MapReduce
To accomplish this, we’ll use Hadoop’s streaming utility.  This works in an unusual (and poorly documented) way.  As we know, Hadoop splits the task into two sections: map and reduce.
Map:
This task should read the series of inputs provide it by the cluster, and convert it into the format:
Key	Value
(note the tab character between them – this is very important!).  You can technically skip the value; a line without a key will be treated as a key in its entirety.
These lines are then ordered by key and provided to the reduce task.
Reduce:
This task reads the Key	Value date provided by the map job, and essentially combines these to form the final output.
Some simple rules
Programs you write should be able to read any number of lines from console, and realise that they might be blank.  Do not assume that a blank line is the end of input – this is provided by the ctrl+z/ctrl+d signal (operating system-dependent).  Most programming languages can also read this as null.
Do not assume that you’ll get all of the data – in a Hadoop cluster, you’ll only get a fraction, depending on how many nodes are present.  Code must be extensible.
Remember to inject tab characters - \t in most languages.  The format is quite precise.
Running a C# MapReduce job
We’ll start by replicating the Java MapReduce job to collect word counts.  In this case:
Map should read every line it receives, remove punctuation (though the Java version didn’t do this), split out words, and output it in the Key	Value format.  In this case, the “Value” will always be 1, but we’ll still use it – this might be something we change later.
Reduce should read the keys which are now ordered.
You need to write two separate programmes, one named “Mapper”, one named “Reducer”.






Mapper:
string line = null;

//Read until end of input.  This is significantly different from == ""
while((line = Console.ReadLine()) != null)
{
    if (line == "")
        continue;

    //Convert to lower case, strip out punctuation (LINQ notation).
    line = new string(line.ToLower().Where(c => !char.IsPunctuation(c)).ToArray());

    //Split line (paragraph) into words
    string[] tArr = line.Split(' ');

    //Output each word, tabbed with a "1" as the value.
    foreach(string s in tArr)
    {
        Console.WriteLine("{0}\t{1}", s, 1);
    }
}












Reducer:
string line = null;
string cWord = null;
int count = 0;

//Remember, these are ordered by key.
while ((line = Console.ReadLine()) != null)
{
    string[] ln = line.Split('\t'); //Should only ever have two elements.

    if(ln[0] == cWord) //Same as previous word - add to count.
    {
        //Add to the count.
        count += int.Parse(ln[1]);
    }
    else //Different to previous word.
    {
        if (cWord != null) //If we stored a word previously, reset.
        {
            Console.WriteLine("{0}\t{1}", cWord, count);
        }

        cWord = ln[0];
        count = int.Parse(ln[1]);
    }
}

if (cWord != null)
{
    //Print final stored word.
    Console.WriteLine("{0}\t{1}", cWord, count);
}

















To run these applications, we’re going to use the Hadoop streaming environment.
Build and copy Mapper.exe and Reducer.exe to a folder, e.g. C:\hadoop\run.
Current versions of the streamer have deprecated taking files from the local filesystem, and instead prefer files to be located on hdfs.  This is quite labour intensive, however, so we’ll investigate both approaches.
	Command
	Action

	hadoop jar C:\hadoop\share\hadoop\tools\lib\hadoop-streaming-2.7.3.jar 
	Invokes the hadoop environment, using the streaming java application.

	-file
	Select files from the local file system, separated by spaces (deprecated, but extremely useful)

	-files
	Select files from the hdfs, separated by commas (the “correct” approach, but very labour-intensive).

	-mapper
	The command to run the mapper job.

	-reducer
	The command to run the reducer job.

	-input
	The input file (must be on hdfs).

	-output
	The output folder (on hdfs).  Must not exist.



First, we’ll run Hadoop streamer using files on the local file system.  For example:
hadoop jar C:\hadoop\share\hadoop\tools\lib\hadoop-streaming-2.7.3.jar -file C:\hadoop\run\Mapper.exe C:\hadoop\run\Reducer.exe -mapper “Mapper.exe” -reducer “Reducer.exe” -input /myfile.txt -output /liout
Try this, and cat the result:
[image: ]
You can also move the files to hdfs (using the standard “put” commands) and the use –files switch to specify them in the format hdfs://host:port/user/filename.  In my opinion, this is a colossal pain, so I’m continuing to use the –file switch while it still works.
Exercises
Generate a list of 100,000 random integers.  Calculate (each in a different program):
a) How many numbers are even, how many are odd.
b) Which numbers are prime, and how many instances of each prime number there are in the number set.
c) Which numbers fall into each banded order of magnitude.  I.e. how many numbers fall into 0-9, 10-99, 100-999, 1000-9999 etc.
d) How many numbers are factors of each times table, from 2 to 1000.  I.e. you might show 
2	51934
3	32197
4	25733
5	19780
[bookmark: _GoBack]Etc. up to 1000.
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hadoop\run>hdfs dfs -cat /liout/part-00060
a 26

ac 27
accumsan 1
ad 1
adipiscing 2
aenean 9
aliquam 15

aliquet 5

amet 25

ante 16

aptent 1

arcu 14

at 19

auctor 7

augue 7
bibendum a
blandit 8

class 1

commodo 6
condimentum 11
congue 9
consectetur 11
consequat 7
conubia 1
convallis 1
cras 9
curabitur 3




