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0.	
  Introduction	
  –	
  Story	
  
	
  
Jean	
  wants	
  to	
  learn	
  a	
  particular	
  concept,	
  he	
  searches	
  the	
  concept	
  on	
  Google.	
  Now	
  the	
  search	
  
engine	
   presents	
   hundreds	
   of	
   web	
   pages	
   –	
   related	
   lecture	
   slides,	
   forums,	
   the	
   Wikipedia	
  
article,	
   and	
   so	
  on.	
  After	
   a	
   glance,	
  he	
  decides	
   to	
  open	
   the	
  Wikipedia	
  page.	
  However,	
  what	
  
Wikipedia	
   gives	
   him	
   is	
   a	
   formal	
   article,	
   with	
   numerous	
   professional	
   terms,	
   jargons	
   and	
  
complicated	
  results,	
  which	
  is	
  far	
  beyond	
  his	
  understanding	
  level	
  of	
  it.	
  So	
  he	
  turns	
  back	
  to	
  the	
  
search	
   results,	
   there	
   are	
   forums	
  where	
   a	
   lot	
   of	
   people	
   discuss	
   similar	
   topics,	
   but	
   a	
   lot	
   of	
  
them	
  have	
  conflict	
  and	
  there	
  is	
  no	
  guarantee	
  for	
  the	
  correctness	
  of	
  information.	
  Now	
  Jean	
  is	
  
tired	
  of	
  doing	
  search,	
  because	
  it	
   is	
  hard	
  for	
  him	
  to	
  get	
  the	
  trustworthy	
   information	
  on	
  his	
  
level.	
  The	
  similar	
  situation	
  occurs	
  not	
  only	
  on	
  him,	
  but	
  also	
  on	
  other	
  people.	
  For	
  a	
  kid,	
  it	
  is	
  
especially	
  hard	
  to	
  harness	
  the	
   information	
  on	
  the	
  web,	
  because	
   little	
  amount	
  of	
  pages	
  are	
  
created	
   for	
   educating	
   kids;	
   for	
   a	
   professional,	
   there	
   are	
   too	
  many	
  useless	
  discussions	
   and	
  
articles,	
   some	
  of	
   them	
  are	
  wrong,	
  others	
  are	
  meaningless	
   for	
  him	
  to	
  review.	
  On	
  the	
  other	
  
hand,	
  when	
  the	
  professional	
  wants	
  to	
  study	
  other	
  topics,	
  he	
  encounters	
  the	
  same	
  situation	
  
as	
  a	
  kid.	
  
	
  
1.	
  Introduction	
  
	
  
Information	
   now	
   has	
   gaps.	
   Although	
   the	
   billions	
   of	
   pages	
   on	
   the	
  World	
  Wide	
  Web	
   have	
  
covered	
   almost	
   all	
   aspects	
   of	
   human	
   life	
   and	
   knowledge,	
   the	
   integration	
   of	
   all	
   these	
  
information	
  into	
  knowledge	
  is	
  still	
  a	
  problem,	
  and	
  there	
  are	
  still	
  dimensions	
  of	
  information	
  
hiding	
  in	
  human	
  brains.	
  There	
  are	
  two	
  most	
  important	
  aspects	
  of	
  this	
  problem,	
  (1)	
  The	
  lack	
  
of	
  information	
  at	
  different	
  levels	
  and	
  types	
  integrated	
  together	
  (2)	
  Credibility	
  of	
  information	
  
is	
  always	
  doubtable.	
  Even	
  though	
  enormous	
  data	
  models	
  have	
  been	
  designed	
  and	
  ontologies	
  
have	
   been	
   applied	
   to	
   different	
   knowledge	
   content,	
   the	
   process	
   of	
   obtaining	
   information,	
  
representing	
   information,	
   and	
  processing	
   information	
   into	
   knowledge	
  at	
  different	
   levels	
   is	
  
still	
  not	
  as	
  good	
  as	
  it	
  is	
  expected.	
  
	
  
On	
   the	
   other	
   hand,	
   the	
   acquisition	
   of	
   knowledge	
   is	
   an	
   accumulative	
   process.	
  When	
   Jean	
  
wants	
   to	
   learn	
  a	
  particular	
  piece	
  of	
  knowledge,	
  he	
   first	
  needs	
   to	
  gain	
  all	
   types	
  of	
   intuitive	
  
observations,	
  from	
  the	
  most	
  basic	
  level.	
  For	
  example,	
  when	
  he	
  wants	
  to	
  know	
  what	
  a	
  table	
  is,	
  
he	
  should	
  first	
  know	
  something	
  like	
  “a	
  table	
   is	
  made	
  of	
  wood”,	
  “a	
  table	
   is	
  usually	
  used	
  for	
  
dinner”,	
   and	
   look	
   at	
   some	
   pictures	
   about	
   a	
   table,	
   etc.	
   This	
   type	
   of	
   knowledge	
   can	
   be	
  
concluded	
   as	
   commonsense	
   knowledge.	
   After	
   that,	
   he	
   has	
   the	
   basics	
   for	
   more	
   complex	
  
information.	
  Then	
  maybe	
  he	
  opens	
  Wikipedia,	
  and	
  looks	
  at	
  some	
  more	
  formal	
  content,	
  such	
  
as	
   the	
   history,	
   the	
   types	
   (bedside,	
   refectory,	
   drawing),	
   and	
   so	
   on.	
   Then	
   if	
   he	
   is	
   more	
  
interested	
  in	
  one	
  particular	
  type,	
  he	
  can	
  find	
  more	
  information	
  about	
  the	
  material,	
  price,	
  or	
  
if	
  he	
  likes	
  design,	
  he	
  can	
  get	
  other	
  articles	
  about	
  the	
  different	
  designs	
  of	
  table.	
  But	
  there	
  are	
  
three	
   key	
   things	
   in	
   this	
   process:	
   first,	
   Jean	
   learns	
  what	
   he	
  wants	
   from	
   the	
   very	
   easy	
   and	
  



intuitive	
  to	
  the	
  very	
  professional;	
  second,	
  the	
  size	
  of	
  information	
  is	
  expanding	
  exponentially	
  
from	
  very	
  general	
  to	
  very	
  specific;	
  lastly,	
  the	
  process	
  of	
  acquiring	
  some	
  knowledge	
  depends	
  
on	
  understanding	
  other	
  knowledge.	
  
	
  

	
  
Figure	
  1	
  Knowledge	
  Acquisition	
  Process	
  

	
  

	
  
Figure	
  2	
  Different	
  Perspectives	
  of	
  Knowledge	
  Layers	
  

	
  
The	
  great	
  diversity	
  of	
   the	
   information	
  determines	
  no	
  single	
  ontology	
  could	
  be	
  universal	
   to	
  
represent	
  all	
  knowledge,	
  and	
  no	
  single	
  computational	
  tools	
  can	
  be	
  used	
  to	
  process	
  all	
  kinds	
  
of	
  information,	
  but	
  a	
  combination	
  of	
  all	
  resources	
  of	
  all	
  layers	
  is	
  the	
  best	
  way	
  to	
  utilize	
  the	
  
current	
  informational	
  resource.	
  
	
  
This	
  paper	
  proposes	
  Seamless	
  Knowledge	
  Management,	
  with	
  an	
  architecture	
  for	
  information	
  
organization,	
  and	
  a	
  process	
  to	
  perform	
  computation	
  on	
  different	
  types	
  of	
  information.	
  



	
  
In	
  a	
  broader	
  sense,	
  there	
  are	
  several	
  dimensions	
  to	
  classify	
  the	
  content	
  of	
  knowledge.	
  

1. Source	
  of	
  knowledge	
   	
   	
   	
   	
   Data	
  Source	
  
2. Type	
  of	
  knowledge	
   	
   	
   	
   	
   Ontology	
  
3. Delivery	
  of	
  knowledge	
  	
   	
   	
   	
   Data	
  Format	
  
4. Processing	
  of	
  knowledge	
   	
   	
   	
   Processing	
  Runtimes	
  
5. New	
  knowledge	
   	
   	
   	
   	
   	
   Applications/Outcomes	
  

	
  
	
  

	
  
Figure	
  3	
  Seamless	
  Knowledge	
  Management	
  -­‐-­‐	
  Architecture	
  

	
  
2.	
  Source	
  of	
  Knowledge	
  
	
  
Source	
  of	
  knowledge	
  is	
  crucial	
  to	
  its	
  credibility	
  and	
  usability.	
  However,	
  both	
  of	
  these	
  are	
  very	
  
difficult	
  to	
  control:	
  anyone	
  can	
  publish	
  any	
  kind	
  of	
  information	
  on	
  the	
  Web,	
  and	
  there	
  could	
  
be	
  no	
  absolute	
  standard	
  for	
  the	
  format.	
  
	
  
2.1	
  Low-­‐level	
  Information	
  Collection	
  
	
  
2.1.1	
  Machinery	
  Sensing	
  
	
   Sensors,	
  cameras,	
  scientific	
  instruments,	
  and	
  computers	
  generate	
  huge	
  amount	
  of	
  data	
  
every	
  second,	
  this	
  type	
  of	
  data	
  is	
  “Raw	
  data”,	
  needs	
  further	
  processing.	
  
	
  
2.1.2	
  Handcrafting	
  



	
   Knowledge	
  Base	
   like	
  Cyc	
  employs	
  knowledge	
  engineers	
   to	
  handcraft	
  knowledge	
   into	
  a	
  
formal	
   logical	
   structure,	
   and	
  many	
  other	
  expert	
   systems	
  use	
   this	
  method	
   to	
   construct	
   the	
  
knowledge	
  base	
  for	
  further	
  reasoning.	
  
	
  
2.1.3	
  Plain	
  Information	
  
	
  
Plain	
   information	
   is	
   the	
   current	
   information	
   organization	
   on	
   the	
  Web,	
  with	
   various	
   blogs,	
  
discussion	
  forums,	
  etc.	
  The	
  content	
  is	
  hard	
  to	
  collect	
  and	
  process.	
  
	
  
2.1.4	
  Citizen	
  Science	
  
	
  
The	
  other	
  way	
   is	
   to	
  collect	
   information	
   from	
  ordinary	
  people.	
  ConceptNet’s	
  commonsense	
  
data	
   is	
   collected	
   from	
   public,	
   there	
   are	
   also	
   other	
   projects,	
   such	
   as	
   the	
   Geotag	
   Libya,	
   a	
  
post-­‐conflict	
  damage	
  assessment	
  platform.	
  Citizen	
  Science	
  creates	
  data	
  to	
  specific	
  domains	
  
but	
   with	
   high	
   quality	
   from	
   dedicated	
   contributors.	
   In	
   a	
   broader	
   sense,	
   Wikipedia	
   is	
   also	
  
included.	
  
	
  
2.2	
  Middle-­‐level	
  Information	
  Collection	
  –	
  Semantic	
  Webs	
  (Structured	
  Information)	
  
	
  
DBpedia	
  
Wikidata	
  
Wolfram|Alpha	
  
	
  
2.3	
  High-­‐level	
  Information	
  Collection	
  
2.3.1	
  Education/Learning	
  Activities	
  
2.3.2	
  Professional	
  Work	
  
2.3.3.	
  Academics	
  
	
  
3.	
  Combining	
  Ontologies	
  
There	
  are	
  no	
  strict	
  classifications	
  of	
  knowledge,	
  but	
  according	
  to	
  the	
  extent	
  of	
  specialization,	
  
two	
  types	
  of	
  knowledge	
  can	
  be	
  distinguished,	
  and	
  cover	
  known	
  existing	
  knowledge.	
  
	
  

1. General	
  Knowledge	
  
The	
  scope	
  of	
  general	
  knowledge	
  is	
  broad,	
  an	
  initial	
  classification	
  is:	
   	
  

• Commonsense	
  knowledge	
  
ConceptNet	
  

• General	
  professional/academic	
  knowledge	
  
Wikipedia,	
  Cousera,	
  Ted	
  Ed	
  

• Experience	
  knowledge	
  
Toyhouse	
  blogs,	
  stackoverflow	
  

	
  
2. Domain-­‐specific	
  Knowledge	
  

Domain-­‐specific	
  knowledge	
  contains	
  various	
  types	
  of	
  information.	
  The	
  specific	
  expert	
  
systems,	
   professional	
   design	
   works,	
   source	
   code,	
   etc.	
   All	
   these	
   information	
   is	
   not	
  
easy	
   to	
   be	
   automatically	
   retrieved	
  because	
   they	
   go	
   across	
   too	
  many	
   types	
   of	
   data	
  
format,	
  and	
  a	
  lot	
  of	
  them	
  are	
  even	
  not	
  open.	
  



	
  
4.	
  Delivery	
  of	
  Knowledge	
  
	
  
5.	
  Processing	
  Runtimes	
  
	
  
6.	
  Knowledge	
  Management	
  System	
  
	
  
A	
  knowledge	
  management	
  system	
  includes	
  all	
  five	
  layers.	
  The	
  data	
  flows	
  between	
  each	
  layer	
  
in	
  different	
  formats.	
  Clear	
  workflow	
  should	
  be	
  defined.	
  
	
  
At	
  the	
  bottom	
  layer,	
  there	
  is	
  vast	
  data	
  but	
  hard	
  to	
  process,	
  to	
  the	
  top,	
  knowledge	
  should	
  be	
  
highly	
  structured	
  and	
  easy	
  to	
  process	
  for	
  different	
  usages.	
  
	
  
7.	
  An	
  Application	
  –	
  KnowledgeNet	
  
The	
   apps	
   is	
   purely	
   using	
   Javascript,	
   which	
   collects	
   information	
   from	
   ConceptNet	
  
(Commonsense	
   knowledge	
   base),	
   DBpedia	
   (Wikipedia	
   data),	
   and	
   Wolfram|Alpha	
  
(Computational	
  knowledge	
  engine).	
  
	
  
It	
  accepts	
  any	
  input	
  keywords,	
  and	
  searches	
  across	
  three	
  databases	
  represent	
  three	
  types	
  of	
  
data	
  sources:	
  commonsense	
  knowledge,	
  general	
  knowledge,	
  and	
  computational	
  knowledge.	
  
	
  
For	
  example,	
  the	
  following	
  graph	
  shows	
  the	
  result	
  from	
  keyword	
  sequence	
  “Wave	
  à	
  Wave	
  
Mechanics	
  à	
  Oscillator	
  à	
  Control	
  Theory”.	
  
	
  

	
  

	
  



And	
  there	
  are	
  short	
  descriptions	
  and	
  links	
  to	
  Wikipedia	
  for	
  each	
  of	
  the	
  search.	
  
	
  

	
  
	
  
When	
  querying	
  wolfram|Alpha,	
  it	
  gives	
  more	
  mathematical-­‐based	
  information	
  about	
  related	
  
topics:	
  
	
  

	
  
	
  
When	
  more	
  data	
  comes,	
  there	
  will	
  be	
  more	
  accurate	
  and	
  related	
  results	
  of	
  different	
  types	
  



and	
  different	
   levels.	
  Then	
  the	
   information	
  acquisition	
  can	
  be	
  more	
  seamless,	
  which	
  makes	
  
everyone	
  easier	
  to	
  retrieve.	
  
	
  
There	
  are	
  several	
  things	
  to	
  do:	
  
1.	
  Combine	
  more	
  databases	
  to	
  make	
  information	
  complete	
  
2.	
  Build	
  more	
  connections	
  between	
  different	
  sources	
  of	
  data	
  
4.	
  Combine	
  more	
  processing	
  runtimes	
  (NLP,	
  Learning	
  Algorithms,	
  etc.)	
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