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mn Outline

» Some emerging models — properties and issues
= |oT resources
= Data provisioning models

= Computational infrastructures/frameworks
provisioning

= Human computation provisioning
= Software-defined *

* Today's Internet-scale Computing

= Advanced services engineering

= Single service/platform engineering
* |nternet-scale multi-platform services engineering
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WHICH ARE EMERGING
FORMS OF COMPUTING
MODELS, SYSTEMS AND
APPLICATIONS THAT YOU
SEE?
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ISl Some emerging data provisioning
models

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

*Machine-to-machine (e.g., from companies)

*loT

*Social media (e.g., from people + platform providers)
*Private and free data

Large (near-)
realtime data

Open science

*Open science and engineering data sets

an d g overnme nt *Open government data
data

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

Data are assets
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ISl Examples of large-scale (near-)
realtime data

% The Social Media APl ™ S
PACIFIC CONTROLS a9 oduc
Ga Iaxy Gnip is the Largest Provider of Social

PLATFORM OF PLATFORMS

Media Data to the Enterprise - Never
Miss a Tweet, Post, Comment or Like

Xively Cloud Services™
https://xively.com/

DIRECTORY SERVICES

Searchable directory of
objects and permissions

mLDCE.ﬂ.N OBSERVATORIES INITIATIVE

CYBERINFRASTRUCTURE

Providing a link between ocean research and discovery
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mn Large-scale (near-)realtime data:
properties and issues

Some properties Some issues
* Having massive data = Timely analytics
= Requiring large-scale, big = Performance and
(near-) real time scalability
processing and storing = Quality of data control
capabilities = Handle of unknown data
= Enabling predictive and patterns
realtime data analytics = Benefit/cost versus

quality 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 Social Questions (229)

Environment (227) Transportation (199)
Education and Communication Agriculture, Fisheries, Forestry

Population (145) Economy and Industry (118)
Health (
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Recently Chang

ParisData
Mississauga, Onti
Prince George, Bi
Data Publica

Calgary, Alberta

View revision log »

Login  Register

View larger map [+]

Search | Map Search | Publishers | Tags | Public Roles & Salaries

Search Datasets

8729

Publishers

Datasets

Office for National Statistics (847)

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

Department for Environment, Food and Rural Affairs (322)

Welsh Government (241)
Department of Health (239)

View all publishers »

Department for Communities and Local Government (739)
NHS Information Centre for Health and Social Care (514)

Department for Children, Schools and Families (227)

Home Qffice (221)

amazon

web services

AWS Products & Solutions +

Browse By Category
Astronomy
Biology
Chemistry
Climate
Economics
Encyclopedic
Geographic

Mathematics

Developer Resources

Amazon Machine Images
(AMIs)

Articles & Tutorials

Customer Apps.

Spend Browser | Spend Reporis

Tags wmsnworsy
health care

transparency

UK Location

The UK Location Programme has introduced over 1000

location data records into data.gov.uk and tools to :‘Xkﬁ
support their use. To find which of these datasets cover I.Ik location
a particular location, you can use Map Based Search.

Conduct 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.

Wy Account/ Console ™

&z Public Data Sets

Public Data Sets on AWS provides a centralized repository of public data sets that can be seamlessly integrated
into AWS doud-based applications. AWS is hosting the public data sets at no charge for the community, and like

ly for the compute and storage they use for their own applications. Learn more
WS :and visit the Public Data Sets forum.

Featured Public Data Sets

&3 1000 Genomes Project

L]

&

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.

Common Crawl Corpus
A corpus of web crawl data compoesed of 5 billion web pages. This data set is freely available on
Amazon S3 and formatted in the ARC (.arc) file format.

Google Books Ngrams

A data set containing Google Books n-gram corpuses. This data set is freely available on Amazon 53 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;/.

DISTRIBUTED SYSTEMS (5




@pen data: properties and issues

Some properties Some issues

= Having large, multiple * Fine-grained content
data sources but mainly search
static data = Balance between

= Having good quality processing cost and
control in many cases performance

= Usually providing the = Correlation/combination
data as a whole set with real-time/private data
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mn Marketable data examples

- £ Windows Azure

Full DataSet Listing

Following is a list of all available AggData.

Marketplace

HOME > DATA

category
BANKING (2)
(CAPITAL MARKETS (6)
TNSURANCE (1)
publisher
BOUNDARY SOLUTIONS, INC. (3}
CDYNE CORPORATION (1]
CUSTOM WEB APPS, LTD (1)
DEUTSCHE BOERSE AG (1)
DIGITAL TROWEL INC. (2}
DNE (2)
DUN & BRADSTREET (12}
>SEE ALL PUBLISHERS...

custom solution.

Learn Applications

Data

41 Results in: ‘ [ DATA | | [ PAID | | ] BUSINESS AND FINANCE |

SortBy:  [IDateAddEd

.
D&B

Dechd with Confdense.

»

i Record
Count

Complete List of 1 800 Flowers 87

Complete List of 24 Hour Fitness 415

Locations

Complete List of 2nd Wind Exercise 47

Locations

Complete List of 6th Avenue Locations 7

Complete List of 7-11 Canada Locations 480

Complete List of 7-11 Locations

7.150

Complete List of 89 Cents Only Stores 298

Complete List of A Affordable Locations 46

Complete List of A&P Supermarket 106
Locations

ASE Summer2016
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-

Bustling Manufacturers & Business
Services List

published by: DNB

Bustling Manufacturers & Business Services listis a market
segmentation that includes over 30,000 |arge manufacturers and
businesses with an average annual sales volume of 540 million. The
companies in this list also have high trade activity, maintained steady
SIZe I |35t 4 years and have been In business for an average of 20

Crime Statistics for England & Wales

published by: Custom Web Apps, Ltd

The crime data is released by the National Policing Improvement Agency
ains all recorded crime and
anti-social behaviour for England & Wales. Dala is available from Dec
201010 present to a leval of full UK postcode as well as postcode sector,
posicode district, and postcode area.

(NPI4) at the end of every month and cont

Regions

L=l

B B B

Last
Updated

11/18/2011

081372012

05/2512012

0112312012
0710212012
08/20/2012
05/07/2012
10M5/2012

0813072012

Price

$190.00

$20.00

$190.00

$19.00

$20.00

$50.00

$20.00

$10.00

$20.00

If you can't find what you're looking for, you may contact us for a

Add to Cart

Add To Cart

Add To Cart

Add To Cart

Add To Cart

Add To Cart

Add To Cart

Add To Cart

Add To Cart

AddioCart

Lo Pl i

data

data

DOWNLOAD

OQUR CATALOG

3

| Contact Us >

[ st
[ share | T 41
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mn Marketable data: properties and

iIssues

Some properties

= Can be large, multiple
data sources but mainly

static data

= Having good quality
control

» Have strong data contract

terms

= Some do not offer the

whole dataset

ASE Summer 2016
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Some issues

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 Emerging 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)

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

ASE Summer 2016 11



mn Examples

Data Processing Framework [Amazon Elastic MapReduce

[Cloudera Impala }[Apache Kylin }
[Google Cloud Dataflow }[ Summingbird } [Azure Stream Analytics }

Data .
Transfer/Messaging [StormMQ } [Globus Online (GO) } [Kafka }
Middleware [AmazonSQS } [CIoudAMQP }

Data Storages [MongoLab } [Amazon S3 } [Cassandra }

ASE Summer2016 12



mn Emerging computing
infrastructure/platform provisioning
models— properties and issues

Some properties

» Rich types of services
from multiple providers
= Betterchoices in terms of

functions and costs

= Concepts are similar but

diverse APls

= Strong
dependencies/tight
ecosystems

ASE Summer 2016
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Some issues

On-demand information
management from
multiple sources

APIs complexity and API
management

Cross-vendor integration

Execution in Multi-cloud
environments

Data locality



IS 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 Social Compute Unit

= 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

ASE Summer 2016 14
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w

B} Examples of human computation

(2)

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

object S}mpleProgram extends App -

val a'= MTurkAdapter { mt => ittt

mt . access key_id = "XXXY" Pt
It .Secret_ACEess- E@yu_-”IIII"

}

def which_one() = a.RadioButtonQuestion { gq =>
gq.budget = 8.00
gq.text = "Which one of these does not belong?"

gq.options = List(
a.0ption(’oscar,
a.0ption('kermit,
a.0ption(’spongebob,
a.0ption(’cookie, "Cookie Momster"),
a.0ption(’'count, "The Count")

"Oscar the Grouch"),
"Kermit the Frog")},

¥

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

}

"Spongebob Squarepants"),

H Already have an account?
amazonmechanical turk m— | g imas s torker |

Introduction | Dashboard | Status | Account Settings

Mechanical Turk is a marketplace 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 Resuilts
by working on HITs

sk workers to complete HITs - Human Inteliigence Tasks - and
get results using Mechanical Turk. Register Now

As @ Mechanical Turk Requester you:

HITS - Human Inteligence Tasks - are individual tasks that
you work an. Find HITs now.
s a Mechanical Turk Worker you:

* Can work from hame

# Chaose your own work hours

« Get paid for doing goad work
Find an Work Earn Fund your Lead your

interesting task money account resus

@'@

® Have access to 3 global, on-demand, 24 x 7 workforce
& Get thousands of HIT: completed n minutes
® Pay only when you're satisfied with the results

Find HITs Now

or leam more about being 3 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

ASE Summer2016 15
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mn Human computation models —
properties and issues

Some properties

* Huge number of people

= Capabilities might not

know in advance

= Unpredictable behavior

= Simple coordination
models

ASE Summer 2016
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Some issues

Reliability
Quality control
Reliability assurance

Proactive, on-demand
acquisition

Incentive strategies
Collectives



mn Emerging Software-defined *

= Software-defined concepts

= To have better way to manage dynamic changes in
computation, network and data

= Capabilities to manage and control computation, data,
and network features at runtime using software

= Management and control are performed via open APIs

= Software-defined techniques

»  Software-defined networking, Software-defined
storage, Software-defined services

KIRKPATRICK , K. Software-defined networking. Commun. ACM 56, 9 (Sept. 2013), 16-19.
L ANGO, J. Toward software-defined slas. Commun. ACM 57, 1 (Jan. 2014), 54-60.

S UGIKI , A., AND K ATO , K. Elements and composition of software-defined data centers. In Proceedings of the Posters and Demo
Track (New York, NY, USA, 2012), Middleware ’12, ACM, pp. 3:1-3:2.

ASE Summer 2016 17



mn Emerging Software-defined *
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Discussion time:

WHERE WE CAN FIND SOME
OPPORTUNITIES?

DO | NEED TO TAKE THEM?
WHY?

ASE Summer 2016 19



mn loT

Figure source: McKinsey
Global Institute: THE
INTERNET OF THINGS:
MAPPING THE VALUE
BEYOND THE HYPE
JUNE 2015
HIGHLIGHTS

ASE Summer2016

Where is the value potential
of the Internet of Things?

< 1% of data currently used,
Interoperability E mosetly for alarms or real-time
required to capture Et.-:-:h control; more can be used for

40% of total value optimization and prediction

' y 2 more value S
< $ ¥ from B2B applications @ Developing: 40%:

than consumer

ﬁ Home ll._ |
Chaora automation

Vehicles and security
Automomous vehicles and $200B-350B Sﬂgaznd
condition-based maintenanca Iy anery
it : $708-1508
"l ﬁ & .'
[
.., : .
0 settings I “
Cities gave us a cross-sector view Factories
Public health of a toii_il Potentlal |mpz!cl_u1' Operations and
and transportation $3.9 trillion-11.1 trillion equipment optimization
$030B1.7T per year in 2025 §1.9T-3.7T
‘. | -.. ..‘ .‘-* E
w ¥ 3
Outside | Retail environments
Logistics and navigation -j) Automated checkout
$560B-8508 | L SHOB-1.2T
Human Worksites
Health and Operations optimization/
fitness haalth and safety
$1T0B-1.6T §160B-0930B

Types of opportunities ‘

Transform business processes Enable new business models
Predictive maintenance, better asseot For example, remote monitoring enables
utilization, higher productivity anything-as-a-sarvice



mn Logistics scenario from DHL

mbouncinelmryln-usano;\ih;, <
Praduct Code: 237048 >

Location: 1023134 P <

Volume Count: 220 =

Condition: OK R |

i Ao c Real-tme inventory count: 36 |
g . Condition: tenpe-anueox,h m@q% P
[ okl shead | Sl JEN i ’ | N
<

Smart Ventilation

Figure source: DHL
Trend Research &
Cisco Consulting (Ve
Services, INTERNET s g
OF THINGS e
IN LOGISTICS, 2015 ~3 (

(C

Waming: pedestrian

Outbound Delivery Grder ID; 4779588 \

Order Status: complete
Condition: OK

Smart Lighting

ASE Summer 2016 21 I
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mn Smart building management

Infrastructure/Internet of Things Internet/public cloud + Organization-specific

! boundary . boundary
_ [ Equipment Operation ! !
_and Maintenance l — neeen| [ :

: oo pEpEE| [ ; ;

: = | g B
ensor 1 X B =i 1
| i : [ : o con Near l
Civil protection J Sensor ! realtime !
~ ! analytics !
Building Operation gration o baced FIEASie |
Optlmlzatlon ) are Internet Management ' [RCUCDALSS :

Sensor | j
Interriet-based Facility

Management Service L] __’ ’

Visual :. :
Analytics ! : :
N > E

- |
1 e I T 1
Management Service : e

|
1 - _I__ --
On-premise Facility . : L

Cities, e.g. including:
10000+ buildings

1000000+ sensors Can we combine open government data
with building monitoring data?
ASE Summer2016 22 .
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. Can we combine them
mn Earth Observatlon with open government

data?
Sentinel-1 GRD CTRHTET
] R e geocoded images /
SOII Sentinel-1 rtify % ! NRT Sofl Moisture
T— NRTGeocoding /Rahﬁsj-r al Job
Manager

i |IW GRD Manager events (1) g TS Manager

moisture =
analysis for Wm

------- I"D'.If:u'
. : data euecuif::' B:Fmﬂ "
S e n tl n el 1 i Sentinel-T GRD staged in (2.2) slatus (24) . o e
- i ey, geocoding " gl firal
i data result (2.4) staged in (.2 / result (4.3)
| YTTTRTTRPRToePR:. W s s s s s NS Ryl s s s
1 ."',-'

Batch Job Manager

A lot of input data (LO): T e e e [
~2.7 TB per day U 3 E) 3 U E)

Cm'put.atlmal d!.lshr or Nehukc# ﬂwe&nuhng wmutabonal resources

Alot of results (L1, L2): [ Geouns

e.g., L1 has ~140 MB per Resampling

] : . Supporting Datasets (water bockes,
day for a grid of Uretieval |  MosParnmo st sae
Tkmx1km P ;

Michael Hornacek,Wolfgang Wagner, Daniel Sabel, Hong-Linh Truong, Paul Snoeij, Thomas Hahmann, Erhard Diedrich, Marcela Doubkova,
Potential for High Resolution Systematic Global Surface Soil Moisture Retrieval Via Change Detection Using Sentinel -1, IEEE
Journal of Selected Topics in Applied Earth Observations and Remote Sensing, April, 2012
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mn Open data and social data

cllatanet arg TP ey ="rer reancial statistics” names ="M, capital sccount crodit, LSS
dalanet onganbsation ="1M1" ey ="rer rancial slatistion” namss =" capital account debif, USE7T=

tl il "I ¥ | Finandtal slalisiiey™ namee="ROF: corrent rasalfers comit USE
sdlatanel engan bsathsn =1MF numﬂ-']m-mml Financial Satistcs™ R "BOF: carrent trasaders debil. USs e
f‘ﬂﬂkﬂ‘-m "IMF‘ uh-_nn‘\-‘lm-rn-vnml Finankal statisthos” puimes="0F . oxpoats of goods, {ob. USRS Fursd Sul you i Mim B KR A US Dp o Cadcian Poul Code. Thl serics

9 Ty ="Ireer | Pinancisl sististicy™ namss="TWHF. financis] scooent, USE7 TP anc Poatal Code imdormation rntarty et B by vk i o, iaehate anlcegtate, T8 ared

-:.a.-u.unl gan sl 'wu" ey ="l | Pirsancial siabistios” names="T00 Imports of goods, Lo, US$7ys B3 Peratal Coebit mafin i rachesn, o mef LTS Corrien informaion i 4 g OF o

. et “iMF ¥ | Financial statisticn” name =300 income coadt, US4y Pecital Cond
ilatanil eigad eathsn ="1MF numﬂ-']m-mml Fibanckal SaTistes™ R ="ROF: icoms debil. LS 5
tumtmhlh- ‘IMP‘ Cabegery="Treernational Flmn-cul SATiStos” M =" BOF: et erTors and emissioss, LSS5

Pinancial statistion™ namses="TMHF sorvices credit, LIS§7>
, " I ganiatl .w“,_ 1 Frhaaa o] ittt O, o clobat, USH= Larvet b Bt e Wi Frark vakuale Sipht aboul companr a5 ugh i Some by? Tk igan O::‘ha
d. [T} “IMF | Financial stalisliey” namee="BO0 rade balines, goods and servicms, LSS = wmm""’"";“;‘:‘;“m :‘:‘g:'.‘" ]

t\dml apgan st =[P numﬂ-']m-mml Fiisanial s1alistics” fu= B-M trade balamos, goods. U5~
“WHOE ll.I “Adokesoen fertliny rase =

ult Iteracy rabs | perceni i

n.l--'\hrwnnnl.lnnml incoms por capifa (PPP infermatiosal §177> Lntha Compiny ProsL et Bl FETTASGT 0N pubid DOATErmR S BT A, Smeing
woll erauimenl ralie Srmale perientlTie TR, A Fkreaion, marioH Cags, [ drmaton, EPS, g

el sl irretil Palho ma e | pefcenl e K= indrreation el i oy Brarcad s

wiieamla b tatal e

al grewih rate {percentl >

ban arwas {percent|fs

7 bemlorw e povverty e (pervent Bving on lma than LSS

"W caleg
"W calmgony="T)

Lains Ciripset Fronchrs ey Inpncial inkmmpion on Ui Campanie rom D Boking owme
o on EPS swman, sidnues added removed changed o nevaed, ERS

‘"'W')‘""F‘# Errsa T o ey, el Brand R s pomEng YR long B ot

cotion ovve 6 {perent | i
eaten utsder [5 (petoentine
ﬁmﬂm‘,’w e L Prowiiey iy il inrmaSon, on pubiss rmpansps o Jack, incieding broke:
b | por WOmAR) = ol RTINS FISTaN, s ERS rendy, EFS

mew.r-ni Peoncsl, a0 aTang CompUETLGnL T e ndanry

B sdeg. sl Mgl bl
gy o dats chan ared Sebaratia £an hadg RCOW Verlizason can
o oy iberatfy Whic ik mowed, Bt el g o 3R

o
L]
a
APFS COMMUNITY SEMANTIC WEB
0w o ‘madeg B ey o i W o il tarry

] AT i ] e VR T W) i X
£ ey AR kst e el F
v il tirer alitie £ ket Gal mery
i pertrn e

Prolooo & Formad
of o Choic

[irerpinks
Gammimant (s

WE i St v ik 1D w-l-t‘

Spariopr. T ol i sl Sl o i

o, nust g, ey, Fram -;'0'+k|:_p:f:|-v-r.1-n|l:;:|.r. " Toaria & n colateramon weh e Tribeslesn
et tind 1o e el 2 ¥ Wewd Comibellaton o2 7 Rovriscian

T etn Bt eovnrmerl oM look 20 Bt sombery Polyischoar Implile Tosgon 1 oa boreng

el o o ety gitkers ke ot (oo of S0F

= e P o i Sl 5 o

Pt BECRAS oy iy

H P fundbedt o meiiEer it

ol

8 Dl el £l i "'"'" 'd”'-’ e o

— — f_ the web OOO GNIP you
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IS Video analytics + business
applications/public security

Use Case 3: Video Analytics

----------------------

' Video Video ! Video
mgmt ?anaytics : storage
MEC server CorellT
LTE base station

Videostreams Events, meta data and videoclips
High bandwidth Low bandwidth

Figure 4: Example of video analytics
Figure source:

https://portal.etsi.org/portals/0/tbpages/mec/docs/mobile-edge_computing_-_introductory_technical_white_paper_v1%2018-09-14.pdf

ASE Summer2016 25
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mn Critical infrastructures/services for
citizens and business

. — s g

Persistent Store

Ve |

Enroliment Packets '

Bl & Analytics

‘ @Pcnf aho
‘-""hazdmm;a

NE e

Biometric
De-duplication

Vo of Bt W
e

SEDA Stages

9238 92389238 My

lyRabbitC

Ii ‘ ‘.-'/‘/‘ o &)

. / REJECTED
Javaclientwith | 55 QM1

multi-vendor .

device support

Biometric Systern

Figure source: http://uidai.gov.infimages/AadhaarTechnologyArchitecture_March2014.pdf
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CONVERGENCE OF MULTIPLE
COMPUTING MODELS

ASE Summer 2016 27



mn Predictive Maintenance

CRITICAL

CLEAN CHILLER EVAPORATOR

<<invoke experts to predict and solve

problems>>
VYV VVVIVY .

loT & Cloud Data Analytics Human/Expert

Platforms Platforms —-‘rovisioning Platform

<<analyze data>> (Clouds, Edges)  <<notify possible
problem>>

<<maintain evaporator>>

<<send data>>

<<monitor>>

Things/Sensors

ASE Summer 2016 28
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mn Cloud-based Analytics

Alot | A few | Alot
g -
Things

Data/Service Platforms

Social : -
Platforms | . | Application
Environments st,mg*

Critical
Infrastructures

Algorithms/Processes

ASE Summer2016
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BRING YOUR OWN EXPERIENCE:
CLOUD-BASED ANALYTICS

See also

ASE Summer 2016 30


http://www.allthingsdistributed.com/2015/03/the-importance-of-cloud-based-analytics.html
http://www.allthingsdistributed.com/2015/03/the-importance-of-cloud-based-analytics.html

mn Today‘s Computing Models

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

ize does _
Any* access [l Ecoromic
[arge-scale behaviour does
B el matter matter
____Interactions |
_| Big data [ Unpredictable 2n:g§_moal:1_d’o I
@ generated workload —
o | [Big quantities fo be —
managed Scalability contracts

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

software systems

— Software-defined

ASE Summer 2016 31

[ ]
DisTRIBUTED SysTEMms Grour



mn Today‘s Computing Models

Social
computing

Technologies and
computing models

Cloud
Computing

Peer-to- @ istri
Peer Distributed

Compuiting Computing

l converge

Things

N

. g 2

@ 7N I P
oftware People

.

ASE Summer2016 32

Service
Computing

= Big and high performance
centralized data analytics

= |oT data streaming analytics

» Large-scale applications
spanning data centers and edge
servers/gateways

= Adaptive collective systems of
humans and machines

m—)

introduces

1 a
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Mﬂ Summary of emerging models wrt
advanced service-based systems

Engineering advanced service-

utilize/consist of

e Emerging data

&

ﬁ aﬂ provisioning models
Things

Emerging data / \
provisioning models @ ﬁ ﬁ & &&
oftware People

Emerging computational
infrastructure/platform
provisioning models

Emerging human

Emerging data
computation
models

provisioning
models

Challenges in Virtualization, Programming, Communication, and

Coordination, etc.
ASE Summer2016 33
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ADVANCED SERVICES
ENGINEERING'S FOCUS
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IS Single service/platform engineering
— service unit (1)

* The service model and the unit concept can be applied
to things, people and software
Consumption,

ownership, Service
provisioning, price, etc. model

,oasic
component®/“basic
function® modeling
and description
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IS Single service/platform engineering
— service units (2)

Application logic

"
w

is enabled by *

A

| I

| I

| |

| I

| |

| I

| |

; |

Services ! \ |
such as I i
RESTful or | P |
SOAP services ' / I
i | ﬂ :

i Infrastructure units Human resource i

! units |

a ‘ N\ £

I I

| — [

i Computing Storage Expert groups i

| such as such as such as i

i Amazon EC2 Amazon RDS social compute i

! instances instances units i

Source: Stefan Tai, Philipp Leitner, Schahram Dustdar: Design by Units: Abstractions for Human and Compute Resources for Elastic Systems.
IEEE Internet Computing 16(4): 84-88 (2012)
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IS Single service/platform engineering
— service unit provisioning
* Provisioning software under services
* Provisioning things under services

* Provisioning human under services

= Crowd platforms of massive numbers of individuals
* |ndividual Compute Unit (ICU)
= Social Compute Unit (SCU)

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)

Schahram Dustdar, Kamal Bhattacharya: The Social Compute Unit. IEEE Internet Computing 15(3): 64-69 (2011)

Hong-Linh Truong, Schahram Dustdar, Kamal Bhattacharya "Programming Hybrid Services in the Cloud", Springer-Verlag, 10th
International Conference on Senice-oriented Computing (ICSOC 2012), November 12-16, 2012, Shanghai, China
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IS Single service/platform engineering
— examples (1)
= Service engineering with a single
system/platform
» Using Excel to access Azure datamarket places
= Using Boto to access data in Amazon S3

» Using Hadoop within a cluster to process local data

» Using workflows to process data (e.g.,
Trident/Taverna/ASKALON)

» Using StormMQ to store messages
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n Single service/platform engineering
— examples (2)
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mn Internet-scale multi-platform
services engineering — required
technologies

Middleware (e.g.,
StormMQ)

Workflows (e.g.,
Trident)

Crowd platforms,
Data senvices (e.g., human-based senvice
Azure, S3) pIat'f\%mE(e).g.,
urks

Internet-scale,

Multi-platform

analysis/Computation Services Billing/Monitoring
S indoon) Engineering for thecurr(eeﬁ%),/cloud)

(e.g., Hadoop) Software, Things

Data
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n From service unit to elastic service
unit

Elasticity Primitive Operations

Elasticity Capabliities

=

Iy VirtLlil Machine Storage  Management Platform ServlctlAPl
Add Memory \ ( Add Cores ) & nange L- nfigare
- Cloud
hd \ Sarvice
Availability
Smart Caching |\ Region f ji
A\ APies + API.Recoffigure |
I - . gure
I ‘(API.scaIeUp{memory.sze) )‘ Service{Canfigy) :
| — y
| (API.scalsDown(memoI'y,SIZB)eAPI_addmmaero API.aIIocatePIalfonnComponenD :
— [Eestcty Capbilts AP! sl |

Software-
defined APls

Hong-Linh Truong, Schahram Dustdar, Georgiana Copil, Alessio Gambi, Waldemar Hummer, Duc-Hung Le, Daniel Moldovan, "CoMoT - a
Platform-as-a-Service for Elasticity in the Cloud", (c) IEEE Computer Society, IEEE International Workshop on the Future of PaaS
(PaaS2014), 2014 IEEE International Conference on Cloud Engineering (IC2E 2014), Boston, Massachusetts, USA, 10-14 March 201
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S Internet-scale service engineering -
- the elasticity

Resource Elasticity )
_ Individual Compute Unit |

Human-based Services

 Social Compute Unit |

Platform Unit

i

Resource '
( . Software-based Services

Quality Elasticity

 Compute Unit

 Saftware Unit

b

)
)
Network Unit |
:J
)

Data Unit

[ Hasticty

Costs and Benefits Elasticity
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Internet-scale service engineering —
the elasticity

Quality of

computational resources

Data

(e.g. more VMs)

Analyti ‘
Data  --------- Ein;; y@'C; Result |- More types of data > more
Data ‘Ei—"@ computation_al models -2
X | more analytics processes
. :Z)ata Analytics = Change quality of analytics
ala, Analugics 'TOCESS = Change quality of data
Analytics igg T = Change response time
Analytics S = Change cost
PIEEESE C t tonal = Change types of result
—~omputationa (form of the data output,
Combputational Model e.g. tree, visual, story
Computational e’;c.) ’ ’ ’
Computational
Model

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



S Internet-scale 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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Internet-scale service engineering -
- Steps

Single service/platform engineering

Service units for representing
fundamental things, people
and software

Understanding Properties/Concerns

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

A 4

Provisioning of fundamental Engineering with single
service units service units

Large-scale, multi-platform services engineering

|dentify : Design units, Development and
platform/application c (I)crlr?l]’g%thgr?é:algi,t selection of existing integration,
problems plexity y service units; optimization
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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

= Work 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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Thanks for
your attention

Hong-Linh Truong
Distributed Systems Group, TU Wien

@linhsolar
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