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Plan	
  of	
  the	
  talk	
  
•  Why	
  is	
  Hadoop	
  so	
  popular?	
  
•  HDFS	
  
•  Map	
  Reduce	
  
•  Word	
  Count	
  –	
  example	
  using	
  Hadoop	
  streaming	
  
and	
  python.	
  

•  Compu3ng	
  pairwise	
  interac3ons	
  using	
  map-­‐
reduce.	
  

•  The	
  communica3on	
  bo5leneck:	
  sort	
  and	
  shuffle.	
  
•  K-­‐means	
  analysis.	
  
•  Spark	
  	
  



How	
  did	
  hadoop	
  become	
  so	
  popular?	
  



What	
  happened?	
  

•  Going	
  above	
  3.2Ghz	
  proved	
  imprac3cal	
  
– The	
  power	
  wall	
  
– The	
  temperature	
  wall	
  

•  	
  Number	
  of	
  transistors	
  s3ll	
  doubles	
  but	
  they	
  
cannot	
  all	
  be	
  powered.	
  

•  Mul3-­‐core	
  CPU	
  chips:	
  2,4,8,…	
  
•  Large	
  computer	
  clusters	
  /	
  data-­‐centers	
  /	
  the	
  
cloud.	
  

•  Big	
  Data	
  



•  So	
  much	
  data	
  you	
  cannot	
  store	
  it?	
  
•  No!	
  	
  

•  So	
  much	
  data	
  you	
  cannot	
  process	
  it?	
  
•  No!	
  	
  Bandwidth	
  of	
  a	
  single	
  CPU	
  is	
  100	
  GB/sec	
  

•  So	
  much	
  data	
  you	
  cannot	
  communicate	
  it?	
  
•  YES!!	
  	
  

What	
  is	
  big	
  data?	
  



Prices	
  of	
  bandwidth	
  	
  
in	
  the	
  memory	
  hierarchy	
  	
  (October	
  2012)	
  

Cost	

 Power	


Block���
Size	



Bandwidth	



L1-L2	

 On-Chip	


with CPU	



low-end: iTouch: 1Watt"
high-end: Intel Core 
i7-950: 130Watt"

L1:32-64 Bytes	


L2: 64-256 Bytes	



100s of GB/
sec	



DRAM	

 8$-16$/GB	

 1-2 Watts/GB	


max 

throughput at:
8-16KB	



50-70 GB/sec	



SSD	

 High end, $11/GB.  
Low end: $1-4/GB 

high end: 0.15W/GB	


Low End: 0.05 W/GB	

 4KB	

 high end: 1-3GB/sec	



low end: .1-.2GB/sec	



Disk	

 0.03-0.1$/GB	

 0.01W/GB	

 4KB	


100MB/sec sequential	


0.4-2.0MB/sec random	


Getting to each block 

takes 2-10ms	





Weather	
  Database	
  	
  	
  	
  	
  	
  



The	
  format	
  of	
  the	
  data	
  



Reading	
  many	
  small	
  files	
  	
  
takes	
  a	
  long	
  3me	
  



The	
  disk	
  drive	
  
	
  



The	
  Memory	
  Hierarchy	
  

B=Block	
  size	
  

Total	
  Size:	
  



Long-­‐distance	
  communica3on	
  	
  

•  University:	
  Download	
  10MByte/sec	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upload	
  	
  	
  	
  	
  	
  	
  	
  5MByte/sec	
  

•  Home	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Download	
  3MByte/sec	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Upload	
  	
  	
  	
  	
  	
  0.2Mbyte/sec	
  

•  Transferring	
  4	
  Tera-­‐Byte	
  from	
  UCSD	
  to	
  UCLA	
  
will	
  take	
  more	
  than	
  4	
  days	
  on	
  a	
  dedicated	
  
10MB/sec	
  line.	
  

•  It	
  is	
  cheaper	
  and	
  faster	
  to	
  FeDeX	
  the	
  4TB	
  disk.	
  



Embarrassingly	
  parallel	
  problems	
  

•  Count	
  the	
  number	
  of	
  3mes	
  each	
  word	
  
appears	
  in	
  all	
  of	
  the	
  books	
  in	
  the	
  library	
  of	
  
congress.	
  

•  Find	
  all	
  of	
  the	
  abnormal	
  cells	
  in	
  a	
  pap-­‐smear	
  
image.	
  

•  Track	
  the	
  socio-­‐economic	
  characteris3cs	
  of	
  
people	
  that	
  view	
  each	
  you-­‐tube	
  video.	
  	
  



Word	
  Coun3ng	
  

•  Given	
  a	
  large	
  collec3ons	
  of	
  texts,	
  and	
  a	
  large	
  
cluster	
  of	
  computers,	
  count	
  the	
  number	
  of	
  
appearances	
  of	
  each	
  word.	
  

•  The	
  basic	
  scheme:	
  
1.  Par33on	
  the	
  texts	
  and	
  put	
  each	
  part	
  on	
  the	
  disk	
  

of	
  a	
  separate	
  computer.	
  
2.  Each	
  computer	
  counts	
  the	
  number	
  of	
  

occurrences	
  of	
  each	
  word	
  in	
  it	
  collec3on.	
  
3.  The	
  	
  word	
  counts	
  from	
  the	
  different	
  computers	
  

are	
  combined.	
  



Map-­‐Reduce	
  for	
  Word	
  Count	
  

•  Map	
  Reduce:	
  operates	
  on	
  (key,value)	
  pairs:	
  
•  MAP:	
  maps	
  each	
  k-­‐v	
  input	
  to	
  one	
  or	
  more	
  k-­‐v	
  
	
   	
   	
  outputs.	
  
–  (	
  	
  	
  ,“very	
  very	
  cool”)	
  -­‐>	
  (very,1),(very,1),(cool,1)	
  

•  Reduce:	
  Gets	
  as	
  input	
  pairs	
  with	
  the	
  same	
  key	
  
value	
  an	
  produces	
  a	
  new	
  pair	
  with	
  the	
  same	
  
key	
  and	
  a	
  combined	
  value:	
  
–  [(very,1),(very,1)]	
  -­‐>	
  (very,2)	
  

•  Reduc3ons	
  can	
  occur	
  in	
  any	
  order.	
  



Map-­‐Reduce	
  characteris3cs	
  

•  A	
  map	
  opera3on	
  is	
  nothing	
  more	
  than	
  the	
  
observa3on	
  that	
  some	
  of	
  the	
  computa3on	
  can	
  
be	
  performed	
  independently	
  on	
  each	
  piece	
  of	
  
data.	
  

•  Maps	
  require	
  no	
  communica3on	
  between	
  
computers	
  	
  

•  Reduc3on	
  takes	
  the	
  outputs	
  from	
  the	
  map	
  



Distributed	
  reduc3ons	
  

•  Reduc3ons	
  can	
  occur	
  in	
  any	
  order.	
  
•  Each	
  computer	
  can	
  do	
  it’s	
  
own	
  reduc3on	
  before	
  	
  
communica3ng	
  to	
  other	
  	
  
computers	
  (combiner).	
  

•  Combining	
  all	
  records	
  with	
  the	
  same	
  key	
  
is	
  done	
  by	
  sor3ng.	
  

•  But	
  how	
  are	
  the	
  texts	
  distributed	
  to	
  the	
  
different	
  computers	
  in	
  the	
  first	
  place?	
  

(very,5)	
  

(very,3)	
  
(very,1)	
  

(very,1)	
  

(very,1)	
  

(very,2)	
   (very,1)	
  

(very,1)	
  



Hadoop	
  Distributed	
  File	
  System	
  (HDFS)	
  
•  Started	
  in	
  Google	
  (GFS)	
  
•  Connect	
  the	
  personal	
  work-­‐sta3ons	
  on	
  the	
  
desk	
  of	
  each	
  employee	
  to	
  create	
  a	
  huge	
  
super-­‐computer.	
  

•  Goals:	
  
1.  A	
  huge	
  data	
  repository	
  available	
  to	
  all	
  

employees.	
  
2.  A	
  seamless	
  way	
  to	
  use	
  all	
  of	
  the	
  computers	
  for	
  a	
  

single	
  computa3on	
  task.	
  
3.  A	
  fault-­‐tolerant	
  system.	
  



How	
  does	
  HDFS	
  work?	
  

•  The	
  data	
  is	
  broken	
  into	
  fixed-­‐size	
  blocks:	
  
default	
  is	
  64MB.	
  

•  Each	
  block	
  is	
  replicated.	
  Typically	
  3	
  3mes.	
  
•  Each	
  block	
  is	
  placed	
  on	
  a	
  randomly	
  chosen	
  
computer.	
  A	
  directory	
  structure	
  keeps	
  tabs	
  for	
  
the	
  loca3on	
  of	
  each	
  block.	
  



Load	
  balancing	
  with	
  HDFS	
  
1.  Suppose	
  we	
  want	
  to	
  operate	
  on	
  a	
  single	
  block.	
  

As	
  there	
  are	
  3	
  copies	
  of	
  the	
  block,	
  we	
  can	
  
choose	
  the	
  least	
  loaded	
  of	
  these	
  computers	
  to	
  
perform	
  the	
  opera3on.	
  

2.  Suppose	
  we	
  want	
  to	
  operate	
  on	
  a	
  million	
  blocks	
  
and	
  we	
  have	
  1,000	
  computers.	
  We	
  can	
  par33on	
  
the	
  blocks	
  to	
  the	
  computers	
  so	
  that	
  they	
  will	
  all	
  
finish	
  at	
  the	
  same	
  3me.	
  

3.  Random	
  loca3on	
  saves	
  us	
  from	
  the	
  need	
  to	
  
perform	
  ini3al	
  communica3on	
  to	
  get	
  data	
  to	
  the	
  
processing	
  computer.	
  



Fault	
  tolerance	
  of	
  HDFS	
  
•  In	
  a	
  cluster	
  of	
  1,000	
  commodity	
  computers	
  a	
  few	
  disks	
  
crash	
  every	
  day.	
  

•  As	
  each	
  block	
  is	
  replicated	
  on	
  3	
  randomly	
  chosen	
  disks,	
  
the	
  probability	
  that	
  all	
  three	
  copies	
  crash	
  at	
  the	
  same	
  
3me	
  is	
  very	
  small.	
  

•  When	
  a	
  disk	
  crashes	
  ,	
  all	
  we	
  need	
  to	
  do	
  is	
  insert	
  a	
  new	
  
blank	
  disk.	
  The	
  system	
  will	
  automa3cally	
  repopulate	
  
this	
  disk	
  to	
  re-­‐establish	
  the	
  replica3on	
  system.	
  

•  The	
  computa.ons	
  that	
  took	
  place	
  on	
  the	
  computer	
  
that	
  crashed	
  are	
  automa3cally	
  restarted	
  on	
  other	
  
computers	
  that	
  hold	
  the	
  same	
  disk	
  block.	
  



Hadoop	
  

•  Hadoop/HDFS	
  is	
  a	
  free	
  open-­‐source	
  
implementa3on	
  of	
  the	
  google	
  distributed	
  file	
  
system	
  +	
  map-­‐reduce.	
  

•  Hadoop	
  is	
  wri5en	
  in	
  Java	
  
•  It	
  is	
  possible	
  to	
  write	
  mappers	
  and	
  reducers	
  in	
  
any	
  language	
  by	
  using	
  the	
  streaming	
  interface	
  



Hadoop	
  streaming	
  

•  Can	
  use	
  any	
  language	
  in	
  which	
  one	
  can	
  write	
  a	
  
program	
  that	
  reads	
  from	
  stdin	
  and	
  writes	
  to	
  
stdout	
  :	
  C/C++,Java,	
  Python,	
  PERL,	
  Ruby,	
  
Fortran,	
  …	
  

•  Need	
  to	
  write	
  only	
  three	
  files:	
  
– A	
  Mapper	
  
– A	
  reducer	
  (some	
  tasks	
  don’t	
  require	
  a	
  reducer)	
  
– An	
  execu3on	
  script	
  



Word	
  count	
  mapper	
  



Word	
  Count	
  Reducer	
  



Word	
  Count	
  Reducer	
  



Word	
  Count	
  script	
  



Finding	
  drug-­‐drug	
  interac3ons	
  

•  N=10,000	
  drugs	
  
•  A	
  chemical/medical	
  profile	
  for	
  each	
  drug.	
  
•  Find	
  pairs	
  of	
  drugs	
  that	
  are	
  likely	
  to	
  have	
  
adverse	
  interac3ons	
  if	
  taken	
  at	
  the	
  same	
  3me.	
  

•  Input	
  consists	
  of	
  (key,	
  value)	
  pairs	
  where	
  key	
  
iden3fies	
  the	
  drug	
  and	
  value	
  contains	
  drug	
  
profile.	
  

•  Assume	
  keys	
  can	
  be	
  ordered	
  (numbers)	
  



Straight-­‐forward	
  solu3on	
  
•  Mapper	
  stores	
  all	
  keys	
  in	
  memory:	
  
–  j1,	
  j2,…,	
  jN	
  

•  For	
  each	
  input	
  (ki,vi)	
  it	
  generates	
  N-­‐1	
  KV	
  pairs	
  where	
  
Value=vi	
  and	
  Key=(jj,ki)	
  if	
  jj<ki	
  
and	
  Key=(ki,jj)	
  if	
  ki<jj	
  

•  There	
  are	
  two	
  KV	
  pairs	
  for	
  each	
  K.	
  One	
  with	
  the	
  
profiles	
  of	
  each	
  of	
  the	
  two	
  drugs.	
  

•  The	
  reducer	
  takes	
  each	
  pair	
  and	
  computes	
  the	
  
compa3bility.	
  

•  The	
  main	
  problem	
  with	
  this	
  solu3on:	
  N-­‐1	
  records	
  are	
  
generated	
  for	
  each	
  drug.	
  Most	
  of	
  these	
  will	
  need	
  to	
  be	
  
communicated	
  between	
  computers	
  in	
  the	
  cluster.	
  



A	
  be5er	
  solu3on	
  

•  Divide	
  the	
  drugs	
  into	
  M	
  groups	
  of	
  size	
  N/M	
  each.	
  
•  The	
  mapper	
  generates	
  for	
  each	
  drug	
  group	
  M	
  
key-­‐value	
  pairs	
  where	
  the	
  key	
  consists	
  of	
  two	
  
group	
  indexes	
  (in	
  increasing	
  order)	
  and	
  the	
  value	
  
consists	
  of	
  N/M	
  profiles.	
  

•  This	
  solu3on	
  reduces	
  the	
  communica3on	
  	
  
throughput	
  by	
  a	
  factor	
  of	
  N/M.	
  In	
  addi3on,	
  the	
  
communicated	
  files	
  are	
  larger	
  and	
  therefor	
  can	
  
be	
  communicated	
  more	
  efficiently.	
  



So	
  why	
  is	
  Hadoop	
  a	
  big	
  deal?	
  

•  Map/Reduce	
  is	
  less	
  general	
  than	
  other	
  
distributed	
  computa3on	
  system	
  such	
  as	
  MPI.	
  

•  Java	
  is	
  less	
  efficient	
  than	
  C++	
  
•  The	
  Map-­‐Reduce	
  paradigm	
  is	
  very	
  easy	
  to	
  
understand.	
  	
  

•  The	
  user	
  does	
  not	
  need	
  to	
  concern	
  herself	
  
with	
  the	
  details	
  of	
  communica3on	
  and	
  
synchroniza3on.	
  Just	
  produce	
  the	
  correct	
  key	
  
and	
  limit	
  the	
  duplica3on	
  of	
  the	
  data.	
  



Hadoop	
  provides	
  

•  Hadoop	
  provides	
  the	
  communica3on:	
  it	
  gets	
  
all	
  records	
  with	
  the	
  same	
  key	
  to	
  a	
  single	
  
reducer.	
  

•  Done	
  through	
  distributed	
  sor3ng	
  
•  Shuffle	
  and	
  sort:	
  the	
  heart	
  of	
  hadoop	
  map-­‐
reduce,	
  gets	
  more	
  sophis3cated	
  and	
  faster	
  
with	
  each	
  release.	
  



Logical	
  data	
  flow	
  



mapper	
  locality	
  



Task	
  with	
  no	
  reducers	
  



Task	
  with	
  a	
  single	
  reducer	
  



Task	
  with	
  two	
  reducers	
  



Shuffle	
  and	
  Sort	
  



The	
  amnesia	
  of	
  	
  
Hadoop	
  map	
  reduce	
  	
  

•  Some3mes	
  we	
  need	
  to	
  iterate	
  over	
  	
  
Map/Reduce	
  steps	
  and	
  the	
  map-­‐reduce	
  requires	
  
touching	
  each	
  record.	
  

•  In	
  such	
  cases	
  Hadoop	
  map-­‐reduce	
  requires	
  
loading	
  the	
  data	
  from	
  disk	
  to	
  memory	
  at	
  each	
  
step.	
  

•  This	
  disk-­‐to-­‐memory	
  transfer	
  (de-­‐serializa3on)	
  
becomes	
  the	
  major	
  bo5leneck.	
  

•  In	
  general,	
  Hadoop	
  is	
  a	
  good	
  method	
  for	
  batch	
  
jobs,	
  not	
  very	
  good	
  for	
  interac3ve	
  work.	
  



K-­‐Means	
  

•  A	
  very	
  popular	
  clustering	
  algorithm.	
  
•  Input:	
  	
  
– N	
  points	
  in	
  Rd:	
  	
  	
  	
  	
  	
  	
  x1,	
  …	
  ,	
  xN	
  
– Desired	
  number	
  of	
  clusters	
  K	
  

•  Desired	
  output:	
  	
  
– K	
  centers	
  in	
  Rd:	
  	
  	
  	
  	
  	
  	
  c1,	
  …	
  ,	
  cN	
  
– Such	
  that	
  the	
  	
  
average	
  distance	
  btwn	
  xi	
  and	
  the	
  closest	
  cj	
  
is	
  minimal	
  



The	
  K-­‐Means	
  algrorithm	
  

•  Randomly	
  choose	
  K	
  points	
  to	
  serve	
  as	
  the	
  
ini3al	
  centers.	
  

•  Repeat	
  un3l	
  convergence:	
  
1.  Assign	
  each	
  point	
  to	
  the	
  closest	
  center	
  point.	
  
2.  Replace	
  each	
  center	
  by	
  the	
  mean	
  of	
  the	
  points	
  

assigned	
  to	
  it.	
  



One	
  itera3on	
  of	
  K-­‐Means	
  	
  
using	
  Map-­‐Reduce	
  

•  Par33on	
  the	
  N	
  points	
  into	
  M	
  parts,	
  each	
  
corresponds	
  to	
  a	
  mapper.	
  

•  M	
  Mappers:	
  	
  
–  Input:	
  current	
  K	
  centers.	
  
– Output:	
  the	
  sum	
  and	
  the	
  number	
  	
  of	
  the	
  points	
  that	
  
are	
  assigned	
  to	
  each	
  center.	
  

•  K	
  reducers:	
  
–  Input:	
  par3al	
  sums	
  of	
  the	
  points	
  assigned	
  to	
  a	
  center.	
  	
  
– Output:	
  compute	
  the	
  average	
  of	
  all	
  of	
  the	
  points	
  
associated	
  with	
  each	
  center.	
  

Requires	
  reading	
  N/M	
  points	
  to	
  main	
  memory	
  



The	
  problem	
  and	
  it’s	
  solu3on	
  
•  In	
  Hadoop,	
  mappers	
  and	
  reducers	
  terminate	
  awer	
  job	
  
is	
  done.	
  

•  In	
  an	
  itera3ve	
  algorithm	
  such	
  as	
  K-­‐means	
  this	
  means	
  
that	
  data	
  is	
  repeatedly	
  read	
  from	
  disk	
  into	
  memory.	
  

•  Spark	
  	
  h5p://spark-­‐project.org/	
  	
  	
  a	
  system	
  for	
  
performing	
  map-­‐reduce	
  computa3on	
  with	
  data	
  cached	
  
in	
  main	
  memory.	
  

•  Fault	
  tolerance	
  is	
  achieved	
  through	
  checkpoin3ng	
  =	
  
wri3ng	
  out	
  the	
  state	
  of	
  the	
  memory	
  from	
  3me	
  to	
  3me.	
  

•  Using	
  Spark	
  one	
  can	
  perform	
  real-­‐3me	
  analysis	
  on	
  
100s	
  of	
  GB	
  and	
  get	
  results	
  within	
  seconds.	
  



Summary	
  
•  Big	
  data	
  =	
  computa3ons	
  where	
  the	
  constraining	
  
limita3on	
  is	
  the	
  communica3on	
  across	
  the	
  
memory	
  hierarchy.	
  

•  Hadoop	
  =	
  A	
  way	
  to	
  analyze	
  a	
  lot	
  of	
  data	
  on	
  the	
  
cheap.	
  

•  Map-­‐Reduce:	
  a	
  very	
  simple,	
  yet	
  powerful,	
  pa5ern	
  
for	
  distributed	
  computa3on.	
  

•  Spark	
  –	
  memory-­‐resident	
  distributed	
  
computa3on.	
  

•  This	
  is	
  only	
  the	
  3p	
  of	
  the	
  iceberg.	
  



Thank	
  you!	
  


