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A Motivating Use case: Wildfire in California...

California’s fast-moving Oak Fire burns 14,000 acres
and forces thousands to evacuate outside Yosemite
National Park
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Air Pollution Health Effects

Respiratory Central Nervous
Coughing, wheezing, reduced lung Stroke (?)
function

Cognitive effects(?)
Exacerbation of asthma, COPD

Detection ® Emission ®Transport """

Respiratory mortality

Cardiovascular
. HRV reduction, dysrhythmias
Reproductive /i, Systemic inflammation

Low birth weight Atherosclerosis

Myocardial infarctions (Heart]
Attacks)

Preterm births; intrauterine
growth retardation

Birth defects 4 ¢ CVmortality
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We seem to have everything to deal with such
situation, but...
+ Sensors
+/ Advanced application models
+ Large, powerful compute resources
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We seem to have everything to deal with such
situation, but...

Sensors

Advanced application models

Large, powerful compute resources

No agreed-upon infrastructure and
application models

End-to-end performance and guarantees
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CONTEXT: Harnessing The Computing Continuum for Urgent Science

CASE sTuDY: Earthquake Early Warning

ON-GOING WORK: Building data-driven pipelines at middleware-level

CONCLUSION: The Open-Road Ahead



Context . : : :
Urgent Computing: Managing uncertainty under constraints

DEFINITION: Computing under strict time and quality constraints to support decision making
with the desired confidence within a defined time interval

Identify Develop Trigger

appropriate

events response .
actions

Urgent applications need to react to unforeseen events and to manage
complex cost/benefit tradeoffs to meet constraints

Steer online/on-demand computations based on data/content
Balance costs of computations versus efficiency and availability of resources
Support urgency constraints for timely decision-making



Context

The Computing Continuum as a system of systems

Application workflow W|th selected service configurations

Unreliable connectivity
Combining the right compute resources at optimal processing points requires novel programming models

Application D % IT — O D '.A.‘
Applicaton | ¢ Quality tradeoff spaces of different services |
Seviee | 2 0O b0 Ol A AN KK :
& 2 0OA
¥ DAY
°0O Core O oL (D)* N
Infrastructure In-network =
D R
N =
loT / Edge (
FOG/EDGE COMPUTING -
IN-TRANSIT COMPUTING CORE DATA CENTERS/CLOUDS
Closer to the data
Comer latoncies Distributed along the data path rarfrom data
imi i Limited, but can be effective Expensive data access
Limited & expensive Fewor LA oS Relatively inexpensive
computation/storage g Seemingly infinite




Case study Case study: EEW

Earthquake Early Warning

Goal: Increase the confidence and response time of seismic
event detection

l:l Warning broadcaster

O Sensor
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(8) 3
Data center ‘ . 4

Pwave = @ f NN el

= =» Data upload
=P Earthquake warning

Approach: Combine multiple data sources to cover the whole
spectrum of events; leverage the Cl continuum for timely processing

Data By-Sensor By-Region Broadcasting
Production Processing Processing Alerts
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Fauvel, K, et al. "A distributed multi-sensor machine learning approach to earthquake early warning."
Proceedings of the AAAI Conference on Artificial Intelligence 2020. Outstanding Paper Award in Artificial
Intelligence for Social Impact.



Case study

Earthquake Early Warning (EEW)

"®  PROBLEM: How to program and distribute a complex ML model while preserving latency

?

*fl-  and resiliency across the Edge-to-Cloud Continuum?

STRATEGY: Decompose end-to-end services into manageable units

%H Integrate the resulting units back into a functioning system at scale

Adapt the system according to execution context.

@ SOLUTIONS: Model for distributed Stream Processing

. Programmable reactive behaviors
Local —> Data
aggregator Eventls
@ —> Warnings
Service é
gateway

)

1

®
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@
Edge Sensors Fog gateways Cloud Computing for heavy processing
Seismometers By-sensor By-region processing Alerts
+ GPS processing
Sensors
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Case study

Edge-to-Cloud Latency (s)

10Gb (10Gb/s), Edge === 3G (2Mb/s), Edge === 2G (0.3Mb/s), Edge
10Gb (10Gb/s), Cloud-only === 3G (2Mb/s), Cloud-only === 2G (0.3Mb/s), Cloud-only

400+

3001

2001

100+

Percentage of messages

Fig. Latency resulting from processing one seismic event
on WE and WE-CO scenarios for different network

configurations.

1,000 sensors emulated by virtual machines
deployed on 25 host machines.

Each set of 20 sensors composes an Edge layer
and it is connected to one of the 50 Fog
gateways.

Each sensor produces 100 messages per second
for 2 minute (Total of |12M messages)

Lessons from the deployment

Observations from this evaluation

The approach allowed us to model and implement
the Earthquake Early Warning application

* Edge can be an interesting option for network
constrained scenarios, but centralizing the
processing is a better alternative in terms of
latency

+ Impact of the Libraries and Application Logic

Still....

How to detect changes, and move from one
configuration to another?

How to program data reactions to unforeseen
events?



Contribution:

Application Level

Sensor Level

Earthquake Early Warning (EEW)

Infrastructure model

+ o
Seismometers Machines

Detection of all large earthquakes without false alerts [AAAI20]

STEP 1
Individual Sensor
Predictions

Seismometers

v

\Y%

MTS Classifier
WEASEL+MUSE

GPS Stations
\Y% A A

MTS Classifier
WEASEL+MUSE

"""""""""""" W mmme

STEP 2
Combined
Prediction at
Central Level

Medium Large Normal Large Label
Earthquake Earthquake  Activity  Earthquake
0.2 0 1 0 Normal
0.6 0.1 1 0 Medium

0.6 0.3 0.05 0.95 Large

——

Classifier
1-Nearest Neighbor
———

Combined Prediction

M i f— ::E\;’aerrr!ltlzg
E Central Level
_— L e ®
Application model b i \\ | A
s IS
S
e
GPS Stations Intermediary Broadcasting

Data Center
Users

Geographically distributed infrastructure [UrgentHPC21, DML-ICC21

- Reduce the volume of data transmitted in the network
- Increase the robustness of the EEW system

2G/3G/10Gb WAN

Region LANs

Cloud LAN

data source
Embedded c libs
Remote MQTT connector

pp 0-19 (sensors)

data processing
Java, Weasel+Muse, Paho
H by-sensor classification
Hl MQTT and Kafka connectors
i pp 0 (gateway)

data processing
Java, libsvm, Flink API
by-region prediction
Kafka connectors

pp 0-4 (Flink taskmanagers)

Edge layers (50 layers)

Fog layers (50 layers)

Cloud layer
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Contribution:

Application Level Earthquake Early Warning (EEW)

Sensor Level

::‘IIE\;lent's
W ] — arning
E / E Central Level @
Application model s \\ __— "
SB[
[ ]
. &
b - =]

Detection of all large earthquakes without 1]

Seismometers

STEP 1 v \% ¢
Individual Sensor v \4

Predictions MTS Classifier
WEASEL+MUSE

Bag-of-Words
Representation

Event  Normal Medium Large Normal
D Activity Earthquake  Earthquake ivi
] i ha quake _Activty
2 03 0.6 0.1 1 CHanas
STEP 2
Combined .
Prediction at n 0.1 0.6 03 0.05

Central Level

Combined Prediction

Infrastructure model

| infrastructure [UrgentHPC21, DML-ICC21
e of data transmitted in the network
tness of the EEW system

2G/3G/10Gb WAN

Cloud LAN

data processing H
Weasel+Muse, Paho

H  by-sensorcassification [
H vaTT and Kaia connectors [

pp 0 (gateway)

............................................. *:
mp 0-4 mp 5 mp 6 mp7
Kafka Zoo :

servel Keeper :

data processing :
Java, libsvm, Flink API
H Kafka connectors
E pp 0-4 (Flink taskmanagers)

Fog layers (50 layers)

Cloud layer
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R-Pulsar: Enabling Data-driven Workflows across the
Continuum (rpulsar.org)

?i? PRroBLEM: What, where and when to compute unbound data streams
»  generated by multiple, distributed sources?

Contribution:
System Level

STRATEGY: Flexible programming model that enables data driven,
& ®A location aware and resource aware mechanisms between Edge and

Cloud. X0
0“
Data consumers
Service Workflow Resource
Management Selection/Filtering|| Data Delivery
Layer Pub/Sub
Streams IN | Programming abstraction | Streams OUT
Streaming 00..O0— Rules Data — 00.0
Layer O0.00— Quality —DE.Jm
AN N—= —= AA_A
Federation Overlay
Layer /J/l\ Network @ ).
h "
Scientific
Instruments| 2
Infrastructure
Layer —n
L [ Data producers ] [ Computing resources j )
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igeus Survey of Edge and loT Platforms

100+ edge-based middleware platforms in the market

Study of contributions and systems through a simplified architecture
+  Components and design goals
* Academic and commercial systems

Edge Platform Architecture

4 . N
Service Layer

[Rule Engine] [ Programming Model ] [Workﬂow Orchestratior}

J

~ . A
Data Processing Layer

[Data Ingestion] [Data Analysis] [ Data Storage ] [ Data Query ]
J

4 D
Resource Management Layer

[Resource Discovery] [Resour‘ce Monitor‘ing] [ Resource Mobility ]

J

Data Processing Layer Resource Service Layer
Management Layer
5 K c ° Qo
System @ g S g |3 § 32|33|E¥ 45| & |ES
E S Z 2 182|865|82[(s2| @ |w=
S = © © x|l s« = 2 c S )
a o ° S| * |«
IAWS Greengrass [4] v v v v v
Azure loT Edge [58] v v v v v v v
Eaaas [94] v v v v
Google Cloud loT [33] v v N v v v
Everyware 10T [29] v v N v v
Predix [26] v v NS v v v
Bosch IoT [12] v v v NS v v
Yanzi et al. [95] v v v
R-Pulsar [74,77] v v v v v v v v v v
FogHorn [31] v v v v v
Geelytics [16] v v v
Fogflow [17] v v v v NS v v v v
OpenMTC [64] v v v v
SiteWhere [85] v v v v v v v v
SmartThings [86] v v v v
Kaa [42] v v v v v v v v v
Samsung Artik [80] v v v v
Ayla Network [62] v v v v
Altair SmartWorks [87] v v v v
EdgeX [24] v v NS v v v
PiCasso [47] v v NS v v v
Hua-Jung Hog et al. [36] v v v v N v v
Cloud4loT [69] v v v v v
Nebulae [61] v v v
FogGIS [8] v v v v v
FOG-engine [57] v v v v N v
ICEFIoT [40] v v v v v v
SAVI-lot [43] v v v v v
Foggy [97] v v N v
ISYMPHONY [96] v v v v
Macchina.io [51] v v v v v
Clearblade [21] v v v v v v
IBM Watson IoT [38] v v N v v v

Survey of Edge and loT Platforms: [IC321] Balouek-Thomert, D., &
Parashar, M. (2021, August). Platforms for Edge Computing and Internet
of Things applications: A survey. In 2021 Thirteenth International
Conference on Contemporary Computing (IC3-2021) (pp. 140-149).
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Contribution:
System Level

R-Pulsar: Enabling Data-driven Workflows across the
Continuum (rpulsar.org)

?i: PRroBLEM: What, where and when to compute unbound data streams
»  generated by multiple, distributed sources?

@  STRATEGY: Flexible programming model that enables data driven,
W location aware and resource aware mechanisms between Edge and

Cloud.

Producers

Traffic

Any physical/virtual sensors

—

Y

DATA COLLECTION

Consumers / Filters

00000
o000@
[ ]

more

A

Actions
Send a message
Approximate computations

Change system parameters
or execution mode

Launching computation

(local, cloud, hybrid, etc.)
_/

window 1 window 2 window 3 window 4

user! | 1@ @) 000 0000 O
window 1 window 2 window 3 window 4
| \ [P , \
user 2 ®000—00 @ 900

window 1 window 2 window 3
, \ )
user 3 0 000 00 O
session gap
time

Y

ACTION TRIGGERS
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Contribution:
System Level

Event-driven programming model based on control-flow constructs
* Resources and data profiles based on attributes and contents/description

— Supports content-, location-aware, resource-aware operators
* Workflow execution driven by availability/content of data and
availability/state of resources

* Autonomic runtime allows management of tradeoffs and/or service
configurations
* Cost/Quality/Deadline-oriented runtime policies

When Rules (When to move?):
{

"condition" : { {
if(NumSens <= 1 AND “objective” : {
Location == E{dge); Minimize execution
= time of each job.

Where Rules (Where to move it?):

“condition" : { {
if(AvgRequest <= 30 "prior " objective " : {
seconds); } Meeting a deadline.
}s s
"consequence" : { "priority" : 3
migrate to edge; }
}s

"priority" : 3

Workflow Placement Decision

D. Balouek-Thomert, |. Rodero and M. Parashar, "Evaluating policy-driven adaptation on the
Edage-to-Cloud Continuum." 2021 IEEE/ACM HPC for Urgent Decision Makinag (UrgentHPC).

Time to completion (min)

Policy-driven adaptation using R-Pulsar

Data Transfer ® Compute

60 ] Cloud-only performance (variable data input size, bandwidth and CPU)
40— 1
1 1 1 . ;& FEE
20| IIII ci i i l.aaniiiil
ode = 2 1
15 Edge-only performance (variable data input size, bandwidth and CPU)
10+
i i i
0 i i i iew 00 i i e
2'0§ Continuum performance (variable data input size, bandwidth and CPU)
1.5
103 Bdd4i
0_5? AAAAA A AL 00N
L - m s
3: Dynamic performance (variable data input size, bandwidth and CPU)
2
1
] II II f II I g I I I I I |
N L LN EEEEEFEFEEFE R
2.0 - - - - - 708
E Deadline performance (variable data input size, bandwidth and CPU) 60;
1.5 £
1.0 %0§
05E g
.5 3
LR ]
| 5 10 15 20 25 30

Image Batches

Fig. Time to completion resulting from processing 30 batches of images on
each policy with a variable input data size, bandwidth capacity and CPU.

CPU capacity |

[ | Data Input size |  Bandwidth

Distribution / -
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D. Balouek-Thomert, I. Perez, S. D. Faulstich, H. A. Holmes, I. Altintas and M. Parashar, "Leveraging the Edge-Cloud
Continuum to Manage the Impact of Wildfires on Air Quality," 2023 IEEE International Conference on Pervasive
Computing and Communications Workshops (PerCom WS)



Summary

Ve

GOAL

A\

Realizing a fluid ecosystem where distributed computing resources and
services (Computing Continuum) are composed on-demand to support
delay-sensitive and data-driven workflows (Urgent Applications)

J

not the other way around

ResSeARCH DIRECTIONS: Taking processing to the data,

[ Data Consumers ]
Application
Layer Data Log [Function Repository| Enhanced Proxy Rule Based Engine
Workflow
Layer
e 1 N
10T Devices Edge Hosts Fog Hosts Cloud Hosts
i g 0 0
Infrastructure e §D§ 0 [ - o - | -
Layer o | |5 H =
1Y ) == (==
||||| | e ]
\ [ Data Producers ] /

How to orchestrate and where to run?

Requirements
Data collection and preparation
* Reflect instant changes in real-time systems
* Careful consideration is needed for data quality control

Computational resources

* Requires significant computational resources (include
HPC resources, GPUs)

» Sufficient resources are needed to train and fine-tuning
model

Faster development and deployment

* Reduce time and cost to validate new Cl system

* Transfer knowledge from existing data to new
applications

Integration and Interoperability

* Integrate with other existing system platform

* Enable broader system-level optimization
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