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mn Goals

= See emerging trends in distributed systems and
computing

= Have a critical look at use cases and analyze
use cases

= See the service engineering technologies
needed for such use cases
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mn Outline

= Some emerging models

loT resources

(Big/realtime) data provisioning models

Computational infrastructures/frameworks provisioning
Human computation provisioning

Machine Learning as a service

Blockchain

= Use cases
= Advanced services engineering

Single service/platform engineering
Multi-platform services engineering
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WHICH ARE EMERGING
FORMS OF DISTRIBUTED

COMPUTING MODELS,
SYSTEMS AND APPLICATIONS

THAT YOU SEE?
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mn Emerging data provisioning models

+Satellites and environmental/city sensor networks (e.g., from
specific orgs/countries)

Lal’ge (neal’-) *Machine-to-machine (e.g., from companies)
I‘ealtlme data. *loT/Sensor data

*Manufacturing data
*Social media (e.g., from people + platform providers)

Open (business,
SCience and +Open science and engineering data sets
*Open government data

government) -Open business data
data

« Statistics and business data
Marketable data *Commercial data in general

Data are assets
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S@SA sentinel oniine T % %?M

Need Help? FAQ ContactUs  About Sentinel Online

= e \ : \ z 5 ‘ 7 '
Missions v | User Guides ~ 1 Technical Guides ~ ‘ Thematic Areas v |5 1c 0 oo - Toolboxes -

Eshare | EEE

You are here Home » Data Access

- Access to Sentinel Data

Data Access Home
Use Typologies and available Services

User Support and Registration
Access to Sentinel Data

- Latest News

Data Hub services resume operations

06 March 2018

The extended planned maintenance of the Data Hub
infrastructure on 5 and 6 March 2018 has been
closed, and all services have been resumed as of
09:00 CET today.

i Read maore

sentinel open access hub >

The free, full and open data policy adopted for the Copernicus programme foresees access available to all users
for the Sentinel data products, via a simple seli-registration. News and further information about the service is
available here.

Source: https://sentinel.esa.int/web/sentinel/sentinel-data-access
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mn Large-scale (near-)realtime data:
properties and issues

Some properties Some issues

» Having massive data = Timely analytics

m Requiring |arge_sca|e, b|g = Performance and scalability
(near-) real time = Quality of data control
processing and storing » Handle of unknown data
capabilities patterns

= Enabling predictive and

_ _ = Benefit/cost versus quality
realtime data analytics tradeoffs
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mn Example of open data

B datacatalogs.org

Browse Groups About

268 registered data catalogs available.

publicdata.eu beta — Europe's Public Data
Search  Groups About Apps Ideas

europe's public data

Find datasets

Finance and Budgeting (436) Social Questions (229)

Environment (227) Transportation (199)

Education and Communication Agriculture, Fisheries, Forestry
(194) (181)

Population (145) Economy and Industry (118)
Health (83)

ASE Summer 2018
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Recently Chang

ParisData
Mississauga, Onti
Prince George, Bt
Data Publica

Calgary, Alberta

View revision log »

Login  Register

View larger map [+]

Search | Map Search | Publishers | Tags | Public Roles & Salaries | Spend Browser | Spend Reporis

Search Datasets

8729

Tags =R
health care
transparency

Datasets
Publishers View all publishers » UK Location Conduct Map Based Search »
» Office for National Statistics (847) The UK Location Programme has introduced over 1000
* Department for Communities and Local Government (739) location data records into data.gov.uk and tools to : yﬁ
* NHS Information Centre for Health and Social Care (514) support their use. To find which of these datasets cover llk location

British Geological Survey (364)
Centre for Ecology & Hydrology (326)

Department for Environment, Food and Rural Affairs (322)

Welsh Government (241)
Department of Health (239)

a particular location, you can use Map Based Search.

Many of these datasets provide a Web Map Service too. and for some a
preview of the data is available. Click to find out more about Map Based
Search and about Preview on Map.

Department for Children, Schools and Families (227)

Home Office (221)

amazon

web services

AWS Products & Solutions ¥

Browse By Category
Astronamy
Biology
Chemistry
Climate
Economics
Encyclopedic
Geographic

Mathematics

Developer Resources

Amazon Machine Images
(AMIs)

Articles & Tutorials

Customer Apps

My Account/ Console ™

Public Data Sefs v n Developers ¥ Support ¥

&z Public Data Sets

Public Data Sets on AWS provides a centralized repository of public data sets that can be seamlessly integrated
into AWS cloud-based applications. AWS is hosting the public data sets at no charge for the community, and like
all AWS services, users pay only for the compute and storage they use for their own applications. Learn more
about Public Data Sets on AWSiand visit the Public Data Sets forum.

Featured Public Data Sets

&3 1000 Genomes Project
The 1000 Genomes Project, initiated in 2008, is an international public-private consortium that aims to
build the most detailed map of human genetic variation available.

&5 Common Crawl Corpus
A corpus of web crawl data composed of 5 billion web pages. This data set is freely available on
Amazon S2 and formatted in the ARC (.arc) file format.

&3 Google Books Ngrams
A data set containing Google Books n-gram corpuses. This data set is freely available on Amazon S3 in
a Hadoop friendly file format and is licensed under a Creative Commons Attribution 3.0 Unported
License. The original dataset is available from http://books.google.com/ngrams/.



mn Static + Realtime Open Data

'ﬁ"i Plenario-Aspati...

€ @ |plenar.io

sort translate E... X | in Linkedin % | [l Hong-Linh Trueng  x

x D3 I

& :
i @ Plenar.io

Home Explore  API Blog Adddata  About

Login

The next stage in open data.

Plenario is a centralized hub for open datasets from around the world, ready to search and download.

@ Explore © Add data

One database. One map.

All data in Plenario exists on a single map and a single timeline, making it incredibly easy to access multiple datasets at
once—especially those originally housed at different data portals.

Here’s an example: A collection of data pulled from Southside Chicago during summer 2013.

Source Dataset Count ~

Trend
Chicago Police Department Crimes - 2001 to present 38,766 600 m
G W
City of Chicago Business Licenses 2,492 125 hMI\NMM m
o
City of Chicago Food Inspections 1,226 “0

T

ASE Summer 2018 o)



Telecommunication

https://dandelion.eu/datamine/
open-big-data/

ASE Summer 2018

Telecommunications - SMS, Call, Internet - Ml

This dataset provides information about the telecommunication activity
over the city of Milano. read more »

Telecommunications - Ml to Provinces

This dataset provides information regarding the level of interaction
between the areas of the city of Milan and the Italian provinces. read more »

Telecommunications - Ml to MI

This dataset provides information regarding the directional interaction
strength between the city of Milan different areas based on the calls
exchanged between Telecom Italia Mobile users. read more »

Milano Weather Station Data

The dataset describes various meteorological phenomena type and
intensity of Milan city using sensors located within the city limits. read more

»

Precipitation - Milano

The dataset describes precipitation intensity and type over the city of
Milan. read more »

Air Quality - MI

The dataset describes the pollution type and intensity of Milan city using
various types of sensors located within the city limits. read more »

MilanoToday

This dataset contains all the articles published on the website
milanotoday.it from 01/11/2013 to 31/12/2013. read more »

Social Pulse - Milano

This dataset contains data derived from an analysis of geolocalized tweets
originated from Milan during the months of November and December. read
more »

Download data

Download data

Download data

Download data

Download data

Download data

Get data via API

Get data via API



Open data: properties and issues

Some properties Some issues
= Having large, multiple data = Fine-grained content
sources but mainly static search
data = Balance between
- Real-_time, open data is processing cost and
growing performance

= Having good quality control
IN many cases

= Correlation/combination

with real-time/private data
= Usually providing the data

as a whole set
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TU
n Marketable data examples

EBDEX HOME DATA MARKETPLACE v DATA SCORING PARTNERSHIP PROGRAM COMPANY INFO ~ BLOG

View data available on BDEX with this Data Visualization Tool

Buy Data >

Real-Time Targeting Setl Data>

Advertisers / Publishers >

Data Buying and Targeting through the BDEX suite of tools truly takes the industry to the next level. Through BDEX’s
unique tool set Advertisers, Publishers and Retailers alike have the ability to target with a level of granularity that was ~ pmP/ DsP Solutions >
never before possible.

s BDEX Retail >
« Buy Data That is Only Seconds Old

s . . >
« Filter Based on Data Quality (conversions) Data Downloads
= Create Custom Audience Groups Data Scoring >
. Combine an Unlimited Number of Data Points

« Set Budgets by Data Point

« Manage Campaigns in Real-Time
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mn Marketable data examples

COMPARE MOBILE NETWORKS NEAR YOU
Vienna AT ‘ Oz o @®

ntraltanklager

2 (o‘
:? g
Ko
"‘(5' bau der OMV
| + B B Frieqd
| o % B
| = A
S |
g i
WEAK STRONG
SIGNAL

Maps updated on 17th Oct 2016 {3

NO DATA
SIGNAL

COLLECTED
"w
<
e

'&’GQ@emﬁroa
13
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mn Marketable data examples

O p en S | g na | PRODUCTS SUPPORT BLOG ABOUT " Epggfo:é > &éogéﬁ[ay

Data Products

Our solutions

\A’ For Mobile Operators 1171 For Telcoms Regulators . .
—_— See how our data and analytics can help your business
For Industry Analysts For Large Companies Visit the solutions site >
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mn And trend in monetizing data

Q@; databroker dao WHITEP # !

Global market

TOKEN SALE
for local data

DTX PRESALE STARTS

DataBroker DAO is the first marketplace to sell & buy MARCH 19TH, 2018 - 4PM CET

sensor data. As a decentralized marketplace for 10T

sensor data using Blockchain technology, Databroker DAO
> DTX PUBLIC SALE STARTS

MARCH 26TH, 2018 - 4PM CET

enables sensor owners to turn generated data into
revenue streams. This will open up a wealth of

opportunities for various industries. Data will be used and

become more effective. PREREGISTER NOW

@ DataBroker DAO in 30 seconds
Join us on Telegram

Read the onepager

Read the whitepaper

O f v v @ B O O

Source: https://databrokerdao.com/
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mn Marketable data: properties and

ISSUes

Some properties

sources but mainly static
data

= Having good quality control

= Have strong data contract
terms

= Some do not offer the
whole dataset

ASE Summer 2018
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Some issues
= Can be large, multiple data =

Multiple levels of
service/data contracts

Compatible with other data
sources w.r.t. contract

Cost w.r.t. up-to-date data

Near-realtime data
marketplaces



mn In EU call for proposals

TOPIC:Supporting the emergence of data markets and the data economy

Topic identifier: ICT-13-2018-2019
Publication date: 27 October 2017

Types of action: 1A Innowvation action
g::i::‘:'::ti‘?" iig?:;i;tbaegrezma Deadline: 28 March 2019 17:00:00
Types of action: RlA Research and Innowvation action
CS5A Coordination and support action
g:“ﬂi‘:‘:"::&?“ ;T%‘;Efffzm? Deadline: 17 April 2018 17:00:00

Time Zone : (Brussels time)

Source: http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/ict-13-
2018-2019.html
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mnEmerging computing infrastructure
and platform provisioning models

= |nfrastructure-as-a-Service
= Machine as a service
= Storage as a Service
= Database as a Service

= Network as a Service (think about Network Function Virtualization
with 5G)

= Edge/Fog computing

= Distributed edge/fog systems
= analytics at the edge
= Network functions and other system operations at the edge/fog systems

ASE Summer 2018 18



mnEmerging computing infrastructure
and platform provisioning models

= Platform-as-a-Service
= Application middleware
= Computational frameworks
= Data processing frameworks
= Management middleware (e.g., monitoring, control, deployment)

= Technologies
= Virtualization
= Microservice architectures
= Serverless computing
= Machine learning/deep learning
= Blockchain

= EftC.
ASE Summer 2018 19



mn Examples

Data Processing Framework [Amazon Elastic MapReduce

[Apache Flink }[Apache Apex } [Apache Spark }

[Google Cloud Dataflow ][ Kafka SQL } [Azure Stream Analytics }
bata | StormMQ | | Apache Nif }
Transfer/Messaging P [ Kafka }
Middleware

MQTT }[AmazonSQS ][CloudAMQP ]

(Google BigQuery J [Elastic Search J [Inﬂux DB }

Data Storages MongoLabJ [Amazon S3 } [Cassandra }

-

ASE Summer 2018 20



mn Hadoop ecosystem

» Built around Mapreduce
programming models Hortonworks Data Platform Lo

and Hadoop software

ecosystems

m Data Workflow, Batch Script NosaL Stream Others Authentication Provision,
Lifecycle & Map Pig Hive/Tez HBase Storm In-Memaory Authorization Manage &
Governance Reduce HCatalog  Accumulo Analytics Accounting Monitor
ISV Engines Data Protection
Falcon Ambari
“ sqo0p YARN : Data Operating System Storage: HDFS Zookeeper
Flume R :YARN
* From “The Forrester
Wave™: Big Data
. g (Hadoop Distributed File System) Cluster: Knox on
- - - oZie
Hadoop Distributions,
Q 1 20 1 6” T H d DATA MANAGEMENT

solution providers are
Cloudera, Hortonworks,
IBM, MapR
Technologies, and
Pivotal Software

Source: http://hortonworks.com/blog/defining-enterprise-hadoop/
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http://hadoop.apache.org/

mn Spark ecosystem

Programming with Java, Scala, Python, R
We can have a separate modules

Spark SQL + , MLIib GraphX
DataFrames streaming Machine Learning Graph Computation
Figure source:
https://databricks.co
Spark Core API m/spark/about
R SQL Python Scala Java

ASE Summer 2018 22



mn ELK Stack

Building using elastic components: Elasticsearch, Elasticsearch Hadoop,
Kibana, and Logstash

https://www.elastic.co/

| Filebeat | App Server

User = MNginx = Kibana = ElasticSearch = Logstash =

Filebeat DB Server

Source: https://www.digitalocean.com/community/tutorials/how-to-install-
elasticsearch-logstash-and-kibana-elk-stack-on-ubuntu-14-04
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mn TICK Stack

Main from services of
Influx

https://www.influxdata.com
Focus on time series data

= Collect

= Storage

= Visualize
= ETL

ASE Summer 2018
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TICK

Telegraf

* Time-Series Data
Caollector

InfluxDB
» Time-Series Data Storage

Chronograf

» Time-Series Data
Visualization

Kapacitor

 Time-Series Data
Processing



mn Machine Learning Stack

» < Experiment created on 22.2.2017 Finished running + Properties Project >
,0 - 4 Experiment Properties
START TIME 2/22/201...
B igi Saved Datasets p - 2/22/201
gy Alarm-DL-08-02-2017.cv e /2220
@ L Data Format Conversions STATUS CODE Finished
STATUS DETAILS ~ None
E_) Data Input and Output
:’ Prior Run
= Q.Eu Data Transformation
4 Summary
ﬁ Q Feature Selection
. 4 Machine Learning
" Evaluate
c Initialize Model
Score
Train 4 Description
EE‘ OpenCV Library Modules
f%ﬂ Python Language Modules
(ﬁ; R Language Modules
4| Statistical Functions
al - Z” Summarize Data v
= . Mini Map ~
= Text Analytics
Time Series
@ Web Service .
Quick Help A
B Deprecated
[
b -
20k i
4 »
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mn Cloud-based Analytics

> ADD Ation

A lot A few A lot
et
. < Ing S //.. 'E
— Data/Service Platforms |
Social _ _
and Enrichmen orage Application

Environments

Critical

Infrastructures

Data Analytics
Algorithms/Processes

ASE Summer 2018



mn Emerging computing
infrastructure/platform provisioning

models— properties and issues

Some properties Some issues

» Rich types of services from = On-demand information
multiple providers management from multiple
= Better choices in terms of Sources

functions and costs = APIs complexity and API

= Concepts are similar but management
diverse APIs = Cross-vendor integration

" Strong dependencies/tight gy ocition in Multi-cloud
ecosystems environments

= Data locality

= Service mess/discovery
ASE Summer 2018 27



Bl Emerging human computation
models

= Crowdsourcing platforms

= (Anonymous) people computing capabilities exploited
via task bids

= Expert as Individual Compute Unit

= An individual is treated like ,a processor® or “functional
unit®. A service can wrap human capabilities to support
the communication and coordination of tasks

= A set of individuals as collectives

» A set of people and software that are initiated and
provisioned as a service for solving tasks

The main point: humans are a computing element
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L R R =

oh

B Examples of human computation

(2)

import edu.umass.cs.automan.adapters.MTurk. _

object 3imp1eProgram extends App -

val a = MTurkAdapter { mt =3 P ittt

.,

ot . accgss key_id = "XXXX" _.-°
mt.secret_uccess--key-=-*XXIL"

}

def which_one() = a.RadioButtonfQuestion { g
q.budget = 8.00

q.text = "Which one of these does not belong®"

q.options = List(
a.0ption{’oscar, "Oscar the Grouch"},
a.0ption{’kermit, "Kermit the Frog"),

a.0ption(’spongebob, "Spongebob Squarepants"),

a.0ption(’cookie, "Cookie Monster"),
a.0ption{’count, "The Count")

}

println (" The answer is " + which_one () {))

}

Already have an account?

amazonmechanical turk Soninass |

Your Account HITs. Qualifications.

Intreduction | Dashboard | Status | Account Settings.

Turk is a mar for work.
We give businesses and developers access to an on-demand, scalable workforce.
Workers select from thousands of tasks and work whenever it's convenient.

112,613 HITs available. View them now.

--> Make Money Get Results
by working on HITs A
HITs - Human Inteligence Tasks - are indwidual tasks that Ask workers to complete HITs - Human Intelligence Tasks - and
you work on. Find HITS now. get results using Mechancal Turk. Reqister Now

As a Mechanical Turk Worker you: As a Mechanical Turk Requester you:

 Can work from home ® Have access to a global, on-demand, 24 x 7 workforce
® Get thousands of HITs completed in minutes

® Choose your own work hours
 Pay only when you're satisfied with the resuts

o Get paid for doing good work

Find an Earn Fund your Load your Get
interesting task money account tasks

0@@ CRERx

or leam more about being 2 Worker

Source: Daniel W. Barowy, Charlie Curtsinger, Emery D. Berger, Andrew McGregor: AutoMan: a platform for integrating human-based

and digital computation. OOPSLA 2012: 639-654
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mn luman computation models —

properties and issues

Some properties Some issues
= Huge number of people = Reliability
= Capabilities might not = Quality control

know In advance = Reliability assurance
= Unpredictable behavior = Proactive, on-demand
= Simple coordination acquisition

models .

ASE Summer 2018 30
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Discussion time:

DO I NEED TO STUDY THEM
ALL? WHY?
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USE CASES/SCENARIOS
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mn Critical infrastructures/services for
citizens and business

Persistent Store

[17=Ta/ala)s ‘_/
DES ’
Y
p

SEDA Stages

ﬁRabblt

RE IH TED

S

/(

Multi-platform
Java client with
multi-vendor

device support

, Biometric System |

Figure source: http://uidai.gov.in/fimages/AadhaarTechnologyArchitecture_March2014.pdf
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mn Smart building management

Infrastructure/Internet of Things Internet/public cloud

boundary
_ [ Equipment Operation
_and Maintenance

Ve

EE ©
oooo -
ensor - OEDA
] oD o T’ — oED Near !
Civil protection ) censor ! N realtime ,
\. y ! analytics X
. 1 :

Organization-specific
boundary

LLELN
=
=
=
=
=
=
=
=
=
u

ODOEER
ODOEER

™ et

_[Building Operation S Predictive

i At ' Cloud-based | LS
Optimization ) vare Internet Management | (RGOS

1

1

7 .

Sensor \
Interret-based Facility

Management Service ’ !

Visual
Analytics

On-premise Facility
Management Service

.

Cities, e.g. including:
10000+ buildings ) '
1000000+ Sensors Can we combine open government data

with building monitoring data?
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n Earth Observation

esa a& mea | Welcome Guest

Service Partners Data Videos EO Datacube

a}mea = 220 Cllent O Info =

PRODUCT CATALOGUE

Bard 1 S2A  Sentmed 2A - global

82A MBILIC_BO nt1e 2007000
20070521 SO maters

@ Remove rom basiet © Load © the system

Earth Observation
4 Datacube

Enter the service

Jupyter Notebook »

Showing 1 10 1 of 1 entries (filtersd from 14 total entries)

WCPS test page
Global daily coverage on April 1st2017 ele

O O
==7) ’

Figure source:
https://eodatacube.eu/
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IS Video analytics + business
applications/public security

Use Case 3: Video Analytics

......................

' Video Video | Video

Videostreams Events, meta data and video clips
High bandwidth Low bandwidth

Figure 4: Example of video analytics

Figure source:
https://portal.etsi.org/portals/O/tbpages/mec/docs/mobile-edge_computing_-_introductory technical_white_paper v1%2018-09-14.pdf
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Bl Edge/Cloud ML-based Video

analytics

- Chinese police are using smart glasses to identify

~ potential suspects

Jon Russell (@jonrussell

¢ [W]in]s [o]nfm]r]

@

IIIIOD>

Figure source:
https://techcrunch.com/2018/02/08/chinese-police-are-getting-
smart-glasses/
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Driver Features:

Head Pose,
Gaze, Eye Blinks,
Mouth Movement,
Facial Expressions,
Hands,

Gestures, Actions

Contextual
Features:

© SRI International

Passengers,
Pedestrians, Bicycles,
Vehicles,

Brake lights, signals,
Traffic condition,
Weather conditions
Cell phones, Sat. Nav.

Figure caption 2: Video data include cabin and roadway views. This view
illustrates possible relationships between observed driver behavior and the
roadway context outside the vehicle, which includes other vehicles, cyclists,
pedestrians, and lane markings.

Figure source:
https://www.fhwa.dot.gov/research/resources/computervision_
breakthrough.cfm



amazongo
N1

Welcome to Amazon Go and the world’s
most advanced shopping technology.
No lines, no checkout—just grab and go!

Now open in Seattle!
Monday to Friday 7AM-9PM

https://www.amazon.com/b?ie=UTF8&node=16008589011

ASE Summer 2018 38



mn loT data in City-scale

North aveiE=i NorthiAv
26 ‘

[ vl oo
201528 W ivoge2t B
baa » & »

AoT Initial Locations

City of Chicago

I rban Impact on Cimate & Weathor
¥ Urban Air Quality and Health Education
A Urban Vehicie and Pedestrian Flow
© urban Pracemaking

Wards.
Loop Detail .
@ H
2 2
=
i b §
| B B B8 NS |
42 PR
Madison St )
o-H i
A
i @
A
Véxg Buren Ste==: 4 A A
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Computers Reliability/Management

-
=
Communications Data B
Processing
Air Quality Weather/Environment
2@ o . Lt

Tearperatus

)

-\,\'/a |@ Array of Things uses Argonne’s Waggle sensor platform (http://wal.gl)

Camera (still
images
processed then
discarded)

https://arrayofthings.github.io/node.html
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mn Smart Farming

PioT-SW
Cloud Server

3G/GPRS
WiFi
802.15.4

— m ONLINE WATER QUALITY MONITORING SYSTEM =22

FOR SMART CATFISH FARMING

3G/GPRS 3G/GPRS T e o 101

Bond FishBond # 3 2 pe * Standard ime Sict(s) 9~10n, 10~11h, 2223
802.154 802.15.4 Sensar(s) Sdect Al From 26082016 0900 To 0B E
= Tine Gven Wotr Quaty Reportng

Source: http://www.libelium.com/fish-farm-monitoring-in-vietnam-by-
controlling-water-quality-in-ponds-and-tanks/
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mn Geo Sports in the stadium scale

sensing

analytics

ASE Summer 2018
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Geo Sports: Picture courtesy
Future Position X, Sweden

Decision




mn Connected Cars

Service
Servers
- ~—
J
v Smartphone
‘ COMMUNICATION CAR-SMARTPHONE
0BD-Il Dongle . \ INTEGRATION User
Mechanic | §l ‘3\‘ 0BD-1l port GPS \ .
e ——
INTERACTION
Dashboard

Floating Car Data

VEHICLE-TO-INTERNET

External
Intelligent roadside :
Sensors :blm‘ Other vehices

Fig. 3. Overview of the connected car system.

Source: Riccardo Coppola and Maurizio Morisio. 2016. Connected Car: Technologies, Issues, Future Trends. ACM Comput.
Surv. 49, 3, Article 46 (October 2016), 36 pages. DOI: https://doi.org/10.1145/2971482
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mn Drones for logistics

Figure 16: Urban First and Last Mile

Source: DHL Trend Report “Unmanned Aerial Vehicles”
http://www.dhl.com/content/dam/downloads/g0/about_us/logistics_insights/dhl_trend_report_uav.pdf
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mn Blockchain for prediction markets

Source: http://docs.augur.net

ASE Summer 2018

DECENTRALIZED NETWORK

USER'S
COMPUTER

BROWSER

!

augur-ul

) | n
geth geth geth
H i i
th || 1 aeth | asth
|l _ge q ge
11 t+1
L 1
P2p
ETHEREUM
WIRE
PROTOCOL
v
r augur node "l
augur-core
prediction Y
markets
SOlite'PostgreSQL
geth DE
ethereum blockchain
ebsocke
RPC
h calls ( augur.| )
, Javascript APl
accounts
data in-browser transactions
\ comments y
MIDDLEWARE

serlalization
formatting

data

key generation
encryption
Import/export

web front-end
react/flux Ul

—— USER



n Blockchain and loT for Disaster
Management?

Telecom

()
A

Verifies user by using
. the KYC records of the
subscriber. Create a

mobile wallet.

Shelter Resident as
Volunteer

N
. iy’
Push trace data

of supplies and
residents

Residents

N
ipr

$

Registers self and family
(SSN, Name, Phone,
Address, Profession, etc.)

Medical Suppliers Food Supplier

Registers the mobile phone in loT Y
Platform ——
\______J

. Provides service
Transporter Medical Service
Government

Verifies usage of N
funds Auditor s\

I I I 2 Creates incident for

gF— — N rescue operations

Emergency Management System

Source: https://developer.ibom.com/blockchain/2017/12/09/disaster-management-using-blockchain-iot/

. Purchases the service

Views all data and
transactions. Invokes
Rescue operations as
needed

>

S5 —0 0 X0 0 —

Eo;ogl
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Predictive Maintenance in Smart
Buildings

CRITICAL

CLEAN CHILLER EVAPORATOR

<<invoke experts to predict and solve
problems>>

@
BN V VVVVY e
X/ - i
<D QP b f
‘. - ,/ \ \v ) . U
C e @/ / W ﬁ%ﬁﬂ»”
~e

\\ g b
\ = o
\_ \O/ we

loT & Cloud Data Analytics Human/Expert

Platforms Platforms —>rovisioning Platform

(Clouds, Edges)  <«notify possible
problem>>

<<analyze data>>

<<maintain evaporator>>

<<send data>>

<<monitor>>

Things/Sensors
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mn Predictive Maintenance in Telcos

Offers cloud services Offers cloud services Offers human-based
for handling IoT data for big data analytics services for
complex problem solving

Dbl

loT Data Hub >Cloud Data Analytics > Support Team

I

L Platform L

<<analyze data>> <<notify problem>>

1
I <<control sensors>>
1
1

<<send data>> <<send data>>

"=

loT Gateway Sensors

BTS Equipment
Base Transceiver Station
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CONVERGENCE OF MULTIPLE
COMPUTING MODELS
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mn Today‘s Computing Models

* Internet infrastructure and software connect
contents, things, and people, each has different
roles (computation, sensing, analytics, etc.)

2 o Any * access

| 'Itjhiﬁ’s ‘ Carge-scale behaviour does
/ d”\ i interactions TR

| big data Unpredictable On_-de_man_d, I

ﬁ ﬁ ﬁ — 3 33 (generated B workload t ac?jn cl)eux 0
§(1T_t1Vill’? \EE—CE)JG - Bl qu:]%?]tggleesdto oe Scalability contrgcts

. Hard to control quality .
Large-scale infrastructure and of data and Services | —  Elasticity

Economic

factors do
matter

software systems

— Software-defined
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mn Today‘s Computing Models

Social
computing
Cloud AT
Computing .
),
Blockchain b

Peer-to-Peer
Computing

Technologies and
computing models

Service
Computing

Distributed
Computing

l converge .

B
Things

N

Softftware

- . B

T ST

Big and high performance
centralized data analytics

loT data streaming analytics
Large-scale applications
spanning data centers and edge
servers/gateways

Adaptive collective systems of
humans and machines

—

People
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mn Summary of emerging models wrt
advanced service-based systems

Engineering advanced service-

utilize/consist of

: Emerging data
] ,
| ‘5 e provisioning models
- Things .
\»\\__“_/

Emerging data / \
provisioning models ﬁ ﬁ ﬁ 3 33
- Software _ People
NG ~

Emerging computational

Emerging human Emerging data

infrastructure/platform
provisioning models

computation
models

provisioning
models

Challenges in Virtualization, Programming, Communication, and

Coordination, etc.
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ADVANCED SERVICES
ENGINEERING'S FOCUS
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mn Single service/platform engineering(1)

= The service model can be applied to things, people and

software
Consumption,
ownership, Service
provisioning, price, etc. model
,pasic

component‘/“basic
function” modeling
and description
/microservices
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B Single service/platform engineering
— service unit provisioning

* Provisioning software, things and human
capabillities under services

= E.gg., video analytics, machine learning service,
Spark cluster, BigQuery, HDFS, Ethereum, etc.

Mark Turner, David Budgen, and Pearl Brereton. 2003. Turning Software into a Service. Computer 36, 10 (October 2003), 38-44.
DOI=10.1109/MC.2003.1236470 http://dx.doi.org/10.1109/MC.2003.1236470

Luigi Atzori, Antonio lera, and Giacomo Morabito. 2010. The Internet of Things: A survey. Comput. Netw. 54, 15 (October 2010), 2787-2805.
DOI=10.1016/j.comnet.2010.05.010 http://dx.doi.org/10.1016/j.comnet.2010.05.010

Dominique Guinard, Vlad Trifa, Stamatis Karnouskos, Patrik Spiess, Domnic Savio: Interacting with the SOA-Based Internet of Things:
Discovery, Query, Selection, and On-Demand Provisioning of Web Services. IEEE T. Services Computing 3(3): 223-235 (2010)
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mn Internet-scale multi-platform
services engineering — required
technologies

Middleware (e.qg., Workflows (e.g.,
StormMQ) Airflow)

Crowd platforms,
human-based service
platforms(e.qg.,
Mturks)

Billing/Monitoring
(e.q.,
thecurrencycloud)

Data services (e.g.,
Azure, S3)

Multi-platform
Services
Engineering

Data
analysis/Computation
services in cluster
(e.g., Hadoop)

Blockchain
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mn Service engineering — the elasticity

Result

Quality of / [

Data 4//
Data
Data f---------
Data,
Data, —
_ Analytics
ata
z Analics |TOCESS
Analytics bsgs '
Analytics 35S !
Process 5
Computational
Camputational Model
Computational
Computational
Model

Result

More data - more
computational resources (e.g.
more VMSs)

More types of data > more
computational models - more
analytics processes

Change quality of analytics
= Change quality of data

= Change response time

= Change cost

= Change types of result
(form of the data output,
e.g. tree, visual, story,
etc.)

A Hong-Linh Truong, Schahram Dustdar, "Principles of Software-defined Elastic Systems for Big Data Analytics", (c) IEEE Computer

Society, IEEE International Workshop on Software Defined Systems, 2014 IEEE International Conference on Cloud
Engineering (IC2E 2014), Boston, Massachusetts, USA, 10-14 March 2014



ISl Service engineering -- big/near-real
time data impact

= Which are data concerns that impact the data
processing?

* How to use data concerns to optimize data
analytics and service provisioning?

= How to use available data assets for advanced
services In an elastic manner?

= \What are the role of human-based servies In
dealing with complex data analytics?
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mn Advanced service engineering --
Steps

Single service/platform engineering

Sfirr\]/(lj(;emuer:]lglf?hrirr]egreseegulgg Provisioning of fundamental Engineering with single
gs, peop service units service units

and software

Understanding Properties/Concerns

Data /Service/Application Monitoring, evaluation and Utilization of data/service
concerns; their dependencies provisioning of concerns concerns

A 4

Large-scale, multi-platform services engineering

Identify
platform/application
problems
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Design units, Development and
selection of existing integration,
service units; optimization

Identify the scale,
complexity and *city



mn Exercises

» Read papers mentioned in slides
= Get their main ideas

* Check services mentioned in examples

= Examine capabilities of the mentioned services
* Including price models and underlying technologies

= Examine their size and scale
= Examine their ecosystems and dependencies

= \WWork on possible categories of single service
units that are useful for your work

= Some common service units with capabilities and
providers
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Tul 1
Thanks for
your attention

Hong-Linh Truong

Faculty of Informatics, TU Wien
hong-linh.truong@tuwien.ac.at
http://www.infosys.tuwien.ac.at/staff/truong
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