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About	
  The	
  Presenta$on…	
  

•  What’s	
  ahead	
  
•  Unit	
  Tes$ng	
  
•  Integra$on	
  Tes$ng	
  
•  Performance	
  Tes$ng	
  
•  Diagnos$cs	
  



About	
  The	
  Audience…	
  

•  What	
  I	
  expect	
  from	
  you	
  
•  Basic	
  knowledge	
  of	
  Apache	
  Hadoop	
  
•  Basic	
  understanding	
  of	
  MapReduce	
  (Java)	
  
•  Basic	
  experience	
  with	
  UNIX	
  /	
  Linux	
  



Fundamental	
  Concepts	
  

•  What	
  is	
  tes$ng?	
  
•  In	
  my	
  view,	
  it’s	
  an	
  applica$on	
  of	
  computer	
  security	
  





Pre-­‐Produc$on	
  Tes$ng	
  

•  Unit	
  tes$ng	
  
•  Verifies	
  func$on	
  of	
  each	
  “unit”	
  in	
  isola$on	
  

•  Integra$on	
  tes$ng	
  
•  Verifies	
  that	
  the	
  system	
  works	
  as	
  a	
  whole	
  

•  The	
  above	
  tests	
  should	
  be	
  done	
  before	
  produc+on	
  



Performance	
  Tes$ng	
  

•  We	
  also	
  need	
  to	
  ensure	
  efficient	
  use	
  of	
  resources	
  
•  This	
  is	
  done	
  with	
  performance	
  tes$ng	
  

•  Performance	
  tes$ng	
  can	
  be	
  divided	
  into	
  two	
  areas	
  
•  Op$mizing	
  the	
  code	
  you’ve	
  wriZen	
  
•  Op$mizing	
  cluster	
  performance	
  



Diagnos$cs	
  

•  We’re	
  not	
  perfect…	
  
•  Some$mes	
  problems	
  make	
  it	
  to	
  produc$on	
  

•  Diagnos$cs	
  help	
  us	
  find	
  and	
  fix	
  problems	
  



Why	
  is	
  Tes$ng	
  Important?	
  

Cost of Fixing Code Defects

Design

Implementation

Production

Time
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Overview	
  of	
  Unit	
  Tes$ng	
  

•  Verifies	
  correctness	
  for	
  a	
  unit	
  of	
  code	
  
•  Key	
  features	
  of	
  unit	
  tests	
  

•  Simple	
  
•  Isolated	
  
•  Determinis$c	
  
•  Automated	
  



Benefits	
  of	
  Unit	
  Tests	
  

•  An	
  investment	
  in	
  code	
  quality	
  
•  Can	
  prevent	
  regressions	
  

•  Actually	
  saves	
  development	
  $me	
  
•  Tests	
  run	
  much	
  faster	
  than	
  Hadoop	
  jobs	
  
•  Helps	
  with	
  refactoring	
  



Introducing	
  JUnit	
  

•  JUnit	
  is	
  a	
  popular	
  library	
  for	
  Java	
  unit	
  tes$ng	
  
•  Open	
  source	
  (CPL)	
  
•  Add	
  JAR	
  file	
  to	
  your	
  project	
  
•  Inspired	
  many	
  “xUnit”	
  libraries	
  for	
  other	
  languages	
  



JUnit	
  Basics	
  	
  

public class CalculatorTest { 
 
   private Calculator calc; 
 
   @Before 
   public void setUp() { 
      calc = new Calculator(); 
   } 
 
   @Test 
   public void testAdd() { 
      assertEquals(8, calc.add(5, 3)); 
   } 
} 
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public class Calculator { 
   public int add(int first, int second) { 
      return first + second; 
   } 
} 

1 
2 
3 
4 
5 

Our	
  class	
  

Our	
  test	
  

Import	
  statements	
  removed	
  for	
  brevity	
  



Log	
  Event	
  Coun$ng	
  Example	
  

•  Let’s	
  look	
  at	
  a	
  simple	
  MapReduce	
  example	
  
•  Our	
  goal	
  is	
  to	
  summarize	
  log	
  events	
  by	
  level	
  

•  Mapper:	
  Parses	
  log	
  to	
  extract	
  level	
  
•  Reducer:	
  Sums	
  up	
  occurrences	
  by	
  level	
  

•  Seeing	
  the	
  data	
  flow	
  first	
  will	
  help	
  illustrate	
  the	
  job	
  



Mapper	
  Input	
  

•  Log	
  data	
  produced	
  by	
  an	
  applica$on	
  using	
  Log4J	
  
	
  

2012-09-06 22:16:49.391 CDT INFO "This can wait"
2012-09-06 22:16:49.392 CDT INFO "Blah blah"
2012-09-06 22:16:49.394 CDT WARN "Hmmm..."
2012-09-06 22:16:49.395 CDT INFO "More blather"
2012-09-06 22:16:49.397 CDT WARN "Hey there"
2012-09-06 22:16:49.398 CDT INFO "Spewing data"
2012-09-06 22:16:49.399 CDT ERROR "Oh boy!"



Mapper	
  Output	
  

•  Key	
  is	
  log	
  level	
  parsed	
  from	
  a	
  single	
  line	
  in	
  the	
  file	
  
•  Value	
  is	
  a	
  literal	
  1	
  (since	
  there’s	
  one	
  level	
  per	
  line)	
  
	
  

INFO     1
INFO     1
WARN     1
INFO     1
WARN     1
INFO     1
ERROR    1



Reducer	
  Input	
  

•  Hadoop	
  sorts	
  and	
  groups	
  the	
  keys	
  
	
  

ERROR    [1]
INFO     [1, 1, 1, 1]
WARN     [1, 1]



Reducer	
  Output	
  

•  The	
  final	
  output	
  is	
  a	
  per-­‐level	
  summary	
  
	
  

ERROR    1
INFO     4
WARN     2



Data	
  Flow	
  for	
  En$re	
  MapReduce	
  Job	
  

	
  	
  
2012-09-06 22:16:49.391 CDT INFO "This can wait"
2012-09-06 22:16:49.392 CDT INFO "Blah blah"
2012-09-06 22:16:49.394 CDT WARN "Hmmm..."
2012-09-06 22:16:49.395 CDT INFO "More blather"
2012-09-06 22:16:49.397 CDT WARN "Hey there"
2012-09-06 22:16:49.398 CDT INFO "Spewing data"
2012-09-06 22:16:49.399 CDT ERROR "Oh boy!"

INFO     1
INFO     1
WARN     1
INFO     1
WARN     1
INFO     1
ERROR    1

Map	
  input	
   Map	
  output	
  

Reduce	
  input	
  Reduce	
  output	
  

ERROR    1
INFO     4
WARN     2

1	
  

2	
  

Shuffle	
  	
  
and	
  Sort	
  3	
  

ERROR  [1]
INFO   [1, 1, 1, 1]
WARN   [1, 1]

4	
  



Show	
  Me	
  the	
  Code…	
  

•  Let’s	
  examine	
  the	
  code	
  for	
  this	
  job	
  
•  Then	
  I’ll	
  run	
  it	
  
•  And	
  soon	
  we’ll	
  see	
  how	
  to	
  test	
  and	
  improve	
  it	
  



What’s	
  Wrong	
  With	
  This?	
  

•  Mapper	
  is	
  complex	
  and	
  hard	
  to	
  test	
  
•  How	
  could	
  we	
  improve	
  it?	
  



Oh	
  No…	
  We	
  Found	
  a	
  Bug!	
  

•  We’re	
  missing	
  some	
  lines	
  
•  Newer	
  Log4J	
  versions	
  have	
  an	
  addi$onal	
  TRACE	
  level	
  



Unit	
  Tes$ng	
  and	
  External	
  Dependencies	
  

•  Test	
  core	
  business	
  logic	
  with	
  JUnit	
  	
  
•  Mapper	
  and	
  Reducer	
  s$ll	
  aren’t	
  fully	
  tested	
  
•  How	
  can	
  we	
  verify	
  them?	
  



Introducing	
  MRUnit	
  

•  It’s	
  a	
  JUnit	
  extension	
  for	
  tes$ng	
  MapReduce	
  code	
  
•  Open	
  source	
  (Apache	
  licensed)	
  
•  Ac$ve	
  development	
  team	
  

•  Simulates	
  much	
  of	
  Hadoop’s	
  core	
  API,	
  including	
  
•  InputSplit 
•  OutputCollector 

•  Reporter 
•  Counters	
  



MRUnit	
  Demo	
  

•  I’ll	
  now	
  demonstrate	
  how	
  to	
  use	
  MRUnit	
  
•  Tes$ng	
  the	
  Mapper	
  
•  Tes$ng	
  the	
  Reducer	
  



Tes$ng	
  Counters	
  with	
  MRUnit	
  

•  It’s	
  possible	
  to	
  further	
  simplify	
  this	
  job	
  with	
  Counters	
  
•  We	
  don’t	
  even	
  need	
  a	
  reducer	
  at	
  all	
  

•  Let’s	
  see	
  how	
  to	
  rewrite	
  the	
  code	
  
•  Then	
  let’s	
  see	
  how	
  to	
  test	
  it	
  with	
  MRUnit	
  



Limita$ons	
  of	
  MRUnit	
  

•  There	
  are	
  a	
  few	
  things	
  MRUnit	
  can’t	
  test	
  (yet)	
  
•  Mul$ple	
  lines	
  of	
  input	
  
•  Jobs	
  that	
  use	
  DistributedCache	
  
•  Par$$oners	
  
•  Hadoop	
  Streaming	
  



Automa$cally	
  Running	
  Tests	
  with	
  Jenkins	
  



Unit	
  Tes$ng	
  Recap	
  

•  Your	
  unit	
  tests	
  should	
  have	
  these	
  proper$es	
  
•  Simple	
  
•  Isolated	
  
•  Determinis$c	
  
•  Automated	
  

•  Decoupling	
  your	
  code	
  aids	
  in	
  tes$ng	
  
•  Most	
  business	
  logic	
  can	
  be	
  tested	
  with	
  JUnit	
  
•  MRUnit	
  is	
  helpful	
  for	
  tes$ng	
  what	
  remains	
  





Overview	
  of	
  Integra$on	
  Tes$ng	
  

•  Verifies	
  that	
  the	
  system	
  works	
  as	
  a	
  whole	
  
•  This	
  can	
  mean	
  two	
  things	
  

•  Your	
  units	
  of	
  code	
  work	
  with	
  one	
  another	
  
•  Your	
  code	
  works	
  with	
  the	
  underlying	
  system	
  



Tes$ng	
  Mappers	
  and	
  Reducers	
  Together	
  

•  Unit	
  tests	
  verify	
  Mappers	
  and	
  Reducers	
  separately	
  
•  Also	
  need	
  to	
  ensure	
  they	
  work	
  together	
  

•  MRUnit	
  can	
  help	
  here	
  too	
  
•  Even	
  if	
  your	
  job	
  has	
  a	
  Combiner 



MiniMRCluster	
  and	
  MiniDFSCluster	
  

•  MRUnit	
  can	
  test	
  Mapper	
  and	
  Reducer	
  integra$on	
  
•  But	
  not	
  the	
  en*re	
  job	
  

•  Two	
  “mini-­‐cluster”	
  classes	
  
•  MiniMRCluster	
  simulates	
  MapReduce	
  
•  MiniDFSCluster	
  simulates	
  HDFS	
  

•  Let’s	
  look	
  at	
  an	
  example…	
  



Func$onal	
  Tes$ng	
  

•  Unit	
  tests	
  are	
  a	
  great	
  way	
  to	
  verify	
  your	
  code	
  
•  But	
  amount	
  of	
  input	
  data	
  is	
  limited	
  

•  Func$onal	
  tests	
  can	
  help	
  with	
  this	
  
•  But	
  they’re	
  not	
  a	
  subs$tute	
  for	
  unit	
  tes$ng	
  



Scaling	
  Up	
  

•  Start	
  with	
  a	
  small	
  amount	
  of	
  input	
  data	
  
•  Gradually	
  increase	
  it	
  as	
  you	
  gain	
  confidence	
  in	
  your	
  code	
  

1 

10 

100 

1000 

10000 

#	
  of	
  Input	
  Records	
  

Test	
  #1	
  

Test	
  #2	
  

Test	
  #3	
  

Test	
  #4	
  



Data	
  Sampling	
  

•  Two	
  common	
  techniques	
  
•  Random	
  sampling	
  
•  Biased	
  sampling	
  



Integra$on	
  Tes$ng	
  the	
  Hadoop	
  Stack	
  

•  Your	
  code	
  depends	
  on	
  many	
  other	
  components	
  
•  Your	
  code	
  doesn’t	
  func$on	
  properly	
  unless	
  they	
  do	
  

Your	
  Code	
  

Hadoop	
  MapReduce	
  

Hadoop	
  HDFS	
  

JVM	
  

Opera$ng	
  System	
  

Hardware	
  



Hadoop	
  Integra$on	
  Tes$ng	
  

•  Let	
  somebody	
  else	
  do	
  this	
  for	
  you	
  
•  Apache	
  Bigtop	
  
•  Cloudera’s	
  Distribu$on	
  including	
  Apache	
  Hadoop	
  (CDH)	
  

Your	
  Code	
  

Hadoop	
  MapReduce	
  

Hadoop	
  HDFS	
  

JVM	
  

Opera$ng	
  System	
  

Hardware	
  



Follow	
  the	
  Crowd	
  

•  JVM	
  
•  See	
  “Hadoop	
  Java	
  Versions”	
  on	
  Wiki	
  
•  Current	
  recommenda$on	
  is	
  1.6.0_31	
  

•  Opera$ng	
  system	
  
•  Use	
  Linux	
  

•  Make	
  dev	
  ==	
  produc$on	
  

Your	
  Code	
  

Hadoop	
  MapReduce	
  

Hadoop	
  HDFS	
  

JVM	
  

Opera+ng	
  System	
  

Hardware	
  



Cluster	
  Hardware	
  

•  Hadoop	
  uses	
  industry	
  standard	
  hardware	
  
•  But	
  quality	
  can	
  make	
  a	
  difference	
  

Your	
  Code	
  

Hadoop	
  MapReduce	
  

Hadoop	
  HDFS	
  

JVM	
  

Opera$ng	
  System	
  

Hardware	
  



Integra$on	
  Tes$ng	
  with	
  iTest	
  

•  iTest	
  is	
  a	
  product	
  of	
  Apache	
  Bigtop	
  
•  Can	
  be	
  used	
  for	
  custom	
  integra$on	
  tes$ng	
  

•  iTest	
  is	
  wriZen	
  in	
  Groovy	
  
•  The	
  tests	
  themselves	
  can	
  be	
  in	
  Java	
  or	
  Groovy	
  



iTest	
  Example	
  

public class RunHadoopJobsTest { 
 
   @Test 
   public void testJobSuccess() { 
     Shell sh = new Shell("/bin/bash -s"); 
     sh.exec("hadoop jar /tmp/myjob.jar MyDriver input output"); 
     assertEquals(0, sh.getRet()); 
   } 
 
   @Test 
   public void testJobFail() { 
     Shell sh = new Shell("/bin/bash -s"); 
     sh.exec("hadoop jar /tmp/myjob.jar MyDriver bogus_args"); 
     assertEquals(1, sh.getRet()); 
   } 
} 
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Import	
  statements	
  removed	
  for	
  brevity	
  



Integra$on	
  Tes$ng	
  Recap	
  

•  You	
  can	
  do	
  integra$on	
  tes$ng	
  in	
  several	
  ways	
  
•  MRUnit	
  can	
  test	
  the	
  Mapper/Reducer	
  combina$on	
  
•  You	
  can	
  use	
  MiniMRCluster	
  and	
  MiniDFSCluster	
  
•  You	
  can	
  use	
  iTest	
  

•  Focus	
  on	
  your	
  own	
  code	
  
•  Follow	
  the	
  crowd	
  with	
  the	
  JVM	
  and	
  OS	
  
•  Your	
  development	
  environment	
  should	
  mirror	
  produc$on	
  





Overview	
  of	
  Performance	
  Tes$ng	
  

•  Verify	
  efficient	
  use	
  of	
  resources	
  
•  Code	
  
•  Cluster	
  



Resource	
  U$liza$on	
  

•  Op$miza$on	
  is	
  a	
  tradeoff	
  between	
  resources	
  
•  CPU	
  
•  Memory	
  
•  Disk	
  I/O	
  
•  Network	
  I/O	
  
•  Developer	
  $me	
  
•  Hardware	
  cost	
  



Metrics	
  

•  Two	
  ways	
  to	
  collect	
  performance	
  metrics	
  
•  Code	
  profiling	
  
•  Benchmarks	
  

•  Benchmarks	
  can	
  be	
  further	
  subdivided	
  
•  Micro	
  
•  Macro	
  

Measure	
   Op$mize	
  



Profiling	
  

public class ExampleDriver { 
   public static void main(String[] args) throws Exception {  
 
     JobConf conf = new JobConf(ExampleDriver.class); 
     conf.setJobName("My Slow Job"); 
 
     FileInputFormat.addInputPath(conf, new Path(args[0])); 
     FileOutputFormat.setOutputPath(conf, new Path(args[1])); 
 
     conf.setProfileEnabled(true); 
     conf.setProfileParams("-agentlib:hprof=cpu=samples,heap=sites," + 
                "depth=6,force=n,thread=y,verbose=n,file=%s"); 
 
      conf.setMapperClass(MySlowMapper.class); 
      conf.setReducerClass(MySlowReducer.class); 
      
      // other driver code follows... 
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Profiling	
  

•  One	
  .profile	
  file	
  per	
  Map	
  /	
  Reduce	
  task	
  aZempt	
  

$ ls *.profile 
attempt_201206281229_0070_m_000000_0.profile  
attempt_201206281229_0070_r_000000_0.profile 
attempt_201206281229_0070_m_000001_0.profile  
attempt_201206281229_0070_r_000001_0.profile 
attempt_201206281229_0070_m_000002_0.profile  
attempt_201206281229_0070_r_000002_0.profile 



Microbenchmarks	
  

•  Focus	
  on	
  one	
  aspect	
  of	
  performance	
  
•  Be	
  sure	
  to	
  choose	
  the	
  one	
  that’s	
  really	
  important	
  for	
  you	
  

•  WordCount	
  
•  The	
  simplest	
  benchmark	
  of	
  all	
  



TeraSort	
  

•  TeraSort	
  measures	
  $me	
  to	
  sort	
  a	
  large	
  set	
  of	
  data	
  

$ hadoop jar hadoop-*examples*.jar \ 
      teragen 10000000000 generated 
 
$ hadoop jar hadoop-*examples*.jar \ 
      terasort generated sorted 
 
$ hadoop jar hadoop-*examples*.jar \ 
      teravalidate sorted validated 
 

Backslashes	
  denote	
  line	
  con$nua$on	
  and	
  are	
  not	
  part	
  of	
  the	
  command	
  



MRBench	
  

•  TeraSort	
  tests	
  a	
  single	
  large	
  job	
  
•  MRBench	
  can	
  test	
  many	
  small	
  jobs	
  

$ hadoop jar hadoop-mapreduce-*tests.jar \ 
     mrbench \ 
     -numRuns 50 \ 
     -maps 5 \ 
     -reduces 1 \ 
     -inputLines 10 
 
# ... Lots of console output ... 
DataLines Maps  Reduces  AvgTime (milliseconds) 
10      5      1         22253 
 



NNBench	
  

•  Load	
  test	
  for	
  the	
  HDFS	
  NameNode	
  

$ hadoop jar hadoop-mapreduce-*tests.jar \ 
     nnbench \ 
     -operation create_write \ 
     -maps 5 \ 
     -numberOfFiles 5000 \  
     -baseDir myoutputdir 
 
# ... Lots of console output ... 
TPS: Create/Write/Close: 1830 
Avg exec time (ms): Create/Write/Close: 530.833 
            Avg Lat (ms): Create/Write: 270.636 
                   Avg Lat (ms): Close: 250.706 



TestDFSIO:	
  Write	
  Performance	
  

•  First,	
  write	
  the	
  data…	
  

$ hadoop jar hadoop-mapreduce-*tests.jar \ 
     TestDFSIO \ 
     -write \ 
     -nrFiles 1000 \ 
     -fileSize 500 
 
# ... Lots of console output ... 
Total MBytes processed: 50000.0 
     Throughput mb/sec: 4.280953865016388 
Average IO rate mb/sec: 6.916503429412842 
 IO rate std deviation: 6.55725357815042 
    Test exec time sec: 1050.286 



TestDFSIO:	
  Read	
  Performance	
  

•  Next,	
  read	
  the	
  data…	
  

$ hadoop jar hadoop-mapreduce-*tests.jar \ 
     TestDFSIO \ 
     -read \ 
     -nrFiles 1000 \ 
     -fileSize 500 
 
# ... Lots of console output ... 
Total MBytes processed: 50000.0 
     Throughput mb/sec: 64.89292667099286 
Average IO rate mb/sec: 89.74160766601562 
 IO rate std deviation: 48.01357337794101 
    Test exec time sec: 530.817 



TestDFSIO:	
  Dele$ng	
  Data	
  

•  Finally,	
  remove	
  generated	
  data	
  

$ hadoop jar hadoop-mapreduce-*tests.jar \ 
     TestDFSIO \ 
     -clean 
     



Comprehensive	
  Performance	
  Suites	
  

•  Simula$ng	
  actual	
  workload	
  is	
  important	
  

Microbenchmarks vs. Real Workload

Time

Lo
ad



GridMix3	
  

•  Generate	
  trace	
  data	
  using	
  Rumen	
  
•  Can	
  also	
  (op$onally)	
  scale	
  this	
  data	
  

•  Feed	
  trace	
  data	
  to	
  GridMix3	
  



SWIM	
  

•  SWIM:	
  Sta$s$cal	
  Workload	
  Injector	
  for	
  MapReduce	
  
•  Scales	
  beZer	
  than	
  GridMix3	
  
•  Developed	
  in	
  collabora$on	
  with	
  UC	
  Berkeley	
  
•  Based	
  on	
  real-­‐life	
  workloads	
  spanning	
  several	
  industries	
  

•  Web	
  
•  Telecommunica$ons	
  
•  Media	
  
•  Retail	
  

•  More	
  info:	
  https://github.com/SWIMProjectUCB/ 



Performance	
  Tes$ng	
  Recap	
  

•  Verifies	
  efficient	
  resource	
  usage	
  
•  Code	
  
•  Cluster	
  

•  There’s	
  no	
  general	
  solu$on	
  
•  Try	
  to	
  measure	
  and	
  tune	
  what	
  maZers	
  for	
  you	
  

	
  





Overview	
  of	
  Diagnos$cs	
  

•  Tes$ng	
  is	
  proac$ve	
  
•  Diagnos$cs	
  are	
  reac$ve	
  

•  Many	
  diagnos$c	
  tools	
  available,	
  including	
  
•  Web	
  UI	
  
•  Logs	
  
•  Counters	
  
•  Job	
  history	
  



Web	
  UI	
  

•  Each	
  Hadoop	
  daemon	
  has	
  its	
  own	
  Web	
  applica$on	
  

Daemon	
   URL	
  

JobTracker	
   http://hostname:50030/ 

TaskTracker	
   http://hostname:50060/ 

NameNode	
   http://hostname:50070/ 

Secondary	
  NameNode	
   http://hostname:50090/ 

DataNode	
   http://hostname:50075/ 



JobTracker	
  Web	
  UI	
  Example	
  



TaskTracker	
  Web	
  UI	
  Example	
  

This	
  is	
  just	
  an	
  excerpt	
  of	
  a	
  larger	
  page	
  



JobTracker	
  Job	
  History	
  Page	
  



Task	
  AZempt	
  List	
  

Some	
  columns	
  removed	
  to	
  beZer	
  fit	
  the	
  screen	
  



NameNode	
  Web	
  UI	
  



Browsing	
  HDFS	
  



Logs	
  

•  Most	
  important	
  logs	
  for	
  MapReduce	
  developers	
  
•  stdout	
  
•  stderr	
  
•  syslog	
  

•  Demo:	
  How	
  to	
  debug	
  error	
  using	
  Web	
  UI	
  and	
  logs	
  
	
  



Custom	
  Logging	
  

•  Use	
  Log4J	
  for	
  logging	
  in	
  your	
  own	
  code	
  
	
  

import org.apache.log4j.Logger; 
// other imports omitted for brevity... 
 
public class MyMap extends MapReduceBase implements  
  Mapper<LongWritable, Text, Text, IntWritable> { 
 
  private static final Logger logger = Logger.getLogger(MyMap.class); 
 
  public void map(LongWritable key, Text value,  
     OutputCollector<Text, IntWritable> output, Reporter reporter)    
     throws IOException { 
 
       logger.info("Some important message goes here"); 
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Log	
  Configura$on	
  and	
  Control	
  

•  Excerpt	
  of	
  a	
  simple	
  log4j.properties	
  file	
  
•  Line	
  8	
  sets	
  level	
  for	
  logs	
  generated	
  by	
  our	
  mapper	
  
•  Line	
  9	
  sets	
  level	
  for	
  an	
  en$re	
  Hadoop	
  package	
  

log4j.rootLogger=INFO, stdout 
log4j.appender.stdout=org.apache.log4j.ConsoleAppender 
log4j.appender.stdout.Target=System.out 
log4j.appender.stdout.layout=org.apache.log4j.PatternLayout 
log4j.appender.stdout.layout.ConversionPattern=\ 
                            %d{ABSOLUTE} %5p %c{1}:%L - %m%n 
 
log4j.logger.com.example.foo.MyMapper=DEBUG 
log4j.logger.org.apache.hadoop.mapred=ERROR 
 

1 
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5 
6 
7 
8 
9 

10 

Date	
  	
  priority	
  (level),	
  category	
  (class):line	
  –	
  message	
  +	
  newline	
  	
  



Beware	
  Logging	
  Performance	
  

•  Logging	
  can	
  cause	
  performance	
  problems	
  
•  How	
  many	
  problems	
  do	
  you	
  spot	
  here?	
  

	
  
•  Let’s	
  see	
  how	
  to	
  improve	
  this…	
  
	
  

   // deep inside our mapper... 
   String[] fields = line.split(" "); 
 
   logger.info("Read line: " + line); 
   logger.info("Line has " + fields.length + " fields"); 
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Logging	
  Wisely	
  

•  This	
  revision	
  is	
  much	
  improved	
  

   // Only print bad records 
   if (fields.length != 4) { 
       // add helpful info about where the bad records reside 
       FileSplit fs = (FileSplit)reporter.getInputSplit(); 
                 String path = fs.getPath().toString(); 
 
       // log at a more appropriate level 
       logger.warn("Read bad line: " + line + " from: " + path); 
   }    
 
   // avoid unnecessary string concatenation 
   if (logger.isDebugEnabled()) { 
       // log at a more appropriate level 
       logger.debug("Line has " + fields.length + " fields"); 
   } 
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Counters	
  



Custom	
  Record	
  Counters	
  

•  Custom	
  counters	
  are	
  also	
  useful	
  for	
  diagnos$cs	
  
•  Let	
  me	
  demonstrate…	
  



Viewing	
  Current	
  Configura$on	
  



Job	
  Proper$es	
  



Other	
  Tools	
  

•  Generic	
  diagnos$c	
  tools	
  
•  jps 

•  top 
•  iostat 

•  vmstat 
•  netstat 

•  ulimit 
•  sysctl 

Your	
  Code	
  

Hadoop	
  MapReduce	
  

Hadoop	
  HDFS	
  

JVM	
  

Opera+ng	
  System	
  

Hardware	
  



Cloudera	
  Manager	
  



Diagnos$cs	
  Recap	
  

•  Hadoop	
  provides	
  a	
  lot	
  of	
  diagnos$c	
  informa$on	
  
•  Most	
  of	
  this	
  is	
  available	
  via	
  the	
  Web	
  UI	
  



Recap	
  

•  There	
  are	
  many	
  types	
  of	
  tes$ng	
  
•  Unit	
  
•  Integra$on	
  
•  Performance	
  

•  Diagnos$cs	
  can	
  help	
  catch	
  problems	
  that	
  slip	
  by	
  



Tool	
  Recap	
  

•  Unit	
  Tes$ng	
  
•  JUnit	
  
•  MRUnit	
  

•  Integra$on	
  Tes$ng	
  
•  MRUnit	
  
•  MiniDFSCluster	
  /	
  MiniMRCluster	
  
•  iTest	
  



Tool	
  Recap	
  (cont’d)	
  

•  Performance	
  Tes$ng	
  
•  Micro:	
  	
  	
  

•  TeraSort	
  
•  MRBench	
  
•  NNBench	
  
•  TestDFSIO	
  

•  Macro:	
  	
  
•  GridMix3	
  
•  SWIM	
  



Tool	
  Recap	
  (cont’d)	
  

•  Diagnos$cs	
  
•  Web	
  UI	
  
•  Logs	
  
•  Counters	
  
•  Job	
  History	
  



Resources	
  for	
  More	
  Info	
  

•  Johannes	
  Link	
  
•  ISBN:	
  1-­‐55860-­‐868-­‐0	
  



Resources	
  for	
  More	
  Info	
  

•  John	
  Ferguson	
  Smart	
  
•  ISBN:	
  1-­‐449-­‐30535-­‐0	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Tom	
  White	
  
•  ISBN:	
  1-­‐449-­‐31152-­‐0	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Æleen	
  Frisch	
  
•  ISBN:	
  0-­‐596-­‐00343-­‐9	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Gian-­‐Paolo	
  Musumeci	
  	
  
and	
  Mike	
  Loukides	
  

•  ISBN:	
  0-­‐596-­‐00284-­‐X	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Jack	
  Shirazi	
  
•  ISBN:	
  0-­‐596-­‐00377-­‐3	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Charlie	
  Hunt	
  
and	
  Binu	
  John	
  

•  ISBN:	
  0-­‐137-­‐14252-­‐8	
  



Resources	
  for	
  More	
  Info	
  (cont’d)	
  

•  Eric	
  Sammer	
  
•  ISBN:	
  1-­‐449-­‐32705-­‐2	
  



Conclusion	
  

•  Tes$ng	
  helps	
  develop	
  trust	
  in	
  a	
  system	
  
•  To	
  behave	
  as	
  you	
  expect	
  it	
  to	
  



Thank	
  You!	
  
Tom	
  Wheeler,	
  Curriculum	
  Developer,	
  Cloudera	
  


