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Ranking Features
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Ranking Features Recommendations

Facebook HQ & Like
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Ranking Features Recommendations Data Partitioning
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Benchmark Graphs

Clueweb 09

Twitter research

Friendster

Yahoo! web
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Benchmark to Social Graphs

Clueweb 09

Twitter research

Friendster

Yahoo! web

L /70x larger than benchmarks!

2015 Twitter Approx.

2015 Facebook Approx. ;
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BblcOKO-MaclTabupyemaa cuctema aHanmsa
rpadpoB C OTKPbITbIM MCXOOHbIM KOOOM

‘Llyman Kak BeplunHa”, KoTopaAa oTnpaB/IAET COO0LEeHMA OpPpYyrMm BepLUMHam
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Applications

Execution Framework

Storage
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ApXuUTeKTypa

Loading the graph
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Input Format




ApXUTEKTYypa

Compute / lterate

In-memory graph
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Send stats/iterate!
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ApXUTEKTYypa

Storing the graph

Output Format
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Parallelization Model

Compute / lterate

In-memory graph
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®

Send stats/iterate!

ast




Parallelization Model

Worker
parallelization:
...................................... MCOJIb3YyEeTCH
fHmemory grapn hadoop 4To6bI
' pacnpenennTb
3agaym no
HECKOJIbKNM
MallnHaMm

Compute / lterate

Master

[1ntoc: npocToTa

Send stats/iterate!
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Parallelization Model

Compute / lterate

In-memory graph E

Master

seNEEEEEN,

Worker O
l&l EEEED

gEEEnEnm EEEEEEEENER

Worker 1

[ |
‘-ll

4

Send stats/iterate!

Worker
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[MTonHoueHHaA nopgaep>xka OOIN

- Pebep >> BepwnH (> 2

/ kk
nOpﬂﬂ,Ka) i Interface for data structures that store out-edges for a vertex.
* @param Vertex 1d
* @param Edge value
O */
PeanM3aL'IMVI MHOI-I/IX 6‘”0KOB public interface OutEdges<I extends WritableComparable,

extends Writable> extends Iterable<Edge<I, E>>, Writable {

CUCTEeMbl MOXXHO 3aMEHNTDb

void initialize(Iterable<Edge<I, E>> edges);

void initialize(int capacity);

- Hanpuwme: xpaHunuuie pebep ¢

void initialize();

MCHOnb3OBaHI/IeM void add(Edge<I, E> edge);
anMMTMBHbIX MaCCMBOB I/”-“/I void remove(I targetVertexId);
onbnnotekun FastUtil it size();

- Cepunanmsauma o6 beKTOB B
bonbLIne maccmBebl banToB



Page Rank
Map Reduce (Hadoop)

Index: core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java

-—— core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java
(revision )

+++ core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java
(revision )

@@ -0,0 +1,166 @@

+ /%%

+ x Licensed to the Apache Software Foundation (ASF) under one or more
+ * contributor license agreements. See the NOTICE file distributed
with

* this work for additional information regarding copyright ownership.
The ASF licenses this file to You under the Apache License, Version

(the "License"); you may not use this file except in compliance with
the License. You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License 1is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied.

+ % See the License for the specific language governing permissions and
+ *x limitations under the License.

+ x/

+

+package org.apache.mahout.graph.pagerank;

+

+import java.io.IOException;

+ 4+ + + F F N+ +
¥ ¥ K X X X ¥ O ¥



Page Rank
Map Reduce (Hadoop)

Index: core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java

-—— core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java
(revision )

+++ core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java
(revision )

@@ -0,0 +1,166 @@

+ /%%

+ x Licensed to the Apache Software Foundation (ASF) under one or more
+ * contributor license agreements. See the NOTICE file distributed
with

* this work for additional information regarding copyright ownership.
The ASF licenses this file to You under the Apache License, Version

(the "License"); you may not use this file except in compliance with
the License. You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License 1is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied.

+ % See the License for the specific language governing permissions and
+ *x limitations under the License.

+ x/

+

+package org.apache.mahout.graph.pagerank;

+

+import java.io.IOException;

+ 4+ + + F F N+ +
¥ ¥ K X X X ¥ O ¥



Page Rank
Map Reduce (Hadoop) Giraph

Index: core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java public class PageRankComputation extends BasicComputation<LongWritable,
___________________________________________________________________ DoubleWritable, FloatWritable, DoubleWritable> {

_—— core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java public void compute
/ / /) /org/ap / /graph/pag /Pag ) Vertex<LongWritable, DoubleWritable, FloatWritable> vertex,

(revision )

+++ core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java Iterable<DoubleWritable> messages) 1
(revision ) // Calculate new page rank value
@@ -0,0 +1,166 @@ if (getSuperstep() >= 1) {

o double sum = 0;

for (DoubleWritable message : messages) 1

+ *x Licensed to the Apache Software Foundation (ASF) under one or more
sum += message.get();

+ % contributor license agreements. See the NOTICE file distributed !

with N _ , . , , vertex.getValue().set(0.15d / getTotalNumVertices() +0.85d * sum);
+ % this work for additional information regarding copyright ownership. 1

+ % The ASF licenses this file to You under the Apache License, Version // Send page rank value to neighbors

2.0 . . _ _ _ , , if (getSuperstep() < 30) {

+ % (the "License"); you may not use this file except in compliance with sendMsgToAllEdges (new DoubleWritable(getVertexValue().get() /
+ % the License. You may obtain a copy of the License at getNumOutEdges()));

+ % } else {

+ % http://www.apache.org/licenses/LICENSE-2.0 voteToHalt();

+ % }

+ % Unless required by applicable law or agreed to in writing, software ¥

+ * distributed under the License 1s distributed on an "AS IS" BASIS, ¥

+ *x WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

implied.

+ % See the License for the specific language governing permissions and
+ *x limitations under the License.

+ x/

+

+package org.apache.mahout.graph.pagerank;

+

+import java.1io.IOException;




Page Rank
Map Reduce (Hadoop) Giraph

Index: core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java public class PageRankComputation extends BasicComputation<LongWritable,
-—— core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java public void compute(

(revisioé ) / /3 /org/ap / /graph/pag /Pag ) Vertex<LongWritable, DoubleWritable, FloatWritable> vertex,

+++ core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java Iterable<DoubleWritable> messages) {

(revision ) // Calculate new page rank value

@@ -0,0 +1,166 @@ if (getSuperstep() >= 1) {

Ry double sum = 0;

for (DoubleWritable message : messages) 1

+ x Licensed to the Apache Software Foundation (ASF) under one or more
sum += message.get();

+ % contributor license agreements. See the NOTICE file distributed 1

with N _ , . , , vertex.getValue().set(0.15d / getTotalNumVertices() +0.85d * sum);
+ % this work for additional information regarding copyright ownership. 1

+ % The ASF licenses this file to You under the Apache License, Version // Send page rank value to neighbors

2.0 . . _ _ _ _ , if (getSuperstep() < 30) {

+ % (the "License"); you may not use this file except in compliance with sendMsgToAl1Edges (new DoubleWritable(getVertexValue().get() /
+ % the License. You may obtain a copy of the License at getNumOutEdges()));

+ % } else {

+ % http://www.apache.org/licenses/LICENSE-2.0 voteToHalt();

+ % ¥

+ % Unless required by applicable law or agreed to in writing, software ¥

+ % distributed under the License 1s distributed on an "AS IS" BASIS, +

+ *x WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

implied.

+ % See the License for the specific language governing permissions and
+ % limitations under the License.

+ x/

+

+package org.apache.mahout.graph.pagerank;
+

+import java.1io.IOException;




Page Rank
Map Reduce (Hadoop)

Index: core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java

-—— core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank. java
(revision )

+++ core/src/main/java/org/apache/mahout/graph/pagerank/Pagerank.java
(revision )

@@ -0,0 +1,166 @@

+ /%%

+ x Licensed to the Apache Software Foundation (ASF) under one or more
+ * contributor license agreements. See the NOTICE file distributed
with

* this work for additional information regarding copyright ownership.
The ASF licenses this file to You under the Apache License, Version

(the "License"); you may not use this file except in compliance with
the License. You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License 1is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

imp lied.

+ * See the License for the specific language governing permissions and
+ % limitations under the License.

+ x/

+

+package org.apache.mahout.graph.pagerank;

+

+import java.io.IOException;

+ 4+ + 4+ + + + + N+
T E R EE-E

Giraph

public class PageRankComputation extends BasicComputation<LongWritable,
DoubleWritable, FloatWritable, DoubleWritable> {
public void compute(
Vertex<LongWritable, DoubleWritable, FloatWritable> vertex,
Iterable<DoubleWritable> messages) {

// Calculate new page rank value
if (getSuperstep() >= 1) {
double sum = 0;
for (DoubleWritable message : messages) 1
sum += message.get();

I3
vertex.getValue().set(0.15d / getTotalNumVertices() +@.85d * sum);




Pregel Extensions



Pregel model

- Ka)kpanAa BepuwinHa peannsyeTt PyHKLMIO compute T.e. “ayman
Kak BepwmHa”

- Bce BepLlUnHbl B aKTUBHOM COCTOAHUW BbINOMHAKT PYHKUUIO
compute B TedeHunun cynep wara (BSP)

- Combiners ncnonb3yroTcA 4YTobbl arpermpoBaTb COOOLLEHNA

- Aggregators ncnonb3yrTcA YTOObI cHMTATb rNobanbHYIO
CTaTUCTUKY KaXXably cynep wwar



PacwupeHua moaenun, no6assieHHble B

Giraph

Computation ctan NonNHOUEHHbIM 06 BEKTOM
Computation onpenenaeTca onAa master, worker, n BepLinH

Master computation BbinonHAeTCA LEeHTPpannM3oBaHo, U UMEET
BO3MOXXHOCTb MeHATb computations anA BeplnH 1 workers

Computations MO>XXHO 0O bEOUHATb BMECTE 1 UCMONb30BaTh
NOBTOPHO



First Class Computation

class Vertex {
public:
virtual void Compute(Messagelterator* msgs) = O;

public interface Computation {
void compute(Vertex<l, V, E> vertex, Iterable<M1> messages);



Defining Computation for Master/Worker

public abstract class MasterCompute { public abstract class WorkerContext {

public abstract void compute();
public abstract void haltComputation();

public final void setComputation(
Class<? extends Computation> computationClass);

public final void setMessageCombiner
Class<? extends MessageCombiner> combinerClass);

public final void setIncomingMessage
Class<? extends Writable> incomingMessageClass);

public final void setOutgoingMessage
Class<? extends Writable> outgoingMessageClass);

public final void setOutgoingMessageClasses
MessageClasses<? extends WritableComparable,
? extends Writable> outgoingMessageClasses);

public final <A extends Writable> void setAggregatedValue(
String name, A value);

public
public
public

public

abstract void preApplication();
abstract void postApplication();
abstract void preSuperstep();

abstract void postSuperstep();



[lpumMmep CNOXXHOro NPUI0XXeHuA

Balanced Label Propagation

Continue if halting condition not met (i.e. <n
vertices moved?)

Affinity Propagation

calculate and send calculate and send
responsibilities availabilities

Continue if halting condition met (i.e. <n
vertices changed exemplars?)




Benchmarks/Performance




Scalability

Scalability of workers (200B edges) Scalability of Edges (50 workers)
500 500

375 375

o 250 o 250
o o
(Va) (Vg

125 125

0 0

50 100 150 200 250 300 1E+09 6.733E+10 1.337E+11 2E+11
# of Workers # of Edges

+ Giraph -- ldeal



“Munnwnapn pebep 3TO He KpyToO....
3HaeTe, YTO KpyTo? ~



“Munnwnapn pebep 3TO He KpyToO....
3HaeTe, YTOo KpyTo? ~

TPUJTTIMOH PEBEP.



Giraph cnocobeH cunTaTb OOHY
nTepauunto page rank Ha rpage c
1,000,000,000,000+ pebep
< 3 MUHYTHI

ncnonb3yAa knactep n3 200 malunH



Giraph vs Hive (Graph Applications)

Total CPU Total CPU
16.5M secs 0.6M secs 26X
Elapsed Time Elapsed Time 1 2 OX
600 mins 19 mins
Total CPU Total CPU
255M secs 18M secs 1 4X
Elapsed Time 7200 Elapsed Time
mins 110 mins 65X



Giraph vs Hive (Hive Queries)

Total CPU 22 days

Elapsed Time 64 mins

Total CPU 92 days

Elapsed Time 129 mins

Total CPU 485 days

Elapsed Time 510 mins

Total CPU 4 days

Elapsed Time 7 mins

Total CPU 18 days

Elapsed Time 19 mins

Total CPU 78 days

Elapsed Time 45 mins

9.1X
5.1X
6.8X
6.2X
11.3X



Large/Imbalanced Supersteps

C:3D?
D:3C} E:$¢

*  [lpumep: BblHMCNEHME
KOJindecTBa 00LWUnX opy3ent

(JToKanbHbIM KOIMPPULNEHT ADDE o8
KnaCTepmsaumm) E:'ggoé } D:§C2
- OTnpaBUTb CNUCOK OPpY3eN
A:3C
BCEM OPY3bAM Mg
E:3C?

- [locuynTaTb NnepeceyvyeHune
NOTy4EeHHOro cnncka co CBOUM

Messages memory = (1.23B MAP (as of 1/2014)) x (200+ average friends (2011 S1)) x (8-byte ids (longs))
= 394 TB of memory required for messages
= Assuming 100 GB machines, this is 3,940 machines (not including the graph)



Superstep Splitting

- Pasbutb cynep-wiar Ha HECKOJIbKO UtTepaunu

- Paspenntb coobLleHnA No oTnpaBUTENAM U
nosiyd4aTenAm B HECKOJIbKO rpynn (Hanpumep:
hash(vertexid) % Ng)

Sources: A (on), B (off)
Destinations: A (on), B (off)

Sources: A (on), B (off)
Destinations: A (off),

Sources: A (off), B (on)
Destinations: A (on), B (off)

Sources: A (off),

B (on)

Destinations: A (off), B (on)



Superstep Splitting OrpaHn4yeHun

- BblymucneHna gomkHbl obnagaTtb CBOUCTBaAMM
KOMMYTaTUBHOCTb U acCOLMaTUBHOCTW

- OpHo coobLlleHne He O0J1IKHO npeBbilaTh pa3dmepa bydepa

- B aKcTpemanbHbIX cnyyaAax cnenyeTt ncnosb3oBaTb
crneunanm3npoBaHHble anropuTMbl geneHunAa rpados oaAa Toro
4yTOObI cOanaHcMpoBaThb Harpy3kKy



IlocneaHue nocTUXXeHUA

PekommeHpauunn (https://code.facebook.com/posts/
861999383875667/recommending-items-to-more-than-a-billion-
people/)

Blocks and Pieces (http://giraph.apache.org/blocks.html)
Adaptive OOC



https://code.facebook.com/posts/861999383875667/recommending-items-to-more-than-a-billion-people/
http://giraph.apache.org/blocks.html

Future Work
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Future Work

Performance



Future Work

Performance



Future Work




Thank You



