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Introduc)on	
  

!  You	
  
!   Machine	
  learning	
  experience?	
  

!   Business	
  Intelligence?	
  
!   Natural	
  Lang.	
  Processing?	
  
!   Apache	
  Hadoop?	
  

!  Me	
  

!   Co-­‐founder	
  Apache	
  Mahout	
  

!   Apache	
  Lucene/Solr	
  commiDer	
  

!   Co-­‐founder	
  Lucid	
  Imagina,on	
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Topics	
  

!  What	
  is	
  Machine	
  Learning?	
  

!  ML	
  Use	
  Cases	
  

!  What	
  is	
  Mahout?	
  

!  What	
  can	
  I	
  do	
  with	
  it	
  right	
  now?	
  

!  Where’s	
  Mahout	
  headed?	
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Amazon.com	
  

What	
  is	
  Machine	
  Learning?	
  

Google	
  News	
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Really	
  it’s…	
  

!  “Machine	
  Learning	
  is	
  programming	
  computers	
  to	
  op)mize	
  a	
  
performance	
  criterion	
  using	
  example	
  data	
  or	
  past	
  experience”	
  

!   Intro.	
  To	
  Machine	
  Learning	
  by	
  E.	
  Alpaydin	
  

!  Subset	
  of	
  Ar)ficial	
  Intelligence	
  
!  Lots	
  of	
  related	
  fields:	
  

!   Informa,on	
  Retrieval	
  

!   Stats	
  
!   Biology	
  
!   Linear	
  algebra	
  
!   Many	
  more	
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Common	
  Use	
  Cases	
  

!  Recommend	
  friends/dates/products	
  

!  Classify	
  content	
  into	
  predefined	
  groups	
  
!  Find	
  similar	
  content	
  based	
  on	
  object	
  proper)es	
  

!  Find	
  associa)ons/paTerns	
  in	
  ac)ons/behaviors	
  
!  Iden)fy	
  key	
  topics	
  in	
  large	
  collec)ons	
  of	
  text	
  
!  Detect	
  anomalies	
  in	
  machine	
  output	
  

!  Ranking	
  search	
  results	
  
!  Others?	
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Useful	
  Terminology	
  

!  Vectors/Matrices	
  

!   Weights	
  

!   Sparse	
  
!   Dense	
  
!   Norms	
  

!  Features	
  
!   Feature	
  reduc,on	
  

!  Occurrences	
  and	
  Cooccurrences	
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GeZng	
  Started	
  with	
  ML	
  

!  Get	
  your	
  data	
  
!  Decide	
  on	
  your	
  features	
  per	
  your	
  algorithm	
  

!  Prep	
  the	
  data	
  
!   Different	
  approaches	
  for	
  different	
  algorithms	
  

!  Run	
  your	
  algorithm(s)	
  

!   Lather,	
  rinse,	
  repeat	
  

!  Validate	
  your	
  results	
  
!   Smell	
  test,	
  A/B	
  tes,ng,	
  more	
  formal	
  methods	
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Apache	
  Mahout	
  

!  An	
  Apache	
  So^ware	
  Founda)on	
  project	
  to	
  
create	
  scalable	
  machine	
  learning	
  libraries	
  under	
  
the	
  Apache	
  So^ware	
  License	
  

!  Why	
  Mahout?	
  

!   Many	
  Open	
  Source	
  ML	
  libraries	
  either:	
  

•  Lack	
  Community	
  

•  Lack	
  Documenta,on	
  and	
  Examples	
  

•  Lack	
  Scalability	
  
•  Lack	
  the	
  Apache	
  License	
  ;-­‐)	
  
•  Or	
  are	
  research-­‐oriented	
  

hDp://dic,onary.reference.com/browse/mahout	
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Focus:	
  Machine	
  Learning	
  

Math	
  
Vectors/Matrices/
SVD	
  

Recommenders	
  Clustering	
  Classifica,on	
  
Freq.	
  
PaDern	
  
Mining	
  

Gene,c	
  

U,li,es	
  
Lucene/Vectorizer	
  

Collec,ons	
  
(primi,ves)	
  

Apache	
  
Hadoop	
  

Applica,ons	
  

Examples	
  

See	
  hDp://cwiki.apache.org/confluence/display/MAHOUT/Algorithms	
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Focus:	
  Scalable	
  

!  Goal:	
  Be	
  as	
  fast	
  and	
  efficient	
  as	
  the	
  possible	
  given	
  the	
  
intrinsic	
  design	
  of	
  the	
  algorithm	
  

!   Some	
  algorithms	
  won’t	
  scale	
  to	
  massive	
  machine	
  clusters	
  

!   Others	
  fit	
  logically	
  on	
  a	
  Map	
  Reduce	
  framework	
  like	
  Apache	
  
Hadoop	
  

!   S,ll	
  others	
  will	
  need	
  other	
  distributed	
  programming	
  models	
  

!   Be	
  pragma,c	
  

!  Most	
  Mahout	
  implementa)ons	
  are	
  Map	
  Reduce	
  enabled	
  

!  Work	
  in	
  Progress	
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Prepare	
  Data	
  from	
  Raw	
  content	
  

!  Data	
  Sources:	
  
!   Lucene	
  integra,on	
  

•  bin/mahout	
  lucenevector	
  …	
  

!   Document	
  Vectorizer	
  

•  bin/mahout	
  seqdirectory	
  …	
  

•  bin/mahout	
  seq2sparse	
  …	
  

!   Programma,cally	
  

•  See	
  the	
  U,ls	
  module	
  in	
  Mahout	
  

!   Database	
  
!   File	
  system	
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Recommenda)ons	
  

!  Extensive	
  framework	
  for	
  collabora)ve	
  filtering	
  

!  Recommenders	
  

!   User	
  based	
  
!   Item	
  based	
  

!  Online	
  and	
  Offline	
  support	
  

!   Offline	
  can	
  u,lize	
  Hadoop	
  

!  Many	
  different	
  Similarity	
  measures	
  

!   Cosine,	
  LLR,	
  Tanimoto,	
  Pearson,	
  others	
  



Clustering	
  

!  Document	
  level	
  

!   Group	
  documents	
  based	
  
on	
  a	
  no,on	
  of	
  similarity	
  

!   K-­‐Means,	
  Fuzzy	
  K-­‐Means,	
  
Dirichlet,	
  Canopy,	
  Mean-­‐
Shic	
  

!   Distance	
  Measures	
  

• ManhaDan,	
  Euclidean,	
  
other	
  

!  Topic	
  Modeling	
  	
  

!   Cluster	
  words	
  across	
  
documents	
  to	
  iden,fy	
  
topics	
  

!   Latent	
  Dirichlet	
  
Alloca,on	
  



Categoriza)on	
  

!  Place	
  new	
  items	
  into	
  
predefined	
  categories:	
  

!   Sports,	
  poli,cs,	
  
entertainment	
  

!  Mahout	
  has	
  several	
  
implementa)ons	
  

!   Naïve	
  Bayes	
  
!   Complementary	
  Naïve	
  

Bayes	
  

!   Decision	
  Forests	
  



Freq.	
  PaTern	
  Mining	
  

!  Iden)fy	
  frequently	
  co-­‐
occurrent	
  items	
  

!  Useful	
  for:	
  
!   Query	
  Recommenda,ons	
  

•  Apple	
  -­‐>	
  iPhone,	
  orange,	
  OS	
  
X	
  

!   Related	
  product	
  
placement	
  

•  “Beer	
  and	
  Diapers”	
  

hDp://www.amazon.com	
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Evolu)onary	
  

!  Map-­‐Reduce	
  ready	
  fitness	
  func)ons	
  for	
  gene)c	
  
programming	
  

!  Integra)on	
  with	
  Watchmaker	
  

!   hDp://watchmaker.uncommons.org/index.php	
  

!  Problems	
  solved:	
  

!   Traveling	
  salesman	
  

!   Class	
  discovery	
  
!   Many	
  others	
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How	
  To:	
  Recommenders	
  

!  Data:	
  	
  
!   Users	
  (abstract)	
  
!   Items	
  (abstract)	
  

!   Ra,ngs	
  (op,onal)	
  

!  Load	
  the	
  data	
  model	
  

!  Ask	
  for	
  Recommenda)ons:	
  

!   User-­‐User	
  
!   Item-­‐Item	
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Ugly	
  Demo	
  I	
  

!  Group	
  Lens	
  Data:	
  hTp://www.grouplens.org	
  
!  hTp://lucene.apache.org/mahout/taste.html#demo	
  

!  hTp://localhost:8080/RecommenderServlet?
userID=1&debug=true	
  

In	
  other	
  words:	
  	
  the	
  reason	
  why	
  I	
  work	
  on	
  servers,	
  not	
  UIs!	
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How	
  to:	
  Command	
  Line	
  

!  Most	
  algorithms	
  have	
  a	
  Driver	
  program	
  

!   Shell	
  script	
  in	
  $MAHOUT_HOME/bin	
  helps	
  with	
  most	
  tasks	
  

!  Prepare	
  the	
  Data	
  
!   Different	
  algorithms	
  require	
  different	
  setup	
  

!  Run	
  the	
  algorithm	
  

!   Single	
  Node	
  
!   Hadoop	
  

!  Print	
  out	
  the	
  results	
  
!   Several	
  helper	
  classes:	
  	
  

•  LDAPrintTopics,	
  ClusterDumper,	
  etc.	
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Ugly	
  Demo	
  II	
  -­‐	
  Prep	
  

!  Data	
  Set:	
  Reuters	
  
!   hDp://www.daviddlewis.com/resources/testcollec,ons/

reuters21578/	
  

!   Convert	
  to	
  Text	
  via	
  
hDp://www.lucenebootcamp.com/lucene-­‐boot-­‐camp-­‐preclass-­‐
training/	
  

!  Convert	
  to	
  Sequence	
  File:	
  
!   bin/mahout	
  seqdirectory	
  –input	
  <PATH>	
  -­‐-­‐output	
  <PATH>	
  -­‐-­‐

charset	
  UTF-­‐8	
  

!  Convert	
  to	
  Sparse	
  Vector:	
  
!   bin/mahout	
  seq2sparse	
  -­‐-­‐input	
  <PATH>/content/reuters/seqfiles/	
  

-­‐-­‐norm	
  2	
  -­‐-­‐weight	
  TF	
  -­‐-­‐output	
  <PATH>/content/reuters/seqfiles-­‐
TF/	
  -­‐-­‐minDF	
  5	
  -­‐-­‐maxDFPercent	
  90	
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Ugly	
  Demo	
  II:	
  Topic	
  Modeling	
  

!  Latent	
  Dirichlet	
  Alloca)on	
  
!   ./mahout	
  lda	
  -­‐-­‐input	
  	
  <PATH>/content/reuters/seqfiles-­‐TF/

vectors/	
  -­‐-­‐output	
  	
  <PATH>/content/reuters/seqfiles-­‐TF/lda-­‐output	
  
-­‐-­‐numWords	
  34000	
  –numTopics	
  10	
  

!   ./mahout	
  org.apache.mahout.clustering.lda.LDAPrintTopics	
  -­‐-­‐
input	
  <PATH>/content/reuters/seqfiles-­‐TF/lda-­‐output/state-­‐19	
  -­‐-­‐
dict	
  <PATH>/content/reuters/seqfiles-­‐TF/dic,onary.file-­‐0	
  -­‐-­‐words	
  
10	
  -­‐-­‐output	
  <PATH>/content/reuters/seqfiles-­‐TF/lda-­‐output/
topics	
  -­‐-­‐dic,onaryType	
  sequencefile	
  

!   Good	
  feature	
  reduc,on	
  (stopword	
  removal)	
  required	
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Ugly	
  Demo	
  III:	
  Clustering	
  

!  K-­‐Means	
  

!   Same	
  Prep	
  as	
  UD	
  II,	
  except	
  use	
  TFIDF	
  weight	
  

!   ./mahout	
  kmeans	
  -­‐-­‐input	
  <PATH>/content/reuters/seqfiles-­‐TFIDF/
vectors/part-­‐00000	
  -­‐-­‐k	
  15	
  -­‐-­‐output	
  <PATH>/content/reuters/
seqfiles-­‐TFIDF/output-­‐kmeans	
  -­‐-­‐clusters	
  <PATH>/content/reuters/
seqfiles-­‐TFIDF/output-­‐kmeans/clusters	
  

!   Print	
  out	
  the	
  clusters:	
  ./mahout	
  clusterdump	
  -­‐-­‐seqFileDir	
  
<PATH>/content/reuters/seqfiles-­‐TFIDF/output-­‐kmeans/
clusters-­‐15/	
  -­‐-­‐pointsDir	
  <PATH>/content/reuters/seqfiles-­‐TFIDF/
output-­‐kmeans/points/	
  -­‐-­‐dic,onary	
  <PATH>/content/reuters/
seqfiles-­‐TFIDF/dic,onary.file-­‐0	
  -­‐-­‐dic,onaryType	
  sequencefile	
  -­‐-­‐
substring	
  20	
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Ugly	
  Demo	
  IV:	
  Frequent	
  PaTern	
  Mining	
  

!  Data:	
  hTp://fimi.cs.helsinki.fi/data/	
  

!  ./mahout	
  fpg	
  -­‐i	
  <PATH>/content/freqitemset/accidents.dat	
  -­‐
o	
  paTerns	
  -­‐k	
  50	
  -­‐method	
  mapreduce	
  -­‐g	
  10	
  -­‐regex	
  [\	
  ]	
  

!  	
  ./mahout	
  seqdump	
  -­‐-­‐seqFile	
  paTerns/fpgrowth/part-­‐
r-­‐00000	
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What’s	
  Next?	
  

!  0.3	
  release	
  very	
  soon	
  
!  Parallel	
  Singular	
  Value	
  Decomposi)on	
  (Lanczos)	
  

!  Stabilize	
  API’s	
  for	
  1.0	
  release	
  
!  Benchmarking	
  

!  Google	
  Summer	
  of	
  Code?	
  

!  More	
  Algorithms	
  

!  hTp://cwiki.apache.org/MAHOUT/howtocontribute.html	
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Resources	
  

!  Slides	
  and	
  Full	
  Details	
  of	
  Demos	
  at:	
  

!   hDp://lucene.gran,ngersoll.com/2010/02/13/intro-­‐to-­‐mahout-­‐
slides-­‐and-­‐demo-­‐examples/	
  	
  

!  More	
  Examples	
  in	
  Mahout	
  SVN	
  in	
  the	
  examples	
  directory	
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Resources	
  

!  hTp://lucene.apache.org/mahout	
  

!  hTp://cwiki.apache.org/MAHOUT	
  

!  mahout-­‐{user|dev}@lucene.apache.org	
  

!  hTp://svn.apache.org/repos/asf/lucene/mahout/
trunk	
  

!  hTp://hadoop.apache.org	
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Resources	
  

!  “Mahout	
  in	
  Ac)on”	
  by	
  Owen	
  and	
  Anil	
  

!  “Introducing	
  Apache	
  Mahout”	
  	
  

!   hDp://www.ibm.com/developerworks/java/library/j-­‐mahout/	
  

!  “Programming	
  Collec)ve	
  Intelligence”	
  by	
  Toby	
  Segaran	
  

!  “Data	
  Mining	
  -­‐	
  Prac)cal	
  Machine	
  Learning	
  Tools	
  and	
  
Techniques”	
  by	
  Ian	
  H.	
  WiTen	
  and	
  Eibe	
  Frank	
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