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DVNAMO Characteristics of Today’s Computational Science .s

Data transfer and compute intensive

Complex workflows

Distributed data repositories

Highly distributed compute locations

Major challenge: Integration of cyber infrastructure to science workflows
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DYNAMO

DyNamo: Multi-Cloud Platform for Scientific Workflows \.lr

« Develop novel algorithms, policies, and mechanisms to offer optimized, adaptive, data

flows across different kinds of cyberinfrastructures

 Network-centric platform to bridge the gap between science workflows and high

performance network services

 Network-aware workflow scheduling algorithms, predictions and ensemble

management — Network-aware Pegasus Workflow Management System (WMY)

« DyNamo case study in this talk

« Collaborative Adaptive Sensing of the Atmosphere (CASA)
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DVNAMO CASA: Collaborative Adaptive Sensing of the Atmosphere « -
i~

a--%2

 Traditional Next Generation
Weather Radars (NEXRAD)

 High power, long range

------------ _ « Limited abillity to observe the lower
= part of the atmosphere because
of the Earth's curvature

« CASA

 Network of short range Doppler
radars

* Adjustable sensing modes in
response to quick weather

308 kri »

NWS radar

Horz. Scale: 1" = 50 km oy
Verl. Scae: =z : : : . . : : | : , Changes
0 40 80 120 160 200 240
RANGE (o) « Suitable for near-ground weather
events: tornado, hail, high winds
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DYNAMO
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CASA DFW Network
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DYNAMO CASA Data Rates 1 s

« ~100 Mbps per radar raw data, processed locally

« ~10 Mbps per radar “moment” data, transferred across network

« ~1 Mbps gridded product data

e Transferred to DFW Radar Operations Center at NOAA SRH

« Transferred to Univ. Of North Texas for DYNAMO ingest
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DYNAMO CASA Moment Data fr
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DYNAMO CASA Workflows 2{"  . _
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DVN A M O CASA Workflows
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PYNAMO CASA Wind Workflow 78

= Maximum Observed Velocity Workflow . Ingests compressed radar
" moment data x 7 radars
BN c L ocati Maximum . _
i, SO ocatons N — Observed |« Ingests GIS list of infrastructure
elocity
1] Grdno |\ \ 4 gunzips
f Feed to Web Display Coe i _j_"u’orEr NE)_d_E'S ,; |
: o Image £ ) « Combinesinto grid of maximum
: G .
‘ eneraton P observed wind speed
2y o Maximum
€| Velocity * Makes Png
B Contouring | ~ _ _
Jegmesdelel 0 Alert Email to Users » Contours with velocity thresholds
CASA automated notification for BAYLOR UNIVERSITY MEDICAL CENTER g Custom 1
roreplypapsjme Location :
Q- Alerting + Compares contours with
e —— infrastructure and sends alert
timestamp: 2017-03-26T07:55:002 e m ai |S

To be removad from this mailing list please send email 1o elyons @enginumass.edu.
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DYNAMO

CASA Wind Workflow
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* |Ingests compressed radar
moment data x 7 radars

* Ingests GIS list of infrastructure
e gunzips

« Combines into grid of maximum
observed wind speed

« Makes png
« Contours with velocity thresholds

« Compares contours with
Infrastructure and sends alert
emalls
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DYNAMO

Pegasus Workflow — Nowcast

PradictadRafiactivity_1min.nc

mrtvz_config b

MergeDarns.nc

hJ

NowcastTowDss2

nexrad_raf.png

PredictedRetiectivity_30min.nc

Storm_GCASA_1.geojson

PredictedRaflectivity_1min.png

mrtv2_config tt

nexrad_raf.png

Storm_GASA_30.gecson

PradictedRetiectivity_30min.png

Each Nowcast workflow has
63 compute tasks.

Pegasus supports automated
clustering of the compute
tasks.

 Tasks that exist on the same level
and use the same executables
can be clustered together

e Custom clustering based on
labels is also supported

All tasks are executed within
a Docker container

e Consistent environment across
execution sites
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DVNA M o Pegasus Workflow — Nowcast

« Composites single
radar reflectivity data

=i L]
---------

* Ingests balloon
sounding data

1 minute forecasts out
to 30 minutes

faes} fomc}

qfﬁlﬂﬂif e 31 gridS/minUte

.+ Creates pngs

- ” « Contour multiple
2 A% o thresholds
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DYNAMO DyNamo Platform Overview

Wind
Workflow

Pegasus HTCondor Worker
WMS Host Master Pool

Shared Worker
Gbps|Storage Pool

- -

-

Nowcast
Workflow

Pegasus WMS

High speed data movement via EXOoGENI’s dedicated layer-2 overlay networks
Compute and storage resources on both ExoGENI and Chameleon clouds
Dynamic resource provisioning on ExoGENI and Chameleon clouds

Workflow instrument with Pegasus WMS and HTCondor
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DYNAMO

Workflow Provisioning and Orchestration with DyNamo -
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Resource requirements [=— ]
Gantt chart | IMOb'US RESTAPI

Mobius Network-centric Platform

[ Mobius Controller

.
A 4
Multi-cloud and Network Resource Manager

A

i Monitoring i
7 and Control i

______________

A
[ ]
Ahab adapter JEEIE S FRriET Periodic
(ExoGENI cloud + (OpenStack: processor )
network) ChameleonCloud and
Jetstream)

ExoGENI Layer2

Network Overlay
7
xO Science Data
ExoGENI Gﬂ'@mmEOrl Repositories

* Resource requirements are
generated using Gantt chart
 Mobius network-centric platform

 Multi-cloud provision compute

and network resources
* Periodic processor

 Resource monitoring and

control
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DYNAMO

The Need for Elasticity ;

Seconds

30dBZ geoJSON contouring runtime
25

15

e 90K runs over 2.5 rr;ios
e 1 min, 1 threshold

e Largely near zero
runtime, punctuated

1 .
by notable spikes

05 when widespread
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DYNAMO

The Need for Elasticity

Percentage
& g g

8

8

Contouring Runtime Percentage by Threshold

3 month cimatology

70
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W 30dBZ
W 35dBZ
40dBZ

90K runs over 2.5 mos

1 min, 1 threshold

Largely near zero
runtime, punctuated
by notable spikes
when widespread

weather occurs

Strongly argues for

scalability!
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DYNAMO

The Need for Elasticity
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DYNAMO

CASA Workflows Before DyNamo
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DYNAMO

Pegasus Orchestration

| UNT Y
— Master
24 -Q —| Data Repo / ExoGENI i_
_ i Worker 1 | HTCondor
'Q |—™] HTCondor Provisioned ——
2 | Submit | || Worker2 |Compute
| | Cluster 1
Ay T S D
|
Clr\qsmiiaf : LEARN y || [ werkerN
e Network I Mactar 1
: Il Master |~ ——— ExoGENI Cloud
Worker 1 VAN
¢ | NowCast g““‘t’;" PN
] Initial Worker 2 [ ~OmMpu l
»| Processing/ Cluster 2 _ |
- Data Merging ) Moblus_Res?urce
NEXRAD Worker N |, — Provisioning
DROC N {(Compute and
Chameleon Cloud N Networking)

Prototype

 Heterogeneous: EXoGENI
and Chameleon testbeds

EXOGENI
11 workers (VMs)
« 4 cores and 12 GB RAM
 NFS storage

Chameleon
* 4 workers (bare metal)
24 cores and 192 GB RAM

Connected via 10 Gbps
network

Data repo
 UNT via L2 stitching port
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DYNAMO

Evaluation - Effect of Job Parallelism 4

Information Sciences Institute

300 l . . . . .
Job Parallelism = 4 mmm  Run time comparison
3 o5 [Job Parallelism = Clustering Size E_= e Parallelism: 4
§ 200 s o L » Parallelism: clustering size
2}  Higher Parallelism gives better
g 150 | - performance (less runtime)
5 100 - ] « However this gain in performance
ch doesn’t justify the additional
< 50 : resource demands.
0 e |In the worst case scenario the
8 1216 Increase is ~30seconds.
Task Clustering Size
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DYNAMO

Evaluation — Nowcast Execution

500

6000

e Dedicated Nowcast

Exo-11 mmmmm Exo-1] mm workflow vs. Nowcast with
2 400 B f— z 5000 Exo-11-NES mumm— | competing workflows
g Cham-4-NFS g Cham-4-NFS D g .
Sl lle? T 3 oy "1« NFS Significantly improves
2 / 2 3000 execution when cluster
S 200} : size is small
@ oa 2000 / .
j? 100 1 %ﬁ 1000 / d EXOGENI (11 Sma”
. . I workers) tend to be faster
1 4 8 12 16 24 32 408 12 16 24 32 than Chameleon (4 large
Task Clustering Size Task Clustering Size WOrke I‘S)
(b) Single Workflow Runs. (c) Workflow Ensemble Runs. ° Massive parallelization
improves workflow
performance (hint: 10)
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DVNA M o Evaluation — Data Transfer Performance \}

3500 [ 500 — [ [ [ 1 Gbps L2 stitching setup
3000 - | a5 | gives best results
7 2500 | 13 @ « 1 Gbyps over LEARN performs
5 g 400 | | similar to 500 Mbps L2
g 2000 0 - :
) 8 30 | . stitching
2 1500 - / .
S 2 300 | B9 - s | « 500 Mbps L2 stitching is
& 1000 f / 1 2 sufficient for CASA data
500 |- . | 250 |- : transfer among facilities
S —_ =
0 1Gbps 1Gbps 500Mbps IDOI\L'Ibps 200 thlJps lGlbps SOOI'L‘!bps 100I'\|-1bps
LEARN Stitch Stitch Stitch LEARN Stitch Stitch Stitch
Network Configurations Network Configurations
(a) Exogeni - HTCondor Transfers (b) Exogeni - NFS
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DYNAMO

100 I | I | .
qu Chameleon - HTCondor Transfers E:t E:ﬂ:t::mg 2:;2 : 12 - o AmOu Nt Of resources reqU|red by
g f Task Clustering Size = 32 ] compute intensive workflows like
£ 6or 1 Nowcast
s for 1+ Number of active compute slots
£ 20 - for Nowcast
2 ) //‘\\ v/—\/\/l\ /\’\//-\"/—/\ \/—/\V/\ .
%0 500 1000 1500 5000 500 * Chameleon, with HTCondor
Runtime (Seconds) transfers vs. using NFS
100 T T | . .
2 Chameleon - NFS Task Qustering Size = 4 —— « Clustering of 4 tasks creates high
é 80 Task Clustering Size = 32 ] demands (40-80 SIOtS)
o 60 T .
5 o Clustering of 16-32 decreases
> P ] compute slot demand (<20 slots)
e 20 -
E TR A
° 0 500 1000 1500 2000 2500

Runtime (Seconds)
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DYNAMO

« DyNamo: a multi-cloud platform with high-performance
adaptive computing and networking support for science
workflows

« DyNamo enables automation, dynamic infrastructure
management

« DyNamo usecase:. CASA, that requires on-demand, high-
bandwidth paths from CASA central to distributed CI

 Improved CASA capabillity:
 Higher data transfer
e Less workflow runtime
 Automated resource provisioning and workflow execution
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Thank you !
Questions ?
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