


Foundation:

• Large-Scale 
Distributed 
Storage

• Data Flow 
Machinery

• Declarative 
Data Parallel 
Language



Scale

60%-80% CPU Utilization

110K
Commodity machines

Across 4 clusters

Storage growth

56s
Terasort

1000 nodes

Maximum Utilization and Throughput with High Reliability At Low Cost

1.2
Exabytes

2010 2013

64
Petabytes

Ecosystem

170 Feature Teams

4K Developers

Bing, Ad Center, MSN, Maps, Windows Phone, Xbox Live, Windows Live, Office365, STB, ...

100's Applications

Jobs per day 95K/day

2010
2013

6K/day

Simplicity

//Define the View for Cluster Runs
SlapiPageView =
       VIEW "/shares/searchDM/distrib/released/SLAPI/SearchLogPageView.view"
       PARAMS (Start = @"2012-01-01", End = @"2012-01-01", UseSample = false);

//Select statement from data from the view
SELECT
       COUNT() AS Count
    ,Vertical
       ,Market
    ,Query_RawQuery
FROM   
    SlapiPageView
WHERE   
    Helper.FirstWordIs(Query_RawQuery,"windows")
ORDER BY 
    Vertical, Count DESC;

//Output files to the cluster
OUTPUT 
     TO @"/my/results.log";

Scope (20 Lines)
JOB1

public class Demo {

  public static class SLAPITokenizerMapper 
       extends Mapper<Object, Text, Text, IntWritable>{
    
    private final static IntWritable one = new IntWritable(1);
    //private Text word = new Text();
      
    public void map(Object key, Text value, Context context) throws IOException, 
InterruptedException 

{
  String line = value.toString();
  int i = 0; line.indexOf(";");
  String Vertical = line.substring(0,line.indexOf(";");
  String Market
  String query

      StringTokenizer itr = new StringTokenizer(value.toString());
  // input file format is 

<vertical>|<Market>|<country>|<language>|<query>|<...>
      while (itr.hasMoreTokens()) {
        if (i ==0)

Vertical=itr.nextToken("|");
if (i==1)

Market=itr.nextToken("|");
if (i==4)

Query=itr.nextToken("|");
i=i+1;
}
String compkey= Vertical+ "|" + Market "|" + Query + 

"|";
        context.write(compkey, one);
      
    }
  }
  
  public static class IntSumReducer 
       extends Reducer<Text,IntWritable,Text,IntWritable> {
    private IntWritable result = new IntWritable();

//private String intvalue="";
    public void reduce(Text key, Iterable<IntWritable> values, 
                       Context context
                       ) throws IOException, InterruptedException {
      int sum = 0;
      for (IntWritable val : values) {
        sum += val.get();
      }
      result.set(sum);
      context.write(key, result);
    }
  }

  
  
  public static void main(String[] args) throws Exception {
    Configuration conf = new Configuration();
    String[] otherArgs = new GenericOptionsParser(conf, args).getRemainingArgs();
    if (otherArgs.length != 2) {
      System.err.println("Usage: wordcount <in> <out>");
      System.exit(2);
    }
    Job job = new Job(conf, "word count");
    job.setJarByClass(WordCount.class);
    job.setMapperClass(SLAPITokenizerMapper.class);
    job.setCombinerClass(IntSumReducer.class);
    job.setReducerClass(IntSumReducer.class);

//job.setMapperClass(OrderingMapper.class);
Job.setReducerClass();

    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(Text.class);
    FileInputFormat.addInputPath(job, new Path(otherArgs[0]));
    FileOutputFormat.setOutputPath(job, new Path(otherArgs[1]));
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }
}

MapReduce (200 Lines)
JOB2

public class Demo2 {
 
    public static class keyPair 
                      implements WritableComparable<keyPair> {
    private String first = 0;
    private int second = 0;
    
    
    public void set(String left, int right) {
      first = left;
      second = right;
    }
    public String getFirst() {
      return first;
    }
    public int getSecond() {
      return second;
    }
    
    @Override
    public void readFields(DataInput in) throws IOException {
      first = in.readLine();

  first = first.substring(0, indexOf(" "));
      second = in.readInt() + Integer.MIN_VALUE;
    }
    @Override
    public void write(DataOutput out) throws IOException {
      out.writeBytes(first);
      out.writeInt(second - Integer.MIN_VALUE);
    }
    @Override
    public int hashCode() {
      return first.hashcode() *127 + second;
    }
   
    public static class KeyComparator extends WritableComparator {
      protected KeyComparator() {
        super(keyPair.class, true);
      }

      public int compare(WritableComparable w1, WritableComparble W2) {
  keyPair ip1 = (keyPair) w1;
  keyPair ip1 = (keyPair) w1;
  int cmp = keyPair.compare(ip1.getFirst(), ip2.getFirst());
  if(cmp!=0)

return cmp;
  

      return keyPair.compare(ip1.getSecond(), ip2.getSecond());
      }
    }

public static class KeyComparator extends WritableComparator {
      protected KeyComparator() {
        super(keyPair.class, true);
      }

      public int compare(WritableComparable w1, WritableComparble W2) {
  keyPair ip1 = (keyPair) w1;
  keyPair ip1 = (keyPair) w1;
  return keyPair.compare(ip1.getFirst(), ip2.getFirst());
  

    }
  }
  
  public static class FirstPartitioner extends Partitioner<keyPair,IntWritable>{
    @Override
    public int getPartition(keyPair key, IntWritable value, 
                            int numPartitions) {
      return Math.abs(key.getFirst() * 127) % numPartitions;
    }
  }
 
}

  

 
  public static class MapClass 
         extends Mapper<Text, Text, keyPair, Text> {
    
    private final keyPair key = new keyPair();
    private final Text value = new Text();
    
    @Override
    public void map(Text inKey, Text inValue, 
                    Context context) throws IOException, InterruptedException {
      StringTokenizer itr = new StringTokenizer(inValue.toString());

  String Vertical="";
  String Market="";
  String query=""
  int cnt=0;
  while (itr.hasMoreTokens()) {

        if (i ==0)
Vertical=itr.nextToken("|");

if (i==1)
Market=itr.nextToken("|");

if(i==2)
Query=itr.nextToken();

else 
cnt = Integer.parseInt(itr.nextToken());

}

      if (itr.hasMoreTokens()) {
        left = Integer.parseInt(itr.nextToken());
        if (itr.hasMoreTokens()) {
          right = Integer.parseInt(itr.nextToken());
        }
        key.set(Vertical, cnt);

String val=Market+ "|" + query;
        context.write(key, value);

output.collect(new 
      }
    }
  }
  

  public static class Reduce 
         extends Reducer<keyPair, IntWritable, Text, IntWritable> {
    private static final Text SEPARATOR = 
      new Text("------------------------------------------------");
    private final Text first = new Text();
    
    @Override
    public void reduce(keyPair key, Iterable<IntWritable> values,
                       Context context
                       ) throws IOException, InterruptedException {
      context.write(SEPARATOR, null);
      first.set(Integer.toString(key.getFirst()));
      for(IntWritable value: values) {
        context.write(first, value);
      }
    }
  }
  
  public static void main(String[] args) throws Exception {
    Configuration conf = new Configuration();
    String[] otherArgs = new GenericOptionsParser(conf, args).getRemainingArgs();
    if (otherArgs.length != 2) {
      System.err.println("Usage: secondarysrot <in> <out>");
      System.exit(2);
    }
    Job job = new Job(conf, "secondary sort");

JobControl jbcntrl=new JobControl("jbcntrl"); jbcntrl.addJob(job1); 
jbcntrl.addJob(job2); job2.addDependingJob(job1); jbcntrl.run();
    job.setJarByClass(SecondarySort.class);
    job.setMapperClass(MapClass.class);
    job.setReducerClass(Reduce.class);

    
    job.setPartitionerClass(FirstPartitioner.class);
    job.setGroupingComparatorClass(KeyComparator.class);

   
    job.setMapOutputKeyClass(keyPair.class);
    job.setMapOutputValueClass(IntWritable.class);

    job.setOutputKeyClass(Text.class);
    job.setOutputValueClass(IntWritable.class);
    
    FileInputFormat.addInputPath(job, new Path(otherArgs[0]));
    FileOutputFormat.setOutputPath(job, new Path(otherArgs[1]));
    System.exit(job.waitForCompletion(true) ? 0 : 1);
  }

}

 

Users Familiar Tools
Excel, Web Apps, Reporting

Developers, Researchers, Data Scientists, PM, Product Management, Marketing, and Sales

Developers

Customers Big Data as a 

Service



Cosmos Data Platform

SCOPE Scheduler

SCOPE Runtime

SCOPE Compiler SCOPE
Optimizer

FrontEnd Services

Data Communication

SCOPE Studio / Tools

SCOPE Script

REFERENCE @"/shares/searchDM/SearchLogApi.dll";
USING MS.Internal.Bing.DataMining.SearchLogApi;

//Search Merge Log Impressions
SML = 

VIEW "/shares/searchDM/SearchLogPageView.view“
PARAMS (Start = @"2013-07-10", End = @"2013-07-11“)

;

//Windows Blue distinct users
WindowsBlueClicks = 

SELECT
Request_ClientId AS Client, 
QueryParser.GetFcsNormalizedQuery(Query_RawQuery) AS Query,
SUM(PageClicks_Count > 0 ? 1 : 0) AS Clicks, 
MAX(Metrics_DwellTime) AS DwellTime

FROM
SMLPageView

WHERE
Market == "en-us“ 

        AND Request_OSInfo.ProductName == "Windows 8.1"
;

//Windows Blue user sessions
WindowsBlueSessions = 

REDUCE WindowsBlueClicks ON Client 
USING MySessionReducer()

;     

//Cook for later use
OUTPUT WindowsBlueSessions

TO SSTREAM @@WindowsBlueSessions@@
CLUSTERED BY Vertical SORTED BY Client
;

SQL relational algebra

Custom Reduce Function

Predicates



Holistic Code 
Optimization

• Database 
Query 
Optimization

• Program 
Analysis and 
Compiler 
Optimization



Procedural 
code

Procedural 
code

USING

USING

REDUCE

FROM
EXTRACT

PRODUCE

SQL-like
code

Compiler

Compiler

Compiler

Query
Optimizer

Much 
Deeper!



Procedural 
code

Procedural 
code

Flow Graph

Flow Graph

Data Shuffling

Step 1: Construct 

inter-procedural flow graph

Step 2: Add safety constraints

for skipping shuffling code

Step 3: Transform code for 

reducing shuffling I/O



Procedural 
code

Procedural 
code

Flow Graph

Flow Graph

Data Shuffling

string domain = 

ExtractURL(row[“url”]);

row[“domain”] = 

ExtractURL(row[“url”]);

row[“domain”] = 

ExtractURL(row[“url”]);



Procedural 
code

Procedural 
code

Flow Graph

Flow Graph

Data Shuffling

x

Count+

+

Y

X

Count+

+

Y

if (row[“impr”] > MAX_IMPR) 

continue;

if (row[“impr”] > MAX_IMPR) 

continue;
if (row[“impr”] > MAX_IMPR) 

continue;



Procedural 
code

Procedural 
code

Flow Graph

Flow Graph

Data Shuffling

isum

+= 

impr

INPUT

OUTPUT

clks:long:8

clks:long:8

impr:int:4

-:-: ∞

row[“p”] = 

row[“query”].Contains(KEYS);

bool p = 

row[“query”].Contains(KEYS);

bool p = 

row[“query”].Contains(KEYS);



* Study on 28,838 jobs collected from SCOPE clusters in 

2010/2011.

Optimization Eligible jobs

Column 

Reduction

4,052 (14.05%)

Early Filtering 3,020 (10.47%)

Smart Cut 1,544 (  5.35%)

Overlapped Total 6,397 (22.18%)





Research

Production

•

• •

•

•

http://m.rgbimg.com/cache1nvK96/users/o/oz/ozetsky/600/mfe0irG.jpg

http://cdn2.everyjoe.com/wp-content/uploads/2013/05/shocked-baby-146x104.jpg



Scheduling and 
Resource 
Management

• Coordinated 
scheduling

• Opportunistic 
tasks

• Corrective 
actions





•

•

•

•



Beyond Batch 
Processing 

• Graph 
Computation

• Machine 
Learning and 
Deep 
Learning

• Streaming



Search data 
streams

• Continuous input

• Near real-time computation

• Scaling to thousands of nodes

• Fault tolerant

• Strongly consistent

$



Input streams

R R

X X X

M

Output streams

Channels

Vertices

Streaming events

Missing or 
duplicate events

Replay of 
upstream events

Rebuild the state
X: t1

a
3
,4

,5
,6

,7

X: t2

a
,b

3
,4

,5
,6

,7

Timeline



Input streams

R R

X X X

M

Output streams

Vertices

rStream

Provides the illusion of reliable 

and asynchronous communication 

channels



X: t1

a
3

,4
,5

,6
,7

s1 = <{2}, {a}, t1>

X: t2

a
,b

3
,4

,5
,6

,7

s2 = <{3}, {b}, t2>

X: t3

a
,b

,c
,d

5
,6

,7

s3 = <{4}, {d}, t3>

Timeline

Restart from any snapshot

rVertex

Replayable vertex, can 

replay from any snapshot





High complexity
48 stages

18 joins of 5 different types

21.3 TB in-memory state

Fault tolerance
Handles both planned failures and 

unplanned outages automatically

Massive scalability
Reads 61TB + Write 61TB

7 billions of input events 

6 billions of output events
3000+ long-running tasks



•

•

•

•

•

•

•

•






