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Real-time AnalythS New consumers of data

analytics are joining the

Cloud that require low-
latency results
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Geo-Distributed Data
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Problems: Wide Area Network
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Problems: Wide Area Network

* The WAN bandwidth is [ N }
scarce and expensive.




Problems: Wide Area Network

* The WAN bandwidth is [ N }
scarce and expensive

* Long communication
latency over the WAN
links




Problems: Hard to Program
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Problem Definition

How to enable and achieve effective and efficient stream

processing given the following:

« Multiple central and near-the-edge DCs

« Multiple data sources and sinks

« Multiple stream processing applications

and:

« Data 1s streamed from sources to their closest near-the-edge
DC

« DCs are connected with heterogeneous network



SpanEdge

A multi-data center stream processing solution that

provides:

« an expressive programming model to unity
programming on a geo-distributed infrastructure.

e arun-time system to manage (schedule and
execute) stream processing applications across
the DCs.



Stream Processing Systems

Several open-source stream
processing systems

Run-time system + application
development environment
Multi-applications + multi-streams
Such as Apache Storm, Spark
streaming, and Flink

Single Data Center
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SpanEdge Architecture
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SpanEdge Architecture
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SpanEdge Architecture
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SpanEdge Architecture

Cross data center traffic: [B:MJ
1. Actual data streams
{1 st tier H1St tier
Hub Worker Hub Worker
e } [2:::;2'% n ﬂ [[ )

E -, . E' .



{ 2nd tier =
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Cross data center traffic: [[ Hub-Worker |

1. Actual data streams /\

2. Maintenance overhead | 'sttier 1st tier
[ Hub-Worker | | Hub-Worker |
(workers-manager)
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Task Groupings

Output based on the
analysis of the local
data (fast)

Output based on
aggregation of the
locally processed data




Task Groupings

Fast results based

on the data Output based on the
. analysis of the local
available near-the- data (fast)
Output based on
edg€ aggregation of the

locally processed data

Avoid sending

unnecessary tuples
over the WAN




Task Groupings

 Local-Task: close
to the data source Output based on the

on spoke-workers. analsgs;ao(ff;r;etz)local

Output based on
___________________ aggregation of the
 Global-Task: for | L, ggreg

locally processed data
processing data
generated from
local-tasks, placed
on a hub-worker. - ,
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Task Groupings

o Defining local_tasks and TopologyBuilder builder = new TopologyBuilder () ;
_ 1 builder.setSpout ("temperatureSpout", tSpout, 4)
gIObal taSkS 1mn our c2ekelCemitiieiEaicden (Vilerzll=tasizV , Mihlv)
1mplementat10n: k'JL'lilder.setBolt("localTempBolt", izedle, 2)

.shuffleGrouping ("temperatureSpout")
.addConfiguration (" local-task", "L1"});

It can be set as a configuration tO ruilder.setrolt ("aggregatesolc”, aBolt, 4)

.shuffleGrouping("localTempBolt")

TOpOlOgYBU]lder by the keys .addConfiguration ("global-task", "G1");
local-task and global-task



Scheduler

2nd tier
[ spoke-worker }) | The manager runs

PN the scheduler.
Converts a stream [m tiq/
processing graph to an | Hub Workor’
execution graph and assigns
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Scheduler

[ Scheduler ]
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A map of tasks to workers




Scheduler

1. A stream
processing graph
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SChEd“ler 2. A map of streaming

data sources

1 . A Stre am Source

pI'OCGS Sing graph Type Spoke-Worker

srct {sw1, sw2, sw3}

o o == oy

t
L o NS — - src2 {sw2,sw4}
I
I
|

Scheduler ]

i

A map of tasks to workers




SChEd“ler 2. A map of streaming
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Scheduler

[ Spoke-Worker J [ Spoke-Worker } [ Spoke-Worker }

Assigns tasks to workers 1n two
steps: [ Hub-Worker ]
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Scheduler
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1. assigns local-tasks to spoke-
workers. [ Hub-Worker ]
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Scheduler [ || peewn

1. assigns local-tasks to spoke-
workers. [ Hub-Worker ]

[ Hub-Worker ] [ Hub-Worker }
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Scheduler [ || peewn

[ Hub-Worker ]

[ ) [

2. assigns global-tasks to
the closest hub-worker.
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[ Hub-Worker ]

() [

2. assigns global-tasks to
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Scheduler: Implementation

® As aplug-in in Apache Storm
e Nimbus (master) executes the é}) STO R M

scheduler



Evaluation: Infrastructure 2 central and 9 near-the-edge

data centers

The CORE network
emulator >
Our prototype of - L

SpanEdge runs in the R
Linux containers managed :
by the CORE emulator 2 | '
The manager runs in one &
of the central data centers "
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Evaluation: Infrastructure 2 central and 9 near-the-edge

data centers

C . 9 Q0 0
ompare with the 5 s
Centralized Approach T N
Apache Storm running in o
one of the central data _
centers |
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Evaluation: Stream Processing Graph

* 2 stream sources:
Type A and
Type B




Evaluation: Bandwidth

Bandwidth Consumption
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Evaluat

ion: Latenc
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Conclusions

SpanEdge:

 facilitates programming on a geo-distributed
infrastructure including central and near-the-
edge data centers

e provides a run-time system to manage stream
processing applications across the DCs.



Future Work

A dynamic scheduler

Mobility of the data sources and their state
migration

Fault-tolerance mechanisms in geo-distributed
infrastructure



Thank You!

The source code is available at:
www.github.com/telolets/stormonedge




