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Tw o extrem e s earch p arad ig m s

Searching a RDBMS

� Complex data model: 

tab les ,  row s ,  

colu mns ,  data ty pes

� E xpres s iv e,  pow erf u l 

q u ery  langu age

� N eed to k now  

s chema to q u ery

� A ns w er =  u nordered 

s et of  row s

� Rank ing: af terthou ght

I nf ormation Retriev al

� Collection =  s et of  

docu ments ,  docu ment 

=  s eq u ence of  terms

� T erms  and phras es  

pres ent or ab s ent

� N o ( nontriv ial)  

s chema to learn

� A ns w er =  s eq u ence 

of  docu ments

� Rank ing: central to I R
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Convergence?

SQL�X ML search

� Trees, reference links

� Labeled edges

� Nodes may contain

� Structured data

� F ree tex t f i el ds

D ata v s .  do cum en t

� Query involves node 

data and edge labels

� P arti al  k n o w l edg e o f  

s ch em a o k

� Answer = set of paths

W eb search� IR

� Documents are nodes 

in a graph

� H yperlink edges have 

important but 

unspecified semantics

� G o o g l e,  H I T S

� Query language 

remains primitive

� N o  data ty p es

� N o  us e o f  tag - tree

� Answer = U RL  list

%�&�'�(�)	*	*�) +�,�-�.�/ -�0�-	/ 1 2 3

Outline of this tutorial

� Review of text indexing and
information retrieval ( I R)

� S upport for text search and similarity j oin in 
relational databases with text columns

� T ext search features in maj or X ML  q uery 
languages ( and what’ s missing)

� A  graph model for semi- structured data with 
“ free- form”  text in nodes

� P roximity search formulations and techniq ues;  
how to rank  responses

� F olding in user feedback

� T rends and research problems
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Text indexing basics

� “Inverted index” maps from 

term to document IDs

� Term offset info enables 

phrase and proximity 

(“near”) searches

� Document boundary and 

limitations of “near” queries

� Can extend inverted index 

to map terms to

� Table names, column names

� Pr imar y keys, R IDs

� X M L  DO M  node IDs

CEDGFIH�JLKNM�OQP RTS ULR�RVUGWXH�JGKNM
Y P Z�[\U]S ^_H�JLK`Ma^�Ucb�M

d UfeLKgH�JGKNMhP RViGJjP bkUGW
H�JLKNM Y P Z�[Tb�M Y H�JGKNM Y Ucb

D1

D2H�JGKNM
D1: 1, 5, 8

D2: 1, 5, 8
b�M Y D2: 7
U]S ^

D1: 7
S ULR�R

D1: 3

l�m�n�o�p	q	q�p r�s�t�u�v t�w�t	v x y z

� Stopwords and stemming

� E ach term t in lexicon gets a

dimension in v ector space

� Docu ments and the q u ery  

are v ectors in term space

� Component of  d along axis t is T F ( d ,t)

� Absolute term count or scaled by max term count

� Downplay  f req u ent terms: I DF ( t)  =  log( 1 + | D | / | D { |)
� Better model: document vector d has component 

TF( d, t )  IDF( t )  for term t

� Qu e r y  i s  l i k e  a n o t h e r  “d o c u m e n t ”; d o c u m e n t s  

r a n k e d  b y  c o s i n e  s i m i l a r i t y  w i t h  q u e r y

S cale up S cale

down

Information retrieval basics

|N}�~��
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Map

Relational XML-like
None SQL,Datalog XML-QL, Xquery
Schema WHIRL ELIXIR, XIRQL

No 
schema

DBXplorer, 
BANKS, 
DISCOVER

EasyAsk, Mercado, 
DataSpot, BANKS

IR 
support

Data model

� “None” = nothing more than string equality, containment 

(substring), and perhaps lexicographic ordering

� “S chema”: E xtensions to query languages, user needs to 

know data schema, IR-like ranking schemes, no implicit 

j oins

� “No schema”: K eyword queries, implicit j oins

���������	�	��� ��������� �����	� � �  

W H I R L  ( C o h en  1 9 9 8 )

place(u n i v , s t at e)  an d  j o b (u n i v , d ept )

� Ranked retrieval from a RDBMS:

� select u n i v  f r o m  j o b  w h er e d ep t ~  ‘ C i v i l’

� Ranked s imilarity  j oin on tex t c olu mns :

� select sta te,  d ep t f r o m  p la ce,  j o b
w h er e p la ce. u n i v  ~ j o b . u n i v

� L imit ans w er to b es t k matches only

� A void evaluating  full C artesian p roduct

� “Iceberg” query

� U seful for data cleaning  and integ ration
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WHIRL scoring function

A where- cla use in  W H I R L is a

� Boolea n  p redica te a s in  SQ L ( age=35)

� Score for such clauses are 0/1

� S i m i l a r i t y  p r e d i c a t e  ( job ~ ‘Web design’)
� Score =  cosi n e( job,  ‘ W e b d e s i g n ’ )

� Conjunction or disjunction of clauses

� Sub- c l a us e  s c o re s  i n t e rp re t e d  a s  p ro ba bi l i t i e s

� s c o re ( B ° ∧ …  ∧B ± ;  θ ) = Π ° ≤ ²≤ ± s c o re ( B ² , θ )
� s c o re ( B ° ∨ …  ∨B ± ;  θ ) = 1  — Π ° ≤ ²≤ ± ( 1 — s c o re ( B ² , θ ) )

³�´�µ�¶�·	¸	¸�· ¹�º�»�¼�½ »�¾�»	½ ¿ À ÁÂ¸

Query execution strategy

select state, dept from place, job
w h ere place. u n i v ~ job. u n i v

� Start with place( U 1 ,S ) and job( U 2 ,D )
where U 1 ,  U 2 ,  S and D are “ free”

� Any binding of these variables to constants is 

associated w ith a score

� Greedily extend the current bindings for 

ma ximum ga in in score

� Ba cktra ck to find more solutions
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recipes.x m l

recipe

in g red ien t “ f l o u r”

t it l e

n
a

m
e

$ r

T o rt il l a

� Quilt + L o r e l + Y A T L  + X M L - QL

� Path expressions
<dishes_with_flour> { FOR $r IN 

doc um en t( " rec ip es. x m l" )  
/ / rec ip e[ / / in g redien t[ @ n a m e= " flour" ] ]

RE T U RN <dish>{$r/ title/ tex t( ) } </ dish> }

</ dishes_with_flour>

XQuery

Ò�Ó�Ô�Õ�Ö	×	×�Ö Ø�Ù�Ú�Û�Ü Ú�Ý�Ú	Ü Þ ß àáÖ

Early text support in X Q uery

� Title of books containing some p ar a mentioning 

both  “ sailing”  and  “ w ind su r fing”

FOR $b IN document("bib.xml")//book
W H ERE S OM E $p IN $b//paragraph S A TIS FIES

(contains($p, "sailing") A ND
contains($p, "windsurfing"))

RETURN $b/title

� Title and  tex t of d ocu ments containing at least 

th r ee occu r r ences of “ stocks”  

FOR  $a IN v iew("text_table") W H ERE
numM atches($a/text_document, "stock s") > 3

RETURN
< text>{$a/text_title}{$a/text_document}< />
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Tutorial outline

� Review of text indexing and information retrieval

� S upport for text search and similarity  j oin in 

relational databases with text columns ( W H I RL )

� A dding I R- like text search features to X M L  q uery  

languages ( C hineny anga et al.  F ü hr et al.  2 0 0 1 )

Relational XML-like
None SQL,Datalog XML-QL, Xquery
Schema WHIRL ELIXIR, XIRQL

No 
schema

DBXplorer, 
BANKS, 
DISCOVER

EasyAsk, Mercado, 
DataSpot, BANKS

IR 
support

Data model

â�ã�ä�å�æ	ç	ç�æ è�é�ê�ë�ì ê�í�ê	ì î ï ðáò

E L I XI R :  A d d ing  I R  to XQuery

� Ranked select
for $t in document(“db.x ml ” ) / items / (book | cd)
w h ere $t/ tex t()  ~  “U k ra inia n recip e”
return < dis h > $t< / dis h >

� Ranked si m i lar i ty  j o i n:  f i nd ti tles i n r ecent 
V L D B  p r o ceedi ng s si m i lar  to  sp eech es i n 
M acb eth
for $v i in  

document(“v l db.x ml ” ) / is s ue[ @ v ol ume> 2 4 ] ,
$s i in document(“ma cbeth .x ml ” ) / / s p eech  

w h ere $v i/ / a rticl e/ titl e ~  $s i 
return < s imil a r> < titl e> $v i/ / a rticl e/ titl e< / >

< s p eech > $s i< / > < / s imil a r>
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How ELIXIR works

ELIXIR

q u e r y

ELIXIR

C o m p i l e r

V LD B . x m l M a c b e t h . x m l B a s e  XM L

d o c u m e n t s

XQ u e r y f i l t e r s /

t r a n s f o r m e r s

W H IRL s e l e c t / j o i n  f i l t e r s

Re w r i t e  t o  XM L

Re s u l t

F l a t t e n  t o  W H IRL

ó�ô�õ�ö�÷	ø	ø�÷ ù�ú�û�ü�ý û�þ�û	ý ÿ � ���

A m ore detailed v iew
���	�	�	
���	��������
��������������
�����������	�	��� �����! �����
���	�	�	
���	��������
������"�#$����
�����������	�	��	���������	���%���&'�
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243�57698 :�;=<
���'���>.	
���?��@�BA@CD @EF
�����	��.��G.	
���?��@�BA9CD HEF
���	0��	�	��I��J'�LKH�D�	����.�MONPKRQS�H
H�
(�)�*�+�,�+	- ��M!T��7����
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WYX�ZF[D\D]_^�8 :�;=<

`ba�c'dfeHg�hBi�jOk�lFmon pq i�r�sDt4u�pvm�w�xzy'{�|�}�~ �'t=� �f���F��n �B��sBu� � i	� sDtRu�e�c��@�_�F�BmDn m�� u
j�u�mBsDj�p
`bmBs$��� u�e�`fmDn m�� u�e�g7k�lDm4��`V�$e�`b��mBsF��� u�eH�H`b�$a�c'dfe

����"	��	����
	0��	��	�������'�	���%���&'� (	)�*�+�,$+	- ����.
�	0��	�����'�/1����	.����������'�	��	���'�H
	0	�	��	���'��"	��
����� 8 :�;=<

`ba�c'c�e�g�h�i�jYk�lD��n pq i�r$sDtRu'p�m$w�xb�����D�D���B�	� ���=  ¡f¢�£F£B�D����£�¤$�B��¥���£�¤$¦��D���F�
§ ���B¨ § ¥4©b�B¨$¦�  ��ª�©v  « ¥���ª�¬7��D¤¯®°©b£$ª�©b£$��¨�¦	  ��ªH®�©z£B±�²'²�ª

³�´�µ	µ�¶	³�·�¸	¹�º	»�¶	³�º�¼	½�»�¶�¾'¿LÀHÁD»	º�Â�½�ÃOÄ
ÀRÅÆ¿�¸HÁ Ç	È�É�Ê�Ë�Ê	Ì »�Ã!Í�¿7Á�·�¸	½�»4Î
³�Ï�º�¼	½�»�¶	³�Ï'·�¸�¹�º	»�¶	³�Ï'´�µ	µ�¶

Ð�Ñ�Ñ'Ò Ó�Ô=Õ

±�Ö�×°@�$« �D  ��Ø �  « ¥���¢7Ù Ú�±�²'ÛV×°��F« �D  ��¢VØF±�²	²�×°�  « ¥v��¢zØFH�D« ��  �ÝÜÞR  « ¥v�

WHIRL query ßbà�á â=á ã ä�å�æ�ç�èBé�åOê�å�é�ëìá íOî�ï�ð�ñBò$ó�ã ôõåzô�ñBòDå$íöê9å�éDëø÷°ßbð$æ

Result
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Observations

� SQL/X Qu e r y +  I R - l i k e  r e s u l t  r a n k i n g

� Sc h e m a  k n o w l e d g e  r e m a i n s  e s s e n t i a l

� “Free- f o rm ”  t ex t  v s .  t a g g ed ,  t y p ed  f i el d

� E l em en t  h i era rc h y ,  el em en t  n a m es ,  

I D R E Fs

� Typical Web search is two words long

� E n d - u s ers  d o n ’ t  t y p e S Q L  o r X Q u ery

� P o s s i b l e rem ed y :  H T M L  f o rm  a c c es s

� L i m i t a t i o n :  res t ri c t ed  v i ew s  a n d  q u eri es

���������	�	��� ��������� �����	� � �  �!

Using proximity without schema

� General, detailed representation: XML

� Lowest common representation

� Collection, document, terms

� D ocument =  node, h y p erlink  =  edg e

� Middle ground

� G ra p h  w ith  tex t ( or structured da ta )  in nodes

� L ink s:  element, sub p a rt, I D R E F , f oreig n k ey s

� A ll link s h int a t unsp ecif ied notion of  p rox imity

Exploit structure where available, but do not 

impose structure by fiat
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Two paradigms of proximity search

� A single node as query response

� Find node that matches query terms…

� …or is “ near”  nodes matching query terms

(Goldman et al. , 1 9 9 8 )

� A connected subgr aph as quer y r esponse

� S ingle node may not match all keywords

� N o natural “ page boundary”

2�3�4�5�6	7	7�6 8�9�:�;�< :�=�:	< > ? 6	7

Single- node r esponse exa mples

� Travolta, C age

� Actor, Face/Off

� Travolta, C age, 

M ovie

� Face/Off

� K leiser, M ovie

� G ath eri n g , G reas e

� K leiser, W oo, 

Actor

� T rav ol ta

T rav ol ta C ag e

Face/OffG reas e

“ acted - i n ”

M ov i e

“ i s - a”

Actor

“ i s - a”

K l ei s er

D i rector

“ i s - a”

G ath eri n g

“d
ir

e
c

te
d

”

Woo

A 3



11

@�A�B�C�D	E	E�D F�G�H�I�J H�K�H	J L M DON

Basic search strategy

� Node subset A activated because they 

match quer y k eywor d( s)

� Look  for  node near nodes that ar e 

activated

� Goodness of r esponse node depends

� Directly on degree of activation

� Inversely on distance from activated node(s)

P�Q�R�S�T	U	U�T V�W�X�Y�Z X�[�X	Z \ ] T�T

Ranking a single node response

� Activated node set A

� Rank node r in “ r esponse set” R based 
on pr oximity to nodes a in A

� Nodes have relevance ρ ^ and ρ_ in [ 0 ,1]

� Edge costs are “specified by the system”

� d(a , r )  =  c o s t  o f  s h o r t e s t  p a t h  f r o m  a t o  r

� B o n d  b e t w e e n  a a n d  r

� P a r a m e t e r  t t u n e s  r e l a t i v e  e m p h a s i s  o n  
d i s t a n c e  a n d  r e l e v a n c e  s c o r e

� S e v e r a l  a d - h o c  c h o i c e s

t
RA

rad
ra

rab
),(

)()(
),(

ρρ=
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Scoring single response nodes

� Additive

� B elief

� Goal: list a limited number  of find nodes 

with the lar gest scor es

� Per for mance issues

� Assume the graph is in memory?

� P rec ompute al l - pairs shortest path ( | V |
o
) ?

� P rune unpromising c and id ates?

∑ ∈
=

Aa
rabr ),()score(

( )∏ ∈
−−=

Aa
rabr ),(11)score(

p�q�r�s�t	u	u�t v�w�x�y�z x�{�x	z | } t�~

Hub indexing

� Decompose APSP problem using sparse

v ert ex  cut s

� |A|+ |B  | s h o r t e s t  p a t h s  t o  p

� |A|+ |B  | s h o r t e s t  p a t h s  t o  q

� d ( p , q )

� T o f ind  d(a , b )  c o m p a r e

� d(a � p � b )  n o t  t h r o u g h  q

� d(a � q � b )  n o t  t h r o u g h  p

� d(a � p � q � b )

� d(a � q � p � b )

� G r e a t e s t  s a v i n g s  w h e n  | A | ≈| B |

� H e u r i s t i c s  t o  f i n d  c u t s ,  e . g .  l a r g e - d e g r e e  n o d e s

A B

a b

p

q
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Connected s u b g r a p h  a s  r es p ons e

� Single node may not match all keywords

� N o natu ral “ p age b ou ndary”

� T wo scenarios

� Keyword search on relational data

• K e y w o r d s  s p r e a d  a m o n g  n o r m a l i z e d  r e l a t i o n s

� Keyword search on X M L -lik e or W eb data

• K e y w o r d s  s p r e a d  a m o n g  D O M  n o d e s  a n d  

s u b t r e e s

���������	�	��� ��������� �����	� � � �	�

Relational XML-like
None SQL,Datalog XML-QL, Xquery
Schema WHIRL ELIXIR, XIRQL

No 
schema

DBXplorer, 
BANKS, 
DISCOVER

EasyAsk, Mercado, 
DataSpot, BANKS

IR 
support

Data model

Tutorial outline

� Adding I R -lik e text search features to X M L  q uery 

languages

� A graph model for relational data with “ free-form”  

text search and implicit joins

� Generaliz ing to graph models for XML
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Keyword search on relational data

� Tuple =  nod e

� Some columns h ave text

� F oreign k ey  constraints =  

ed ges in sch ema graph �

� Q uery  =  set of  terms

� N o natural notion

of  a d ocument

� Normalization

� J oin may be needed 

to generate res ults

� C yc les  may ex is t in 

s c h ema graph :  ‘ C ites ’

¬® ¯±°³²
´®µ ¶·µ ¸³¹
´®µ ¶±º¼»
½¾½�½

¿ÁÀÃÂ °ÃÄ
ÅÁÆÃÇ ºÃÈ�ÉËÊ
ÅÁÆÃÇ ºÃÈ�Ì ÆÃÍ º
½�½�½

Î Ä� ¯±°¼²
ÏÑÐ ¶·ÒÔÓÃÈ�ÉËÊ
ÅÁÆÃÇ ºÃÈ�ÉËÊ
½�½�½

ÕÑÖØ×·Ù³Ú�Û
ÜÑÝØÞ·ß³à�á�âËã
ÜÑÝØÞ·ß³à�á�äæå�çéè
ê¾ê�ê

PaperID PaperName
P1 DBXplorer
P2 BANKS

AuthorID AuthorName
A1 Chaudhuri
A2 Sudarshan
A3 Hulgeri

Citing Cited
P2 P1

AuthorID PaperID
A1 P1
A2 P2
A3 P2

ë�ì�í�î�ï	ð	ð�ï ñ�ò�ó�ô�õ ó�ö�ó	õ ÷ ø ï	ù

DBXplorer a n d  DI S C O V E R

� Enumerate subsets of relations in schema graph 

w hich,  w hen j oined ,  may  contain row s w hich 

hav e all k ey w ord s in the q uery

� “J o i n  t r e e s ” d e r i v e d  f r o m  s c h e m a  g r a p h

� O utput S Q L  q uery  for each j oin tree

� G enerate j oins,  check ing row s for matches

( A graw al et al.  2 0 0 1 ,  H ristid is et al.  2 0 0 2 )

T 1 T 2 T 3

T 4

T 5

K 1 , K 2 , K 3

K 2

K 3

T 2

T 2 T 3

T 4 T 2 T 3

T 5

T 2 T 3

T 4

T 5
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Discussion

� Exploits relational 

schema information to 

contain search

� P ushes final 

extraction of joined 

tuples into R D B M S

� F aster than dealing 

with full data graph 

directly

� C oarse- grained 

ranking based on 

schema tree

� D oes not model 

proximity or (dis) 

similarity of individual 

tuples

� N o recipe for data 

with less regular (e.g. 

X M L) or ill- defined 

schema

ú�û�ü�ý�þ	ÿ	ÿ�þ ��������� ��	��
� � � ��ÿ

G eneraliz ed g raph  prox im it y

� General data graph

� Nodes have text, can be scored against query

� E dge weights express dissimilarity

� Q u ery  i s  a s et o f  k ey w o rds  as  b ef o re

� R es po ns e i s  a c o nnec ted s u b graph o f  the 

datab as e

� E ac h res po ns e graph i s  s c o red u s i ng

� Node weights which reflect match, maximiz e

� E dge weights which reflect lack of proximity, 

minimiz e
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Motivation from Web search

� “Linux modem driver 

for a T hinkpad A22p”

� Hyperlink path 

matches q u ery 

co llectively

� C o nj u nctio n q u ery 

w o u ld fail

� Projects where X and 

P work together

� C o nj u nctio n may 

retrieve w ro ng page

� General notion of 

graph proximity

#%$'&)(+*-, .-/1032-435
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“Information unit” (Lee et al., 2001)

� Generalizes join trees to arbitrary graph data

� Connected subgraph of data without cycles

� I ncludes at least one node containing each 

query keyword

� E dge weights represent price to pay to connect 

all keyword-matching nodes together

� May have to include non-matching nodes
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Setting edge weights

� Edges are generally directed

� Foreign to primary key in relational data

� C ontaining to c ontained element in X M L

� I D R E Fs  h av e c lear s ou rc e and target

� Consider the RDMS scenario

� Forward edge weight for edge (u,v )

� u,  v are tu ples in tab les  R ( u) ,  R ( v )

� W eigh t s ( R ( u) , R ( v ) )  b etw een tab les
Ë Ì�Í+Î-Ï�Ð Ñ+ÒjÓ}ÔmÕ�Ö=Ô'ÒmÓ�Ð ×-ØpÐ Ù=Ú{Û Û ÜÞÝ=Úm×=ÔmÕ�Í'Îe×-Ô'ß�Ú+Î=Ø�Ð Ù-×
Ë àháãâ�ä+å"æ�ç�èjé�âëêìâ�äsç"åPêìâ3æ�ç�ç'Ú+Û Û3×sÒ=Ù?ÖíØ�ÒmîmÛ Ôïî�Ú+Ð%Ó�×�ä{åoæ

� Proximity search must traverse edges in

both directions … what should w ð (u ,v ) be?

Paper1

Paper2

Paper1

Paper2

Cites
Citing (Src) Cited (Dst)
Paper1 Paper2

ñ�ò�ó�ô�õ
ö
ö�õ ÷�ø�ù�ú�û ù�ü�ù
û ý þ ÿ��

Backward edge weights
� “Distance” between a pair of nodes is 

asymmetric in general
� Ted Raymond acted only in 

The Truman S how, which is
1 of  5 5 movies f or J im Carrey

� w(e � ) should be larger than w (e � ) 
(think “ resistance”  on the edge)

� For every edge (u,v) that exists,
w � (u, v ) = s (R (v ) , R (u) )  .  I N � (u)  
� IN � (u) is the #edges from R(v ) to u

� w(u , v )  =  m i n { w � (u , v ) ,  w � (u , v ) }

� M o r e  g e n e r a l  e d g e  w e i g h t  m o d e l s  
p o s s i b l e ,  e . g . ,  R � S � T r e l a t i o n  p a t h -
b a s e d  w e i g h t s

	�
�������

� 
���������
�����

� �
�"!

�"#$#
…

e %
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� Relevance w.r.t. keyword(s)

� 0/1: node contains term or it does not

� C osine score in [ 0, 1]  as in I R

� U nif orm model : a

node for each keyword

( e. g .  D ataS p ot)

� Popularity or prestige

� E . g .  “ mohan transaction”

� Indeg ree

� P ag eRank

Node weight = relevance + prestige

<>=@?$ACB�DFE G
H IJG�GKIML�?$ACBND

O = ?$ACBND E G H IJGPG IML
Q

∑
→

−+=
vu u

up
d

N
d

vp
)OutDegree(

)(
)1()(

W.p. d jump to
a random node

W.p. (1-d)
jump to an
out-neighbor
u.a.r.

R)S+T)UV/W/W+V X2Y�Z5[�\ Z5]�Z/\ ^ _ `+a

Trading off node and edge weights
� A high- s c o r in g a n s w e r  A s ho u l d  ha v e

� Large node weight

� S m al l  edge weight

� W e ight s  m u s t  b e  n o r m a l iz e d  t o  e x t r e m e  v a l u e s

� N ( v ) = n o d e  w e ight  o f  v

� O v e r a l l  N o d e S c o r e =

� O v e r a l l  E d ge S c o r e =

� O v e r a l l  s c o r e  =  E d ge S c o r e  × N o d e S c o r e λ

� λ tu nes  rel ativ e c ontrib u tion of  nodes  and edges

� Ad - ho c ,  b u t  gu id e d  b y  he u r is t ic  c ho ic e s  in  I R

( )
nodes#

1log
max

)(∑ ∈
+

Av N
vN

( )∑ ∈
++

Ae w
ew

min

)(1log1
1
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Data structures for search

� Answer = tree with at least one leaf 
c ontaining  eac h k ey word  in q u ery

� Group Steiner tree problem, NP- h a rd

� Query term t foun d in  s ource n odes  S r

� S in gle- s ource- s hortes t- p ath S S S P  iterator

� I nitia liz e w ith  a  s ourc e ( nea r- )  nod e

� Consider edges backwards

� getNex t() returns nex t nearest node

� For each iterator,  each v is ited n ode v
main tain s  for each t a s et v. R s of n odes  in  
S s w hich hav e reached v

t)u+v)wx/y/y+x z2{�|5}�~ |5��|/~ � � �+�

Generic expanding search

� Near node sets S � with S = ∪ � S �

� For all source nodes σ ∈ S

� create a SSSP iterator with source σ
� While more results required

� G et nex t iterator and its nex t-nearest node v

� L et t be the term f or the iterator’ s source s

� crossProduct =  { s}  × Π ���≠ �v. R ���
� For each tuple of nodes in crossProduct

• C r e a t e  a n  a n s w e r  t r e e  r o o t e d  a t  v  w i t h  p a t h s  t o  

e a c h  s o u r c e  n o d e  i n  t h e  t u p l e

� A dd s to v. R �
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Search example (“Vu K lei n b erg ” )

author writes cites

Q uoc V u J on K l einb erg

paper

writes
writes

writes

A  m etric

l ab el ing  prob l em

A uthoritative sources in a

hy perl ink ed environm ent

O rg aniz ing  W eb  pag es

b y  “ I nf orm ation U nit”

D ivy ak ant A g rawal

E va T ardos

writes

writes

cites

cites

cites

�)�+�)��/�/�+� �2���5��� �5���/� � � �/�

F i rs t  res po n s e

author writes cites

Q uoc V u J on K l einb erg

paper

writes
writes

writes

A  m etric

l ab el ing  prob l em

A uthoritative sources in a

hy perl ink ed environm ent

O rg aniz ing  W eb  pag es

b y  “ I nf orm ation U nit”

D ivy ak ant A g rawal

E va T ardos

writes

writes

cites

cites

cites
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Folding in user feedback

� As in IR systems, results may be imperfect

� Unlike SQL or X Query , no exact control ov er 

matching, ranking and answer graph form

� Ad-hoc choices for node and edge weights

� Per- us er an d / o r per- s es s i o n

� B y  graph/ path/ node ty pe, e.g. “ want author 

citing author,”  not “ author co a u th o r ing w ith

author”

� A cro s s  us ers

� M odify ing edge costs to fav or nodes (or node 

ty pes) liked by  users

«)¬+)®¯/°/°+¯ ±2²�³5´�µ ³5¶�³/µ · ¸ ¹+¯

Random walk formulations

� Generalize Pag eR ank  to 

treat outlink s  dif f erently

� τ(u,v) is the “ conductance”

of  edg e u� v

� p(v )  i s  a  f u n c t i o n  o f  τ(u , v )

f o r  a l l  i n - n e i g h b o r s  u o f  v

� p º¼»¾½)¿À¿ (v) … a t  c o n ve r g e n c e

� p »Á¿À½¼Â (v) … us e r  f e e d b a c k

Gradient ascent/descent:

� For each u�v , set (with learning rate η):

� R e-iterate to conv ergence

)(
),(

)(

),()()(

up
vu

vp

vuup
N
d

vp
vu

=
∂
∂

+= ∑
→

τ

τ

W.p. d jump to
a random node

W.p. 1-d =
τ1+τ2+τ3

jump to an
out-neighbor

τ Ã

τ Ä
τ Å

( )
∑ →

−+←
vu

up
up

vpvpvuvu
'

guessuser )'(
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Prototypes and products

� DTL Da t a S p o t � M e r c a d o  I n t u i f i n d  

w w w . m e r c a d o . c o m /

� E a s y A s k  w w w . e a s y a s k . c o m /

� E LI X I R  w w w . s m i . u c d . i e / e l i x i r /

� X I R Q L l s 6 - w w w . i n f o r m a t i k . u n i -

d o r t m u n d . d e / i r / p r o j e c t s / h y r e x /

� M i c r o s o f t  DB X p l o r e r

� B A N K S  w w w . c s e . i i t b . a c . i n / b a n k s /

Æ)Ç+È)ÉÊ/Ë/Ë+Ê Ì2Í�Î5Ï�Ð Î5Ñ�Î/Ð Ò Ó Ô+Ô

S um m ary

� C o n f l u e n c e  o f  s t r u c t u r e d  a n d  f r e e - f o r m a t ,  
k e y w o r d - b a s e d  s e a r c h

� Extend SQL, X Qu er y , W eb  s ea r c h , I R

� M a ny  u s ef u l  a p p l i c a ti o ns :  p r o du c t c a ta l o g s , 
s o f tw a r e l i b r a r i es , W eb  s ea r c h

� Key idiom: proximity in a graph 
representation of textual data

� I m p l i c i t j o i ns  o n f o r ei g n k ey s

� P r o xi m i ty  v i a  I D R EF  a nd o th er  l i nk s

� Sev eral working systems

� Not enough consensus on clean models
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Open problems

� Simple, clean principles for setting weights

� Node/edge scoring ad- hoc

� C ont rast  wit h classificat ion and dist illat ion

� Iceberg queries

� Increment al answer generat ion heurist ics do 
not  capt ure bicrit eria nat ure of cost

� Aggrega t io n: ho w t o  exp ress / execut e

� U ser int era ct io n a nd query refinement

� Adva nced a p p lica t io ns

�Web q uery, mult ipage knowledge ex t ract ion

� Linguist ic connect ions t hrough WordNet

æ)ç+è)éê/ë/ë+ê ì2í�î5ï�ð î5ñ�î/ð ò ó ô/õ
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