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Word Count ExampleThe goal of this example is to ount the number of distint words in a giventext.lass MAPPERmethod MAP(doID a, do d)for all term t in do d doEMIT(term t, ount 1)The MAP method takes an input pair and produes a set of intermediate<key,value> pairs. Then all the intermediate values assoiated with the sameintermediate key are grouped by the MapRedue library (shu�e phase).
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Word Count Example
lass REDUCERmethod REDUCE(term t, ounts[1,2,...℄)sum = 0for all ount  in ounts[1,2,...℄ dosum = sum + EMIT(term t, ount sum)The REDUCE method reeives an intermediate key and a set of values forthat key merging together these values to form a smaller set of values.
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Word Count ExampleSuposse we are give the following input �le:We are not whatwe want to be,but at leastwe are not whatwe used to be.The MapRedue job onsists of the following:Map(do_id, reord) --> [(word, 1)℄Redue(word, [1,1,...℄) --> (word, ount)In the map phase the text is tokenized into words. Then a <word,1> pair is formedwith these words.<we, 1>; <are, 1>; <not, 1>; <what, 1>; ....Remember that <key, value> pairs are generated in parallel on many mahines.Eah task has a little part of the overall Map inputW. PALMA 4 / 17



Word Count ExampleConsidering our input text, in preparation for the redue phase all the �we� pairs aregrouped togheter, all the �what� pairs are grouped togheter, et.<we, 1> <we, 1> <we, 1> <we, 1> −− > <we, [1,1,1,1℄><are, 1> <are, 1> −− > <are, [1,1℄><not, 1> <not, 1> −− > <not, [1,1℄>...In the redue phase a redue funtion is alled one for eah key. The redue phasealso sorts the output into inreasing order by key as follows:<are, 2>; <at, 1>; <be, 2>; <but, 1>; <least, 1>; <not, 2>; <to, 2>;<used, 1>; <want, 1>; <we, 4>; <what, 2>Like in the map phase, the redue phase is also run in parallel. Eah mahine isassigned a subset of the keys to work on. The results are stored into a separate �le.W. PALMA 5 / 17



Word Count::The Map soure odepubli lass Map extends MapRedueBase implements Mapper<LongWritable, Text,Text, IntWritable> {private final stati IntWritable one = new IntWritable(1);private Text word = new Text();publi void map(LongWritable key, Text value, OutputColletor<Text, IntWritable> output,Reporter reporter) throws IOExeption {String line = value.toString();StringTokenizer tokenizer = new StringTokenizer(line);while (tokenizer.hasMoreTokens()) {word.set(tokenizer.nextToken());output.ollet(word, one);}}} LongWritable, Text, Text and IntWritable are Hadoop spei� data types designed foroperational e�ieny. All these data types are based out of Java data types; LongWritableis the equivalent for long, IntWritable for int and Text for String.Mapper<LongWritable, Text, Text, IntWritable> refers to the data type of input andoutput key value pairs. The input key (LongWritable) is a default value, the input value(Text) is a line. The output is of the format <word,1> hene the data type of the ouput isText and IntWritable.W. PALMA 6 / 17



Word Count::The Map soure odepubli lass Map extends MapRedueBase implements Mapper<LongWritable, Text,Text, IntWritable> {private final stati IntWritable one = new IntWritable(1);private Text word = new Text();publi void map(LongWritable key, Text value, OutputColletor<Text, IntWritable> output,Reporter reporter) throws IOExeption {String line = value.toString();StringTokenizer tokenizer = new StringTokenizer(line);while (tokenizer.hasMoreTokens()) {word.set(tokenizer.nextToken());output.ollet(word, one);}}} In the map method map(LongWritable key, Text value, OutputColletor<Text,IntWritable> output, Reporter reporter)The �rst two parameters refer to the data type of the input to the mapper.The third parameter OutputColletor<Text, IntWritable> output does the job oftaking the output data from the mapper. The Reporter is used to report the task statusinternally in Hadoop environment.W. PALMA 7 / 17



Word Count::The Redue soure odepubli lass Redue extends MapRedueBase implements Reduer<Text, IntWritable,Text, IntWritable> {publi void redue(Text key, Iterator<IntWritable> values, OutputColletor<Text,IntWritable> output, Reporter reporter) throws IOExeption {int sum = 0;while (values.hasNext()) {sum += values.next().get();}output.ollet(key, new IntWritable(sum));}} Considering Text, IntWritable, Text, IntWritable, the �rst two refers to data type of theinput (<we,1>) to the reduer. The last two refers to data type of the output(<we,#ourrenes>).In the redue method redue(Text key, Iterator<IntWritable> values,OutputColletor<Text, IntWritable> output, Reporter reporter)The input to redue method from the mapper after the sort and shu�e phase is of theformat <we,[1,1,1,1℄>W. PALMA 8 / 17



Word Count::The driverpubli stati void main(String[℄ args) throws Exeption {JobConf onf = new JobConf(WordCount.lass);onf.setJobName("wordount");onf.setOutputKeyClass(Text.lass);onf.setOutputValueClass(IntWritable.lass);onf.setMapperClass(Map.lass);onf.setCombinerClass(Redue.lass);onf.setReduerClass(Redue.lass);onf.setInputFormat(TextInputFormat.lass);onf.setOutputFormat(TextOutputFormat.lass);FileInputFormat.setInputPaths(onf, new Path(args[0℄));FileOutputFormat.setOutputPath(onf, new Path(args[1℄));JobClient.runJob(onf);}W. PALMA 9 / 17



Compilation and run
$ mkdir lasses$ java -lasspath /usr/share/hadoop/hadoop-ore-0.20.204.0.jar -d lasses/ *.java$ jar -vf wordount.jar -C lasses/ .$ hadoop dfs -ls input/$ hadoop jar wordount.jar org.myorg.WordCount input/ output/$ hadoop dfs -at output/part-00000
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Exerise::Inverted index
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Pseudoodelass MAPPERmethod MAP(doID n, do d)H = new AssoiativeArrayfor all term t in do d doH{t} = H{t}+1for all term t in H doEMIT(term t, posting <n,H{t}>)lass REDUCERmethod REDUCE(term t, posting [<n1,f1>,<n2,f2>....℄)P = new Listfor all posting <doid,f> in postings [<n1,f1>,<n2,f2>....℄ doAppend(P,<doid,f>)Sort(P)EMIT(term t, postings P)W. PALMA 12 / 17



Custom Data TypesIn Hadoop we are free to de�ne our own data types. In the abovepseudoode we must implement an objet that represents a postingomposed of an doument identi�er and a term frequeny.The objet marshaled to or from �les and aross the network must obeythe Writable interfae, whih allows Hadoop to read and write the data ina serialized form for transmission.The Writable interfae requires two methods:publi interfae Writable {void readFields(DataInput in);void write(DataOutput out);}The readFields() method initializes all of the �elds of the objet on dataontained in the binary stream in. The write() method reonstruts theobjet to the binary stream out.W. PALMA 13 / 17



Custom Data TypesThe most important ontrat between readFields() and write()methods is that they read and write the data in the same order.The following ode implements a lass usable by Hadoop:publi lass point2D implements Writable {private IntWritable x;private IntWritable y;publi point2D(IntWritable x, IntWritable y){this.x = x;this.y = y;}publi point2D(){this(new IntWritable(),new IntWritable());}publi void write(DataOutput out) throws IOExeption {x.write(out);y.write(out);}publi void readFields(DataInput in){x.readFields(in);y.readFields(in);}}W. PALMA 14 / 17



Custom Key TypesIf we want to emit ustom objets as keys they must implement a striterinterfae, WritableComparable.publi lass point2D implements WritableComparable {private IntWritable x;private IntWritable y;publi point2D(IntWritable x, IntWritable y){this.x = x;this.y = y;}publi point2D(){this(new IntWritable(),new IntWritable());}publi void write(DataOutput out) throws IOExeption {x.write(out);y.write(out);}publi void readFields(DataInput in){x.readFields(in);y.readFields(in);}publi int ompareTo(point2D other){return Float.ompare(distaneFromOrigin,other.distaneFromOrigin);}}W. PALMA 15 / 17



Using Custom Types
The setOutPutKeyClass() and setOutPutValueClass() methodsontrol the output types for the map and redue funtions, whih areoften the same.If the map and redue funtions are di�erent, you an set the typesemitted by the mapper with the setMapOutPutKeyClass() andsetMapOutPutValueClass() methods. These impliitly set the inputtypes expeted by the reduer.
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Partitioning DataPartitioning is the proess of determining whih reduer instane willreeive whih intermediate keys and values.It is neessary that for any key, regardless of whih mapper instanegenerated it, the destination partition is the same.Hadoop determines when the job starts how many partitions it will dividethe data into. If ten redue tasks are to be run, then ten partitions mustbe �lled.The Partitioner de�nes one method whih must be �lled:publi interfae Partitioner extends JobConfigurable{int getPartition(K key, V value, int numPartitions);}After implementing the Partitioner interfae, we must use theJobConf.setPartitionerClass() method to tell Hadoop to use theustom Partitioner in the job.W. PALMA 17 / 17


