-19, 2011, Saint ...
community.livejournal.com/ru_ir/114249 html - Cached

ru_ir. RUSSIR 2011: npurnawexue K y4actuio ...

RuSSIR/EDBT 2011 School will offer up to seven courses (in parallel sessions) and host
approximately 150 participants. The working language of the school is English.
community.livejournal.com/ru_ir/111465.html - Cached

LINGUIST List 22.1461: Computational Linguistics/Russia

Message 1: Web of Data: RuSSIR/EDBT 2011 Summer School: Date: 28-Mar-2011 From:
Tatiana Lando <tatiana.lando gmail.com> Subject: Web of Data: RuSSIR/EDBT 2011
Summer School

linguistlist.org/issues/22/22-1461.html - Cached

Web of Data: Joint RUSSIR/EDBT Summer School 2011 ...

REACHING THE SCHOOL VENUE If you are on the Nevsky prospect, take a trolleybus
10 or a bus 7 or 191 in the North-West direction, exit on the first or second stop after the

romip.ru/edbt-russir2011/section.php?id=89 - Cached
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The joint RuSSIR/EDBT 2011 Summer School will be held on August 15-19, 2011 in Saint
Petersburg, Russia. The school is co-organized by Saint Petersburg State University, ..

romip.ru/edbt-russir2011 - Cached

WOD - Summer School 2011 : WEB OF DATA: Joint RuSSIR/EDBT ...
WEB OF DATA Joint RuSSIR/ EDBT Summer School 2011 August 15-19, 2011, Saint
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25 May 2011
www.wikicfp.com/cfp/serviet/event. showcfp?eventid=16460&... - Cached

ru_ir: RUSSIR/EDBT - Community Center
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Summer School 2011 August 15-19, 2011, Saint ...
community.livejournal.com/ru_ir/114249.html - Cached

ru_ir. RUSSIR 2011: npyrnawexme K y4acTtuio ...

RuSSIR/EDBT 2011 School will offer up to seven courses (in parallel sessions) and host
approximately 150 participants. The working language of the school is English.
community.livejournal.com/ru_ir/111465.html - Cached

LINGUIST List 22.1461: Computational Linguistics/Russia
Message 1: Web of Data: RuSSIR/EDBT 2011 Summer School: Date: 28-Mar-2011 From:

Tatiana Lando <tatiana.lando gmail.com> Subject: Web of Data: RuSSIR/EDBT 2011
Summer School
linguistlist.org/issues/22/22-1461.html - Cached

Web of Data: Joint RUSSIR/EDBT Summer School 2011 ...
REACHING THE SCHOOL VENUE If you are on the Nevsky prospect, take a trolleybus
10 or a bus 7 or 191 in the North-West direction, exit on the first or second stop after the

romip.ru/edbt-russir2011/section.php?id=89 - Cached



Queries in the Long Tai

Web Images Video Local Shopping News A-p?); More -~

YAHOO-’® RuSSIR EDBT 2011

Search
SEARCH
@ Web The jomt RuSSIR/EDBT 2011 Summer School will be held on August 15-19, 2011 in Saint
Images Petefsbmg, Russla The school is co-organized by Saint Petersburg State University, ...
More...

1.html - Cached

Web of Data: Joint RUSSIR/EDBT Summer School 2011 ...
REACHING THE SCHOOL VENUE If you are on the Nevsky prospect, take a trolleybus
10 or a bus 7 or 191 in the North-West direction, exit on the first or second stop after the

romip.ru/edbt-russir2011/section.php?id=89 - Cached



Open issues

* Sparsity of models:

* query assistance services perform

poorly or are not even triggered

on long-tail queries
e Performance:

Popularity

* on-line process going in parallel
with query answering

Queries ordered by popularity



SoA: Query Flow Graph

® Query-centric approach

® Suggest queries by
computing Random Walks
with Restarts (RWRs) on
the query-flow graph
(QFG) by starting from
the current user query |

P. Boldi, F. Bonchi, C. Castillo, D. Donato,A. Gionis, S.Vigna: The query-flow graph: model and applications. CIKM 2008: 609-618
P. Boldi, F. Bonchi, C. Castillo, D. Donato, A. Gionis, S.Vigna: Query suggestions using query-flow graphs. VWSCD, 2009


http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/b/Boldi:Paolo.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/b/Boldi:Paolo.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/c/Castillo:Carlos.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/c/Castillo:Carlos.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/d/Donato:Debora.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/d/Donato:Debora.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/g/Gionis:Aristides.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/g/Gionis:Aristides.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/v/Vigna:Sebastiano.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/v/Vigna:Sebastiano.html
http://www.informatik.uni-trier.de/~ley/db/conf/cikm/cikm2008.html#BoldiBCDGV08
http://www.informatik.uni-trier.de/~ley/db/conf/cikm/cikm2008.html#BoldiBCDGV08
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/b/Boldi:Paolo.html
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http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/v/Vigna:Sebastiano.html
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Query-centric suggestions

Computing RWRs on a huge graph, e.g., built

from a QL recording 580,797,850 querles
(from Y! us):

o |V 28,763,637
* |E) 56,250,874




Query-centric suggestions

Computing RWRs on a huge graph, e.g., built
from a QL recording 580,797,850 querles
(from Y! us): iamaadbil oy

. V] 28,763,637
o IE] 56,250,874 i 98

o ({a:flq)=1}| 162,221,967 (28%)



Term-centric opportunities

But, in the sameY! QL:
® queries 580,797,850
® Term occurrences [,343,988,549



Term-centric opportunities

But, in the sameY! QL:
® queries 580,797,850
® Term occurrences [,343,988,549

o [{t:f(t)=1} 5,099,145 (0.04%)



The TQ-Graph




TQG effectiveness

® User study results comparing TQG and QFG effectiveness
for two different testbeds (Y! US and MSN QLs).

TREC on MSN useful | somewhat | not useful
TQGraph a = 0.9 57% 16% 27%
QFG 50% 9% 42%
100 queries on Yahoo! | useful | somewhat | not useful
TQGraph a = 0.9 48% 11% 41%
QFG 23% 10% 67%




Effectiveness on rare queries

® Anecdotal evidence

Query: lower heart rate

Suggested Query Score

things to lower heart rate 2.9 .
lower heart rate through exercise 2.6 e 14 Quer)’ not Occurrlng
accelerated heart rate and pregnant | 2.9 e *° in the training |og
web md 2.0e 10

heart problems 8.0e 17

Query: dog heat

Suggested Query Score
heat cycle dog pads 4.3e "
- . what happens when female dog is
Quer)’ Occurrlng twice in heat & a male dog is around | 4.0 e *°
1 Nt boxer dog in heat 3.99 ¢~ 10
In the tralnlng Iog dog in heat symptoms 3.98 ¢ 1V
behavior of a male dog
around a female dog in heat 3.95 e 1Y




TQG pros

® provide query suggestions of quality
comparable/better than QFG even for rare

and unique queries

® several possible optimizations for achieving



TQG pros

® provide query suggestions of quality
comparable/better than QFG even for rare

and unique queries

® several possible optimizations for achieving

an efficient on-line query
recommendation service



Indexing precomputed suggestions

Inverted Index representation of the RWRs
computed on the TQGraph. The lexicon is made
up of term nodes, postings are the stationary

distribution values.

® recommendations for an incoming query are computed by
processing the posting lists associated with the terms in the query

Stationary Distribution of Query Nodes in the
TQGraph as obtained by a RWR from Term 1



Indexing precomputed suggestions

Inverted Index representation of the RWRs
computed on the TQGraph. The lexicon is made
up of term nodes, postings are the stationary

distribution values.

® recommendations for an incoming query are computed by
processing the posting lists associated with the terms in the query

Stationary Distribution of Query Nodes in the
TQGraph as obtained by a RWR from Term 1

) O(|T|) posting lists
( O(|Q]|) length of each posting list




Pruning posting lists

sort postings by probability and prune them
at a reasonable threshold p, e.g. 20,000

MSN query log

I
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Pruning posting lists

® sort postings by probability and prune them
at a reasonable threshold p, e.g. 20,000

MSN query log

s

0 5000 10000 15000 20000

I
RWR a=0.1 —
RWR a=0.5 .
RWR a=0.9 m—

Ul
o

W
o

N
o

Percentage of dissimilarity
N
o

[E
o

0

Pruning threshold p

O(|T|) lists, each of size O(p) and no loss in quality!



Bucketing probabilities

® Most space used for storing probabilities

® Given ¢ < 1, we can arrange postings in

buckets implicitly coding the approximate

probabilities
A

Term 1 [1,€) [g,€2) [€2,€3) XK [e],€(i+1))

Y
Within buckets queries are sorted by their IDs. Scores are

approximated by the greatest bound, i.e. € for all i 2 0.



Bucketing probabilities

® Most space used for storing probabilities

® Given ¢ < 1, we can arrange postings in

buckets implicitly coding the approximate

probabilities
A

Term 1 [1,€) [g,€2) [€2,€3) XK [e],€(i+1))

Y
Within buckets queries are sorted by their IDs. Scores are

approximated by the greatest bound, i.e. € for all i 2 0.

* Each entry coded with a few bits, e.g., | |-19 bits
e ~5x reduction!
* no loss in quality!



Caching posting lists

® achieving in-memory query suggestion

Yahoo! query log

Percentage of cache miss

100

80

60 (¢

40

20

5,000 entries (72.32 bits) ——
20,000 entries (71.33 bits) —&—
200,000 entries (70.30 bits) —&—
5,000 entries (13.67 bits) —+—
20,000 entries (14.27 bits) —<x—
200,000 entries (16.09 bits) —%—

Cache Size (GB)



Conclusions

¢ TQG model to overcome limitations of current query
recommenders

® based on a principled, term-centric approach supporting rare and
never-seen queries

® deployment with a efficient inverted index resulting in effectiveness
comparable/better to SoA approaches

® the pruning, bucketing, caching techniques proposed constitute a
independent contribution in the area of efficiency in large scale RWR
computations

® reduction of about 80% in the space occupancy w.r.t.
uncompressed data structures

® in-memory RWRs on huge graphs with 90+ % hit-ratio cache



Open Questions

s it possible to speed up computation of RWR
from a “single” node!?

s it possible to combine multiple RWRs in single
iteration of the process!?

Other applications!?

Is there any benefit in using the softAND
coefficient?

Are there any other spectral method one could use
for the problems | presented!?



Questions

Fabrizio Silvestri

ISTI - CNR, Pisa, Italy
fabrizio.silvestri@isti.cnr.it
http://hpc.isti.cnr.it/~fabriziosilvestri
http://google.it/search!q=fabrizio+tsilvestri
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