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Abstract	  
This	  deliverable	  presents	  the	  Web	  Graph	  Service	  (WGS)	  for	  multiple	  micro-‐clouds	  prototype	  
developed	  by	  the	  LEADS	  platform.	  This	  evolution	  of	  the	  WGS	  prototype	  exemplifies	  the	  usage	  
and	  tests	  the	  capabilities	  of	  the	  LEADS	  infrastructure	  running	  across	  multiple	  micro-‐clouds.	  
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1. Introduction	  
The	  Web	  Graph	  Service	  (WGS)	  allows	  users	  to	  access	  and	  analyze	  the	  Web	  graph	  data	  collected	  by	  
LEADS	  and	  the	  associated	  content	  by	  providing	  an	  open	  querying	  interface	  to	  users	  and	  responding	  
with	  graphical	  results	  to	  these	  queries.	  This	  deliverable	  summarizes	  the	  efforts	  in	  LEADS	  for	  the	  im-‐
plementation	  of	  a	  WGS	  prototype	   that	  uses	   the	  LEADS	  platform	  running	  on	  multiple	  micro-‐clouds.	  
Note	  that	  the	  previous	  delivery’s	  [10]	  goal	  was	  the	  implementation	  of	  a	  WGS	  prototype	  that	  used	  the	  
platform	  running	  on	  a	  single	  micro-‐cloud.	  The	  prototype	  is	  envisaged	  to	  serve	  two	  main	  purposes:	  i)	  
enabling	  an	  early	  end-‐to-‐end	  integration	  testing	  of	  the	  components	  that	  form	  the	  LEADS	  infrastruc-‐
ture	   albeit	   on	  multiple	  micro-‐clouds	   setting,	   ii)	   showcasing	   possible	   use-‐cases	   of	   the	   LEADS	   infra-‐
structure	  by	  providing	  access	  to	  public	  data	  crawled,	  stored,	  and	  processed	  by	  the	  infrastructure.	  In	  
other	  words	  we	  aim	  to	  test	  if	  all	  the	  WGS	  functions	  are	  working	  within	  multiple	  micro-‐clouds	  context,	  
while	  providing	  a	  “debug”	  WGS	  version	  that	  can	  show	  details	  such	  as	  micro-‐clouds	  that	  stores	  a	  par-‐
ticular	  URL.	  These	  details	  are	  useful	  for	  experts	  that	  want	  to	  know	  more	  about	  the	  platform	  behav-‐
ior.	  
	  
The	  WGS	  prototype	  showcases	  all	  main	  components	  of	  the	  LEADS	  infrastructure	  on	  multiple	  micro-‐
clouds.	   Specifically,	  within	   the	   prototype,	   publicly	   available	  Web	   content	   and	   the	   associated	   user-‐
generated	  content	  and	   interconnected	  Web	  graph	  (e.g.,	  Web	  content,	   inter-‐connected	  Web	  graph,	  
and	  Web	  content	  enriched	  by	  user-‐generated	  content)	  is	  collected	  using	  the	  distributed	  data	  collec-‐
tion	  mechanisms	  developed	  in	  the	  work	  package	  WP1.	  Collected	  data	  is	  stored	  using	  the	  distributed	  
data	   storage	   systems	   developed	   in	   the	  work	   package	  WP2.	   Data	   placement	   decisions	   for	   efficient	  
and	   cost-‐aware	  placement	   and	  processing	  of	   the	  data	   are	  made	  by	   the	   technologies	  developed	   in	  
work	  package	  WP4.	  LEADS	  platform	  provides	  WGS	  access	   to	  the	  publicly	  available	  data	   it	  collected	  
via	  open	  APIs	  provided	  by	  WP3.	  	  
	  
This	  document	  presents	  the	  high-‐level	  design	  and	  the	  components	  of	  the	  WGS	  prototype	  in	  LEADS.	  
Section	   2	   presents	   the	  WGS,	   the	   supported	  queries	   and	   their	   business	   cases.	   Section	   3	   briefly	   de-‐
scribes	  the	  components	  that	  compose	  LEADS,	  explaining	  each	  part	  of	  the	  LEADS	  platform,	  running	  on	  
multiple	  micro-‐clouds	  to	  support	  the	  WGS	  prototype.	  It	  provides	  an	  overview	  of	  how	  the	  Web	  graph	  
is	  collected,	  stored,	  maintained	  in	  micro-‐clouds,	  how	  it	   is	  queried	  via	  the	  APIs,	  and	  how	  the	  system	  
determines	  which	  micro-‐clouds	   to	  access	   in	   the	   system	   for	  a	   given	  data	  processing	   task.	   Section	  4	  
summarizes	  this	  document.	  

	   	  



	  

Figure	  1:	  WGS	  prototype	  

2. WGS	  high-‐level	  design	  
As	  shown	  in	  Figure	  1,	  the	  WGS	  prototype	  sits	  on	  top	  of	  the	  LEADS	  platform.	  Note	  that	  the	  main	  dif-‐
ference	  between	  this	  delivery	  and	  the	  previous	   [10]	   is	   that	  now	  we	  have	  multiple	  micro-‐clouds,	  so	  
WGS	  will	  need	  to	  show	  and	  to	  deal	  with	  new	  attributes	  such	  as	  micro-‐cloud	  that	  store	  a	  particular	  
URL.	  WGS	   offers	   an	   interface	   for	   querying	   the	   LEADS	   data	   collection	   including	   the	  metadata	   con-‐
structed	  from	  this	  collection	  by	  sending	  queries	  to	  the	  LEADS	  Query	  Engine	  and	  presenting	  graphical	  
representations	  of	  the	  publicly	  available	  data	  collected	  and	  served	  by	  the	  platform.	  A	  sample	  usage	  
scenario	  and	   its	  business	  cases,	  which	  are	  provided	  by	  Yahoo,	  will	  be	  depicted	   in	  detail	   in	  this	  sec-‐
tion.	  The	  aim	  is	  always	  to	  check	  if	  the	  new	  implementation	  of	  multiple	  micro-‐clouds	  is	  working	  cor-‐
rectly	  and	  is	  able	  to	  generate	  useful	  results	  also	  when	  need	  to	  deal	  with	  several	  micro-‐clouds	  instead	  
of	  a	  single	  one.	  

2.1 WGS	  queries	  

WGS	  currently	  demonstrates	  two	  different	  data	  retrieval	  APIs:	  
• Basic	  data	  retrieval	  API:	  Return	  base	  data	  associated	  with	  the	  web	  pages	  stored	  in	  the	  Web	  graph,	  
e.g.,	  out-‐links,	  PageRank/importance	  score	  of	  a	  page,	  etc.	  	  

• Public	  data	  processing	  API:	  Process	  publicly	  available	  data	  in	  the	  Web	  graph	  and	  return	  the	  results	  
to	  users.	  Such	  processing	  may	   include	  finding	  all	   the	  Web	  pages	  that	  satisfy	  a	  given	  set	  of	  predi-‐
cates	  (e.g.,	  raw	  mention	  of	  a	  term,	  positive	  or	  negative	  opinion	  on	  a	  term,	  etc.)	  by	  the	  user,	  finding	  
the	   top-‐k	   frequent	  keys	   (terms,	  entities,	  etc.)	  appearing	   in	  a	  set	  of	  pages,	   finding	   top-‐k	   frequent	  
keys	  over	  sliding	  windows	  (e.g.	  last	  week,	  last	  minute,	  etc.),	  and	  computing	  the	  PageRank	  of	  a	  user	  
specified	  set	  of	  Web	  pages.	  	  

The	  functionalities	  available	  in	  WGS	  are	  detailed	  with	  output	  examples,	  and	  technical	  descriptions	  in	  
the	   following	  sections.	  The	   functionalities	  presented	   in	   the	   following	  queries	  are	   implemented	  and	  
being	  tested	  at	  the	  Cloud&Heat	  micro	  cloud	  at	  Dresden	  and	  are	  exposed	  to	  public	  use	  via	  open	  ac-‐
cess	  URLs.	  The	  access	  URL	  is	  available	  in	  the	  reviewers’	  section	  of	  the	  project	  Website,	  and	  upon	  re-‐
quest	  by	  email	  for	  any	  reader	  who	  would	  wish	  to	  test	  the	  functionalities.	  
	  



2.1.1 Basic	  data	  retrieval	  queries	  

The	  simplest	  query	  offered	  by	  the	  WGS	  system	  is	  primarily	  a	  key/value	  querying	  mechanism	  built	  on	  
top	  of	  the	  Query	  Engine,	  which	  basically	  acts	  as	  a	  proxy	  to	  the	  KVS	  interface.	  Note	  that	  even	  that	  we	  
are	  in	  a	  multiple	  micro-‐clouds	  context,	  the	  main	  protocol	  does	  not	  change	  for	  the	  end	  user.	  The	  pur-‐
pose	  here	  is	  to	  adapt	  the	  previous	  code	  so	  it	  can	  work	  properly	  in	  the	  case	  of	  multiple	  micro-‐clouds	  
and	  to	  check	  if	  the	  results	  generated	  are	  correct	  with	  respect	  to	  the	  single	  micro-‐clouds	  case.	  	  
Similarly	  to	  previous	  delivery	  [10],	  we	  show	  how	  users	  can	  query	  the	  preprocessed	  meta-‐data	  con-‐
structed	   by	   LEADS	   for	   the	   publicly	   available	  Web	   resources.	   An	   example	   query	   pattern,	  which	   re-‐
quests	  the	  sub-‐tree	  reachable	  from	  a	  URL	  is	  defined	  below.	  
	  
Given	  a	  {URL,	  depth	  }	  tuple,	  	  

display	  the	  Web	  graph	  presenting	  pages	  reachable	  from	  the	  given	  URL	  	  
within	  the	  given	  depth.	  

	  
Figure	  2.	  depicts	  the	  result	  of	  a	  basic	  data	  retrieval	  (in	  the	  multiple	  micro-‐clouds	  case)	  query	  that	  vis-‐
ualizes	  all	  pages	  reachable	  from	  www.yahoo.com	  up-‐to	  a	  depth	  of	  three.	  	  
	  

	  

Figure	  2:	  A	  sample	  basic	  data	  retrieval	  API	  output	  

	  



	  
Figure	  3	  depicts	  the	  results	  of	  the	  data	  retrieval	  (in	  the	  multiple	  micro-‐clouds	  case)	  of	  the	  query	  
www.yahoo.com	  up-‐to	  a	  depth	  of	  three	  with	  a	  tree	  based	  visualization..	  	  

	  

	  

Figure	  3:	  A	  Tree-‐Based	  sample	  basic	  data	  retrieval	  API	  output	  

	  
	   	  



2.1.2 Public	  data	  processing	  queries	  

The	  aim	  of	  this	  deliverable	  is	  primary	  to	  validate	  the	  behavior	  and	  functionalities	  of	  the	  LEADS	  plat-‐
form	  running	  on	  multiple	  micro-‐clouds.	  In	  this	  section	  we	  give	  a	  brief	  overview	  of	  the	  public	  data	  
processing	  aim	  (as	  described	  in	  the	  previous	  delivery	  [10])	  and	  we	  present	  a	  plot	  where	  we	  show	  
how	  the	  data	  of	  a	  particular	  query	  is	  distributed	  among	  the	  micro-‐clouds	  (Figure	  4	  c).	  	  	  
	  
The	  aim	  of	  the	  public	  data	  processing	  is	  to	  extract	  useful	  information	  from	  public	  data.	  We	  provide	  
here	  a	  simple	  Web	  Graph	  Service	  that	  users	  or	  experts	  can	  use	  to	  issue	  queries	  about	  a	  particular	  
URL	  of	  interest,	  or	  product	  of	  interest.	  These	  are	  structured	  queries	  (i.e.,	  string	  plus	  other	  type	  of	  
information).	  Similarly	  to	  the	  previous	  delivery	  a	  sample	  query	  pattern	  currently	  supported	  by	  WGS	  is	  
given	  below.	  
	  
Given	  a	  {URL,	  depth,	  product	  name}	  tuple,	  	  
display	  the	  Web	  graph	  presenting	  pages	  reachable	  from	  the	  given	  URL	  within	  the	  given	  depth,	  
where	  vertices	  of	  the	  graph	  are	  coloured	  according	  to	  the	  sentiment	  on	  these	  pages	  about	  the	  given	  
product,	  	  
the	  sizes	  of	  the	  vertices	  vary	  in	  concordance	  with	  the	  PageRank	  values	  of	  the	  pages	  they	  represent,	  
and	  the	  vertices	  are	  labelled	  with	  the	  URL	  string	  and	  PageRank	  of	  the	  pages	  they	  represent.	  	  	  	  
	  
This	  query	  pattern	  showcases	  many	  of	  the	  basic	  functionalities	  exposed	  by	  the	  LEADS	  platform	  while	  
presenting	  a	  meaningful	  use	  case	   for	  customers.	  Using	  this	  query	  pattern,	   it	   is	  possible	  to	  visualize	  
the	  flow/distribution	  of	  sentiment	  from	  a	  given	  URL.	  	  
	  
Figure	  4	  depicts	  the	  query	  http://www.yahoo.com	  with	  depth	  2	  and	  we	  want	  to	  know	  the	  sentiment	  
of	  people	  with	  respect	  to	  the	  Yahoo	  brand	  name.	  This	  is	  a	  very	  useful	  use	  case	  to	  know	  better	  what	  
users	  think	  about	  particular	  pages	  of	  Yahoo.	  Figure	  4	  (b)	  just	  a	  part	  of	  the	  JSON	  results	  of	  the	  submit-‐
ted	  query.	  It	  is	  possible	  to	  see	  a	  new	  field	  “micro-‐cluster”	  which	  represents	  the	  micro-‐cloud	  that	  con-‐
tains	  the	   information	  related	  to	  that	  URL.	  The	  aim	  of	  this	  experiments	  was	  to	  assess	  that	  the	  WGS	  
multiple	  micro-‐clouds	  is	  working	  properly	  and	  is	  able	  to	  collect	  data	  in	  a	  distributed	  environment,	  get	  
the	  results	  and	  show	  them.	  	  

	  
	  

	  
	  

	  
(a) A	  sample	  WGS	  query	  

	  



	  
(b) JSON	  result	  (accessible	  via	  a	  RESTful	  interface)	  for	  the	  given	  query	  in	  the	  mul-‐

tiple	  micro-‐clouds	  context	  

	  	   	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
	  
	  

	  
	  

(c)	  WGS	  output	  for	  the	  given	  query	  

Figure	  4:	  A	  sample	  public	  data	  retrieval	  API	  output	  –	  in	  the	  case	  of	  multiple	  micro-‐clouds	  

	  
	  
	  
	  
	   	  



To	  provide	  a	  better	  understanding	  of	  the	  global	  system	  behaviour	  and	  its	  components'	  interactions,	  
we	  describe	  some	  of	  the	  steps	  for	  this	  use	  case:	  	  
	  
Periodically,	   crawlers	   collect	   pages	   from	   the	  Web.	   Crawlers	   store	   the	   fetched	   pages	   and	   the	  Web	  
graph	  in	  the	  Key-‐Value	  Store	  (KVS)	  by	  calling	  the	  API	  of	  the	  KVS.	  When	  a	  client	  registers	  a	  query	  simi-‐
lar	   to	   the	   query	   defined	   above,	   the	   query	   is	   forwarded	   to	   the	  Query	   Planner.	   The	  Query	   Planner,	  
analyses	  the	  query,	  creates	  two	  sub-‐queries.	  The	  first	  part	   is	  persistent,	  and	  is	   implemented	  with	  a	  
KVS	  Listener.	  The	  second	  part	  is	  instantaneous,	  and	  is	  implemented	  with	  the	  Query	  Executor.	  	  
	  
The	  first	  part,	  based	  on	  a	  listener,	  will	  be	  running	  permanently	  in	  the	  system	  in	  order	  to	  pre-‐populate	  
a	  list	  of	  pages	  that	  match	  the	  selection	  criteria.	  In	  our	  second	  example,	  the	  selection	  criteria	  are	  that	  
the	  page	  must	  contain	  the	  word	  “Yahoo”.	  Upon	  receiving	  a	  request	  from	  the	  Query	  Planner,	  the	  KVS	  
installs	   the	   Listener	   code,	   adding	   it	   to	   the	   list	  of	   existing	   Listeners.	  After	   the	   installation,	   any	  page	  
written	  to	  the	  KVS	  will	  be	  forwarded	  to	  the	  new	  Listener.	  	  
	  
The	  second	  part,	  based	  on	  query	  executor,	  reads	  the	  indexed	  data	  executes	  the	  necessary	  computa-‐
tions	  and	  puts	  the	  results	  back	  to	  the	  KVS	  to	  be	  returned	  to	  the	  query	  interface.	  
	  
The	  WGS,	  upon	  receipt	  of	   the	  results,	  draws	  a	  graph	  based	  on	  the	  contents	  of	   the	  result	  using	  the	  
d3.js	  JavaScript	  library1.	  	  
	  

2.2 Business	  cases	  for	  WGS	  queries	  in	  multiple	  micro-‐clouds	  

The	  WGS	  is	  currently	  implemented	  and	  designed	  to	  test	  the	  integration	  of	  the	  LEADS	  features.	  How-‐
ever	  these	  functionalities	  are	  evaluated	  using	  a	  business	  prospective.	  The	  main	  aim	  of	  this	  delivery	  
was	  to	  understand	  and	  check	  if	  all	  the	  functions	  of	  LEADS	  are	  working	  in	  a	  distributed	  context.	  This	  
requires	   a	   huge	   effort	   in	   order	   to	   understand	   and	   test	   all	   the	   functionalities	   that	  were	   previously	  
available	  in	  a	  single	  micro-‐cloud	  context.	  The	  development	  of	  WGS	  multiple	  micro-‐clouds	  is	  of	  great	  
importance	  during	  the	  development	  and	  in	  future	  for	  professionals	  that	  want	  to	  extend	  the	  frame-‐
work.	  	  	  

2.2.1 Business	  case	  for	  basic	  data	  retrieval	  queries	  

Basic	  data	  retrieval	  queries,	  which	  shows	  the	  web	  graph	  without	  any	  additional	  information	  and	  vis-‐
ualizes	  the	  paths	  between	  the	  pages,	  can	  be	  used	  by	  the	  companies	  to	  evaluate	  a	  graph	  of	  their	  site	  
and	  compare	  with	  the	  competitors	  in	  order	  to	  see	  how	  many	  clicks	  the	  user	  would	  need	  in	  order	  to	  
get	  from	  the	  home	  page	  to	  some	  specific	  page.	  We	  assessed	  this	  feature	  during	  this	  delivery	  to	  check	  
the	  behaviour	  in	  the	  multiple	  micro-‐clouds	  context.	  	  

2.2.2 Business	  case	  for	  public	  data	  processing	  queries	  

Public	  data	   that	   are	   constantly	   served	  and	  analysed	  by	   LEADS	  platform	  will	   increase	   constantly.	   In	  
this	  context	  our	  solution	  to	  deal	  with	  the	  amount	  of	  data	  was	  to	  have	  multiple	  micro-‐clouds	  frame-‐
work	  that	  is	  able	  to	  process	  this	  amount	  of	  data	  and	  to	  perform	  analysis	  over	  a	  distributed	  system,	  as	  
it	  is	  a	  single	  micro-‐cloud.	  We	  have	  tested	  and	  shown	  how	  the	  multiple	  micro-‐clouds	  are	  working.	  	  
	  
The	   visualization	  we	   have	   implemented	   is	   very	   interesting	   considering	   cases	  where	   a	   professional	  
wants	  to	  understand	  better	  the	  underlying	  framework	  to	  extend	  the	  platform.	  This	  has	  been	  shown	  
also	   in	   [10].	  Here	  we	  assess	   that	   the	  visualization	   is	  perfectly	  coherent	  with	   the	  single	  micro-‐cloud	  
case.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1http://d3js.org/ - Library released under BSD license. 



2.3 WGS	  multiple	  micro-‐clouds	  and	  LEADS	  Query	  Engine	  interaction	  via	  RESTful	  API	  

The	  LEADS	  Query	  Engine	  exposes	  a	  number	  of	  RESTful	  API	  calls	  to	  LEADS	  users	  and	  WGS	  makes	  use	  
of	  these	  APIs	  to	  implement	  its	  services.	  In	  this	  delivery	  we	  extended	  those	  API	  to	  be	  able	  to	  work	  in	  
multiple	  micro-‐clouds	  context,	  and	  we	  assess	  that	  the	  results	  do	  not	  change	  with	  respect	  to	  a	  single	  
micro-‐cloud	  system.	  Below	  we	  provide	  the	  interfaces	  of	  the	  API	  calls	  used	  by	  WGS	  for	  serving	  basic	  
data	  retrieval	  and	  public	  data	  processing	  queries.	  We	  also	  briefly	  describe	  the	  processes	  behind	  the-‐
se	  calls	  and	  how	  WGS	  makes	  use	  of	  these	  calls.	  	  

2.3.1 Query	  Engine	  REST	  interface	  for	  basic	  data	  retrieval	  queries	  

The	  publicly	  available	  Web	  resources	  are	  stored	  into	  LEADS	  Key	  Value	  Store	  using	  the	  following	  REST-‐
ful	  call	  to	  the	  Query	  Engine.	  The	  input	  format	  is	  similar	  in	  single	  and	  multiple	  micro-‐clouds	  context.	  
	  

request url: @POST application_url/rest/object/put/ request 
json:  
{ 

"table":"cacheName", 
"key":"key_of_object", 
"object":"string representation of the object" 

} 
 
The	  query	  engine	  expects	  as	  parameters	  the	  name	  of	  the	  table	  that	  the	  object	  would	  be	  stored,	  the	  
key	  that	  should	  be	  used	  to	  store	  the	  object	  and	  the	  JSON	  representation	  of	  the	  object.	  Note	  that	  in	  
general	  metadata	  associated	  with	  Web	  resources	  are	  stored	  in	  KVS	  using	  their	  URL	  address	  as	  keys.	  
Stored	  metadata	  can	  be	  queried	  by	  the	  following	  call:	  	  

	  
request url: @POST application_url/rest/object/get/ 
 

request	  json:	  	  
{ 

"table":"cacheName", 
"key":"key_of_object", 
"attributes":["attribute_1","attribute_2"] 

} 
 
response	  json:	  	  

{ 
"attribute_1":"value_1", 
"attribute_2":"value_2" 

} 
	  
Using	  the	  above	  call,	  WGS	  can	  query	  about	  the	  basic	  properties	  and	  metadata	  collected	  by	  the	  LEADS	  
platform.	  To	  serve	  graph-‐like	  results,	  WGS	  makes	  recursive	  calls	  to	  the	  Query	  Engine	  (this	  is	  again	  
similarly	  to	  single	  micro-‐cloud	  case).	  The	  call	  takes	  three	  parameters	  i)	  the	  name	  of	  the	  table	  from	  
which	  the	  object	  should	  be	  read,	  ii)	  the	  key	  of	  the	  object,	  and	  iii)	  a	  list	  with	  the	  names	  of	  the	  attrib-‐
utes	  that	  should	  be	  returned.	  The	  response	  contains	  a	  map	  with	  the	  name	  of	  the	  attributes	  and	  their	  
values.	  
	  



2.3.2 Query	  Engine	  REST	  interface	  for	  public	  data	  processing	  queries	  	  

Upon	   receipt	  of	  a	  public	  data	  processing	  query	   from	  a	  client,	  WGS	  makes	   the	   following	  call	   to	   the	  
LEADS	  Query	  Engine:	  
	  
	  
@POST  
appl_url/rest/query/wgs/rec_call 
Request	  json:	  {“url”:”input_url”,”depth”:”3”, “user”:”username”}	  
Response	  json:	  {“queryId”:”id_of_the_query”,”output”:”output_table_name”}	  
	  
The	  above	  call	  finds	  all	  the	  URLs	  that	  have	  depth	  equal	  or	  less	  than	  the	  input	  depth	  parameter	  from	  
the	  given	  URL.	  Specifically,	  the	  query	  engine	  starts	  a	  breadth	  first	  search	  starting	  from	  the	  input	  URL	  
for	   depth	   equal	   to	   the	   depth	   parameter.	   Additionally,	   for	   each	   output	   URL,	   the	   query	   processor	  
computes	  the	  current	  PageRank	  value	  and	  the	  overall	  sentiment	  of	  that	  web	  page.	  Furthermore	  we	  
have	  also	  the	  micro-‐cloud	  that	  gives	  us	  the	  response.	  This	  is	  clearly	  due	  to	  the	  fact	  that	  we	  are	  in	  a	  
multiple	  micro-‐cloud	  scenario.	  
	  
All	  URLs	  with	  equal	  depth	  are	  stored	  as	  a	   list	  to	  the	  output	  table	  under	  the	  same	  key.	  So,	  with	  key	  	  
“0”,	  the	  input	  URL	  is	  stored,	  with	  key	  “1”	  all	  its	  outgoing	  links	  with	  their	  PageRank	  and	  overall	  senti-‐
ment	  are	  stored,	  and	  so	  forth,	  and	  fifth.	  WGS	  reads	  the	  respective	  keys	  from	  the	  output	  table	  using	  
the	  RESTful	  API,	  which	  returns	  the	  attributes	  of	  an	  object	  stored	  in	  an	  Infinispan	  cache.	  	  
	  
The	  example	  below	  depicts	  the	  set	  of	  requests	  that	  WGS	  will	  make	  to	  retrieve	  the	  results	  of	  a	  query	  
with	  depth	  equal	  to	  3:	  
	  
depth	  0:	  	  
application_url/rest/object/get/	  json{“table”:””output_cache_name”,”key”:”0”,”attributes”:”result”}	  
depth	  1:	  	  
application_url/rest/object/get/	  json{“table”:””output_cache_name”,”key”:”1”,”attributes”:”result”}	  
depth	  2:	  	  
application_url/rest/object/get/	  json{“table”:””output_cache_name”,”key”:”2”,”attributes”:”result”}	  
depth	  3:	  	  
application_url/rest/object/get/	  json{“table”:””output_cache_name”,”key”:”3”,”attributes”:”result”}	  
	  
The	  returned	  responses	  to	  these	  calls	  are	  lists	  of	  JSON	  objects	  with	  the	  following	  structure	  
	  

{ 
“url” : “the webpage url”, 
“pagerank”: “the pagerank of url” 
“sentiment”: “the sentiment of the webpage” 
“links”  : “outgoing links” 
“micro-cluster”: “micro-cluster url coming from”  

} 
	   	  



	  

	  

Figure	  5:	  LEADS	  platform	  architecture	  

3. LEADS	  platform	  high-‐level	  design	  
Figure	  5	  displays	  the	  high	  level	  design	  of	  the	  LEADS	  platform.	  This	  is	  similar	  to	  WGS	  in	  single	  micro-‐
cloud	  context.	  As	  seen	  in	  the	  figure,	  in	  LEADS	  platform,	  users	  and	  applications	  can	  submit	  queries	  to	  
the	  system	  through	  the	  Query	  Engine	  (using	  the	  open	  APIs	  or	  the	  Web-‐based	  UI).	  The	  Query	  Engine	  
parses	  the	  query	  and	  extracts	  a	  set	  of	  possible	  query	  plans.	  All	  plans	  are	  forwarded	  to	  the	  Scheduling	  
component,	  where	  the	  execution	  cost	  is	  estimated	  for	  each	  plan,	  e.g.,	  based	  on	  the	  cost	  of	  accessing	  
and	  transferring	  the	  data	  required	  by	  the	  plan,	  and	  the	  cost	  of	  executing	  the	  plan.	  The	  plans	  anno-‐
tated	  with	  the	  cost	  estimates	  and	  scheduling	  decisions	  (i.e.,	  the	  execution	  location	  of	  each	  operator)	  
are	  returned	  to	  the	  Query	  Engine,	  and	  the	  plan	  with	  the	  minimum	  cost	   is	  selected	  for	  deployment.	  	  
Deployment	  of	  the	  plan	  may	  involve	  the	  extraction	  of	  a	  set	  of	  listeners,	  and	  the	  deployment	  of	  oper-‐
ators	  to	  multiple	  system	  nodes.	  Figure	  5	  also	  displays	  the	  means	  of	  data	  collection	  available	  to	  the	  
system,	  which	   include	   crawler-‐based	  and	  user-‐aided	  mechanisms.	   The	   components	   composing	   the	  
LEADS	  are	  further	  detailed	  below.	  
	  

3.1 Distributed	  data	  collection	  

Distributed	  data	  collection	  for	  WGS	  is	  performed	  through	  two	  different	  mechanisms:	  crawler-‐based	  
data	  collection	  and	  user-‐aided	  (browser-‐based)	  data	  collection.	  	  
	  
The	  crawler-‐based	  data	  collection	  mechanism	  relies	  on	  Web	  crawlers	  to	  fetch	  content	  from	  the	  Web.	  
Each	  crawler	  discovers	  and	   fetches	  Web	  pages	   from	  the	   Internet	  by	   following	   the	   link	   structure	  of	  
the	   pages	   that	   have	   been	   fetched.	   In	   order	   to	   scale	   not	   only	   across	   but	   also	  within	  micro	   clouds,	  
LEADS	  uses	  the	  Nutch2	  web	  crawler.	  Nutch	  is	  based	  on	  Hadoop3.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2https://nutch.apache.org	  
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The	  user-‐aided	  data	  collection	  mechanism	  allows	  users	  to	  publish,	  in	  near	  real-‐time,	  the	  Web	  pages	  
that	  they	  are	  visiting	  or	  creating,	  to	  the	  storage	  system	  through	  the	  user-‐publishing	  interface.	  Users	  
can	  also	  provide	  additional	  metadata	  such	  as	  tags,	  reviews,	  etc.	  to	  pages	  that	  can	  be	   leveraged	  for	  
data	  analysis.	  The	  user-‐publishing	   interface	   is	  designed	  as	  a	  plug-‐in	  for	  popular	  Web	  browsers.	  The	  
data	   collection	   in	   the	   WGS	   prototype	   utilizes	   both	   the	   crawler-‐based	   data	   collection	   mechanism	  
hosted	  on	   the	   target	  micro-‐cloud	   and	   the	  user-‐aided	  data	   collection	  mechanism	  by	   allowing	  users	  
publish	  Web	  pages	   to	   the	   storage	   system	  hosted	  on	   the	   target	  micro-‐cloud.	   Further	  details	   of	   the	  
distributed	  data	  collection	  system	  can	  be	  found	  in	  [5,	  6].	  
	  

3.2 Distributed	  data	  storage	  

Distributed	  data	  storage	  of	  WGS	  is	  performed	  by	  a	  KVS	  with	  extended	  capabilities	  to	  be	  deployed	  in	  a	  
federation	  of	  micro-‐clouds.	  At	  the	  scale	  of	  a	  micro-‐cloud,	  the	  storage	  layer	  consists	  of	  Infinispan4,	  an	  
open	  source	  KVS.	  The	  core	  of	  Infinispan	  is	  a	  specialised	  shared	  data	  structure,	  tuned	  to	  and	  geared	  
for	  a	  great	  degree	  of	  concurrency.	  Through	  the	  data	  storage	  API,	  a	  client	  application	  can	  create	  and	  
remove	  a	  key	  space,	  and	  can	  put	  and	  get	  a	  key	  with	  an	  associated	  value	  into	  a	  particular	  key	  space.	  In	  
addition,	  the	  storage	  layer	  supports	  a	  listener	  pattern	  via	  a	  client	  registration	  mechanism	  that	  takes	  a	  
key	   space	  as	  argument.	  Once	   registered,	  a	   client	   receives	  notifications	   for	   the	  events	  occurring	  on	  
the	   registered	   keys.	   The	   storage	   layer	   implements	   failure	   detection	  mechanisms	   and	   supports	   the	  
addition	  and	  removal	  of	  nodes	  (elasticity).	  Storage	  layer	  in	  a	  micro-‐cloud	  also	  uses	  an	  internal	  mech-‐
anism	  for	  balancing	  the	  storage	  load	  between	  its	  servers.	  The	  storage	  layer	  is	  able	  to	  return	  the	  loca-‐
tion(s)	  of	  a	  data	  item,	  and	  to	  receive	  data	  placement	  requests.	  Further	  details	  of	  the	  distributed	  data	  
storage	  system	  can	  be	  found	  in	  [1,	  7].	  
	  

3.3 Query	  processing	  

The	   query-‐processing	   layer	   of	   WGS	   focuses	   on	   efficiently	   executing	   user	   queries.	   The	   main	   sub-‐
components	  are:	  (a)	  the	  query	  description	  interface,	  which	  enables	  users	  to	  define	  their	  information	  
needs	  in	  a	  flexible	  and	  straight-‐forward	  approach,	  (b)	  the	  query	  planner,	  which	  derives	  efficient	  que-‐
ry	  execution	  plans	  across	  multiple	  micro-‐clouds,	  (c)	  the	  query	  deployer,	  which	  deploys,	  coordinates,	  
and	  monitors	   the	   query	   execution	   at	   the	  micro-‐clouds,	   and,	   finally,	   (d)	   the	   node	   query	   executor,	  
which	  runs	  at	  nodes	  in	  a	  micro-‐cloud	  and	  handles	  the	  actual	  query	  execution.	  	  
	  
The	  tasks	  of	  query	  processing	  component	   include	   indexing	  of	  the	  resources	   in	  order	  to	  enable	  effi-‐
cient	  answering	  of	  user-‐defined	  queries	  (e.g.,	  all	  webpages	  containing	  the	  term	  ‘sports’),	  computing	  
statistics	   frequently	   required	   for	   query	   execution	   (e.g.,	   PageRank),	   and	   other	   tasks	   specifically	   de-‐
fined	  by	  the	  user	  to	  satisfy	  special	  requirements.	  	  
	  
The	   query-‐processing	   component	   exposes	   its	   capabilities	   via	   a	   RESTful	   API	   that	   enables	   executing	  
simple	  SQL-‐like	  queries.	  The	  platform	  also	  includes	  a	  novel	  streaming	  PageRank	  algorithm	  developed	  
specifically	   for	   the	   LEADS	   infrastructure,	   which	   enables	   continuous	  maintenance	   of	   the	   PageRank	  
scores	   of	   all	   crawled	  webpages.	   The	   algorithm	   is	   fully	   integrated	  with	   the	   KVS,	   receiving	   and	   pro-‐
cessing	  all	   crawler	  updates	  as	  a	  distributed	   stream.	  Further	  details	  of	   the	  query	  processing	   system	  
can	  be	  found	  in	  [3,	  8].	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3http://hadoop.apache.org	  
4http://infinispan.org 



3.4 Scheduling	  &	  data	  placement	  

The	  scheduling	  layer	  of	  WGS	  is	  transparent	  to	  users.	  It	  schedules	  the	  virtual	  machines	  running	  crawl-‐
er	   and	  data	   processing	   tasks	  with	   the	  objective	   of	  minimizing	   the	   costs	   of	   storing,	   transferring,	   as	  
well	   as	   processing	   data	   items.	   It	   utilizes	   a	   RESTful	   API	   for	   the	   interaction	   of	   the	   individual	   LEADS	  
components	  with	  the	  scheduler.	  In	  order	  to	  cope	  with	  workload	  fluctuation,	  it	  provides	  vertical	  scal-‐
ing	  mechanisms	  that	  allow	  dynamic	  allocation	  of	  resources	  to	  virtual	  machines	  on	  demand	  without	  
imposing	  reconfiguration	  overhead	  at	  the	  application	  level.	  Further	  details	  of	  the	  scheduling	  and	  da-‐
ta	  placement	  system	  can	  be	  found	  in	  [2,	  9].	  
	  

4. Summary	  
This	  document	  presents	  the	  Web	  graph	  service	  of	  LEADS,	  which	  provides	  graphical	  access	  to	  public	  
data	  collected	  from	  the	  Web	  by	  the	  LEADS	  platform.	  It	  also	  demonstrates	  the	  high-‐level	  design	  of	  the	  
key	  components	  that	  support	  WGS	  service.	  WGS	  tests	  the	  capabilities	  of	  the	  LEADS	  infrastructure	  on	  
“multiple”	  micro-‐clouds.	  
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