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In	
  this	
  lecture	
  

•  What	
  is	
  data	
  mining?	
  
•  What	
  is	
  it	
  useful	
  for?	
  	
  
•  How	
  does	
  it	
  work?	
  
•  Does	
  it	
  always	
  work?	
  
•  The	
  Context:	
  What	
  is	
  in	
  it	
  for	
  us?	
  
•  What	
  will	
  we	
  see/learn/do	
  this	
  semester?	
  

2	
  11/23/13	
   dads	
  2009|2010	
  spring	
  



What	
  is	
  data	
  mining?	
  

What	
  is	
  data?	
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What	
  is	
  data	
  mining?	
  

What	
  is	
  data?	
  
Dic;onary.com	
  defini;on	
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  is	
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What	
  is	
  data	
  mining?	
  

What	
  is	
  data?	
  
– ObjecLve	
  facts	
  about	
  the	
  perceived	
  or	
  sensed	
  
– Measurements	
  
– Physical	
  instanLaLon/embodiment	
  of	
  informa@on	
  
	
  

Where	
  do	
  data/informa;on	
  arise	
  from? 	
   	
  
	
  >>	
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What	
  is	
  data	
  mining?	
  

Sources	
  of	
  informa;on	
  
– Humans	
  

•  Our	
  senses	
  
•  Our	
  likes/dislikes,	
  favorite	
  books,	
  movies,	
  music,	
  …	
  
•  Our	
  idenLty,	
  poliLcal	
  views,	
  web	
  browsing	
  sessions,	
  …	
  
•  Our	
  genome,	
  medical	
  records,	
  …	
  

– Earth	
  and	
  Universe	
  
•  Stars	
  and	
  planets,	
  celesLal	
  moLons,	
  …	
  	
  
•  Climate,	
  geography,	
  oceans,	
  …	
  

– OrganizaLons/Companies	
  
•  Expenses	
  and	
  revenues,	
  stock	
  rates,	
  …	
  	
  

– …	
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An	
  evangelical	
  no;ce	
  	
  
about	
  the	
  things	
  to	
  come…	
  

In	
  this	
  course,	
  we	
  will	
  consider	
  	
  
The	
  City	
  itself	
  and	
  our	
  interac;ons	
  with	
  The	
  
City	
  	
  

as	
  our	
  source	
  of	
  informaLon	
  (data)	
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What	
  is	
  data	
  mining?	
  

“InformaLon	
  is	
  not	
  knowledge.”	
  	
  
–	
  Albert	
  Einstein	
  
	
  
“We	
  are	
  drowning	
  in	
  informaLon	
  and	
  starving	
  for	
  knowledge.”	
  	
  
–	
  Rutherford	
  D.	
  Roger	
  
	
  

What	
  might	
  these	
  people	
  have	
  meant?	
  
	
  

9	
  11/23/13	
   dads	
  2009|2010	
  spring	
  



What	
  is	
  data	
  mining?	
  

“InformaLon	
  is	
  not	
  knowledge.”	
  	
  
–	
  Albert	
  Einstein	
  
	
  
“We	
  are	
  drowning	
  in	
  informaLon	
  and	
  starving	
  for	
  knowledge.”	
  	
  
–	
  Rutherford	
  D.	
  Roger	
  
	
  

What	
  might	
  these	
  people	
  have	
  meant?	
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Informa;on	
  is	
  the	
  preimage	
  (or	
  raw	
  form)	
  of	
  knowledge	
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What	
  is	
  data	
  mining?	
  

What	
  is	
  knowledge?	
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What	
  is	
  data	
  mining?	
  

What	
  is	
  knowledge?	
  
Knowledge	
  in	
  general	
  is	
  the	
  subject	
  ma`er	
  of	
  
epistemology:	
  
– Plato:	
  Knowledge	
  is	
  jus;fied	
  true	
  belief	
  (JTB)	
  

•  Is	
  it	
  sufficient?	
  
•  Geber	
  (1963):	
  There	
  are	
  cases	
  where	
  JTB	
  is	
  not	
  sufficient	
  

– Aristotle	
  considers	
  knowledge	
  from	
  the	
  causality	
  
perspecLve:	
  we	
  have	
  knowledge	
  when	
  we	
  know	
  
the	
  cause	
  on	
  which	
  a	
  certain	
  fact	
  (data)	
  depends	
  
•  How	
  do	
  we	
  diagnose	
  causality?	
  

– …	
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What	
  is	
  data	
  mining?	
  

ExtracLng	
  important	
  pa`erns	
  and	
  trends	
  from	
  
data	
  arising	
  in	
  a	
  specific	
  domain	
  in	
  order	
  to:	
  
– Predict	
  the	
  future	
  outcomes	
  of	
  a	
  “system”	
  from	
  
past	
  observaLons	
  (data)	
  

– Explain	
  the	
  underlying	
  rules	
  and	
  dynamics	
  that	
  
generate	
  the	
  data	
  	
  

– Understand	
  “what	
  the	
  data	
  says”	
  about	
  a	
  
parLcular	
  quesLon	
  (hypothesis)	
  of	
  interest	
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What	
  is	
  data	
  mining?	
  

ExtracLng	
  important	
  pa`erns	
  and	
  trends	
  from	
  
data	
  arising	
  in	
  a	
  specific	
  domain	
  in	
  order	
  to:	
  
– Predict	
  the	
  future	
  outcomes	
  of	
  a	
  “system”	
  from	
  
past	
  observaLons	
  (data)	
  

– Explain	
  the	
  underlying	
  rules	
  and	
  dynamics	
  that	
  
generate	
  the	
  data	
  	
  

– Understand	
  “what	
  the	
  data	
  says”	
  about	
  a	
  
parLcular	
  quesLon	
  (hypothesis)	
  of	
  interest	
  

14	
  

If	
  we	
  are	
  able	
  to	
  (par@ally)	
  perform	
  one	
  or	
  more	
  of	
  these	
  tasks,	
  	
  
we’re	
  said	
  to	
  possess	
  (par;al)	
  opera;onal	
  knowledge	
  	
  
on	
  that	
  par@cular	
  domain	
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What	
  is	
  data	
  mining?	
  

15	
  

Mining	
  
Pipeline	
  

Data	
   Knowledge	
  
PredicLon	
  
ExplanaLon	
  

Understanding	
  

?	
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What	
  is	
  data	
  mining?	
  

Predic;on	
  
– Predict	
  the	
  amount	
  of	
  rain	
  that	
  will	
  fall	
  in	
  Istanbul	
  
during	
  March	
  2010	
  
	
  Data:	
  monthly	
  records	
  over	
  the	
  past	
  ten	
  years	
  

– Predict	
  whether	
  an	
  elderly	
  paLent	
  will	
  develop	
  
Alzheimer’s	
  within	
  the	
  years	
  to	
  come	
  
	
  Data:	
  medical	
  records	
  (tests,	
  MR	
  scans,	
  …)	
  and	
  similar	
  
about	
  other	
  Alzheimer’s	
  paLents	
  

– Predict	
  the	
  price	
  of	
  a	
  stock	
  in	
  six	
  months	
  
	
  Data:	
  company	
  performance	
  and	
  economic	
  data	
  

– …	
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What	
  is	
  data	
  mining?	
  

Explana;on/Understanding	
  

>>	
  

17	
  

Tumor	
  samples	
  

Genes	
  

Gene	
  expression	
  profile	
  dataset	
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What	
  is	
  data	
  mining?	
  

Explana;on/Understanding	
  
Given	
  a	
  gene	
  expression	
  dataset:	
  
– Which	
  samples	
  are	
  most	
  similar	
  to	
  each	
  other,	
  in	
  
terms	
  of	
  their	
  expression	
  profiles	
  across	
  genes?	
  

– Which	
  genes	
  are	
  most	
  similar	
  to	
  each	
  other,	
  in	
  
terms	
  of	
  their	
  expression	
  profiles	
  across	
  samples?	
  

– Do	
  certain	
  genes	
  show	
  very	
  high	
  (or	
  low)	
  
expression	
  for	
  certain	
  cancer	
  samples?	
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Applica;ons:	
  Classical	
  

•  MarkeLng	
  (e.g.,	
  sales	
  analysis)	
  	
  
•  Banking	
  (e.g.,	
  credit	
  and	
  loan	
  approval)	
  
•  Medicine	
  /	
  Biology	
  /	
  Pharmacology	
  
•  Manufacturing	
  (e.g.,	
  yield	
  analysis)	
  	
  
•  Finance	
  (e.g.,	
  stock	
  predicLon)	
  	
  	
  
•  E-­‐Commerce	
  /	
  Web	
  (e.g.,	
  hits	
  analysis)	
  

>>	
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Applica;ons:	
  Less	
  classical	
  

•  MulLmedia	
  search	
  engines	
  
– Content	
  search	
  by	
  audiovisual	
  similarity	
  

•  MulLmedia	
  content	
  management	
  
– AutomaLc	
  content	
  categorizaLon	
  and	
  annotaLon	
  
– Audiovisual	
  concept	
  detecLon	
  

•  Image-­‐based	
  medical	
  diagnosis	
  
– Visual	
  biomarker	
  discovery	
  from	
  medical	
  images	
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How	
  does	
  data	
  mining	
  work?	
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How	
  does	
  data	
  mining	
  work?	
  

If	
  data	
  are	
  the	
  fuel	
  of	
  data	
  mining,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Machine	
  Learning	
  is	
  its	
  engine.	
  
– Not	
  quite	
  like	
  human	
  learning:	
  	
  
	
  Computers	
  have	
  no	
  awareness!	
  
– Though	
  not	
  quite	
  like	
  a	
  calculator	
  neither	
  

Machine	
  learning	
  involves	
  
– SpecificaLon	
  of	
  a	
  sta@s@cal	
  model	
  
	
  (generaLve,	
  discriminaLve,	
  or	
  both)	
  
– Training	
  the	
  model	
  with	
  available	
  data	
  
– Tes@ng	
  the	
  model	
  with	
  new	
  (unseen)	
  data	
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How	
  does	
  data	
  mining	
  work?	
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Models	
  

Training	
  

Tes;ng	
  
	
  

Data	
  

Available	
  N/A	
  

Training	
  
data	
  

Model(s)	
  
to	
  be	
  specified	
  

Test	
  	
  
data	
  

Specified	
  	
  
model(s)	
  

Knowledge	
  

Update	
  
Discard	
  

Combine/Fuse	
  



Does	
  it	
  always	
  work?	
  

Data	
  mining	
  doesn’t	
  work	
  when/if	
  
•  You	
  don’t	
  have	
  (sufficient)	
  data	
  
•  You	
  ask	
  the	
  wrong	
  quesLon	
  
•  You	
  just	
  focus	
  on	
  training	
  
•  You	
  rely	
  on	
  just	
  one	
  technique	
  
•  You	
  mix	
  apples	
  with	
  bananas	
  
•  You	
  don’t	
  use	
  your	
  intuiLon	
  
•  You	
  use	
  your	
  intuiLon	
  
•  You	
  try	
  to	
  answer	
  every	
  quesLon	
  
•  …	
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The	
  Context	
  

Some	
  example	
  uses	
  of	
  data	
  mining	
  in	
  
architecture	
  and	
  urban	
  research:	
  
•  Archetypal	
  office	
  building	
  layouts	
  (Hannah,	
  2007)	
  
•  Urban	
  block	
  morphology	
  in	
  terms	
  of	
  shape	
  and	
  density	
  
(Laskari,	
  2007)	
  
•  Arabic	
  house	
  typologies	
  (Reffat,	
  2008)	
  
•  SpaLo-­‐temporal	
  urban	
  growth	
  pa`erns	
  and	
  trends	
  for	
  
modeling	
  and	
  predicLon	
  of	
  urban	
  growth	
  (Liu	
  and	
  Seto,	
  
2008)	
  
•  Urban	
  typologies	
  focusing	
  on	
  the	
  aspects	
  of	
  
morphology	
  and	
  density	
  for	
  blocks,	
  mobility	
  for	
  streets	
  
(Gil	
  et	
  al.,	
  2009).	
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This	
  semester	
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Assignments	
  for	
  next	
  week	
  

Read	
  
– h`p://en.wikipedia.org/wiki/Data_mining	
  
– Fayyad	
  (2001),	
  The	
  Digital	
  Physics	
  of	
  Data	
  Mining.	
  

Think	
  of	
  and	
  write	
  
A	
  data	
  mining	
  applicaLon	
  in	
  your	
  field	
  of	
  experLse:	
  
architecture,	
  urban	
  planning,	
  industrial	
  design,	
  …	
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