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Prediction for Data-parallel Cluster Computing

Hao Wang'°, Li Chen®, Kai Chen?, Ziyang Li®°, Yiming Zhang®,
Haibing Guan', /hengwel Qi', Dongsheng Li°, Yanhui Gueng4

[V fp.
1 Shanghai Jiao Tong University / =
2Hong Kong University of Science and Technology T_::‘ == 17] [
3National University of Defense Technology K L—T-7 AL S B
*Huawei Technologies Co. Ltd. _. ,\*,;W e oy
— ,wﬁw/."\ ! B / g 7 <
A /Q"k-"g:;" R 4 48 _L%‘V"\"R
A g, $ .2

| ..'
\\j
5 LoF '
"\Q’( e =,
. 74 Syl ST



L uneorencal ...,

=z algorithm %50

= complex sy “Machine

relntions -'--- lomgrage ireneiet “ massive ™= network Zom hehavior

dxffetent give people al
interactions . theory

data'"st“‘éit tica

USe amounts .2 @ social extract et

cupervised
arise_ analysns
------- o ledarning =omys

classification

graphs CI%tsp!n!npgm.ﬂ -.:‘-"“' e EGE _r—1

OIltthres,u.Lt.S:-

.ll

‘3;‘:-‘. ) ‘,": Apache Hama iz U SpQCr:IK
o orya
DR SR == Microsoft

AE




Flow-based optimization mechanisms:

- PDQ [Sigcomm’12], pFabric [Sigcomm’13],
PASE [Sigcomm’14], Varys [Sigcomm’14],
Baraat [Sigcomm’14]

Architectural bandwidth provisioning:

- c-Through [Sigcomm’10], Helios [Sigcomm’11],

Mordia [Sigcomm’13], OSA [NSDI'12]
Traffic engineering:

- Hedera [NSDI'10], MicroTE [CONEXT 11],
D3 [Sigcomm’™11]



Knowing the Flow Information
Ahead of Time




FLOWPROPHET

+  (Generic for DCFs

» Accurate and fined-grained

-  Ahead-of-time
» Scalable and low-overhead



Toy Example:
Word Count
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Distributed Computing
Frameworks
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Directed Acyclic Graph
(DAG)
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output data
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OBSERVATION

— DAG contains necessary time,
data, and flow dependencies for
accurate flow prediction.



ARCHITECTURE
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APl EXAMPLES

* Required APls for DCF master

Event Definition Trigger Condition

newStageEvent(stageID, childStagelID) |a new stage is created

stageStartEvent(List[task], stagelD) |a stage is beginning

stageFinishedEvent(stagelD) a stage is finished

e The DAG Builder event handlers

Event Definition

newStageHandler(newStageEvent)
= (currentStage, childStage)

stageStartHandler(stageStartEvent)
= Event(List[task], List[stagelD])

stageFinishedHandler(stageFinishedEvent) = Event(stagelD)
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FLOWPROPHET

Generic

Accurate and fined-grained
Ahead-of-time

Scalable and low-overhead



TESTBED

Dell Power
Intel Xeons

—dge R320 x 37
-5-1410 2.8GHz CPU

24GB 1600MHz DDR3

Sroadcom

Gigabit Ethernet NIC

Pronto-3295 Gigabit Ethernet Switch
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BENCHMARKS

WikiPageRank +  Hadoop Terasort

SparkPageRank 11 (Pi)

Spark K-means  + WordCount
METRICS

Time advance +  Overhead

Prediction + Scalabillity

accuracy . Benefits



TIME ADVANCE
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PREDICTION ACCURACY
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OVERHEAD
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OVERHEAD
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SCALABILITY
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SCALABILITY
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BENEFITS
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RELATED WORK

* Analyze past statistics

- Traffic Engineering with Estimated Traffic Matrices

e Monitor buffers or counters in switches

- c-Through, Hedera, Helios

* Tracing and profiling toolkits

- X-Trace

* File system monitoring
- HadoopWatch
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SUMMARY

+ DCF execution pattern
 DAG for predicting flows

» Design and implementation
- Evaluation on testbed
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