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Communication-oriented models
MPI, Parallel Virtual Machine, BSP
Distributed shared-memory (DSM)

Tuple Spaces
MapReduce and Dataflow models
Hadoop, Dryad, Spark
Single-machine shared memory models
GPU: CUDA, OpenCL
Multicore CPUs: Cilk, OpenMP
Distributed data structures
Memcached, RamCloud, KVS on DHT
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BSP
(Bulk Synchronous Parallel)
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Tuple Spaces
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Input File Intermediate File Final
and its Split on Local Disk Output
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Map-Group-Reduce
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* Pig Latin (Yahoo)
*  Hive
* (Cascading
+ Jagl (IBM)
*  Sawzall, Flumelava (Google)
*  SQL/MapReduce (Aster Data)
* Map-Reduce-Merge (SIGMOD 07)
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Windows HPC Server 2008
R2 Cluster

Window HPC Server 2008 R2 Cluster
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DryadLINQ i

var duplicatedFiles =
Directory.GetFiles(directoryName,"*.jpg",
SearchOption.AllDirectories)
Select(filename => new {
hash = GetChecksum(filename),
name = filename })
.GroupBy(record => record.hash)
-Where(group => group.Count() > 1)
.SelectMany(group =>
group.Select(record => record.name));

(C) 2011 Microsoft Corporation 18



Dryad DI5E

s J\AMTS1A>2ZIBEEURL. DAG DOZHRIL
° 07’1’)’/ N RDOEEAL
. 1 h@ﬂ% Co location

* UAQ‘K‘, —SEIDHSRIE. LINQ 0/
A — 5k

* HPC &k =)

* D DISC 7 —FF7 I F v XF1)L

* Incremental updates. iterative/recursive
applications

e S J=EEE

(C) 2011 Microsoft Corporation 19



DENEITIT S > DB

Map
GroupBy
InitialReduce

Distribute

Merge

Partial Aggregation
ZEITULTWSH

GroupBy

Combine

aggregation tree

Merge

GroupBy
FinalReduce

Consumer

(C) 2011 Microsoft Corporation

20



SEDOGRAE

* Dremel. Piccolo. Ciel 78 &EM7 —FFDOF v X517 EDREE
» Communication-oriented. ##i&DEAFENE
» T3TNAN., T3 TREeEdEIt
* 58, [JOOBFIHA
° %?%% (RE/)\UIT—>3>) . =93 U\SA-FHEHHED
=
* Asakusa 73 ERIREmEET /G
* DSL. O/ A S&iE{b & MapReduce &iE{L. REII—R. b5>
o3>, BEE
* Push & Pull (Co-Relational Model)
* Nectar, Data cube 72 EREFF L
* Incremental query plan, decomposable functions

(C) 2011 Microsoft Corporation 21



