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Project Introduction: Big Learning Landscape
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Big Learning: Large-Scale Machine Learning on Big Data

Problem:

» Over 1,000 papers are published each year in Machine Learning.

* Most are empirical studies and few (if any) provide enough detail to reproduce the results.
« Complexity of systems begets complexity in metrics — often partially reported.

 Slows adoption by DoD of new advances in Machine Learning.

Solution:

* Facilitate consistent research comparisons and advancements of Big Learning systems by providing
sound reproducible ways to measure and report performance.

Approach:
» Develop technology platform for consistent (and complete) evaluation.
- Performance of the computing system
- Performance of the ML application
» Evaluate relevant Big Learning platforms using this benchmark: Spark+MLIib, Tensorflow, Petuum

* Collaborate with CMU’s Big Learning Research Group

IFACT SHEET: National Strategic Computing Initiative, 29 July 2015.
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ORCA: Big Learning Cluster
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Performance Measurement Workbench (PMW) Architecture
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Performance Measurement Workbench (PMW) Architecture
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PMW Workflow
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PMW Workflow

Configure/Submit
Job
(PMW Portal)

OpenStack Services

Wait for Logstash -

m—\__.

Cluster
Provisioning

«

Z

resources/Cluster M (00 s
startuo (Emulab) |

Elasticsearch

. '

m

|

-

7
4

Persistent
Storage Array

Datasets

and Models

F

Compute Cluster

Runtime Config Scripts
Collectd (System Metrics)

ilebeat (Application Metrics) £

ML App

Dataflow Legend

HOT||NE, s
COMIBUIALION s—
ML DAl A5S80S m—
MO —iy

Aralyss -

(-:i'lr‘nt'“,'-'_'l'"‘ VieHon L niversity Measuring Performance of Big Learning Workloads

© 2017 Carnegie Mellon University
solbmae e pineennp inshitue

[DISTRIBUTION STATEMENT A] Approved for public release and unlimited

distribution.



Research Review 2017
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In-Depth Analysis

framework algorithm data_set nodes_count load_training_phase_time fit_phase_time load_testing phase_time validate_phase_time
spark linear_regression S5S000_by_500000 3 68.713 386.479 18.952 321.56
spark linear_regression 5000_by_500000 5 35.767 218.848 16.905 199.124
spark linear_regression 5000_by_500000 9 26.86 161.769 14.948 164.846
spark linear_regression 5000_by_500000 17 25.815 149,232 14.173 147.584
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Approaching Complete Reproducibility

Configuration tracking
» Complete OS Image(s) used
- Distribution version
- Installed package versions
* ML Platform configuration/tuning parameters (Spark, Tensorflow, etc.)
* The ML application code command line parameters
» Dataset(s) used

 Caveats (future work)
- Not tracking hardware firmware levels.
- Application code not yet integrated with revision control system
- Datasets assumed to be tracked independently
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Questions?
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Project Introduction: Big Learning Landscape

Datasets f/j:-:,\;} Appllcatlons N
t Nl |Me,a,§EL,,LT summarization  Collabggeffve
) % Community ' ermg
LasuSig 1 “~~_ Detection p 3
_ ~ ¢'\Z ~ Iranslation modeling
The New Jork Times e g qu f . Image Classification
.‘ MNIST - Speech to Text
- ' ..-‘. “
fli ckr@ @Wu I 3 ohlab '
RENGIR} | F
theano Pregé : Algorithms
: ' REEF PG '
Metrl g RerLus lmeanadGa?RLs Page Rank DNN
'\ _. k-means
- . \ ParameterServer Caffe .’ MOP
Parameter *\_ Shotgun Poscock 27 LDA
WER Updates/sec Soo g | URCOLK
. pd Model S . Vowpal Wabbit e Decision
cores el Size i Random
Lasso ''€€S
modularity Iterations to MCMC Forest MF
BLEU Convergence AUC TF-IDF SVM
(':;-uln..’_‘_,."..\l‘.."‘"“ |||'~,,-p-|'|_\- Mggf;'g”g Serg/‘o\r\mame;f‘ Big Learning Workloads L[iJslﬁi‘LﬂilZL:.TloNSTATEMENTA]Approvedforpublicreleaseand unlimited 17

Jitwae zrpireenng insbiulz



Research Review 2017

Collaboration with CMU

Big Learning Group

» Performs systems research in achieving scalability for large-scale machine learning
platforms

Parallel Data Lab
» Manages a data center on campus
* Houses many different large computing clusters including ours...

For unrestricted research
» Allows for collaboration with world-class researchers at CMU
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Performance Measurement Workbench (PMW)
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PMW Workflow
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OpenStack Services

PMW Portal

Logstash

Elasticsearch

I_f_l

Kibana Grafana

Cluster
Provisioning

Emulab

Persistent
Storage Array

Storage Array
(ML Datasets)

Compute Cluster

Runtime Config Scripts

Collectd (System Metrics)

Filebeat (Application
Metrics)

ML Framework

ML App

Carnegie Viellon University

sultmae Zppineenng Insliule

Measuring Performance of Big Learning Workloads
© 2017 Carnegie Mellon University

[DISTRIBUTION STATEMENT A] Approved for public release and unlimited
distribution.

21



Research Review 2017

Kibana

Carnegie Viellon University

sultmae Zppineenng Insliule

o
apei) Ind 2017,
April Znd 2017,
april g 2017,
Apeil 2nd 2017,
Apef) 2ed 2017,
Apeil Ind 2017,
aori) 2nd 2017,
april Ind 2017,
apri) Ind 2017,
april 2ad 2017,
April 2nd 2017,
Apei) 2nd 2017,
apei) Znd 2017,
apri) Ind 2017,
april 2nd 2017,
April 2nd 2017,
April 2ed 2017,
apefl Ind 2017,
April Ind 2017,
Apetl Zed 2017,
Apeil 2ad 2017,
April 2ad 2017,
apeil 2ad 2017,

April g 2017,

21:56:47,893
21157:11,490
21:87:11. 50
22:00:00,4%0
22:01:33.882
22:01:50.002
20190,
22:02:44, 217
22:09:25.123
22:09:25.31
22109:25.32
22:09:25.3%02
22:25:01.002
22:128:25.74
22:28:25.802
22:32:01,93%
22:34:04.274
22134221, 856
22:34:21 857
22:35:19.683
22:47:05.94
22147:06,192
22:47:06,193

12:47:06,19)

ApCTT 2t 2017, 23:08:38.02%
Apeil Jed 2017, 33:09:01,754
ApeT] Ind 2017, 23:00:31. 268

Apeil Ina 2017,

23:15:38. 622

partitions. tme_of laad

. 7.9
512

- 15.346
s

- 15,058
512

- 16.54
512
2 L]
s
P

o
=
673501891

time_to_waldate

197.741991043

wma_to_chack model

EEBN

M

%

T35 810758955

1120, 38159585

i S8

¥



