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Design and evaluation of topic driven 

focused crawlers for the World Wide Web 

        Batsakis Sotir ios 

 

Abstract  

 

Focused  c rawle rs  a re  p rograms des igned  to  

b rowse  the  W eb and  down load  pages  on  a  spec i f i c  

top ic .  They  a re  used  fo r  answer ing  user  quer ies  o r  f o r  

bu i ld ing d ig i ta l  l ib ra r ies  on  a  top ic  spec i f ied  by  the  

use r .  They  a re  d is t ingu ished  in to  c lass ic ,  seman t i c  and  

lea rn ing  focused  c rawle rs .  C lass ic  f ocused  c rawle rs  

es t imate  the  re levance  o f  W eb pages  w i th  the  top ic  by  

comput ing  the  s im i la r i t y  o f  W eb pages  w i th  a  use r  

p rov ided  l i s t  o f  keywords  tha t  desc r ibe  the  top ic  o f  

i n te res t .  Semant ic  Crawle rs  a re  a  va r ia t ion  o f  c lass i c  

f ocused  c rawle rs  tha t  use  concep tua l  re la t ions  be tween 

te rms (e .g .  re t r ieved  f rom an  on to logy)  f o r  es t imat ing 

the  re levance  o f  the  W eb page  w i th  the  top ic .  Lea rn ing 

c rawle rs  emp loy  a  t ra in ing  p rocess  tha t  gu ide  the  

c rawle r  towards  pages  re la ted  to  the  top ic .   

 Th is  wo rk  address  issues  re la ted  to  the  des ign  

and  imp lementa t ion  o f  c lass i c ,  semant i c  and  lea rn ing 

focused  c rawle rs .  Severa l  va r ian ts  o f  c lass ic  f ocused  

c rawle rs  re l y ing  up  on  web  page  con ten t  and  l i nk  

ancho r  tex t  f o r  es t imat ing  the  re levance  o f  web  pages  

to  a  g i ven  top ic  a re  examined  and  imp lemen ted .  A  

nove l t y  o f  t h i s  wo rk  is  the  in t roduc t ion  o f  a  new 

ca tego ry  o f  semant i c  c rawle rs  mak ing  use  o f  W ordNet  

as  the  under l y ing  on to logy  fo r  ob ta in ing  te rms 

concep tua l l y  re la ted  (bu t  no t  necessar i l y  
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l e x i cograph ica l l y  s im i la r )  w i th  the  top ic .  Lea rn ing 

c rawle rs  based  on  H idden  Markov  Mode l  (HMM) fo r  

l ea rn ing  no t  on ly  the  con ten t  o f  re levan t  pages  bu t  a l so  

pa ths  lead ing  to  re levan t  pages  fo l lowing  a  ce r ta in  

number  o f  rou t ing  hops  a re  exam ined  as  we l l .  An  

add i t iona l  con t r i bu t ion  o f  t h i s  wo rk  is  t he  in t roduc t ion  

o f  a  new ca tegory  o f  hyb r id  c rawle rs  comb in ing  the  

s t rength  o f  bo th  c lass ic  and  lea rn ing  focused  c rawle rs .   

 The  c rawle rs  re fe r red  to  above  a re  a l l  

imp lemented  and  a  compara t i ve  ana lys is  o f  the i r  

pe r fo rmance  is  p resen ted .  A l l  c rawle rs  ach ieve  the i r  

max imum pe r fo rmance  when a  comb ina t ion  o f  web  page  

and  ancho r  tex t  i s  used  fo r  ass ign ing  down load  

p r io r i t ies  t o  web pages .  Semant ic  s im i la r i t y  methods  

combined  w i th  a  gene ra l  pu rpose  on to logy  sou rce  such  

as  W ordNet  don ’ t  ac tua l l y  imp rove  pe r fo rmance ,  excep t  

the  imp lementa t ion  tha t  res t r i c ts  semant i c  s im i la r i t y  to  

synonym te rms .  Hyb r id  c rawle rs  imp roved  the  

pe r fo rmance  o f  s ta te  o f  the  a r t  HMM c rawle rs  y ie ld ing 

ve ry  p rom is ing  resu l ts .        

 

 

 

 

 

 

 

 

 

 



 

vii 

 

Σχεδιασµός και Υλοποίηση Θεµατικά  

Προσανατολισµένων Προσκοµιστών 

για τον Παγκόσµιο Ιστό. 

 

Μπατσάκης  Σωτήριος  

 

Περίληψη  

 

Οι  θεµατ ι κά  προσανατολ ισµένο ι  (εστ ιασµένο ι )  

προσκοµ ιστές  ε ί να ι  προγράµµατα  σχεδ ιασµένα  τα  

δ ιατρέχουν  τον  Παγκόσµ ιο  Ιστό  κα ι  να  προσκοµ ίζουν  

ι σ τοσελ ίδες  σχετ ι ζόµενες  µε  κάπο ιο  συγκεκρ ιµένο  θέµα .  

Χρησιµοπο ιούντα ι  προκε ιµένου  να  απαντηθούν  

ερωτήσε ι ς  χρηστών  κα ι  γ ια  την  δηµ ιουργ ία  ψηφιακών  

β ιβλ ιοθηκών  σε  θέµα  προσδ ιορ ισµένο  από  τους  

χρήστες ,  δ ιακρ ί νοντα ι  δε  σε  κλασσ ικούς ,  

σηµασ ιολογ ικούς  κα ι  µαθησ ιακούς  προσκοµ ιστές .  Οι  

κλασσ ικο ί  εστ ιασµένο ι  προσκοµ ιστές  εκτ ιµούν  πόσο  

σχετ ί ζε τα ι  µ ία  ι σ τοσελ ίδα  µε  το  θέµα  υπολογ ί ζοντας  την  

οµο ιότητα  των  ι σ τοσελ ίδων  µε  µ ία  λ ίστα  όρων  που  

δ ίδοντα ι  από  τον  χρήστη  κα ι  περ ιγράφουν  το  θέµα  που  

τον  ενδ ιαφέρε ι .  Οι  σηµασ ιολογ ικο ί  προσκοµ ιστές  ε ί να ι  

µ ία  παραλλαγή  των  κλασσ ικών  εστ ιασµένων  

προσκοµ ιστών  όπου  ο ι  σηµασ ιολογ ικές  σχέσε ι ς  µεταξύ  

όρων  (ο ι  οπο ίες  εξάγοντα ι  από  µ ία  οντολογ ία )  

χρησ ιµοπο ιούντα ι  προκε ιµένου  να  εκτ ιµηθε ί  αν  η  προς  

εξέταση  ι σ τοσελ ίδα  σχετ ί ζε τα ι  µε  το  θέµα .  Οι  

µαθησ ιακο ί  προσκοµ ιστές  χρησ ιµοπο ιούν  µ ία  δ ιαδ ικασ ία  

µάθησης  προκε ιµένου  να  κατευθυνθε ί  ο  προσκοµ ιστής  

σε  ι σ τοσελ ίδες  σχετ ι ζόµενες  µε  το  θέµα .   
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Η  παρούσα  εργασ ία  εξετάζε ι  θέµατα  σχετ ι ζόµενα  

µε  τον  σχεδ ιασµό  κα ι  την  υλοπο ίηση  κλασσ ικών ,  

σηµασ ιολογ ικών  κα ι  µαθησ ιακών  προσκοµ ιστών .  

∆ιάφορες  παραλλαγές  κλασσ ικών  εστ ιασµένων  

προσκοµ ιστών  βασ ι ζόµενων  στο  περ ι εχόµενο  των  

ι σ τοσελ ίδων  κα ι  στο  κε ίµενο  των  συνδέσµων  γ ια  τον  

υπολογ ισµό  της  συσχέτ ισης  των  ι σ τοσελ ίδων  µε  το  θέµα  

µελετήθηκαν  κα ι  υλοπο ιήθηκαν .  Μία  κα ι νοτοµ ία  της  

παρούσας  εργασ ίας  ε ί να ι  η  ε ισαγωγή  µ ίας  νέας  

κατηγορ ίας  σηµασ ιολογ ικών  προσκοµ ιστών  που  

βασ ί ζοντα ι  στο  W ordNet  ως  την  οντολογ ία  που  παρέχε ι  

σηµασ ιολογ ικά  σχετ ι ζόµενους  (αλλά  όχ ι  απαρα ί τητα  

λεκτ ι κά  όµο ιους )  όρους  µε  το  θέµα .  Επίσης  εξετάζοντα ι  

µαθησ ιακο ί  προσκοµ ιστές  βασ ι ζόµενο ι  σε  κρυφά  

Μαρκοβ ιανά  µοντέλα  προκε ιµένου  να  δ ιδαχθούν  όχ ι  

µόνο  το  περ ι εχόµενο  τον  σχετ ι κών  ι σ τοσελ ίδων  αλλά  κα ι  

δ ιαδροµές  που  οδηγούν  σε  αυτές  ακολουθώντας  ένα  

καθορ ισµένο  αρ ιθµό  βηµάτων .  Μία  επ ιπλέον  

συνε ισφορά  της  παρούσας  εργασ ίας  ε ί να ι  η  ε ισαγωγή  

µ ίας  νέας  κατηγορ ίας  υβρ ιδ ι κών  προσκοµ ιστών  που  

συνδυάζουν  τ ι ς  δυνατότητες  κλασσ ικών  κα ι  µαθησ ιακών  

εστ ιασµένων  προσκοµ ιστών .  

Όλο ι  ο ι  προαναφερόµενο ι  προσκοµ ιστές  έχουν  

υλοπο ιηθε ί  κα ι  παρουσ ιάζετα ι  µ ία  συγκρ ι τ ι κή  ανάλυση  

της  απόδοσής  τους .  Όλο ι  ο ι  προσκοµ ιστές  επ ι τυγχάνουν  

την  µέγ ιστή  απόδοσή  τους  όταν  συνδυάζουν  

περ ι εχόµενο  ι σ τοσελ ίδων  κα ι  κε ίµενο  συνδέσµων  

προκε ιµένου  να  καθορ ίσουν  προτερα ιότητες  

καταβ ίβασης  σε  ι σ τοσελ ίδες .  Οι  µέθοδο ι   

σηµασ ιολογ ικής  οµο ιότητας  όταν  συνδυάζοντα ι  µε  µ ία  

γεν ικού  σκοπού  οντολογ ία  όπως  το  W ordeNe t  δεν  

αυξάνουν  την  απόδοσή ,  µε  εξα ίρεση  την  υλοπο ίηση  που  

περ ιορ ί ζε ι  την  σηµασ ιολογ ική  οµο ιότητα  σε  συνώνυµους  
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όρους .  Οι  υβρ ιδ ι κο ί  προσκοµ ιστές  αύξησαν  την  

απόδοση  των  βασ ι ζόµενων  σε  κρυφά  Μαρκοβ ιανά  

µοντέλα  προσκοµ ιστών ,  δ ίδοντας  πολύ  ι κανοπο ιητ ι κά  

αποτελέσµατα .          
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Chapter 1.  Introduction  

 

The  W or ld  W ide  W eb i s  a  huge  in fo rmat ion  sou rce  w i th  

b i l l ions  o f  web  pages  on  eve ry conce ivab le  sub jec t .  

Genera l  pu rpose  sea rch  eng ines  such  as  Goog le  [5 ] ,  

Yahoo  [7 ] ,  MSN [8 ]  and  Ask  [9 ]  have  appea red  in  o rde r  

to  ass is t  use rs  i n  f ind ing  in fo rmat ion  on  the  W eb.  These  

sea rch  eng ines  a re  ve ry  comp l ica ted  and  s izab le  

sys tems  [1 ,  2 ] ,  bu t  they  don ’ t  ach ieve  a  fu l l  cove rage  o f  

the  W eb.  Goog le  ach ieves  up  to  76% and  Yahoo  up  to  

69% cove rage ,  wh i le  o the r  sea rch  eng ines  index  an  even  

sma l le r  pe rcen tage  o f  the  en t i re  W eb [3 ] .  In fo rmat ion  

sea rches  on  the  W eb i ssued  th rough  W eb sea rch  

eng ines  a re  no t  p ropaga ted  ove r  the  W eb in  rea l  t ime.  

Ins tead  they  index ,  ana lyze  and  ca tegor i ze  W eb 

in fo rmat ion  accumu la ted  loca l l y  in  da ta  repos i to r ies  and  

th i s  in fo rmat ion  is  then  used  fo r  answer ing  use r  que r ies .  

The  genera l  purpose  sea rch  eng ine  approach  e f fec t i ve l y  

add resses  the  need  o f  the  end  use r  to  f ind  spec i f i c  

i n fo rmat ion  in  rea l  t ime.   

C rawle rs  (a lso  known  as  Robots  o r  Sp ide rs  [20 ] )  

a re  too ls  f o r  assembl ing  loca l l y  i n fo rmat ion  f rom  the  

W eb.  Focused  c rawle rs  in  pa r t i cu la r ,  have  been  

in t roduced  fo r  sa t i s f y ing  the  need  o f  i nd i v idua ls  (e .g .  

doma in  expe r t s )  o r  o rgan iza t ions  to  c rea te  and  ma in ta in  

l oca l l y  d ig i ta l  l ib ra r ies  on  a  sub jec t  o r  f o r  answer ing 

compl ica ted  que r ies  ( f o r  wh ich  a  web  search  eng ine  

wou ld  y ie ld  l im i ted  o r  no  sa t is fac to ry  resu l t s ) .  T yp ica l  

requ i rements  o f  such  app l i ca t ion  users  a re  the  need  fo r  

h igh  qua l i t y  up - to -da te  resu l t s ,  wh i le  m in im iz ing the  

amoun t  o f  resources  ded ica ted  to  the  search  task .  

Focused  c rawle rs  down load  as  many pages  re levan t  to  
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the  sub jec t  as  they  can ,  wh i le  keep ing  the  amount  o f  

i r re levan t  da ta  down loaded  to  a  m in imum [30 ] .  Bes ides  

the  c rea t ion  o f  spec ia l i zed  d ig i t a l  l ib ra r ies ,  app l i ca t ions  

o f  f ocused  c rawle rs  a lso  inc lude  gu id ing  in te l l igen t  

agen ts  on  the  W eb  fo r  loca t ing  spec ia l i zed  in fo rmat ion  

(e .g .  f l i gh t  schedu les  and  t i cke t  p r i ces  fo r  a  voyage  

p lann ing  agen t ) .  As  the  impo r tance  and  the  s i ze  o f  the  

W eb grows  so  does  the  impo r tance  o f  Focused  Crawle rs .      

 

1.1  Background 

Crawle rs  a re  g i ven  a  s ta r t ing  se t  o f  web  pages  (seed  

pages )  in  the i r  inpu t ,  ex t rac t  ou tgo ing  l inks  appea r ing  in  

the  seed  pages  and  de te rm ine  wha t  l inks  to  v i s i t  next  

based  on  cer ta in  c r i te r ia .  In  the  fo l lowing,  web  pages  

po in ted  to  by  these  l i nks  a re  down loaded ,  and  those  

sa t is f y ing  ce r ta in  se lec t ion  c r i te r ia  a re  s to red  in  a  loca l  

repos i to ry .  C rawle rs  con t inue  v is i t i ng  W eb pages  un t i l  a  

known number  o f  pages  have  been  down loaded  o r  un t i l  

l oca l  resou rces  (such  as  s to rage )  a re  exhaus ted .   

The  Crawle rs  used  by  gene ra l  pu rpose  sea rch  eng ines  

re t r ieve  W eb pages  mass ive ly  rega rd less  the i r  top ic .  

Methods  fo r  imp lement ing  such  Crawle rs  inc lude :  

a )  Breadth  F i rs t  Craw lers:  The  ou tgo ing  l inks  f rom 

the  g i ven  se t  o f  pages  a re  ex t rac ted  and  inse r ted  in  

a  F i rs t  I n  F i r s t  Ou t  (F IFO)  queue ,  and  the i r  

co r respond ing  web  pages  a re  down loaded .  The  

p rocess  con t inues  s im i la r l y  w i th  the  new pages.    

b)  Page  impor tance  Craw lers:  They ass ign  h ighe r  

v i s i t  p r io r i t y  to  web  pages  ( i .e .  to  the i r  

co r respond ing  URLs)  l i nked  to  f rom more  impo r tan t  

pages .  Page  impo r tance  es t imat ion  c r i t e r ia  f o r  

ass ign ing  p r io r i t ies  to  ex t rac ted  URLs  inc lude  
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Back l ink  coun t  ( i .e .  number  o f  web  pages  

con ta in ing  l i nks  to  a  g i ven  page )  [22 ]  and  

PageRank  ( the  impo r tance  es t imat ion  method  used  

in  t he  Goog le  search  eng ine ) [6 ] .   

A l though  s imp le ,  B read th  F i rs t  C rawle rs  ach ieve  good  

pe r fo rmance  (measu red  as  the  ave rage  qua l i t y  o f  

down loaded  pages  us ing  PageRank  c r i te r ion ) [19 ] ,  and  

a re  e f f ec t i ve  fo r  imp lement ing  non - focused  Crawle rs .  

The  ma jo r  d i sadvan tage  o f  Bread th  F i rs t  C rawle rs  (and  

o f  the  o the r  non  top ic  d r i ven  Crawle rs )  i s  tha t  they  use  

on ly  the  l ink  s t ruc tu re  o f  the  web and  no t  web  page  

con ten t  in  ass ign ing  v i s i t  p r io r i t ies  to  URLs ;  

consequent l y  they  fa i l  to  f ocus  on  pages  on  a  top ic .  

Because  pages  on  a  spec i f i c  top ic  a re  a  m ino r  f rac t i on  

o f  the  ove ra l l  W eb ,  c rawl ing  on  tha t  top ic  us ing non  

focused  c rawle rs  w i l l  resu l t  in to  down load ing  a  la rge  

number  o f  i r re levan t  pages ,  thus  qu ick l y  exhaus t ing  the  

ava i lab le  resources .  There fo re  bu i l d ing  a  spec ia l i zed  

d ig i ta l  l ib ra ry  ca l ls  f o r  f ocused  c rawle rs .   

Focused  c rawle rs  wo rk  by  comb in ing  bo th  the  con ten t  

o f  the  re t r ieved  W eb pages  and  the  l ink  s t ruc tu re  o f  

the  W eb fo r  ass ign ing  h ighe r  v i s i t i ng  p r io r i t y  to  pages  

re levan t  t o  the  top ic .  They  a re  d is t ingu ished  in to  the  

fo l lowing ca tego r ies :  

a )  C lass ic  Focused Craw lers  [26 ]  take  as  inpu t  a  

use r  que ry  tha t  desc r ibes  the  top ic  and  a  se t  o f  

s ta r t ing  URLs  (seeds ) .  The  c rawl ing  s ta r ts  f rom  the  

use r  p rov ided  seed  URLs .  The  c rawle rs  ass ign  a  

p r io r i t y  va lue  to  v i s i ted  pages  accord ing  to  the i r  

re levance  to  the  top ic .  The  web pages  a re  o rde red  

by  re levance  and  the  c rawle rs  p roceed  by  v i s i t ing  

the  mos t  re levan t  web  pages  f i r s t .  The  most  

common c r i te r ion  fo r  re levance  es t imat ion  be tween 
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a  re t r i eved  page  and  a  use r  que ry  i s  de f ined  as  the  

s im i la r i t y  be tween  the  text  o f  the  v i s i ted  page  w i th  

the  que ry  ( t op ic ) .  T yp ica l l y  th is  i s  computed  us ing 

a  tex t  s im i la r i t y  mode l  such  as  the  Boo lean  o r  the  

Vec to r  Space  Mode l  [12 ] .  Focused  c rawle rs  us ing 

Vec to r  Space  Mode l  f o r  re levance  es t imat ion  (Bes t  

F i r s t  C rawle rs  [25 ] )  a re  the  most  e f f ec t i ve  c lass i c  

f ocused  c rawl ing  method  so  fa r  [26 ] .  Ex is t ing  wo rk  

on  c lass i c  f ocused  c rawle rs  i s  p resen ted  in  sec t ion  

2 .3 .  Ou r  p roposed  var ian ts  and  imp lementa t ions  o f  

c lass i c  f ocused  c rawle rs  a re  d iscussed  in  sec t ion  

3 .2 .  

b)  Semant ic  Craw lers  a re  a  va r ia t ion  o f  c lass ic  

f ocused  c rawle rs .  Page  v i s i t  p r io r i t y  i s  ass igned  to  

pages  us ing  the i r  con ten t  and  by  app ly ing 

semant ic  c r i te r ia  f o r  comput ing  page - to - top ic  

re levance .  A  page  and  the  que ry  can  be  re levan t  i f  

they  sha re  concep tua l l y  s imi la r  (bu t  no t  

necessa r i l y  lex i ca l l y  s im i la r )  te rms .  Concep tua l  

re la t ions  be tween  te rms  a re  de f ined  us ing  an  

unde r l y ing  top ic  spec i f i c  o r  gene ra l  pu rpose  

on to logy .  Thus ,  seman t i c  c rawle rs  d i f f e r  w i th  

c lass i c  f ocused  c rawle rs  in  the  way con ten t  

re levance  i s  computed .  To  the  bes t  o f  ou r  

knowledge  seman t i c  c rawle rs  haven ’ t  been  

compared  w i th  s ta te -o f - the -a r t  c lass i c  f ocused  

c rawle rs  such  as  those  re fe r red  to  above ,  no r  have  

they  been  comb ined  w i th  mode rn  semant ic  

s im i la r i t y  methods  (as  those  p resen ted  in  [11 ] )  so  

as  to  ach ieve  the i r  f u l l  po ten t ia l .  The  p resen t  wo rk  

add resses  a l l  these  issues  (sec t ion  3 .3 ) .  

c )  Learning  Craw lers  [33 ]  app ly  a  t ra in ing  p rocess  

fo r  ass ign ing  v i s i t  p r io r i t ies  to  W eb  pages  and  fo r  
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gu id ing  the  c rawl ing  p rocess .  They  a re  

cha rac te r i zed  by the  way re levan t  web  pages  o r  

pa ths  th rough  web  l i nks  fo r  reach ing re levan t  

pages  a re  lea rned  by  the  c rawle r  ( t yp ica l l y  by 

mach ine  lea rn ing o r  o ther  p rocesses )  so  tha t  the  

c rawle r  can  d is t ingu ish  be tween  re levan t  and  non  

re levan t  pages .  Bu i ld ing  upon  th i s  i dea ,  a  number  

o f  approaches  for  l ea rn ing  re levan t  to  the  top ic  

W eb pages  have  appeared  in  the  l i te ra tu re  and  

inc lude :  

1 .  App roaches  based  on  mach ine  lea rn ing:  The  

c rawle r  i s  supp l ied  w i th  a  t ra in ing  se t  

cons is t i ng  o f  re levan t  and  non  re levan t  W eb 

pages  wh ich  i s  used  to  t ra in  the  lea rn ing  

Crawle r  [33 ,34 ] .  Du r ing  c rawl ing  h ighe r  v i s i t  

p r io r i t y  i s  ass igned  to  web  pages  c lass i f ied  as  

re levan t  to  the  top ic .  

2.  App roaches  tha t  take  no t  on ly  the  page  

con ten t  and  the  co r respond ing c lass i f i ca t ion  o f  

web  pages  as  re levan t  o r  non  re levan t  to  the  

top ic  in to  accoun t ,  bu t  a lso  the  l ink  s t ruc tu re  

o f  the  W eb and  the  p robab i l i t y  tha t  a  g i ven  

page  (wh ich  can  be  non  re levan t  to  the  top ic )  

w i l l  lead  to  a  re levan t  page  w i th in  the  m in imum 

number  o f  s teps  (hops ) .  Methods  based  in  

Contex t  Graphs  [31 ]  and  Hidden  Markov  

Mode ls  (HMM) [16 ]  a re  examples  o f  t h i s  

ca tego ry  o f  me thods .  Sec t ion  2 .5  con ta in  a  

de ta i led  desc r ip t i on  o f  these  methods  and  

Sec t ion  3 .4  the  enhancements  p roposed  in  th is  

wo rk .     

3.  Hyb r id  methods  tha t  comb ine  lea rn ing  c rawle rs  

w i th  ideas  o f  c lass i c  f ocused  c rawle rs  [35 ] .  Ou r  
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work  focuses  on  hyb r id  c rawle rs  and  p roposes  

an  approach  tha t  comb ines  the  s t rengths  o f  

c lass i c  f ocused  c rawle rs  (va r ia t ions  o f  Bes t  

F i r s t  C rawle rs )  w i th  H idden  Markov  Mode ls  f o r  

l ea rn ing  no t  on ly  how to  d is t ingu ish  be tween 

re levan t  and  non  re levan t  W eb pages  based  on  

con ten t ,  bu t  a lso  on  lea rn ing  how to  gu ide  the  

sea rch  fo r  such  re levan t  W eb pages  th rough  a  

sequence  o f  rou t ing  hops  be tween W eb pages  

(some t imes th rough  non  re levan t  pages ) .  Th is  

method  i s  desc r ibed  in  sec t ion  3 .4  and  the  

expe r imen ta l  resu l t s  ob ta ined  (Sec t ion  4 .6 )  

i nd ica te  tha t  i t  i s  a  ve ry  e f f ec t ive  c rawl ing  

method .  

 

 

 

 

 

Fig. 1: Crawler Classification  

 

1.2  Present  work   

Th is  wo rk  dea ls  w i th  the  des ign  and  eva lua t ion  o f  

f ocused  c rawle rs .  S ta te  o f  the  a r t  app roaches  fo r  

bu i ld ing  top ic  d r iven  focused  c rawle rs  a re  cons ide red  

inc lud ing  c lass ic ,  seman t i c  and  lea rn ing  c rawle rs .  

Seve ra l  va r ian ts  o f  these  approaches  a re  a l so  p roposed  

and  eva lua ted .  The  emphas is  o f  th is  wo rk  i s  on  hyb r id  

c rawle rs  combin ing  tex t  and  l ink  in fo rmat ion  fo r  reach ing  

fas te r  more  p romis ing  pages  on  the  top ic  o f  in te res t .    

    Crawlers 

Non topic oriented crawlers   Focused   crawlers 

Classic focused crawlers     Semantic crawlers     Learning crawlers 
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 The  f i r s t  c rawle r  imp lemented  i s  the  Bread th  F i r s t  

C raw le r .  Th is  is  a  c lass ic  non  top ic -o r ien ted  c rawle r  

wh ich  is  used  as  a  re fe rence  in  a l l  compar i sons  w i th  

f ocused  c rawle rs .  Seve ra l  va r ian ts  o f  the  Best  F i r s t  

C raw le r  [25 ]  a re  a lso  imp lemen ted  and  eva lua ted .  Bes t  

F i r s t  C rawle r  wo rks  by  es t imat ing the  re levance  o f  the  

re t r ieved  page  w i th  the  use r  query  (bo th  represen ted  

us ing  te rm  vec to rs )  us ing  Vec to r  Space  Mode l  (VSM) 

[12 ] ;  then  i t  v i s i t s  the  l inks  ext rac ted  f rom the  mos t  

re levan t  page .  A  URL can  be  represen ted  e i the r  by  the  

te rm  vec to r  o f  the  W eb  page  i t  was  ex t rac ted  f rom,  o r  by  

the  te rm  vec to r  o f  i t s  co r respond ing anchor  tex t  ( the  tex t  

tha t  appea rs  on  the  l i nk  po in t ing  to  tha t  URL) .  A l l  

so lu t i ons  (us ing  page  con ten t ,  ancho r  tex t  o r  the i r  

comb ina t ion )  a re  imp lemen ted  and  eva lua ted .  These  

methods  a re  descr ibed  in  sec t ion  3 .2 .  

  The  second  ca tego ry  o f  methods  inc ludes  

Seman t i c  Crawle rs  t ha t  es t imate  the  concep tua l  

( seman t i c )  re levance  o f  a  W eb page  w i th  the  que ry .  The  

method  by  Ehr ig  e t .a l  [13 ]  comb ines  focused  c rawle rs  

and  semant ic  re la t ions  f rom an  on to logy  ( in  [ 13 ]  top ic  

spec i f i c  on to log ies  were  used ) ,  f o r  ass ign ing  v i s i t  

p r io r i t ies  to  pages .  In  ou r  imp lemen ta t ion  o f  semant ic  

c rawle rs ,  te rm vec to rs  a re  enhanced  w i th  synonyms and  

semant ica l l y  s im i la r  te rms f rom WordNe t  [4 ]  ( thus  

mak ing  our  imp lementa t ion  the  f i r s t  gene ra l  purpose  

semant ic  c rawle r  imp lemen ta t ion ) .  Top ic  re levance  can  

then  be  compu ted  by  VSM [12 ] ,  the  Seman t i c  S im i la r i t y  

Re t r ieva l  Mode l  (SSRM) [14 ]  o r  by  M iha lcea  e t .a l .  [15 ] .     

 Ou r  p roposed  app roach  to  Lea rn ing  Crawle rs  i s  

i n f luenced  by  wo rk  on  HMM Craw le rs  [16 ,  18 ]  f o r  

l ea rn ing  pa ths  lead ing  to  re levan t  pages  in  add i t ion  to  

the  con ten t  o f  the  des i red  web  pages .  The  use r  o f  an  
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HMM Crawle r  p rov ides  a  t ra in ing  se t  o f  pages  (bo th  

re levan t  and  non  re levan t  to  the  top ic  o f  in te res t ) .  These  

pages  a re  c lus te red  acco rd ing  to  the i r  con ten t .  

T rans i t ion  p robab i l i t ies  be tween  the  resu l t ing  c lus te rs  

rep resen t ing  re levan t  o r  non  re levan t  pages  ( l ead ing  to  

re levan t  ones)  a re  computed  and  a re  used  to  es t imate  

(g i ven  the  c lus te r  a  W eb page  i s  ass igned ) ,  the  

p robab i l i t y  tha t  i t  w i l l  l ead  to  re levan t  pages .  The  h ighe r  

th i s  p robab i l i t y  i s  the  h igher  the  v i s i t  p r io r i t y  g i ven  to  

the  page ’s  ex t rac ted  l inks  w i l l  be .  K -Means  [47 ]  and  X-

Means  [17 ]  can  be  app l ied  fo r  the  c lus te r ing  o f  W eb 

pages .  K-means  c lus te r ing  i s  an  a lgo r i thm  to  c lass i f y  o r  

to  g roup  ob jec t s  based  on  a t t r ibu tes / fea tu res  in to  K  

g roups  (K  i s  pos i t i ve  in teger  p rede f ined  number ) .  The  

g roup ing  is  done  by  m in im iz ing  the  sum o f  squares  o f  

d is tances  be tween  da ta  and  the  cor respond ing  c lus te r  

cen t ro id .  X-Means  i s  an  extens ion  o f  K-means  w i th  

dynamic  es t imat ion  o f  the  number  o f  c lus te rs  dependen t  

on  the  da ta .  In  th is  wo rk  focused  c rawle rs  based  on  bo th  

c lus te r ing approaches  a re  imp lemented  and  eva lua ted .  

 Based  on  the  HMM Crawle r ,  Hybr id  Craw le rs  tha t  

combine  c lass ic  focused  c rawle rs  fo r  ass ign ing  p r io r i t ies  

to  URLs  based  on  top ic  re levance ,  and  lea rn ing  c rawle rs  

f o r  lea rn ing  access  pa ths  fo r  reach ing  re levan t  pages  

(poss ib l y  th rough  non  re levan t  ones )  a re  p roposed .  T wo 

hyb r id  c rawle rs  comb in ing HMM wi th  page  o r  bo th  page  

and  ancho r  tex t s  a re  imp lemen ted  and  eva lua ted .  Our  

p roposed  approach  to  hyb r id  c rawle rs  is  p resen ted  in  

sec t ion  3 .4 .  

 The  c rawle rs  re fe r red  to  above  (and  the i r  

va r ia t ions )  a re  a l l  imp lemented  and  the i r  pe r fo rmance  i s  

compared  based  on  resu l t s  ob ta ined  f rom the  web  us ing  

seve ra l  d i f f e ren t  t op ics  and  seed  (s ta r t ing )  pages .  



CHAPTER 1. INTRODUCTION 

 

9 

 

Sect ion  4  p resen ts  a  compara t i ve  s tudy  o f  the  

pe r fo rmance  o f  a l l  c rawle r  va r ian ts  by  ca tego ry  a long  

w i th  a  c r i t i ca l  ana lys i s  o f  the i r  pe r fo rmance .  

1.3  Contr ibut ion of  the  current  thesis 

The con t r ibu t ions  o f  th is  wo rk  a re  summar ized  be low:  

a )  Th is  thes is  p resen ts  a  c r i t i ca l  eva lua t ion  o f  s ta te  

o f  the  a r t  app roaches  to  W eb Crawl ing ,  inc lud ing 

C lass ic ,  Semant ic  and  Lea rn ing  Focused  Crawle rs .  

To  ou r  knowledge  a  s im i la r  eva lua t ion  hasn ’ t  

appeared  in  the  l i te ra tu re  be fo re .  

b )  P roposes  seve ra l  va r ian ts  to  ex i s t ing  c rawl ing 

methodo log ies  based  on  recen t  semant i c  re levance  

es t imat ion  methods  and  compare  the i r  pe r fo rmance  

w i th  c lass i c  f ocused  c rawl ing  methods .  

c )  P roposes  a  nove l  hyb r id  approach  to  lea rn ing 

c rawl ing  combin ing  c lass ic  f ocused  c rawle rs  f o r  

ass ign ing  p r io r i t ies  to  URLs  w i th  i deas  f rom 

lea rn ing  c rawle rs  f o r  lea rn ing  pa ths  fo r  reach ing 

web pages  re levan t  to  the  top ic .   

 

1.4  Thesis  out l ine 

The work  in  th is  thes is  i s  o rgan ized  as  fo l lows:  Re la ted  

wo rk  on  focused  c rawl ing  i s  p resen ted  in  Sec t ion  2 .  I t  i s  

o rgan ized  in  s i x  subsec t ions ;  the  f i rs t  i s  the  in t roduc t ion ,  

the  second  subsec t ion  (2 .2 )  p resen ts  non  top ic  d r i ven  

c rawle rs ,  the  th i rd  subsec t ion  (2 .3 )  c lass ic  

imp lementa t ions  o f  f ocused  c rawle rs ,  t he  four th  

subsec t ion  (2 .4 )  the  p re l im ina ry  re la ted  wo rk  on  

semant ic  c rawle rs  ,  the  f i f th  subsec t ion  (2 .5 )  p resen ts  

p rev ious  wo rk  on  Learn ing  Crawle rs  and  the  s i x th  i s  a  

summar iza t ion  o f  the  above .  
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I ssues  re la ted  to  the  des ign  and  imp lementa t ion  o f  

W eb c rawle rs  is  p resen ted  in  sec t ion  3 .  Subsec t ion  3 .1  

i s  an  in t roduc t ion  to  t he  top ic ,  subsec t ion  3 .2  p rov ides  a  

de ta i led  descr ip t ion  o f  c lass ic  c rawle rs  imp lemen ted  in  

th i s  wo rk  and  subsec t ion  3 .3  dea ls  w i th  i ssues  re la ted  to  

the  des ign  o f  semant i c  c rawle rs .  In  subsec t ion  3 .4  

pa r t i cu la r  emphas is  i s  g i ven  to  lea rn ing c rawle rs  and  to  

the  subsequent  des ign  o f  hyb r id  c rawle rs .  

Sec t ion  4  p rov ides  a  descr ip t ion  o f  t he  expe r imenta l  

resu l ts .  Subsec t ion  4 .1  p resen t  the  pu rpose  o f  the  

expe r imen ts ,  in  the  second  pa r t  ( subsec t ion  4 .2 )  t he  

pe r fo rmance  measures  used  to  eva lua te  the  c rawle rs  a re  

desc r ibed .  The  expe r imen ta l  se tup  is  d i scussed  in  

subsec t ion  4 .3 .  Expe r imen ta l  resu l ts  on  C lass ic  Crawle rs  

a re  p resen ted  in  subsec t ion  4 .4  f o l lowed  by  resu l ts  

ob ta ined  by  semant i c  and  lea rn ing  c rawle rs  in  

subsec t ions  4 .5  and  4 .6  respec t ive l y .  Subsec t ion  4 .7  

p resen ts  a  c r i t i ca l  ana lys is  o f  the  pe r fo rmance  o f  va r ious  

c rawle rs  methods  cons ide red  in  t h is  wo rk .  F ina l l y  

conc lus ion  and  issues  fo r  f u r the r  resea rch  a re  d i scussed  

in  Sec t ion  5 .   
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Chapter 2. Related Work 

 

2.1 Introduction  

Re la ted  wo rk  on  c rawle rs  inc ludes  con t r ibu t ions  

rega rd ing  bo th  c lass ic  (non - top ic  o r ien ted )  and  focused  

( top ic -  o r ien ted )  c rawle rs .  Ex is t ing  wo rk  on  the  des ign  

and  imp lementa t ion  o f  non  focused  c rawle rs  and  o f  

f ocused  (c lass ic ,  semant ic  and  lea rn ing)  c rawle rs  

p roposed  in  the  l i te ra tu re  is  p resen ted  in  th i s  chap te r .   

C lass ic  non  focused  Crawle rs  (e .g .  c rawle rs  used  by  

web  sea rch  eng ines  fo r  assemb l ing  web  pages  to  loca l  

repos i to r ies )  down load  W eb pages  mass ive ly  regard less  

o f  con ten t  i n  o rde r  to  c rea te  vas t  page  repos i to r ies .  

Focused  c rawle rs  on  the  o the r  hand  a re  more  se lec t i ve ,  

down load ing  on ly  pages  re la ted  to  a  known  (user  

p rov ided)  top ic .  I ssues  re la ted  to  the  des ign  and  

imp lementa t ion  o f  c lass ic  as  we l l  as  o f  f ocused  c rawle rs  

a re  d i scussed  in  the  fo l lowing and  inc lude :  

a )  Search  s t ra tegy :  The  c rawle r  can  b rowse  the  web 

in  a  b read th  f i rs t  o rde r  o r  se lec t  l i nks  to  f o l low 

us ing  impo r tance  es t imat ion  c r i te r ia .  Focused  

c rawle rs  ass ign  v i s i t ing  p r io r i t ies  to  pages  

acco rd ing  to  t he  re levance  o f  the  page  w i th  a  t op ic  

spec i f ied  by a  use r .  

b )  Refreshing  pol icy :  Due  to  the  dynam ic  na tu re  o f  

the  W eb,  pages  mus t  be  rev i s i ted  in  o rde r  to  keep  

page  repos i t o r ies  up - to -da te .  The  op t ima l  page  

re f resh  po l icy  tha t  ach ieves  keep ing  page  

repos i to r ies  up- to -da te  w i thou t  unnecessary  

down load ing  o f  non  ou t -da ted  pages  i s  a  ve ry  

impo r tan t  i ssue  in  c rawle r  des ign  [21 ] .  A l so ,  
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sa t is f y ing  the  con f l i c t ing  demands  fo r  h igh  

down load ing  ra te  w i thou t  pu t t ing  excess ive  load  to  

the  v is i ted  W eb s i tes  i s  a  ma jo r  conce rn  when 

des ign ing a  Crawle r  f o r  a  sea rch  eng ine .  

c )  Synchron iza t ion :  C rawle rs  used  by  commerc ia l  

sea rch  eng ines  use  mu l t ip le  pa ra l le l  p rocesses  

tha t  mass ive ly  re t r ieve  W eb pages ,  regard less  o f  

the i r  top ic .  These  p rocesses  mus t  be  synch ron ized  

in  o rde r  to  avo id  dup l ica ted  page  down load ing 

[20 ] .  

 

2.2  Non Focused Crawlers 

T yp ica l l y  non  focused  c rawle rs  a re  used  by  gene ra l  

pu rpose  search  eng ines  fo r  assemb l ing  loca l l y  W eb 

in fo rmat ion .  Methods  fo r  imp lemen t ing  such  Crawle rs  

i nc lude :  

a )  Breadth  F i rs t  Craw ler :  Af te r  down load ing  the  

in i t ia l  pages  (ca l led  seed  pages )  the  ou tgo ing  l inks  

ex t rac ted  f rom these  pages  a re  pu t  in  a  F IFO 

queue.  The  l inks  ex t rac ted  f i rs t  po in t  to  pages  tha t  

a re  g i ven  the  h ighes t  p r io r i t y  f o r  down load ing  and  

fu r the r  c rawl ing.  B read th  f i r s t  c rawl ing i s  one  o f  the  

mos t  common ly  used  c rawl ing app roaches  fo r  

assemb l ing loca l ly  W eb con ten t  fo r  use  by  W eb 

sea rch  eng ines .  GoogleBot  [5 ] ,  S lu rp  [7 ] ,  MSNBot  

[8 ]  and  Teoma [9 ]  a re  examp les  o f  c rawle r  

imp lementa t ions  used  by  commerc ia l  sea rch  

eng ines .  Page  re f resh  po l icy ,  synch ron iza t ion ,  and  

op t ima l  down load ing  ra te  a re  impo r tan t  i ssues  here  

[20 ,  21 ] .  Techn ica l  i ssues  such  as  the  suppo r ted  

f i le  f o rmats ,  f i le  s i ze  l im i ta t ions  and  the  v i s i t i ng  

po l icy  a re  a lso  o f  g rea t  impo r tance .  B read th  f i rs t  

c rawle rs  a re  capab le  o f  c rawl ing  a  l a rge  pa r t  o f  the  
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W eb [3 ] .  Then  the  down loaded  pages  a re  ana lyzed  

(e .g .  by  con ten t ,  t ype )  indexed  and  subsequen t l y  

s to red  in  da ta  repos i to r ies  composed  o f  thousands 

o f  compu te rs  and  Te raby tes  o f  da ta  [1 ,  2 ] .  Th is  

app roach  requ i res  huge  resources  wh ich  a re  

ava i lab le  on ly  to  l a rge  compan ies  o r  o rgan iza t ions  

such  as  Goog le  o r  Yahoo.   

 C rawle rs  such  as  Merca to r  [45 ]  and  La rb in  

[10 ]  a re  examples  o f  B read th  F i rs t  Crawle rs  wh ich  

a re  f ree ly  ava i l ab le  to  p rogrammers  fo r  tes t ing  and  

sys tem deve lopmen t .  W hen  l im i ted  resou rces  a re  

ava i lab le  they  can  c rawl  a  sma l l  pa r t  o f  the  indexed  

web  and  re t r ieve  web  con ten t  f o r  f u r the r  

p rocess ing.  B read th  f i r s t  c rawle rs  y ie ld  h igh  qua l i t y  

pages  [19 ]  bu t  a ren ’ t  top ic  o r ien ted .  

b)  Page  impor tance  Craw lers:  They  ass ign  h ighe r  

v i s i t  p r io r i t y  to  URLs re t r ieved    f rom more  

impo r tan t  pages .  T yp ica l l y ,  page  impo r tance  fo r  

ass ign ing  p r io r i t ies  to  ex t rac ted  URLs  i s  compu ted  

by  Back l ink  coun t  (whe re  h ighe r  p r io r i t y  i s  g i ven  to  

pages  po in ted  to  by  many o ther  W eb pages )  and  

PageRank  [6 ] .  O the r  c r i te r ia  such  as  the  pos i t ion  o f  

the  page  w i th in  the  W eb  s i te  h ie ra rchy  (e .g .  l ow 

dep th ,  as  ind ica ted  by  fewer  -o r  none  -  s lashes  in to   

the  page  URL,  lead  to  h ighe r  p r io r i t y ) ,  o r   the  

number  o f  ou tgo ing  l i nks  o f   tha t  page  (Out l ink  

coun t )  can  be  used  as  we l l .  Cho  e t .a l  [22 ]  p rov ides  

a  su rvey  on  th is  t ype  o f  Crawle rs .  Page  impo r tance  

c r i te r ia  have  been  shown  to  improve  the  qua l i t y  o f  

down loaded  pages  [22 ] .   
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2.3  Classic Focused Crawlers 

Crawle rs  used  by  sea rch  eng ines  (such  as  those  re fe r red  

to  in  sec t ion  2 .2 )  a re  des igned  to  max im ize  the  to ta l  

number  and  p robab ly  the  qua l i t y  o f  down loaded  web 

pages .  Top ic  o r ien ted  o r  Focused  Crawle rs  take  as  inpu t  

a  use r  que ry  (C lass ic  Focused  c rawle rs ) ,  o r  examp le  

pages  p rov ided  by  the  use r  as  a  t ra in ing  se t  (Lea rn ing 

Crawle rs )  and  focus  the  c rawl ing  p rocess  on  pages  

re levan t  to  the  top ic .  Focused  c rawle rs  keep  the  ove ra l l  

number  o f  down loaded  W eb  pages  to  a  m in imum wh i le  

max im iz ing the  percen tage  o f  re levan t  pages .  

The  pe r fo rmance  o f  a  f ocused  c rawle r  depends on  the  

se lec t ion  o f  good  s ta r t ing  pages  (seed  pages ) .  Good 

seed  pages  can  be  e i the r  web  pages  re levan t  to  que ry  

top ic  o r  pages  f rom wh ich  re levan t  pages  can  be  

accessed  th rough  a  sma l l  number  o r  rou t ing  hops .  For  

example ,  i f  the  top ic  is  on  sc ien t i f i c  pub l ica t ions ,  a  good  

seed  page  can  be  the  pub l i ca t ions  page  o f  an  au thor ,  lab  

o r  depa r tment  o r  a l te rna t i ve l y  the  web  page  o f  t he  

au tho r ,  lab  o r  depa r tmen t  respec t ive l y  (a l though  the  las t  

may con ta in  no  pub l ica t ions  a t  a l l ,  i t  i s  known  to  lead  to  

pages  con ta in ing pub l ica t ions ) .  Seed  pages  shou ld  a lso  

be  impo r tan t  as  we l l  (whe re  impor tance  is  de f ined  us ing  

l i nk  ana lys i s  methods  such  as  H ITS  [46 ]  and  Page  Rank  

[6 ] ) .  The  ra t iona le  beh ind  th is  requ i remen t  i s  tha t  

impo r tan t  W eb pages  (when  used  as  s ta r t ing  pages  –

seeds  –  fo r  c rawl ing )  may gu ide  c rawl ing  p rocess  to  

o ther  impo r tan t  W eb pages  fas tes t ,  thus  imp rov ing  the  

qua l i t y  o f  the  resu l t s .  The  seed  pages  a re  o f ten  se lec ted  

by  submi t t ing the  que ry  tha t  desc r ibes  the  top ic  o f  

i n te res t  to  a  sea rch  eng ine  and  by us ing  the  top  sea rch  

eng ine  resu l t s .  
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Ear l y  approaches  on  Focused  Crawl ing  inc lude  

among o the rs  t he  F ish -Sea rch  a lgor i thm  [23 ] .  The  bas ic  

i dea  o f  the  a lgor i thm  i s  tha t  when  seve ra l  pages  a re  

cand ida tes  fo r  l ink  b rows ing  and  down load ing,  p r io r i t y  i s  

g i ven  to  pages  re levan t  t o  the  top ic  (a  page  is  labe led  

as  re levan t  i f  i t  con ta ins  the  que ry  tex t ) .  Every  cand ida te  

page  i s  ass igned  a  Boo lean  va lue  der i ved  by  a  s imp le  

lex i cograph ic  ru le  (and  i t  i s  down loaded  by  a  sepa ra te  

app l ica t ion  th read ) .  Th reads  co r respond ing  to  re levan t  

pages  c rea te  new th reads  fo r  the i r  ou tgo ing  l inks ,  wh i le  

th reads  co r respond ing  to  i r re levan t  pages  a re  s topped .  

Th is  wo rk  examined  the  separa te  use  o f  the  ancho r  tex t  

i n  ass ign ing p r io r i t ies  to  URLs.  

The  ma in  d i sadvan tage  o f  the  F ish -Sea rch  a lgo r i thm 

i s  tha t  p r io r i t ies  t ake  Boo lean  va lues ;  the re fo re  a l l  

re levan t  pages  a re  ass igned  the  same  p r io r i t y .  The  

Sha rk -Sea rch  a lgo r i thm  [24 ]  i s  a  d i rec t  successor  o f  

F i sh -Sea rch ,  where  VSM [12 ]  i s  used  fo r  ass ign ing non  

Boo lean  p r io r i t y  va lues  to  cand ida te  pages .  T h is  

improved  the  resu l t s  o f  c rawl ing  [24 ] .  The  Vec to r  Space  

Mode l  became the  bas is  o f  c lass ic  f ocused  c rawle rs  eve r  

s ince .  

 Accord ing  to  VSM,  documen ts  a re  represen ted  as  

te rm vec to rs  and  the  we igh t  ���  of  a  te rm j  i n  document  i  

i s  computed  as :  

�
              ��� = ���� ∗ �
�� 

 ���� = ���

����

,   �
�� = ��� �
��

�        �1� 

W here    ���� i s  t he  te rm f requency o f  te rm j  in  document  i ,  

�
�� i s  the  inve rse  document  f requency  o f  te rm j ,  ���  i s  the  

f requency  o f  appea rance  o f  te rm j  i n to  document  i ,  
���� 
i s  the  max imum f requency  o f  a l l  te rms in to  document  i ,  � 

i s  the  to ta l  number  o f  documents  and  ��  i s  the  number  o f  

documents  con ta in ing te rm j .  
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Recen t  app roaches  to  f ocused  c rawl ing  inc lude  

In foSp ide rs  and  Bes t -F i r s t  C rawle r  [25 ] .  In foSp iders  use  

Neu ra l  Ne two rks ,  wh i le  Bes t  F i r s t  C rawle rs  use  tex t  

s im i la r i t y  by  VSM fo r  ass ign ing p r io r i t y  va lues  to  

cand ida te  pages .  

G iven  a  que ry  and  a  W eb page ,  the  p r io r i t y  o f  t he  

W eb  page  i s  computed  by  Bes t  F i r s t  C rawle rs  as  the  

cos ine  s im i la r i t y  be tween the i r  document  vec to rs  

whe re  ���,  ���  a re  te rm we igh ts  o f  the  que ry and  the  web 

page  respec t i ve l y :   

 

���
�������������, � !���" = ∑ $�� ∗ $��%�&'
(∑ $��)�&%

�&' (∑ $��)�&%
�&'

   �2�� 

W here  + i s  the  to ta l  number  o f  te rms in to  que ry  and  page  

con ten t .  

 I n  f ac t ,  the  Bes t  F i r s t  C rawle r  i s  a  s imp l i f ied  vers ion  

o f  t he  Sha rk -Sea rch  c rawle r :  I t  doesn ’ t  comb ine  l ink  

ancho r  tex t  and  p rev ious  v i s i ted  pages  sco res  in to  the  

page  p r io r i t y  f unc t ion ,  as  Sha rk -Sea rch  does .  A lso ,  Bes t  

F i r s t  Crawle rs  use  on ly  te rm f requency  ( t f )  vec to rs  f o r  

comput ing  top ic  re levance .  The  use  o f  inve rse  document  

f requency  ( i d f )  va lues  (as  sugges ted  by  VSM)  in  the  

case  o f  f ocused  c rawl ing  is  p rob lemat ic  s ince  th i s  m igh t  

requ i re  reca lcu la t ion  o f  a l l  te rm vec to rs  a t  eve ry  

c rawl ing  s tep .  In  add i t ion ,  i d f  va lues  a re  h igh ly  

i naccu ra te  a t  the  ea r l y  s tages  o f  c rawl ing  because  o f  the  

sma l l  number  o f  re t r ieved  documents .  Bes t  F i r s t  

C rawle rs  have  been  shown  to  ou tper fo rm In foSp ide rs ,  

and  Sha rk -Sea rch  and  a lso  o ther  non - focused  c rawl ing  

app roaches  such  as  B read th  F i r s t ,  and  PageRank  [26 ] .  

Bes t  f i rs t  c rawl ing  i s  cons idered  to  be  the  mos t  
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estab l ished  approach  to  f ocused  c rawl ing  due  to  i t s  

s imp l ic i t y  and  e f f i c iency.  The  N-Best  F i rs t  C rawle r  i s  a  

gene ra l i zed  ve rs ion  o f  Bes t  F i rs t  C rawle r :  a t  each  s tep ,  

i ns tead  o f  choos ing  one  W eb page  fo r  l ink  ex t rac t ion  and  

down load ing  o f  pages  po in ted  to  by  these  l inks ,  N  pages  

w i th  h ighes t  p r io r i t y  a re  chosen  [27 ] .  

A long  the  same  l i nes ,  an  approach  re fe r red  to  as  

“ i n te l l i gen t  c rawl ing ”  [28 ]  sugges ts  combin ing  page  

con ten t ,  URL s t r ing  and  s ta t i s t i cs  abou t  

re levan t / i r re levan t  pages  and  s ib l ing  pages  fo r  ass ign ing  

p r io r i t ies  to  cand ida te  URLs.  These  s ta t i s t i cs  a re  

upda ted  and  comb ined  dur ing  c rawl ing  fo r  gu id ing the  

se lec t ion  o f  the  nex t  l inks  to  f o l low y ie ld ing  a  h igh ly  

e f f ec t i ve  c rawl ing  a lgo r i thm tha t  lea rns  to  c rawl  w i thou t  

d i rec t  user  t ra in ing .  

 

2.4  Semant ic  Crawlers 

Seman t i c  Crawle rs  a re  imp lemented  by  combin ing  an  

on to logy  w i th  semant i c  s im i la r i t y  measu res  [14 ]  f o r  

de tec t ing  top ic  re levance  be tween  re t r ieved  W eb pages  

and  use r  que r ies .  Semant i c  s im i la r i t y  p lays  an  impo r tan t  

ro le  he re :  i t  can  be  used  to  de tec t  top ic  re levance  by  

assoc ia t ing te rms in  a  que ry  and  the  W eb page  us ing the  

on to logy ,  and  by ass ign ing  a  degree  o f  re levance  to  

each  such  te rm assoc ia t i on .   

Eh r ig  e t .a l  [13 ]  p roposes  use  o f  top ic  o r ien ted  

on to log ies  fo r  f ind ing  pages  re levan t  on  the  top ic  o f  

i n te res t .   Eve ry  te rm  in  a  W eb page  is  examined  and  

con t r ibu tes  pos i t i ve l y  to  ass ign ing  a  p r io r i t y  sco re  i f  i t  i s  

a  que ry  te rm  o r  i f  i t  i s  semant ica l l y  re la ted  to  the  use r  

que ry  te rms .  The  fo l lowing  va r ia t ions  fo r  eva lua t ing  

semant ic  re la t ions  o f  page  te rms wi th  que ry  te rms  we re  

used :   
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a )  I f  a  te rm  is  d i rec t l y  connec ted  (d i s tance  1 )  to  a  

que ry  te rm,   then  i t  i s  cons ide red  re levan t  

(d is tance  i s  de f ined  as  the  length  o f  the  sho r tes t  

pa th  connec t ing  two  te rms  represen ted  as  ve r t i ces  

in to  the  on to logy  g raph  whe re  edges  rep resen t  

re la t ion  o f  ad jacen t  te rms) .  

b )  I f  a  t e rm  i s  c lose  to  a  query  t e rm  (d is tance  2  o r  

l ess )  us ing  on ly  IS -A  re la t ions  then  i t  i s  re levan t  t o  

the  que ry  te rm.  

c )  Eve ry  page  te rm appear ing  in to  the  on to logy  g raph  

i s  ass igned  a  re levance  va lue  depend ing  on  i t s  

d is tance  w i th  que ry  te rms.  The  g rea te r  the  

d is tance  the  lower  the  re levance  va lue  w i l l  be .  

Spec i f i ca l l y ,  us ing  a  top ic  spec i f i c  unde r l y ing 

on to logy  the  seman t i c  s im i la r i t y  be tween  te rms  i s  

computed  as :  

��
,-��., �)� = 
�/0�12,13�     �3� 

W here  
� i s  a  dec reas ing fac to r  (0 .5  in  th i s  wo rk )  

and  �5��., �)� i s  the  leng th  o f  sho r tes t  pa th  

connec t ing te rms t 1  and  t 2  i n to  the  on to logy  g raph  

(0  i f  the  te rms  be long  to  the  same  synonym se t ) .  

The  longe r  the  d is tance  o f  t he  te rms  in to  the  g raph  

the  sma l le r  the i r  s im i la r i t y  i s .  Th is  me thod  i s  a  

va r ia t ion  o f  the  sho r tes t  pa th  semant i c  s im i la r i t y  

method .  

 

The  las t  app roach  has  the  bes t  pe r fo rmance  fo r  

comput ing the  concep tua l  s im i la r i t y  be tween te rms and  

was  a l so  used  in  ou r  wo rk  fo r  compar ison  w i th  o ther  

semant ic  re la t ion  methods  and  s ta te -o f -a r t  c lass ic  

f ocused  c rawl ing  app roaches .  Ano ther  s ta te  o f  t he  a r t  

te rm  s im i la r i t y  method  used  in  p resen t  wo rk  is  the  L i  

e t .a l  method  [42 ] :  
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The  semant ic  s imi la r i t y  be tween  two  te rms  t 1  and  t 2  

i s  computed  as  a  f unc t ion  o f  the  leng th  o f  the  pa th  

connec t ing  the  te rms  in  the  unde r l y ing  on to logy  

g raph  and  the  dep th  o f  te rms in to  the  taxonomy:  

��
6���., �)� = !789:;<7:=;<
:;<>:=;<  �4�   

W here  L  is  the  sho r tes t  pa th  length  be tween  �.   and  

�), @ i s  the  dep th  o f  the  most  spec i f i c  common  

concep t  o f  �., �) in to  the  taxonomy and  �, A a re  

cons tan ts�� = 0,2 and A = 0,6 in  ou r  imp lementa t ion ) .  

Acco rd ing  to  resu l t s  repo r ted  in  [14 ]  t h i s  method  

have  been  p roven  to  be  fas t  and  accura te  (ach iev ing 

accu racy  up  to  82% compared  to  resu l ts  ob ta ined  by  

humans) .   

 

Genera l  pu rpose  taxonom ies  such  as  W ordNet  can  a lso  

be  app l ied  fo r  f ocused  c rawl ing .  W ordNet  i s  an  on l ine  

lex i ca l  re fe rence  sys tem deve loped  a t  P r ince ton  

Un ive rs i t y .  W ordNet  a t t empts  to  mode l  t he  lex i ca l  

knowledge  o f  a  na t i ve  speaker  o f  Eng l ish .  W ordNet  can  

a lso  be  seen  as  on to logy  fo r  na tu ra l  l anguage  te rms .  I t  

con ta ins  a round  100 ,000  te rms ,  o rgan ized  in to  

taxonom ic  h ie ra rch ies .  Nouns,  ve rbs ,  ad jec t i ves  and  

adve rbs  a re  g rouped  in to  synonym se ts  (synse ts ) .  The  

synse ts  a re  a l so  o rgan ized  in to  senses  ( i .e .  

co r respond ing  to  d i f f e ren t  mean ings  o f  t he  same  te rm  o r  

concep t ) .  The  synse ts  (o r  concep ts )  a re  re la ted  to  o ther  

synse ts  h ighe r  o r  l ower  in  the  h ie ra rchy  de f ined  by  

d i f f e ren t  t ypes  o f  re la t ionsh ips .  The  most  common 

re la t ionsh ips  a re  the  Hyponym/Hype rnym ( i .e . ,  I s -A  

re la t ionsh ips ) ,  and  the  Meronym/Ho lonym ( i .e . ,  Pa r t -o f  

re la t ionsh ips ) .  The re  a re  n ine  noun  and  seve ra l  ve rb  I s -

A  h ie ra rch ies  (ad jec t i ves  and  adverbs  a re  no t  o rgan ized  
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i n to  I s -A  h ie ra rch ies ) .  F igu re  2  i l lus t ra tes  a  f ragment  o f  

the  W ordNet  I s -A  h ie ra rchy .  

 

     

 

 

 

 

 

 

 

 

 

    

     Fig.  2  W ordNet  Hype rnym/hyponyms synse ts  

re la t ions  example  

  

 

To  the  bes t  o f  ou r  knowledge  a  compara t i ve  s tudy  

be tween  semant i c  and  o the r  f ocused  c rawl ing  

app roaches  hasn ’ t  been  repo r ted  in  the  l i t e ra tu re  be fo re .  

The  imp lementa t ions  in  [13 ]  a re  compared  on ly  w i th  a  

bas ic  f ocused  c rawle r  (ass ign ing each  page  a  s imp le  

b ina ry  p r io r i t y  va lue  depended  on  the  p resence  o f  que ry  

te rms)  ra the r  t han  w i th  the  w ide ly  used  Bes t  F i r s t  

C rawle rs  mak ing use  o f  VSM fo r  es t imat ing  top ic  

re levance  [29 ] .  The  p roposed  wo rk  dea ls  w i th  exac t l y  

th i s  i ssue  and  p resen ts  a  compara t i ve  s tudy  be tween 

c lass i c  and  seve ra l  va r ian ts  o f  semant ic  c rawl ing 

app roaches  ( i nc lud ing Ehr ig  e t .a l  [13 ] ) .   
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2.5  Learning Crawlers 

Ear l y  app roaches  to  deve lop ing  lea rn ing  c rawle rs  

app l ied  a  lea rn ing  c lass i f ie r  ( tha t  re l ied  on  web  

taxonom ies  such  as  Yahoo  [7 ] )  and  used  fo r  

d is t ingu ish ing  be tween  re levan t  and  non  re levan t  pages  

[30 ] .  Eve ry  page  con ta in ing  l i nks  cand ida te  fo r  

down load ing  i s  c lass i f ied  as  re levan t  o r  no t  re levan t  and  

ass igned  a  p r io r i t y  va lue  acco rd ing to  tha t  c lass i f i ca t ion  

(h ighe r  p r io r i t y  was  ass igned  to  re levan t  pages ) .  Th is  

wo rk  i s  cons ide red  to  be  one  o f  the  f i r s t  con t r ibu t ions  in  

the  f ie ld  o f  Lea rn ing  Crawle rs .  Resen t  app roaches  

invo lv ing  mach ine  lea rn ing  me thods  fo r  f ocused  c rawl ing 

inc lude  dec is ion  t rees  [34 ] ,  Neu ra l  Ne two rks  and  Suppo r t  

Vec to r  Mach ines  [33 ] .  

 Bu i ld ing upon  s im i la r  i deas  the  c rawle r  in  [31 ]  

i n t roduced  the  concep t  o f  Con tex t  Graphs :  Fo r  eve ry  

re levan t  page  a  sea rch  eng ine ’s  back l i nk  se rv ice  is  

app l ied  to  re t r ieve  i t s  p redecessor  pages .  Then ,  a  

c lass i f ie r  i s  bu i ld  acco rd ing  to  the  d i s tance  o f  pages  

(Leve l )  t o  the  re levan t  pages  se t .  Down load  p r io r i t ies  

a re  es t imated  us ing  th i s  c lass i f ie r :  The  c lose r  a  

cand ida te  page  to  a  re levan t  one  i s ,  the  g rea te r  the  

p r io r i t y  o f  tha t  page  w i l l  be .   
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                                                             Targe t  page                    

                                                                         

                                                        Leve l  1  page  

 

  

                  Leve l  2  page                             

                                

 

F ig .  3  Con tex t  g raph :  Pages a re  c lass i f ied  accord ing  to  

the i r  d i s tance  (Leve l )  f rom ta rge t  pages .     

 

An  ex tens ion  to  the  Context  Graph  method  was the  

H idden  Markov  Mode l  (HMM)  c rawle r  [16 ] .  The  use r  

b rowses  the  W eb and  ind ica tes  i f  a  down loaded  page  is  

re levan t  t o  the  top ic  o r  no t .  The  v i s i t ing  sequence  i s  

a lso  reco rded  and  is  used  fo r  t ra in ing  the  a lgo r i thm to  

i den t i f y  pa ths  lead ing  to  re levan t  pages .  T he  

down loaded  pages  a re  c lus te red  and  a  H idden  Markov  

Mode l  [44 ]  i s  c rea ted :  Every  page  i s  cha rac te r i zed  by  

two  s ta tes  (a )  the  v i s ib le  s ta te  co r respond ing  to  t he  

c lus te r  tha t  the  page  be longs  to  accord ing  to  i t s  con ten t ,  

and  (b )  the  h idden  s ta te  co r respond ing  to  t he  d i s tance  o f  

the  page  f rom a  re levan t  page  (0  i f  the  page  is  a  

ta rge t / re levan t  page ) .  Du r ing c rawl ing  eve ry  page  is  

ass igned  a  va lue  equa l  to  the  p robab i l i t y  tha t  g i ven  the  

c lus te r  the  page  be longs  to ,  c rawl ing  w i l l  lead  to  a  t a rge t  
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page ,  th is  p robab i l i t y  i s  compu ted  us ing  the  H idden  

Markov  Mode l .   

 Spec i f i ca l l y  A l l  pages  a re  rep resen ted  by  the i r  

te rm  vec to rs  acco rd ing  to  VSM and  they  a re  c lus te red .  

Thus  eve ry  page  in to  the  t ra in ing  se t  i n  charac te r i zed  by 

the  c lus te r  i t  be longs  to  and  by  i t s  d is tance  ( leve l )  f rom 

a  ta rge t  page  (F ig .  4 ) .  

 

 

 

   L 3  page  

 

 

 

     L 2  page  

 

           L 1  page  

          L 0  page                                                                            

           

Fig .  4  Rep resen ta t ion  o f  the  HMM t ra in ing se t  us ing     

 d i s tance  f rom ta rge t  pages  (Leve l )  and  c lus te rs  o f  

pages  in  the  t ra in ing se t .  

 

In  f i gu re  4  g reen  pages  ind ica te  ta rge t  o r  leve l  0  

pages ,  ye l low pages  a re  leve l  1  pages  (1  l ink  d is tance  

f rom ta rge t  pages ) ,  o range  pages  a re  leve l  2  (2  l i nks  

away f rom ta rge t  pages) ,  and  red  pages  a re  3  o r  more  

l i nks  away f rom ta rge t  pages .  Labe ls  on  pages  represen t  

the  c lus te r  the  page  be longs  to  (e .g .  C 0 ,  C 1  and  C 2  

l abe ls  co r respond ing  to  C lus te r  0 ,  C lus te r  1  and  C lus te r  

2  respec t i ve l y ) .  No t i ce  tha t  pages  w i th in  the  same 

C lus te r  can  be long  to  d i f f e ren t  leve ls ,  and  tha t  pages  in  

the  same  leve l  can  be long  to  a  d i f f e ren t  c lus te r .  Eve ry  

C2 

C2 

C0 

C1 
C0 

C1 
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page  i s  cha rac te r i zed  by  i t s  leve l  o r  h idden  s ta te  L i  

where  i  i s  the  leve l ,  and  by  the  c lus te r  C j  i t  be longs  (o r  

v i s ib le  s ta te ) .  Tha t  se t  o f  pages  wi th  h idden  and  v is ib le  

s ta tes  fo rm  a  H idden  Markov  Mode l  [44 ] .   The  fo l lowing  

summar izes  the  pa rameters  and  no ta t ion  used  by  HMM 

c rawle r :  

 

I .  In i t ia l  probabi l i ty matr ix  :  

 D = { F�G'�, … , F�G/181:/7.�}   
W here  ����!�  deno tes  the  number  o f  h idden  s ta tes  

andF�G��  rep resen ts  the  p robab i l i t y  o f  be ing a t  

h idden  s ta te  i  a t  t ime  1 .  Th is  p robab i l i t y  i s  

computed  by  ass ign ing  to  each  page  a  va lue  equa l  

to  the  pe rcen tage  o f  pages  w i th  the  same  h idden  

s ta te  in to  t he  t ra in ing se t .  

I I .  T ransi t ion  Probabi l i t ies  Matr ix  A :  

J = [L��]'N�O/181:/,'N�O/181:/ 

W here  L�� rep resen ts  the  p robab i l i t y  o f  be ing a t  

s ta te  L j  a t  t ime  t+1  i f  a t  s ta te  L i  a t  t ime  t .  Th is  

p robab i l i t y  i s  es t imated  by  coun t ing  the  

cor respond ing  t rans i t ions  f rom  s ta te  L i  to  L j  on  the  

use r  t ra in ing  se t ,  and  by  no rma l i z ing  by  the  ove ra l l  

number  o f  t rans i t ions  f rom s ta te  L i .  

I I I .  Emiss ion Probabi l i t ies  Mat r ix  B  :  

P = [A��]'N�O/181:/,'N�OQ6R/1:S/ 

W here  A�� rep resen ts  the  p robab i l i t y  o f  be ing  a t  

c lus te r  C j  g i ven  s ta te  L i  and  T� ��!�� i s  the  number  

o f  c lus te rs  o f  pages .  P robab i l i t ies  a re  computed  by  

coun t ing  the  number  o f  pages  in to  c lus te r  C j  w i th  

h idden  s ta te  L i  and  no rma l i z ing  by  the  ove ra l l  

number  o f  pages  w i th  h idden  s ta te  L i .   

Du r ing  c rawl ing  page  con ten t  i s  p rocessed  and  the  HMM 

c rawle r  ass igns  the  page  to  a  c lus te r  us ing K-Neares t  
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Ne ighbo rs  a lgo r i thm  [43 ] .  G iven  the  page  c lus te r  and  the  

H idden  Markov  Mode l  paramete rs  (π ,  A  and  B  mat r ixes )  

the  p robab i l i t y  tha t  the  nex t  page  v i s i ted  w i l l  be  a  ta rge t  

page  i s  compu ted  us ing  V i te rb i  a lgo r i thm  [40 ] .  Tha t  

p robab i l i t y  rep resen ts  a lso  v i s i t  p r io r i t y  o f  the  l ink .  The  

V i te rb i  a lgo r i thm computes  a  p red ic t ion  o f  the  s ta te  in  

the  next  t ime  s tep  g i ven  the  sequence  o f  web  pages  

obse rved  thus  far .  In  o rde r  to  ca lcu la te  t he  p red ic t ion  

va lue ,  each  v i s i ted  page  i s  assoc ia ted  w i th  va lues  

a (L j , t ) ,  j=0 ,1 , . . , s ta tes .  Va lue  a (L j , t )  i s  the  p robab i l i t y  tha t  

the  sys tem is  in  h idden  s ta te  L j  a t  t ime  t ,  based  on  

obse rva t ions  made  thus  fa r .  G iven  va lues  a (L j , t -1 )  o f  

pa ren t  pages ,  va lues  a (L j , t )  a re  compu ted  us ing the  

fo l lowing recu rs ion :  

 ��G� , �" = A�QU  V ���G�, � − 1� ∗ ���
/181:/

�&'
�  �5� 

W here  a i j  i s  the  t rans i t ion  p robab i l i t y  o f  s ta te  L i  to  L j  

f rom  mat r i x  A  and  A�QU  i s  the  emiss ion  p robab i l i t y  o f  

c lus te r  c t  f rom  h idden  s ta te  L j  f rom  ma t r i x  B .  Va lues  

a (L j ,0 )  at  the  f i na l  recu rs ion  s tep  a re  taken  f rom in i t ia l  

p robab i l i t y  mat r i x  π .  G iven  va lues  a (L j , t )  the  p robab i l i t y  

tha t  t he  sys tem wi l l  be  in  s ta te  L j  a t  the  nex t  t ime  s tep  i s  

computed  as  fo l lows :  

  

��G�, � + 1" = V ���G�, �� ∗ ���
/181:/

�&'
�  �6� 

 

The  p robab i l i t y  o f  been  a t  s ta te  L 0  ( re levan t  page)  in  the  

nex t  s tep  i s  t he  p r io r i t y  ass igned  to  pages .  
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 Chak rabar t i  e t .a l  [32 ]  p roposed  a  two  c lass i f ie r  

app roach .  The  open  d i rec to ry  (DMOZ)  [39 ]  W eb 

taxonomy i s  used  to  c lass i f y  down loaded  pages  as  

re levan t  o r  no t ,  and  feed  a  second  c lass i f ie r  wh ich  i s  

t ra ined  us ing  these  pages .  The  second  c lass i f ie r  i s  used  

to  eva lua te  the  p robab i l i t y  tha t  t he  g i ven  page  w i l l  lead  

to  a  ta rge t  page .  An  extens ive  s tudy  o f  Lea rn ing 

Crawle rs  and  the  eva lua t ion  o f  seve ra l  c lass i f i e rs  used  

to  ass ign  v i s i t  p r io r i t y  va lues  to  pages  is  p resen ted  in  

[33 ] .  C lass i f ie rs  based  on  Suppo r t  Vec to r  Mach ines  [38 ]  

(SVM) seem to  ou tpe r fo rm  Bayes  C lass i f ie rs  and  

c lass i f ie rs  based  on  Neu ra l  Ne two rks  on  tha t  task .   

 Resen t  con t r i bu t ions  to  the  f ie ld  o f  lea rn ing 

c rawl ing  inc lude  Hyb r id  c rawle rs  [35 ]  comb in ing ideas  

f rom lea rn ing  and  c lass i c  f ocused  c rawle rs .  In  [35 ]  a  

Hyb r id  Crawle r  i s  p roposed :  The  c rawle r  wo rks  by  ac t ing 

a l te rna t i ve l y  e i the r  as  lea rn ing  c rawle r  gu ided  by  gene t i c  

a lgo r i thms  ( fo r  lea rn ing  the  l ink  sequence  lead ing  to  

ta rge t  pages )  o r  as  b read th  f i rs t  c rawle r .  In  ou r  wo rk ,  we  

app ly  a  hyb r id  method  fo r  imp rov ing  the  pe r fo rmance  o f  

l ea rn ing  c rawle rs .  Howeve r ,  ins tead  o f  a l te rna t ing  

c rawle rs  be tween two  modes  o f  ope ra t ion  (Lea rn ing  o r  

B read th  f i r s t  c rawle r )  we  combine  the  page  p r io r i t y  

f unc t ions  compu ted  by  a  H idden  Markov  Mode l  Crawle r  

and  tha t  o f  the  Bes t  F i r s t  C rawle r  i n  o rde r  t o  eva lua te  

the  overa l l  p r io r i t y  va lue  o f  a  W eb page .  

 

2.6  Summary 

Re la ted  wo rk  on  focused  c rawle rs  i nc ludes  c lass ic ,  

semant ic  and  lea rn ing  app roaches .  The  Bes t  F i r s t  

C rawle r  and  va r ia t ions  o f  th i s  method  (e .g .  N -Bes t  F i r s t  

C rawle r )  f o rm  a  common  and  e f fec t i ve  app roach  f o r  
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f ocused  c rawl ing  [26 ] .  Seman t i c  c rawle rs  p resen ted  in  

[13 ]  a re  no t  we l l  s tud ied  and  a  compar ison  w i th  s ta te  o f  

the  a r t  c lass i c  f ocused  c rawle rs  such  as  Bes t -F i r s t  

hasn ’ t  appeared  in  the  l i t e ra tu re  be fo re .  Lea rn ing 

c rawle rs  f o rm  a  d i s t inc t i ve  ca tegory  o f  f ocused  c rawle rs  

based  on  a  t ra in ing  se t  p rov ided  by  the  user  f o r  top ic  

desc r ip t ion .  Lea rn ing  c rawle rs  based  on  SVM c lass i f ie rs  

f o r  ass ign ing  page  v i s i t ing  p r io r i t ies  ach ieve  good  

pe r fo rmance  [33 ] ,  wh i le  methods  tha t  lea rn  pa ths  lead ing 

to  re levan t  to  the  top ic  pages  such  as  Context  Graph  

method  [31 ]  and  H idden  Markov  Mode l  Crawle rs  [16 ,18 ]  

a re  o f  grea t  impor tance .  A lso  the  newly  p roposed  hyb r id  

methods  [35 ]  a re  ve ry  p romis ing  app roach  to  f ocused  

c rawl ing.      
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Chapter 3.  Crawler Design 

 

3.1 Introduction  

I ssues  re la ted  to  des ign  and  imp lementa t ions  o f  f ocused  

c rawle rs  a re  d iscussed  nex t .  G iven  an  app l i ca t ion  

(gene ra l  pu rpose  web  sea rch  eng ine  o r  top ic  spec i f i c  

d ig i ta l  l ib ra ry )  the  app rop r ia te  t ype  o f  web  c rawle r  has  to  

be  de te rm ined  f i r s t .  For  the  f i rs t  app l ica t ion  t ype ,  a  

b read th  f i r s t  c rawle r  i s  a  reasonab le  so lu t ion .  Focused  

c rawle rs  (c lass ic ,  semant ic  o r  l ea rn ing  c rawle rs )  a re  

bes t  su i ted  fo r  the  la te r  app l ica t ion  t ype .   

     

 

 

 

 

B read th  F i r s t  C rawle r  

 

 

 

            

  

 

Focused  Crawle rs  

 

G reen  c i rc les  deno te  re levan t  t o  t he  top ic  pages  and  

a rcs  l i nks  be tween  W eb  pages .  A r rows  deno te  v i s i t  

sequence  us ing  d i f f e ren t  c rawle rs .  Focused  Crawle rs  

ass ign  h ighe r  v i s i t  p r io r i t ies  to  l i nks  con ta ined  in  

re levan t  to  the  top ic  pages .  

Fig .  5  C rawle r  Ope ra t ion  
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F ig .  5  demonst ra tes  the  sea rch  s tages  o f  a  c rawle r .  W eb 

pages  a re  deno ted  by  c i r c les  (green  c i rc les  co r respond  

to  pages  re levan t  to  the  top ic  a t  hand )  wh i le  l inks  deno te  

ou tgo ing l inks  f rom a  page .  The  c rawle r  re t r ieves  pages  

f rom the  web  s ta r t ing  w i th  a  seed  page  shown  a t  the  roo t  

o f  the  t ree .  As  d iscussed  in  the  in t roduc t ion ,  the  

ou tgo ing  l inks  (URLs)  o f  each  v i s i ted  page  a re  p laced  in  

a  queue  f rom wh ich  the  web  page  to  v i s i t  nex t  i s  

se lec ted  in  some  o rde r .  The  c rawle r  ge ts  the  URL,  

down load  the  page  and  p laces  URLs ex t rac ted  f rom the  

down loaded  page  in  the  queue .  Th is  p rocess  is  repea ted  

un t i l  t he  c rawle r  dec ides  to  s top  (e .g .  d isk  space  

exhaus ted ,  t ime  lapsed  o r  the  user  i s  sa t is f ied  w i th  the  

resu l ts ) .  Focused  c rawle rs  in t roduce  a  number  o f  c r i te r ia  

(e .g .  page  impor tance ,  re levance  to  top ic )  f o r  ass ign ing 

p r io r i t ies  to  web  pages  in  the  queue  and  fo r  se lec t ing 

wh ich  page  to  v is i t  nex t .  F ig .  6  i l lus t ra tes  the  ope ra t ion  

s tages  o f  a  c rawle r :    

 

 

 

 

 

 

 

 

         

              N o   

                                                        

                              
Y e s  

           N o                 

 

Fig .  6  Ove rv iew o f  Crawle r  ope ra t ion  

 

User input 

 Page downloading 

Content processing 

 Priority assignment 

Crawling termination 

criteria satisfied? 

Output: Web pages satisfying user needs  
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a )  Input :  C rawle rs  take  as  inpu t  a  number  o f  s ta r t ing  

(seed)  URLs  and  ( i n  the  case  o f  f ocused  c rawle rs )  

the  top ic  desc r ip t ion .  Th is  desc r ip t ion  can  be  a  l i s t  

o f  keywords  fo r  c lass ic  and  semant i c  f ocused  

c rawle rs  o r  a  t ra in ing se t  f o r  lea rn ing  c rawle rs .  

b)  Page  dow nloading :  Pages  f rom queue  a re  

down loaded  in  some  o rde r .  Focused  c rawle rs  may 

dec ide  to  exc lude  pages  no t  sa t is f y ing  the  top ic  

c r i te r ia  f rom  fur the r  inves t iga t ion .  Pages  a re  

s to red  loca l l y  a t  a  page  repos i to ry  f o r  f u r the r  

p rocess ing.     

c )  Content  processing :  The  page  con ten t  i s  lex i ca l l y  

ana lyzed  and  reduced  in to  te rm  vec to rs  (a l l  te rms 

a re  reduced  to  t he i r  morpho log ica l  roo ts  by 

app ly ing  Po r te r ’s  s temming  a lgo r i thm  [48 ]  and  

s top  wo rds  a re  removed) .  Each  te rm  in  a  vec to r  i s  

rep resen ted  by i t s  te rm  f requency- inve rse  

f requency  vec to r  ( t f - id f )  acco rd ing  to  VSM.  The  

ou tgo ing  l inks  o f  the  page  a re  a l so  ex t rac ted  and  

p laced  in  t he  p r io r i t y  queue .  

d)  Pr ior i ty ass ignment :  Ex t rac ted  URLs  f rom 

down loaded  pages  a re  p laced  in  a  p r io r i t y  queue  

whe re  p r io r i t ies  a re  de te rm ined  based  on  the  t ype  

o f  c rawle r  and  use r  p re fe rences .  They  range  f rom 

s imp le  c r i te r ia  such  as  page  impo r tance  o r  

re levance  to  query  t op ic  (compu ted  by  match ing 

the  que ry  w i th  page  o r  ancho r  tex t )  to  more  

invo lved  c r i te r ia  (e .g .  c r i te r ia  de te rm ined  by  a  

l ea rn ing p rocess ) .    

e )  Expansion:  URLs  a re  se lec ted  fo r  f u r the r  

expans ion  and  s teps  (b )  -  (e )  a re  repea ted  un t i l  

some  c r i te r ia  (e .g .  the  des i red  number  o f  pages  
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have  been  down loaded)  a re  sa t i s f ied  o r  sys tem 

resources  a re  exhaus ted .   

A l l  C rawle rs  f o l low the  above  des ign .  B read th  F i r s t  

C rawle r  requ i res  on ly  seed  pages  as  inpu t .  Bes t -F i r s t  

and  Seman t i c  Crawle rs  take  the  seed  pages  and  a  use r  

que ry  as  inpu t  wh i le  Lea rn ing  Crawle rs  accep t  a  t ra in ing 

se t  o f  URLs  o f  pages  ins tead  o f  a  que ry.  C rawle rs  a lso  

d i f f e r  in  the  way p r io r i t ies  a re  ass igned  to  ext rac ted  

URLs.  Th is  i s  the  mos t  c ruc ia l  pa r t  i n  the  imp lementa t ion  

o f  f ocused  c rawle rs .  

  A l l  C rawle rs  in  th is  wo rk  a re  imp lemented  in  Java  

[36 ]  us ing  Ec l ipse  [37 ] .  The  down loaded  pages  must  be  

o f  tex t /h tm l  f o rmat  and  the i r  con ten t  s i ze  must  no t  

exceed  100KB.  Rest r ic t ions  a re  a l so  imposed  on  

connec t ion  t imeou t  and  down load ing  t imes fo r  

pe r fo rmance  reasons .  Those  res t r ic t ions  app ly  to  a l l  

imp lemented  c rawle rs .  The  c rawl ing  p rocess  i s  repea ted  

un t i l  the  p rede f ined  number  o f  pages  i s  re t r ieved  (F ig .  

6 ) .  In  o r  expe r imen ts  th i s  number  i s  se t  equa l  to  1000  

web pages .   

  

3.2  Classic  Crawlers  

The  Breadth  F i rs t  Crawler  f o rms  the  base l ine  fo r  

imp lement ing  Bes t  F i r s t ,  Seman t i c  and  Lea rn ing  

Crawle rs .  I t  i s  a  s imp le  p rogram tha t  ge ts  one  o r  more  

seed  pages  as  inpu t  and  fo l l ows  the  l inks  in  a  b read th  

f i rs t  way  un t i l  the  des i red  number  o f  W eb pages  i s  

down loaded .  F ig .  7  i l lus t ra tes  the  in te r face  o f  the  

B read th  F i rs t  c rawle r  imp lemented .  I t  accep ts  one  o r  

more  seed  pages  as  inpu t .  Down loaded  pages  a re  shown  

be low.    
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Fig .  7  Sc reensho t  o f  B read th  F i r s t  C rawle r  

   

 

 3 .2 .1  Bes t  F i rs t  Craw ler  w i th  page content  c r i ter ia  

The  second  c lass ic  Crawle r  (and  the  f i r s t  f ocused )  

imp lemented  is  the  Best  F i rs t  Crawler  us ing  page 

content  f o r  p r io r i t i z ing  cand ida te  URLs.  W hen  a  W eb 

page  is  down loaded  i t s  con ten t  i s  lex i ca l l y  ana lyzed  and  

rep resen ted  by  te rm  vec to rs .  Each  te rm  in  such  vec to r  i s  

rep resen ted  by  i t s  t f - id f  we igh t  accord ing  to  VSM [12 ] .  

P r io r i t y  ass igned  to  a  l ink  equa ls  the  cos ine  s im i la r i t y  

(Eq.  2 )  o f  the  page  con ta in ing  the  l i nk  and  the  use r  

que ry .   
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No t ice  tha t  us ing inverse  document  f requency  ( i d f )  

we igh ts  can  be  p rob lemat i c  because  i d f  we igh ts  need  to  

be  upda ted  a t  eve ry  c rawl ing  s tep ,  f o r  th is  reason  i d f   

we igh ts  can  be  inaccu ra te  a t  the  in i t ia l  s teps  o f  c rawl ing 

when  the  number  o f  re t r ieved  pages  i s  sma l l  [25 ] .  Mos t  

Bes t  F i rs t  C rawle r  imp lementa t ions  use  on ly  te rm 

f requency  ( t f )  we igh ts .  In  th i s  wo rk  i d f  we igh ts  a re  

p rov ided  by  the  In te l l iSea rch  web sea rch  eng ine  [41 ]  

ho ld ing  i d f  s ta t is t i cs  f o r  Eng l ish  te rms.  A t  the  nex t  s tep  

the  l ink  w i th  the  h ighes t  p r io r i t y  i s  se lec ted  fo r  

down load ing.   

 

 

3.2 .2  Bes t  F i rs t  Craw ler  w i th  anchor  tex t  s imi lar i ty  

The  second  va r ia t ion  o f  Bes t  F i rs t  C rawle r  i s  the  Best  

F i rs t  Crawler  us ing  anchor  tex t  s imi la r i ty .  The  ancho r  

tex t  o f  a  URL  is  the  c l i ckab le  tex t  t ha t  appea rs  on  the  

l i nk  ins ide  a  W eb  page  po in t ing  to  tha t  URL .  In  th is  wo rk  

we  imp lemented  a  va r ian t  o f  the  above  Bes t  F i r s t  

C rawle r  wh ich  ins tead  o f  page  con ten t  uses  URLs  ancho r  

tex t  as  the  rep resen ta t ion  o f  page  con ten t  and  f o r  

ass ign ing  down load  p r io r i t ies .  No t ice  tha t  l inks  f rom the  

same  page  may be  ass igned  d i f f e ren t  p r io r i t y  va lues ,  as  

opposed  to  the  f i rs t  imp lementa t ion ,  us ing  page  tex t  

con ten t  f o r  ass ign ing  p r io r i t ies ,  whe re  a l l  l inks  in to  the  

same  page  a re  g iven  the  same  p r io r i t y .  As  w i l l  be  shown 

in  t he  resu l t s ,  se lec t ion  o f  ancho r  t ext  f o r  ass ign ing 

p r io r i t y  va lues  imp roved  the  gene ra l  per fo rmance  o f  the  

c rawle r ,  us ing  bo th  ha rves t  ra t io  and  average  s im i la r i t y  

c r i te r ia  ( sec t ion  4 .3 ) .  
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3.2 .3  Best  F i rs t  Craw ler  w i th  page  content  and  anchor  

tex t .  

The  th i rd  va r ia t ion  o f  Bes t  F i r s t  C rawle r  comb ines  the  

p rev ious  two  imp lementa t ions  us ing  page  con ten t  and  

l i nk  ancho r  t ext  respec t i ve l y .  Each  URL  is  ass igned  a  

p r io r i t y  va lue  de f ined  as :   

�F���������� = similarity�5�,�" + ��
������� ���,��
2     � �7�  

 

W here  5���������� i s  the  p r io r i t y  va lue  ass igned  to  l ink  i ,  

similarity�5�,�" i s  the  s im i la r i t y  o f  que ry  � and  5� ( the  

con ten t  o f  the  page  whe re  the  l ink  i  i s  loca ted )  and  

similarity���,�" i s  the  s im i la r i t y  o f  ancho r  tex t  �� o f  l ink  i  and  

que ry  q .  

The  idea  beh ind  the  Bes t  F i rs t  C rawle r  w i th  page  

con ten t  on ly  i s  tha t  a  page  re levan t  to  the  top ic  i s  more  

l i ke l y  to  po in t  to  a  re levan t  page  than  to  a  non  re levan t  

one .  Thus ,  the  h ighe r  the  re levance  o f  the  page  

con ta in ing  the  l ink  is ,  t he  h ighe r  the  p robab i l i t y  tha t  the  

l i nk  w i l l  po in t  t o  a  re levan t  page  is .   

 The  second  imp lementa t ion  (Bes t  F i r s t  Crawle r  

us ing  ancho r  tex t  s im i la r i t y )  t r ies  to  overcome a  

d isadvan tage  o f  the  Bes t  F i r s t  C rawle r  w i th  page  con ten t  

on ly :  a l l  l inks  w i th in  a  page  have  the  same  p r io r i t y  

rega rd less  o f  ancho r  tex t .  Ancho r  tex t  may be  regarded  

as  a  summary  o f  t he  con ten t  o f  the  page  tha t  the  l i nk  

po in t s  to .  The re fo re  i t  i s  reasonab le  to  use  th is  

desc r ip to r  f o r  ass ign ing  p r io r i t ies  to  pages .  However  

ancho r  tex t  i sn ’ t  a lways  descr ip t i ve  o f  page  con ten ts  and  

by  igno r ing  the  page  con ten t  use fu l  in fo rma t ion  may no t  

be  used .  So  the  th i rd  Bes t  F i r s t  Crawle r  imp lementa t ion  

uses  bo th  page  ancho r  tex t  and  page  con ten t .    
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3.3  Semant ic  Crawlers   

Bes t  F i rs t  c rawle rs  es t ima te  the  re levance  be tween the  

page  con ten t  o r  ancho r  tex t  and  a  use r  que ry .  There  may 

ex is t  concep tua l ly  re la ted  te rms  in  bo th  the  query  and  

the  page  (o r  ancho r  tex t ) ,  ind i ca t ing  a  re levance  to  the  

top ic .  Howeve r  i f  these  te rms  a ren ’ t  lex i cograph ica l l y  

s im i la r  t he i r  re levance  w i l l  be  igno red  because  VSM 

computes  text  s im i la r i t y  as  a  f unc t ion  o f  s im i la r i t ies  

be tween  iden t ica l  t e rms  found  in  the  vec to rs  wh ich  a re  

compared .  Th is  can  be  reso lved  us ing  on to log ies  o r  te rm 

taxonom ies .  In  on to log ies  concep tua l l y  s im i la r  te rms a re  

re la ted  by  v i r tue  o f  IS -A  l inks .  A l l  te rms  concep tua l l y  

s im i la r  to  user  que ry  te rms  a re  re t r ieved  f rom the  

on to logy  and  used  fo r  enhanc ing  the  descr ip t ion  o f  the  

top ic  (e .g .  by  add ing  synonym te rms  to  the  top ic  

keywords )  and  fo r  compu t ing  the  s im i la r i t y  be tween 

que ry  and  cand ida te  pages .  Fo r  th is ,  va r ious  me thods  

have  been  p roposed  inc lud ing  among o thers  Semant ic  

S im i la r i t y  Re t r ieva l  Mode l  (SSRM)  [14 ]  and  M iha lcea  

e t .a l  [15 ] .  The  mos t  impo r tan t  rep resen ta t i ves  o f  th i s  

ca tego ry  o f  me thods  a re  imp lemented  w i th in  Bes t  F i rs t  

c rawle rs  f o rm ing the  so  ca l l ed  he rea f te r  Seman t i c  

Crawle rs .  

  In  th i s  wo rk ,  W ordNet  [4 ]  te rm  taxonomy i s  used  as  

an  on to logy  fo r  re t r iev ing  concep tua l l y  s im i la r  te rms.  

W ordNet  was  se lec ted  because  i t  p rov ides  a  vas t  

cove rage  o f  the  Eng l ish  vocabu la ry  so  i t  can  be  used  fo r  

f ocused  c rawl ing on  a lmos t  every  t op ic  mak ing our  

imp lementa t ion  the  f i rs t  gene ra l  pu rpose  Semant i c  

Crawle r .  The  gene ra l  des ign  rema ins  s im i la r  to  t ha t  o f  

C lass ic  Focused  Crawle rs  (F ig .  6 )  bu t  the  p r io r i t ies  

ass igned  to  l inks  a re  eva lua ted  us ing  methods  such  as  

SSRM [14 ]  and  Eh r ig  e t .a l  [13 ] .  O the r  par ts  o f  t he  
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sys tem such  as  down load ing,  l ink  and  anchor  tex t  

ex t rac t ion ,  p rep rocess ing  and  represen t ing  tex t s  us ing 

Vec to r  Space  Mode l  t e rm vec to rs ,  rema in  the  same.  

 

In  the  fo l lowing,  cand ida te  l inks  f o r  down load ing  a re  

rep resen ted  by  the i r  anchor  text s .  Each  cand ida te  l ink   

i s  ass igned  a  p r io r i t y  va lue  wh ich  i s  compu ted  as  the  

semant ic  s im i la r i t y  be tween  the i r  anchor  tex t  and  the  

top ic  [14 ,  15 ] .  In  tu rn ,  semant ic  tex t  s im i la r i t y  i s  

computed  as  a  func t ion  o f  the  semant i c  ( concep tua l )  

s im i la r i t ies  be tween  the  te rms  they  con ta in .  Th is  can  be  

de f ined  in  many d i f f e ren t  ways  [11 ]  lead ing to  the  

imp lementa t ion  o f  th ree  semant ic  c rawle rs .      

 

3 .3 .1  Ehr ig  Craw ler   

In  t h i s  imp lementa t ion  W eb pages  a re  rep resen ted  by  

the  ancho r  tex t  o f  the  l inks  po in t ing  to  them ( ins tead  o f  

page  con ten t  as  in  [13 ] .  Ancho r  tex t s  and  the  use r  que ry  

a re  rep resen ted  by  te rm  vec to rs  us ing  t f  we igh ts  [13 ] .  

Page  p r io r i t ies  a re  computed  as :  

 

                F�������:cS�d��� = V V ��
,-��� , �e" ∗ $�� ∗ $�e 
e&%

e&'

�&%

�&'
  �8� 

 

W here  + i s  t he  to ta l  number  o f  te rms in to  ancho r  tex t  

and  query ,  and  ��
,- i s  te rm semant i c  s im i la r i t y  

computed  us ing  equa t ion  3 .  No te  tha t  on ly  t f  we igh ts  a re  

used  w i thou t  norma l i z ing  by  vec to r  leng th  (as  i t  i s  

recommended fo r  sho r t  top ic  and  page  desc r ip t ions) ,  and  

tha t  W ordNet  i s  used  ins tead  o f  top ic  spec i f i c  on to log ies  

as  in  [13 ] .  
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3.3 .2  SSRM Crawler  

SSRM [14 ]  i s  used  fo r  ass ign ing  v i s i t  p r io r i t ies  to  web 

pages .  Spec i f i ca l l y  t he  p r io r i t y  o f  a  URL  ( represen ted  by  

i t s  ancho r  tex t )  i s  de f ined  as  fo l lows :  

 

                    �F�������gghi��� = ∑ ∑ /�jkl�1m,1n"olm∗opnqnrsmrqmrs
(∑ oln3nrq

nrs (∑ opn3nrq
nrs

�      �9� 

 

W here     + i s  the  to ta l  number  o f  te rms in to  the  ancho r  

tex t  and  the  query .  L i  e t .a l . [42 ]  i s  the  te rm  s im i la r i t y  

method  used  in  our  imp lemen ta t ion .  The  URL  wi th  

h ighes t  p r io r i t y  va lue  is  down loaded  f i r s t .  

 

3.2 .3  Semant ic  Craw ler  w i th  syno n ym set  expans ion 

An  obv ious  imp rovement  is  to  expand  tex t  vec to rs  w i th  

synonym se ts  in  W ordNet  and  use  bo th  ancho r  tex t  and  

page  con ten t  f o r  comput ing  tex t  s im i la r i t y  and  ass ign ing 

p r io r i t ies :    

 

�F�������/uv/:1 :w08v,��� = similarity�5�, �x " + ��
������� ��x �, �x �
2 �   �10�  

 

W here  F���������� i s  the  p r io r i t y  va lue  ass igned  to  l ink  i ,  

��
��������5�, �x "  i s  the  cos ine  s im i la r i t y  o f  expanded  que ry  

�x  (us ing  W ordNe t  synonym se ts )  and  5� ( the  con ten t  o f  

page  whe re  the  l ink  i  i s  l oca ted)  and  ��
������� ��x �, �x �i s  the  

cos ine  s im i la r i t y  o f  expanded ancho r  t ext  �x � o f  l ink  i  and  

expanded  que ry  �x .  
 

3.4  Learning Crawlers   

The  ma in  idea  beh ind  Lea rn ing Crawle rs  i s  tha t  the  

c rawle r  lea rns  use r  p re fe rences  on  the  top ic  f rom a  se t  
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of  examp le  pages  ( the  t ra in ing se t ) .   T ra in ing may 

invo lve  lea rn ing  the  pa th  lead ing  to  the  des i red  con ten t .  

In  most  cases  the  t ra in ing  se t  cons is t s  o f  re levan t  and  

i r re levan t  pages .  Every  down loaded  page  i s  c lass i f ied  

(based  on  the  resu l ts  o f  lea rn ing)  as  re levan t  o r  

i r re levan t  and  i s  ass igned  a  p r io r i t y .  The  Con tex t  Graph  

method  [31 ]  wo rks  no t  on ly  by  c lass i f y ing  the  c rawled  

pages  as  re levan t  o f  no t  re levan t ,  bu t  a l so  by  lea rn ing 

the  d is tance  ( in  number  o f  rou t ing  hops )  tha t  may lead  

f rom an  i r re levan t  page  to  a  re levan t  one  (F ig  3 ) .  The  

non  re levan t  pages  in  the  t ra in ing  se t  we re  down loaded  

us ing  recu rs i ve ly  Goog le ’ s  back l ink  se rv i ce ,  s ta r t ing 

f rom  re levan t  pages ,  in  o rde r  t o  compute  the i r  d i s tance  

( l eve l )  f rom  the  re levan t  o r  ta rge t  pages .  Du r ing 

c rawl ing,  pages  s im i la r  to  those  c lose r  to  ta rge t  pages  

a re  g i ven  h ighe r  p r io r i t y .   

The  H idden  Markov  Mode l  Crawle r  [16 ,  18 ]  extends  

the  p rev ious  idea  by  ca tego r i z ing  pages  no t  on ly  by  the i r  

d is tance  f rom a  ta rge t  page  bu t  a l so  by  us ing the i r  

con ten t ,  thus  es t imat ing  a  re la t ion  be tween page  con ten t  

and  the  pa th  lead ing  to  re levan t  pages .  In i t ia l l y ,  a  use r  

b rowses  a  sequence  o f  pages  labe l ing  them as  re levan t  

o r  no t .  As  pages  a re  down loaded ,  the  v i s i t ing  sequence  

i s  reco rded  and  a  con tex t  g raph  is  c rea ted  w i thou t  t he  

need  o f  a  back l ink  se rv i ce  as  in  [31 ] .  

 

    

 

 

 

 

               

       Fig .  8  Ou t l ine  o f  lea rn ing focused  c rawl ing 

User training module  

Hidden Markov Model 

Initialization 

Crawling Component 
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  F igu re  8  i l lus t ra tes  the  func t iona l  componen ts  o f  the  

HMM c rawle r  imp lemented :  

I .  T ra in ing  component :  The  f i r s t  component  reco rds  

the  URL ’s  v is i t ed  by  the  use r  and    t he  page  v iew 

sequence .  Then  i t  down loads  pages  and  compu tes  

the  t f - id f  vec to rs  rep resen t ing  the i r  con ten t .  F ina l ly  

pages  a re  c lus te red  us ing  a  c lus te r ing  a lgo r i thm.  I n  

ou r  imp lementa t ion  K-Means  and  X-Means  [17 ]  we re  

used  fo r  c lus te r ing .   

I I .  HMM in i t ia l iza t ion :  The  second  component  takes  

the  HMM rep resen ta t ion  o f  use r  t ra in ing  se t  (as  in  

f i g .  4 )  as  inpu t  and  computes  the  H idden  Markov  

Mode l  Pa rameters  ( i . e .  π ,  A  and  B  ma t r i xes ) .  Th is  

component  i s  app l i ed  du r ing  the  in i t ia l i za t ion  phase  

be fo re  c rawl ing.  

I I I .  Craw l ing  component :  i t  down loads  se lec ted  pages ,  

ex t rac ts  con ten t  and  l i nks ,  p rocess  page  con ten t  and  

ass igns  the  page  to  a  c lus te r  us ing  K-Neares t  

Ne ighbo rs  a lgo r i thm  [43 ] .  G iven  the  page  c lus te r  

and  the  H idden  Markov  Mode l  pa ramete rs  (π ,  A  and  

B  mat r i xes)  the  p robab i l i t y  tha t  the  nex t  page  v i s i ted  

w i l l  be  a  ta rge t  page  is  computed  us ing  V i te rb i  

a lgo r i thm  [40 ] .  Tha t  p robab i l i t y  represen ts  a l so  v i s i t  

p r io r i t y  o f  the  l ink .  I f  two  c lus te rs  y ie ld  a lmost  

i den t i ca l  p robab i l i t ies  ( i .e .  the  d i f f e rence  o f  

p robab i l i t ies  is  be low a  p rede f ined  th resho ld  ε )  then  

h ighe r  p r io r i t y  i s  ass igned  to  the  c lus te r  lead ing  w i th  

h ighe r  p robab i l i t y  to  ta rge t  pages  in  two  s teps  (a l so  

computed  by app ly ing  the  Vi te rb i  a lgo r i thm) .   

Th ree  Lea rn ing  c rawle rs  have  been  imp lemented :  t he  

f i rs t  i s  the  H idden  Markov  Crawle r  ( va r ian ts  p roposed  in  

[16 ]  and  [18 ] ) .  The  nex t  two  va r ian ts  (Hyb r id  Crawle rs )  
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a re  p roposed  in  th is  t hes is .  They  comb ine  the  page  

p r io r i t y  f unc t ions  computed  by  the  H idden  Markov  Mode l  

Crawle r  and  tha t  o f  the  Bes t  F i r s t  C rawle r  in  o rder  to  

eva lua te  the  ove ra l l  p r io r i t y  va lue  o f  a  W eb page .  

 

3 .4 .1  Hidden Markov Mode l  Craw ler  

T wo  va r ian ts  o f  th i s  c rawle r  have  been  imp lemented :  

a )  The  f i rs t  h idden  Markov  Mode l  imp lementa t ion  

uses  K -Means a lgo r i thm  fo r  c lus te r ing  as  

desc r ibed  in  [16 ] .  I n  th i s  wo rk  the  d imens iona l i t y  

reduc t ion  s tep  i s  om i t ted .  K  was  se t  to  5 ,  and  the  

las t  f i f th  c lus te r  ho lds  the  re levan t  pages .  Page  

p r io r i t ies  (p r io r i t y h m m )  a re  compu ted  us ing  V i te rb i  

[40 ]  a lgo r i thm (F ig .  9 ) .  

b )  The  second  va r ian t  i s  a lmost  iden t i ca l  to  the  

p rev ious  one  bu t  ins tead  o f  K-Means,  X-Means  

[17 ]  i s  used .  Othe r  m ino r  mod i f i ca t ions  a re  (a )  i d f  

we igh ts  a re  no t  p recomputed  (as  in  the  p rev ious  

va r ian t ) ,  bu t  a re  computed  us ing  the  t ra in ing  se t  

and  (b )  the  re levan t  pages  don ’ t  fo rm a  sepa ra te  

c lus te r  bu t  they  may be long  to  the  same  c lus te r  

w i th  non  re levan t  pages .  As  w i l l  be  shown  in  the  

expe r imen ts  the  two  va r ian ts  demonst ra ted  

iden t i ca l  pe r fo rmance .  The  f i r s t  va r ian t  was  used  

fo r  compar i sons  w i th  the  Hyb r id  Crawle rs  

p roposed  in  th is  wo rk .    
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F ig u r e  9  summar i ze s  HMM Cra w le rs  p r io r i t y  as s ig nment  

p roc ed ure :  

 

 

 

 

 

 

 

 

        

 

 

   Fig .  9  HMM Crawle r  p r io r i t y  es t imat ion  a lgo r i thm 

 

3 .4 .2  Hybr id  Craw lers 

T wo  va r ian ts  o f  hyb r id  c rawle rs  a re  imp lemented :  

a )  Hybr id  Markov Model  Craw ler :   The  H idden  Markov  

Mode l  Crawle r  su f fe rs  f rom  a t  leas t  two  d rawbacks :  

(a )  i t  doesn ’ t  ass ign  d i f f e ren t  p r io r i t ies  to  pages  

be long ing  to  the  same c lus te r  and  (b )  i t  i s  ve ry  

d i f f i cu l t  to  represen t  the  se t  o f  W eb pages  no t  

re levan t  to  the  top ic  by  c lus te rs  ( i t  i s  a  ve ry  

he te rogeneous se t ) .  

 A  hyb r id  app roach  combin ing  the  tex t  s im i la r i t y  o f  a  

page  w i th  the  cen t ro id  o f  the  c lus te r  con ta in ing  the  

pos i t i ve  examp le  pages  (us ing  VSM)  i s  p roposed  he re  

fo r  dea l ing  w i th  these  two  p rob lems .  The  cen t ro id  i s  

computed  as  the  ave rage  vec to r  o f  the  pages  

be long ing  to  the  c lus te r .  Text  s im i la r i t y  be tween  

 ��G� , �" = A�QU  V ���G� , � − 1� ∗ ���
/181:/

�&'
�   

��G�, � + 1" = V ���G� , �� ∗ ���
/181:/

�&'
�   

Input: Training set, candidate page (p). 

Output: priority value priorityhmm(p) assigned to candidate page p. 

1. Cluster training set using K-Means or X-Means algorithm 

2. Compute π, A, B matrixes. 

3. Classify candidate page p to a cluster T1 using K-Nearest Neighbor 

algorithm 

4. Compute hidden state probabilities for current step using Viterbi formula:  

5. Compute hidden state probabilities estimation for next step using 

formula :  

6. Assign priority priorityhmm(p) = ��G', � + 1� to page p. 
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cand ida te  pages  w i th  the  cen t ro id  may d i f f e r  even  i f  

pages  be long  to  the  same  c lus te r  thus  dea l ing  w i th  

the  f i r s t  p rob lem ment ioned .  S im i la r i t y  w i th  the  

cen t ro id  o f  re levan t  pages  i s  no t  a f f ec ted  by  the  way 

non  re levan t  pages  a re  represen ted  thus  dea l ing  w i th  

the  second  p rob lem as  we l l .      

The  Hybr id  Markov  Mode l  Crawle r  d i f f e rs  f rom  the  

HMM Crawle r  in  t he  way p r io r i t ies  a re  ass igned  to  

cand ida te  pages .  I t  computes  a  p r io r i t y  sco re  fo r  a  

page  us ing  the  H idden  Markov  Mode l   (pr io r i t y h m m )  

and  a lso  computes  the  tex t  s im i la r i t y  o f  page  con ten t  

w i th  the  cen t ro id  o f  t he  c lus te r  con ta in ing  the  re levan t  

pages  f rom the  use r  t ra in ing  se t  us ing  equa t ion  2 .  

F ina l l y ,  the  p r io r i t y  o f  page  p i  i s  computed  as  fo l lows:  

 

 �5�������cuyS�,�5�� = ��
��������5�,TS" + 5�������cjj�5��
2 �      �11� 

 

W here  TS i s  the  cen t ro id  o f  re levan t  pages  in  t ra in ing 

se t ,  similarity�5�,TS" i s  the  cos ine  s im i la r i t y  o f  page  

con ten t  5� w i t h  cen t ro id  TS of  re levan t  pages ,  

5�������cjj�5�� i s  the  p r io r i t y  ass igned  to  page  l ink  i  in to  

page  5� us ing H idden  Markov  Mode l  and  5�������cuyS�,�5�� 

i s  the  p r io r i t y  ass igned  to  l inks  in  page   5� by  the  

Hyb r id  Crawle r .  

 

b)  Hybr id  HMM Craw ler  w i th  page content  and  anchor  

tex t :   An  obv ious  ex tens ion  to  method  (a )  i s  to  use  

bo th  ancho r  and  page  tex t  i n  t he  computa t ion  o f  page  

p r io r i t ies .  Th is  l ead  to  the  fo l lowing  equa t ion :  

  

�5�������cuyS�,  8vQczS  ���� = 5�������cjj�5�� + similarity�5�,TS  " + similarity���,TS  "
2

2 �   �12� 
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W here  TS i s  the  cen t ro id  o f  re levan t  pages  in  t ra in ing 

se t ,  ��
��������5�,TS " i s  the  cos ine  s im i la r i t y  o f  page  

con ten t   5� wi th  the  cen t ro id  TS of  re levan t  pages ,  

 ��
����������,TS"  i s  t he  cos ine  s im i la r i t y  o f  l i nk  ancho r  

tex t  ��    wi th  the  cen t ro id   TS  of  re levan t  pages ,  

 5�������cjj�5��  i s  the  p r io r i t y  va lue  ass igned  to  l inks  

in to  page  5� us ing H idden  Markov  Mode l  and  

5�������cuyS�,  8vQczS  ���� i s  the  p r io r i t y  ass igned  to  the  l ink  

w i th  ancho r  t ext  �� by  t he  Hyb r id  HMM Crawle r  w i th  

page  con ten t  and  ancho r  tex t .  

 

The  p r io r i t y  f unc t ion  o f  equa t ion  12  improves  the  

pe r fo rmance  o f  the  hybr id  Crawle r .  As  w i l l  be  shown  in  

the  expe r iments  when  anchor  tex t  i s  used  the  c rawle r  i s  

even  more  focused  to  the  top ic .  F igu re  9  i l lus t ra tes  the  

ope ra t ion  o f  hyb r id  c rawle rs :  

 

 

   C lus te r  2  

L 3  page  

 

   L 2  page  C lus te r  0  

 

       

               cen t ro id  

        L 0  page  

                                                               L 1  page                                 

           

 

C lus te r  1  

      Cand ida te  pages  

 

 

C2 

C2 

C0 

C1 

C0 

C3 

C1 

cr

P2 

P1 
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Fig .  10  Hyb r id  c rawle rs  opera t ion .  

 

In  f i gu re  10  two  pages  (b lue  c i rc les )  a re  cand ida te  fo r  

down load ing.  The  HMM Crawle r  w i l l  ass ign  h ighe r  

p r io r i t y  to  cand ida te  page   p 1  be long ing  to  c lus te r  1  

s ince  th i s  c lus te r  l eads  w i th  h igher  p robab i l i t y  to  ta rge t  

pages  (c lus te r  0 )  i n  two  l ink  s teps  (s ince  the  p robab i l i t y  

o f  lead ing  to  c lus te r  0  in  one  s tep  is  iden t i ca l  f o r  

c lus te rs  1  and  2 ) .  Ins tead ,  a  Hyb r id  c rawle r  w i l l  se lec t  

f o r  expans ion  the  page  p 2  be long ing  to  c lus te r  2  because  

o f  i t s  p rox im i t y  ( s im i la r i t y )  w i th  the  cen t ro id  o f  c lus te r  0  

( the  c lus te r  con ta in ing  the  re levan t  pages  f rom the  

t ra in ing se t ) .  

 

3.5  Summary  

Class ic  c rawle rs  i nc lud ing  the  we l l  known  Bread th -F i rs t  

c rawle r  and  var ia t ions  o f  the  Bes t -F i r s t  C rawle r  

p resen ted  in  th is  chap te r  have  been  imp lemented  in  t he  

cur ren t  thes is .  Semant i c  c rawle rs  inc lud ing  a  va r ia t ion  o f  

the  Eh r ig  c rawle r  us ing  W ordNet ,  and  the  nove l  SSRM 

and  Synonym se t  expans ion  c rawle rs  have  been  

imp lemented  and  compared  w i th  s ta te  o f  the  a r t  Bes t  

F i r s t  C rawle rs .  F ina l l y  a  se t  o f  s ta te  o f  t he  a r t  HMM 

c rawle rs  inc lud ing  [16 ,18 ]  and  the  he re  p roposed  hyb r id  

c rawle rs  a re  a lso  imp lemen ted  and  the i r  pe r fo rmance  is  

eva lua ted .   
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Chapter 4. Experimental Results  

       

4.1 Introduction  

The fo l lowing se t  o f  exper iments  is  des igned  to :  

a )  P rov ide  a  c r i t i ca l  eva lua t ion  o f  the  va r ious  t ypes  o f  

c rawle rs  examined  in  t h i s  wo rk  inc lud ing  c lass i c  

(B read th -F i rs t ) ,  top ic  d r i ven  (Bes t -F i r s t  and  i t s  

va r ian ts  inc lud ing  Seman t ic  c rawle rs ) ,  Lea rn ing  

and  Hyb r id  c rawle rs .  

b )  Demons t ra te  the  super io r i t y  o f  the  new Hyb r id  

c rawle r  p roposed  in  t h i s  wo rk  ove r  s ta te  o f  the  a r t  

HMM learn ing  c rawle rs  such  as  [16 ,  18 ] .    

S i x  d i f f e ren t  top ics  we re  used  ( “ l inux” ,  “as thma” ,  

“ robo t ics ” ,  “dengue  feve r ” ,  “ java  p rogramming”  and  “ f i rs t  

a id ” )  and  the  ab i l i t y  o f  t he  c rawle rs  t o  down load  pages  

on  the  above  top ics  was  measured .  T he i r  pe r fo rmance  

was  computed  us ing  two  we l l  es tab l i shed  measu res  

re fe r red  to  as  ha rves t  ra t io  and  ave rage  s im i la r i t y .  Each  

c rawle r  down loaded  1000  pages  and  i t s  average  

pe r fo rmance  (over  a l l  top i cs )  was  computed  us ing  bo th  

c r i te r ia .  Re levan t  judged  pages  we re  p rov ided  by  the  

use r  who  manua l l y  i nspec ted  resu l t s  ob ta ined  by  the  

Google  search  eng ine  on  each  top ic .  These  resu l t s  we re  

used  as  g round  t ru th  and  compared  w i th  resu l t s  ob ta ined  

by  the  c rawle rs .  The  more  s im i la r  ( to  g round  t ru th )  the  

resu l ts  o f  a  c rawle r  a re ,  the  mos t  success fu l  the  

c rawle rs  i s  ( the  h ighe r  the  p robab i l i t y  tha t  the  c rawle r  

re t r ieves  resu l t s  s im i la r  to  the  top ic ) .  Page  to  top ic  

re levance  i s  computed  by  VSM in  a l l  cases .   
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4.2  Performance measures 

T wo  d i f f e ren t  eva lua t ion  c r i te r ia  were  used :  

a )  Harvest  ra t io:  For  every  page  i t s  cos ine  s im i la r i t y  

w i th  a l l  pages  judged  as  re levan t  by  the  use r  i s  

computed  and  the  max imum o f  these  cos ine  

s im i la r i t ies  i s  taken .  I f  t he  max imum s im i la r i t y  i s  

g rea te r  than  a  p rede f ined  th resho ld  (0 .75  in  th i s  

wo rk )  then  the  page  is  marked  as  re levan t  

(o the rwise  the  page  is  marked  as  i r re levan t ) .  The  

ha rves t  ra t io  i s  de f ined  as  the  pe rcen tage  o f  

down loaded  pages  w i th  s im i la r i t y  g rea te r  than  the  

th resho ld  ( in  th is  thes is  the  number  o f  re levan t  

pages  was used  ins tead  o f  t he  f rac t ion  o f  them 

among the  to ta l  number  o f  down loaded  pages) .  

b)  Average  s imi lar i ty .  The  max imum s im i la r i t y  o f  

each  down loaded  page  w i th  a l l  pages  marked  as  

re levan t  i s  computed .  The  average  s im i la r i t y  i s  

de f ined  as  the  ave rage  va lue  o f  these  s im i la r i t ies  

f o r  a l l  down loaded  pages .   

  

The  f i r s t  c r i te r ion  i s  more  se lec t i ve  than  the  second .  

Ha rves t  ra t io  can  be  ad jus ted  (by  us ing  h ighe r  

th resho ld )  t o  measu re  the  ab i l i t y  o f  the  c rawle r  to  

down load  pages  h igh ly  re levan t  to  the  top ic .  An  

app l ica t ion  ca l led  “eva lua to r ”  was  deve loped  fo r  

au tomat ing  the  eva lua t ion  p rocess .  I t  rece ives  as  inpu t  

the  pos i t i ve  pages  se t  (50  re levan t  pages  on  eve ry  top ic  

i n  ou r  expe r iment )  and  the  1000  eva lua ted  pages  

down loaded  by the  c rawle r ,  and  compu tes  the  

pe r fo rmance  o f  the  c rawle r  a t  hand  w i th  bo th  c r i t e r ia .  
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4.3  Exper iment  setup  

The fo l lowing c rawle rs  a re  compared :  

1 )  Non  Focused  Crawle rs :   

      a )  B read th  F i r s t  Crawle r  

2 )  C lass ic  Focused  Crawle rs :  

        b )  Bes t  F i r s t  C rawle r  w i th  page  con ten t  

        c )  Bes t  F i r s t  C rawle r  w i th  ancho r  tex t  

        d )  Bes t  F i r s t  C rawle r  w i th  page  con ten t  &    

            ancho r  tex t  

  3 )   Seman t i c  Crawle rs :  

         e )  Semant ic  Crawle r  us ing Eh r ig  e t .a l .  [ 13 ]   

             method  fo r  t ext  s im i la r i t y  es t imat ion .  

         f )   Semant ic  Crawle r  us ing SSRM [14 ]  

             method  fo r  t ext  s im i la r i t y  es t imat ion .  

         g )  Semant ic  Crawle r  w i th  Synse t  Expans ion .  

 4 )  Lea rn ing Crawle rs :  

         h )  H idden  Markov  Mode l  Crawle r   

         i )  Hyb r id  H idden  Markov  Mode l  Crawle r  

         j )  Hyb r id  H idden  Markov  Mode l  Crawle r  w i th   

            page  con ten t  &  anchor  tex t .  

 A l l  Crawle rs  we re  eva lua ted  us ing  the  fo l lowing  top ics  

and  seed  pages :  

query seed 
Linux http://dir.yahoo.com/Computers_and_Internet/Software/Operating_Systems/UNIX/Linux 

Asthma http://dir.yahoo.com/Health/Diseases_and_Conditions/Asthma/ 

Robotics http://dir.yahoo.com/Science/Computer_Science/ 

Dengue Fever http://health.yahoo.com/ 

Java programming http://dir.yahoo.com/Computers_and_Internet/ 

First Aid http://dir.yahoo.com/Health/ 

Fig .  11  Exper iment  se tup  

  

1000  pages  were  down loaded  fo r  each  c rawle r  and  fo r  

each  top ic .   No t ice  tha t  in  f ou r  ou t  o f  the  s i x  t op ics  the  

seed  page  doesn ’ t  d i rec t l y  l ink  to  ta rge t  pages .   



CHAPTER 4. EXPERIMENTAL RESULTS 

 

50 

 

The  expe r iments  i n  th is  sec t ion  a re  o rgan ized  by  

c rawle r  t ype  showing  a  compar ison  be tween  var ious  

imp lementa t ions  o f  the  c rawle r  o f  the  same  t ype .  

Spec i f i ca l l y  the  expe r imen ts  a re  o rgan ized  as  fo l lows :  

 

a )  C lass ic  Focused Craw lers  Exper iment   

Crawle rs  (a ) - (d )  we re  eva lua ted  us ing  the  s i x  top ics  

o f  F ig .  11 .  

  

b)  Semant ic   Craw lers  Exper iments   

Crawle rs  (e ) - ( f ) ,  and  (c ) - (d )  f o r  compar i son ,  we re  

eva lua ted  us ing the  6  top ics  o f  F ig .  11 .  

         

c )  Learning   Craw lers  Exper iment   

Crawle rs  (h ) - ( j )  we re  eva lua ted  us ing  fou r  top ics  

( “Robot ics ” ,  “Dengue  Feve r ” ,  “Java  P rogramming”  

and  “F i rs t  A id ” ) .  

         

In  the  exper iments  be low each  method  i s  rep resen ted  by  

a  p lo t  showing  number  o f  re levan t  pages  in  the  Y  ax is  as  

a  f unc t ion  o f  to ta l  number  o f  pages  re t r ieved .  Each  po in t  

i n  a  p lo t  co r responds  to  ha rves t  ra t io  o r  average  

s im i la r i t y  measu red  respec t i ve l y .  

No t ice  tha t  Lea rn ing  Crawle rs  have  d i f f e ren t  inpu t  

( the  t ra in ing  se t )  than  the  C lass ic  and  Semant ic  f ocused  

Crawle rs  ( tha t  have  the  user  que ry  as  inpu t )  so  d i rec t  

compar i sons  be tween  the  pe r fo rmance  o f  lea rn ing  and  

o ther  ca tego r ies  o f  c rawle rs  in  no t  rea l l y  p laus ib le .  
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  4 .4  Classic Focused Crawlers   

 

Fig .  12  Ha rves t  ra t io  f o r  c lass i c  c rawle rs   

 

The  compar ison  in  F ig .  12  ind ica tes  the  poo r  

pe r fo rmance  o f  Bread th  F i rs t  C rawle r ,  as  expec ted  fo r  a  

non  focused  c rawle r .  The  fac t  tha t  the  Bes t  F i rs t  C rawle r  

us ing  anchor  text  on ly  ou tpe r fo rms  the  c rawle r  us ing  

on ly  page  con ten t  i nd i ca tes  the  va lue  o f  ancho r  tex t  f o r  

comput ing page  to  top ic  re levance .   

The  c rawle r  comb in ing  page  and  anchor  tex t  

demonst ra ted  supe r io r  pe r fo rmance .  Th is  resu l t  

i nd ica tes  tha t  W eb  con ten t  re levance  i s  no t  computed  by  

page  o r  ancho r  tex t  a lone .  Ins tead ,  the  comb ina t ion  o f  

page  con ten t  and  ancho r  tex t  f o rms a  more  re l iab le  page  

desc r ip t ion .  

 

 

 

 

 

 

0

50

100

150

200

250

300

350

5
0

1
0

0
1

5
0

2
0

0
2

5
0

3
0

0
3

5
0

4
0

0
4

5
0

5
0

0
5

5
0

6
0

0
6

5
0

7
0

0
7

5
0

8
0

0
8

5
0

9
0

0
9

5
0

1
0

0
0

re
le

v
a

n
t 

p
a

g
e

s

crawled pages

Breadth First

Best First-page content

Best First-anchor text

Best First-content & anchor 

text



CHAPTER 4. EXPERIMENTAL RESULTS 

 

52 

 

 

 

Fig .  13  Ave rage  s im i la r i t y  f o r  c lass ic  f ocused  c rawle rs  

 

F ig .  13  con f i rms  the  resu l ts  o f  the  p rev ious  compar ison .  

Ove ra l l  a  bes t  f i rs t  c rawle r  combin ing  page  and  ancho r  

tex t  ach ieves  supe r io r  pe r fo rmance  ove r  a l l  i t s  

compet i to rs  w i th  bo th  c r i te r ia .    

 

4.5  Semant ic  Crawlers   

The  second  expe r iment  measu res  the  per fo rmance  o f  

semant ic  c rawle rs  us ing  the  s i x  top ics  o f  F ig .  11  (as  in  

the  p rev ious  exper iment ) .   
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Fig .  14 :  Ha rves t  Ra t io  f o r  Semant ic  Crawle rs .  

 

F ig .  14  i l lus t ra tes  on ly  marg ina l  pe r fo rmance  

improvemen ts  o f  seman t i c  c rawle rs  ove r  bes t  f i rs t  

c rawle rs .  I t  i s  con jec tu red  tha t  the  poo r  pe r fo rmance  o f  

semant ic  c rawle rs  shou ld  no t  be  rega rded  as  a  fa i lu re  o f  

semant ic  c rawle rs  bu t  ra ther  as  a  f a i l u re  o f  W ordNet  to  

p rov ide  te rms concep tua l l y  s im i la r  to  the  top ic .  W ordNet  

i s  a  gene ra l  t axonomy fo r  Eng l i sh  te rms  and  no t  a l l  

l i nked  te rms  a re  ac tua l l y  ve ry  s im i la r ,  imp ly ing  tha t  the  

resu l ts  can  be  improved  by  us ing  top ic  spec i f i c  

on to log ies .  Such  top ic  spec i f i c  on to log ies  on  seve ra l  

d i ve rse  top ics  we re  no t  ava i l ab le  to  us  fo r  these  

expe r imen ts .     
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Fig  15 :  Ave rage  S im i la r i t y  f o r  Seman t i c  Crawle rs  

 

Resu l t s  w i th  average  s im i la r i t y  ac tua l l y  con f i rmed 

the  resu l ts  o f  F ig .  14 .  He re  semant i c  c rawle rs  imp roved  

aga in  the  resu l t s  o f  bes t  f i rs t  c rawle rs  bu t  on ly  

marg ina l l y ,  i nd i ca t ing  tha t  ave rage  s im i la r i t y  (as  l ess  

s t r i c t  c r i t e r ion )  i s  more  to le ran t  to  re laxed  

in te rp re ta t ions  o f  concep tua l  s im i la r i t y  as  p rov ided  by  

W ordNet  and  te rm  s im i la r i t y  measu res  (such  as  L i  e t .a l  

[42 ] ) .  

 

4.6  Learning Crawlers   

The  resu l ts  be low a re  taken  on  fou r  t op ics  ( “ robo t i cs ” ,  

“dengue  fever ” ,  “ java  p rogramming”  and  “ f i r s t  a id ” )  and  

measured  on  the  f i rs t  1000  web  pages  re tu rned  by  each  

c rawle r  on  each  top ic .  On ly  Lea rn ing  c rawle rs  we re  

eva lua ted  in  th is  expe r iment :  Two  va r ian ts  o f  HMM 

Crawle rs  we re  tes ted  co r respond ing  to  d i f f e ren t  
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imp lementa t ion  o f  the  c lus te r ing component  (w i th  K -

Means and  X-Means respec t i ve l y ) .  The  resu l ts  ind ica te  

tha t  K -Means  (us ing  K=5  as  suggested  a t  [16 ] )  and  X-

Means  H idden  Markov  Mode l  Crawle rs  have  iden t i ca l  

pe r fo rmance .  Bo th  c rawle rs  demonst ra ted  poo r  

pe r fo rmance  (F igs .  16 -17 )  and  th is  can  be  a t t r ibu ted  to  

seve ra l  reasons :  bo th  va r ian ts  don ’ t  ass ign  d i f f e ren t  

p r io r i t ies  to  pages  in to  the  same  c lus te r ,  and  be tween 

l i nks  in to  the  same  page .  Bo th  va r ian ts  must  be  p rov ided  

w i th  a  t ra in ing  se t  ve ry  s im i la r  i n  con ten t  and  l i nk  

s t ruc tu re  to  the  pa r t  o f  the  W eb tha t  w i l l  be  c rawled  

(some th ing  no t  a lways  ach ievab le ) .  Because  the  two  

HMM Crawle rs  (us ing  X-Means  and  K -Means )  have  

iden t i ca l  pe r fo rmance  the  f i r s t  va r ian t  (HMM Crawle r  

us ing  K -Means)  was  chosen  fo r  compar i son  w i th  t he  

o ther  Lea rn ing Crawle rs .   

In  F ig .  16  the  pe r fo rmance  o f  the  HMM crawle r  i s  

compared  w i th  the  pe r fo rmance  o f  the  new Hyb r id  

c rawle rs  (us ing  comb ina t ion  o f  page  con ten t  and  ancho r  

tex t )  p roposed  in  th i s  wo rk .  The  f i rs t  (Hybr id  HMM us ing 

page  con ten t )  p r io r i t i zes  l i nks  us ing  equa t ion  11  

(s im i la r i t y  o f  the  page  con ta in ing  the  l inks  w i th  t he  

cen t ro id  o f  t he  re levan t  pages  in  the  t ra in ing  se t ) .  In  

add i t ion  to  tha t  the  second  imp lementa t ion  (Hyb r id  HMM 

Crawle r  w i th  ancho r  tex t )  a l so  comb ines  the  s im i la r i t y  o f  

the  cen t ro id  w i th  the  anchor  tex t  o f  l inks  po in t ing  to  

cand ida te  pages  fo r  p r io r i t y  ass ignment  as  sugges ted  by 

equa t ion  12 .   
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Fig .  16 :  Ha rves t  Ra t io  f o r  HMM & Hyb r id  Crawle rs  

 

 

Fig .  17 :  Average  Cos ine  S im i la r i t y  f o r  HMM &  Hyb r id  

Crawle rs   

 

 The  Hybr id  c rawle rs  ou tpe r fo rm the  H idden  Markov 

Mode l  us ing  bo th  c r i te r ia .  The  use  o f  pos i t i ve  examp les  
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cen t ro id  as  a  que ry  c lea r l y  inc reases  pe r fo rmance  

because  i t  ove rcomes  the  p rob lems o f  HMM crawle rs .  As  

F ig .  16  and  F ig .  17  ind ica te ,  t he  resu l ts  ob ta ined  by 

Hyb r id  c rawle rs  a re  p rom is ing  and  may lead  to  f ur the r  

research  on  th i s  d i rec t ion .  

 

4.7  Discussion 

Class ic  Focused  Crawle r  resu l t s  show tha t  comb in ing 

page  con ten t  and  anchor  t ext  (Bes t  F i r s t  C rawle r  -page  

con ten t  and  ancho r  tex t )  y ie lds  the  bes t  resu l t s .  Bo th  

page  con ten t  and  ancho r  t ext  fo rm a  rep resen ta t i ve  

con ten t  descr ip to r  f o r  web  pages .  Semant i c  Crawle rs ,  

when  comb ined  w i th  a  gene ra l  pu rpose  on to logy ,  

pe r fo rmed  poo r l y  compared  to  Bes t  F i rs t  c rawle rs .  By  

res t r i c t ing  semant i c  re la t ions  to  synonym se ts  (Seman t i c  

Crawle r  -  Synse t  expand  method )  the  pe r fo rmance  was 

improved  marg ina l l y .  Synonyms,  a l though  no t  lex ica l l y  

s im i la r  succeed  in  iden t i f y ing  pages  w i th  con ten t  s im i la r  

to  the  top ic ,  ind i ca t ing  tha t  i t  i s  poss ib l y  to  expec t  

f u r the r  pe r fo rmance  improvements  by  us ing  top ic  

spec i f i c  on to log ies  r i ch  in  t e rms  very  s im i la r  t o  the  te rms 

o f  the  top ic .  A t  t h i s  po in t ,  on to log ies  o f  th is  t ype  a re  no t  

ava i lab le  to  us .  Bo th  Hyb r id  Crawle rs  ach ieve  be t te r  

pe r fo rmance  than  the  H idden  Markov  Mode l  Crawle r .  T he  

resu l ts  ob ta ined  ind ica te  tha t  pos i t i ve  examp les  a re  

more  impor tan t  t han  the  nega t i ve  ones  du r ing  t ra in ing  in  

an  env i ronment  such  as  the  W or ld  W ide  W eb.   Us ing 

on ly  pos i t i ve  examp les  the  pe r fo rmance  o f  lea rn ing 

c rawle rs  i s  expec ted  to  imp rove .  

  

 

 



CHAPTER 4. EXPERIMENTAL RESULTS 

 

58 

 

 

 

 

 

 

 

 

 



CHAPTER 5. CONCLUSIONS AND FUTURE WORK 

 

59 

 

Chapter 5. Conclusions and 

future work 

       

In  the  p resen t  thes is ,  seve ra l  va r ian ts  o f  f ocused  

c rawle rs  we re  imp lemented  and  eva lua ted  us ing  common 

eva lua t ion  c r i te r ia .   F i r s t  the  Bread th  F i rs t  C rawle r  and  

va r ian ts  o f  the  Bes t  F i r s t  C rawle r  us ing  page  con ten t ,  

ancho r  tex t  o r  bo th  were  compared .  Then  seman t i c  

re la t ions  we re  used  in  the  imp lementa t ion  o f  th ree  

Seman t i c  Crawle rs  tha t  we re  compared  w i th  c lass ic  

f ocused  c rawle rs  (va r ia t ions  o f  bes t  f i r s t  c rawle r ) .  

F ina l l y ,  based  on  the  H idden  Markov  Mode l  lea rn ing 

c rawle r ,  two  nove l  hyb r id  c rawle rs  comb in ing  e lements  

f rom  lea rn ing  and  c lass i c  f ocused  c rawle rs  we re  

imp lemented  and  eva lua ted .   

The  expe r imenta l  resu l ts  i nd ica te  tha t  the  

imp lementa t ion  o f  f ocused  c rawle rs  i s  a  p rocess  whe re  

m ino r  changes  in  the  c rawle r  des ign  have  g rea t  e f f ec t  in  

pe r fo rmance .  The  comb ina t ion  o f  ancho r  tex t  and  page  

con ten t  y ie lds  grea t  pe r fo rmance  improvement  in  t he  

case  o f  c lass i c ,  semant i c  and  lea rn ing  focused  c rawle rs .  

The  add i t ion  o f  semant ic  re la t i ons  d idn ’ t  improve  

pe r fo rmance  w i th  the  excep t ion  o f  expans ion  w i th  

synonyms  whe re  semant ic  re la t ions  a re  res t r i c ted  to  

synonym te rms.  Pe r fo rmance  i s  expec ted  to  imp rove  by  

us ing  app l i ca t ion  spec i f i c  on to log ies  ( re la ted  to  the  

top ic ) ,  ins tead  o f  gene ra l  pu rpose  on to log ies  such  as  

W ordNet .   

Lea rn ing  Crawle rs  take  as  inpu t  user  se lec ted  

pages  no t  desc r ibed  by  a  s imp le  que ry .  I t  i s  no t  on ly  tha t  

Lea rn ing  c rawle rs  rece ive  d i f f e ren t  inpu t  than  tha t  o f  
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other  f ocused  c rawle rs  bu t  a lso  they  a re  in tended  to  

pe r fo rm  a  ve ry  d i f f i cu l t  task :  they  a t tempt  t o  lea rn  web 

c rawl ing  pa t te rns  lead ing to  re levan t  pages  poss ib l y  

th rough  o the r  non  re levan t  pages  thus  inc reas ing the  

p robab i l i t y  o f  fa i lu re  (s ince  web  s t ruc tu res  canno t  

a lways  be  mode led  by  such  l ink  pa t te rns ) .  Howeve r  the  

idea  looks  p romis ing  ove ra l l  and  may lead  to  even  more  

success fu l  imp lementa t ions  o f  lea rn ing  c rawle rs  in  the  

fu tu re .  The  p resen t  wo rk  can  be  rega rded  as  a  

con t r ibu t ion  towards  tha t  d i rec t ion .  

Ano the r  d i rec t ion  fo r  f u tu re  wo rk  wou ld  be  to  do  

more  e labo ra te  tes ts  w i th  semant ic  c rawle rs ,  mak ing use  

o f  top ic  spec i f i c  on to log ies  (e .g .  med ica l  on to log ies  fo r  

app l ica t ions  re la ted  to  hea l thca re ) .  The  pos i t i ve  resu l ts  

ob ta ined  by  hyb r id  c rawle rs  ind ica te  tha t  the  re levance  

o f  a  cand ida te  page  w i th  the  se t  o f  pos i t i ve  examp les  

on ly ,  i s  an  e f fec t i ve  way fo r  ass ign ing  p r io r i t ies  to  

cand ida te  pages .  Us ing  on ly  pos i t i ve  examp les  ( i ns tead  

o f  pos i t i ve  and  nega t i ve )  m igh t  imp rove  the  pe r fo rmance  

o f  l ea rn ing  c rawle rs  in  te rms  o f  speed  and  accu racy .        
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