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Introduction - emerging services in Future Internet

= One trend is media-oriented services over high-speed networks

Dedicated (Private) Service

1 vs 1 (Service Provider # or = Consumer) 1 vs N (Service Provider # Consumer) N vs N (Service Provider = Provider)

Service Provider Service Consumer Service Provider Service Consumer
Uni- (i.e., server) (i.e., client) (i.e., server) (i.e., client)

e % %@ %@
=0

Simple &
Non-creative

Ex., VoD, Web, FTP... Ex., IPTV, Ex., P2P fi
) . . Service Consumer Service Cons
Service Provider Service Consumer (i.e. client) .

Bi- (i.e., server) (i.e., client)

Directional )@ Service Pr
Service ¥ %@ = O;;\(I.e., sel '
o ; : 'f;-.
—

&

Ex., Multi-user network game Ex., Access Grid, Multi-user conference.

Complex &
Creative

Distributed (Shared) Service

- Internet telephony, Video conference, Web searching, Immersive media, E-commerce...
- Media contents (produced by prosumers)
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Introduction - current application services ‘

= Fundamental limitations of current INTERNET services
- Lack of QoS mechanism , heterogeneous net. & comp. devices, ad hoc service & resource management
- Low scalability, availability, adaptability caused by tightly coupled service components ...
- Non-awareness of user context, system resources and infra status

HEHZ ol=et

Xl HEYZ Routing, Switching, Optical Backbone, Admission control, Packet scheduling, Priority control, LAN/MAN/WAN, Wireless, Gateway, Firewall.....

EECEECEEN

HEH3 eI 0|2

FECERIEITIPS

FECERITIPS

MHIA M Q@4

HEESILX| M2 M
Hl~ QIE{H 0|~

as 2=
(Tightly Coupled)

o E2|#|0]d MH|A
(Type A")

AHE %} QIE{ T 0] &

O E2|AI0]d AMH| 2
(Type A)

of Z2|#|0o| ¥ MH|A
(Type B)
AHE X} QIE{H 0] A

System resources

System resources
(CPU, Memory, Contents...) B (CPU, Memory, Storage, Contents..i S

System resources
(CPU, Memory, Storage, Contents.

AP X} A|AE
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Introduction - service-oriented approach I

= Service-oriented approach

- Define service components
(HZh) o|cjo] ZHe| 2HIE 3 S8 AMH|A

- Loosely coupled integration r
‘ ﬂ MH|A SHRH
. xé-sﬂﬂggmﬂﬁm (Mul 2 2M, £8 S)
= |magine future Internet Service s %-)

o o SEHo =z xgHE A2 Xt Context 7|t
- Media-oriented contents S e D ol A

- AEs CHE @ sy e * !
A0 7tsot ‘\ (Y EYZ/AZE MH|A 23, e gA, Scheduling, Priority control, Security, NAT)
OFABE oA X
- Context, QoS-aware services

- 40X, QoS/QoE B, EX azs qu o0 I8

e e
QIE{ | 0]~
- Programmable infra.
- EEHE/MH|A K&, DY,
HXI A, 5713} 24K 2,
2LUHE s

“AFE XIO| QoEQ} 28 A{H|AC| ContextE
gifdo 2 x|°_|o|- 2 Ol=olZa} +

7hytE H £

= HE 1 7HSHE HRE KRS
T = o = 1 ==
rdl} il E|'2 =) -r‘l|1 = OI OH OI'J_ EEI'% QEI- OI'E A'l HI ﬁ' (Router, Network processor, Transmlssmn mterface,m) (CPU, Memory, Contents, Printer, Storage, ...)

o)
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Evolution of Service Composition Methods

T oy gjpné® o

= How to achieve the flexibility of dynamic service composition while satisfying the QoE-
assurance over distributed (computing/networking) infrastructure?

With diversified service demand, there a need to address

the scalability, reliability, and manageability issues!!

Traditional Traditional
monolithic monolithic
application application
service service
computing computing i
Se.n/lce-
oriented
approach

T best-effort T

For emerging QoS-sensitive services,
resources need to be arranged!!

v v

Communication Infrastructure
(e.g., Internet)

Traditional monolithic
application services

Composite
service

Composite
service

Distributed service components

[VOH N &

shared resource

Service Overlay Network (SON)

I Purchase network bandwidth
(certain level of QoS)

Communication Infrastructure
(e.g., Internet)

Service Composition over
SON
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Service-path
calculation

problem

Bandwidth
provisioning
problem

QoS-assured

composite service
R

Distributed service components
A OEN - &

Complex and delicate matching &
management algorithm is required
)

(@ WO -0

Virtualized resource elements )

AN

Programmable communication &
computing infrastructure

Ideal QoS-assured
composition of services




Related Work - service composition and overlay

= Multimedia service composition & overlay network

CANS (01’ @ USENIX)
- The adaptability problem in service composition

. " Service )
@ Ser\ucefuncll@ component [] Relaynode [ Service node

* Dependency ik * % Commutalive link = Overlay link

Abstract
service

Instantiated

SPY’Net (02’) service
- Resource contention while finding a multimedia service path

Service
overlay
network

SpiderNet (04°, UIUC MONET)

- Service oriented peer-to-peer framework providing service
composition where service path is selected by considering p g
QoS and node failures '

rd
e 1=
oy ! . d
P 2
es.ﬂ:.\ulrz:n'r‘:') " LA

sFlow (IEEE ICDCS’04) dmw {
- Adirected acyclic graph considering the available bandwidth Vo
and delay of each overlay link between service components

Modeling service overlay graphs in
application overlay networks
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Related Work - service composition and overlay

= SAHARA (Service Architecture for Heterogeneous Access, Resources, and Applications), Berkeley(02’-04’)

- Explore new mechanisms, techniques for end-to-end services w/ desirable, predictable,
enforceable properties spanning potentially distrusting service providers

- Tech architecture for service composition & inter-operation across separate admin domains, supporting
peering & brokering, and diverse business, value-exchange, access-control models

- Functional elements - Service discovery, SLAs, Service composition under constraints, etc.

- Layered reference model for service composition
- Connectivity Plane

End-User Applications

) . .
Applications Plane ? Applications Services =R
] Lo
. - . "s Middleware Services aa
- Routing as a composed (reacheability) service g 2. <
) o = i End-to-End Network
- Implementing paths between composed service instances LRl With Desirable Properties
(o]
AV

Enhanced Paths

(e.g., “links” within an overlay network)
Enhanced Links

Jummnm
Connectivity
Plane

IP Network

NOT sufficient investigations are made yet on the provisioning complexity for the service
and resource components according to the dynamically changing requirements !!
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Related Work - Networking as a part of service composition

= SILO (Services Integration, control, and Optimization)
(NSF-FIND Project)
- Fine-grained dynamically layered architecture

- Support for combing elemental blocks to complex
functionality

- Control elements to facilitate cross-layer
interaction

= Service-Centric End-to-End Abstractions for
Network Architecture (NSF-FIND Project)

- Define “Network services” as key network concept

- Flexible network service architecture
- Hierarchical inter-network and intra-network design

- System Architecture

- Router design (service controller, nodes), end system
design..

- Mapping problem appears on all levels

[roo | [Pow ] [

] ] e

Cross- m -~ m3A
Strategies [«—» Service 41 e M
Tuning

[-————

ol
e M3T g M52 Me3

knobs

‘ Physical Channel ‘

- Methods: realization of services
- Knobs: service/method control interface

et

SILO
and
Services
Manage-
ment

Ontology

e
m6,1 mé,1 -

- Services: data transformation & transmission building blocks
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Related Work - service composition over underlay-aware overlay

= SpoVNet (Spontaneous Virtual Networks) 2006-2009, BW-FIT

heterogeneous networks by overlays

- Spontaneous and flexible, per application
- Noinfrastructure support required
- Self-organizing, scalable and robust

Overlays designed to be underlay-aware

Methodology for spontaneous provisioning of application and network-oriented services in

\B2
. . . o . al ‘:-
Systematic use of overlays for service provisioning ﬁ "‘“W‘E?J,&’/
. . . =4

spoVNet-Overlay

IP-based Internet

- Employment of underlay mechanisms for performance enhancement

SpoVNet Architecture
- Underlay-aware overlay approach

- Allow for comfortable creation of application
supporting services in heterogeneous networks

- Base overlay allows for easy creation of overlay-
based services

- 2-tier abstraction layers + cross layer information

overlay

Applications

Allows to replace

SpoVNet services
with underlay services

Service Abstraction

————————————

1 Muiticast / H Event Correlation
n Multipeer and Notification
4 Overlays Overlays

Underlay Abstraction

nfortable
Base Overlay €W SErvices

Base Communication

Underlay
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Proposed Tentative Model
for Virtualized Resource-aware Service Composition

= As one possible (evolutionary) direction

- We present a tentative model for virtualized resource-aware service composition
- There are many aspects which have to be addressed

Context-aware, Dynamic * Scalable and Flexible service creation
composite services The service composition model has to support easy and flexible
W combination of the service components and scalable extension for
newservices.
> 22 A%t 87 E 8% = U= HEID|C|0f 7|4
D Q |:| ‘ X MH|A gd (Service Composition)

* Well-managed QoS/QoE and resource utilization
The service composition model has to understand and respect
* other's policies, performance levels, and so on.
> QoE & E¥st= AZ0|C|of 7|8 MH| 29| HIS flet
MH|A/XH 2 4 7t Delicate Matching

 Exploiting virtualized resources

The service composition model has to address the issues such as
extensibility, adaptability, fault-tolerance, responsiveness,
resource heterogeneity, scalability, and security concerns.

[. o0

Virtualized resource elements

Programmable networking &
computing infrastructure

> 7}A5 Xpelo] N giet EE M2 X E M 35t=
0| £910] (Middleware) 3! 22|

- By focusing our attention on the provisioning aspect of the service and virtualized resource
components, we propose a conceptual idea for resource-provisioned SON called AptusNet
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Proposed Tentative Model e
for Virtualized Resource-aware Service Composition (cont.) -

= Several novel aspects
- Decouples the role of service-providing agencies (e.g., service overlayer, resource aggregators)
- Employs an assistant layer such as the resource provisioned SON called AptusNet

Repository Negotiation
for service components, templates & data (e.g., Rspec)

discover & select

candidate set of
services &
templates

<)

Service layer

Repository Negotiation
for virtualized comp. & net. resources (e.g., Tspec)

discover & select
candidate set of
comp. & net.
resources
<4mmm—) <)
Allocate & monitor
resource
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Proposed Tentative Model
for Virtualized Resource-aware Service Composition (cont.)

= Service-providing Agencies
- Service and resource aggregator(s)

- Responsible for discovering & managing the proper candidates when negotiating with the service overlayer

- Service overlayer
- Responsible for providing the QoS-aware composite services over the resource-provisioned SON

- Note that, we envision that the service overlayer builds the resource-provisioned SON by using the
aggregated services and resources

= Resource-provisioned Service Overlay Network: AptusNet

- Consists of a well-organized set of @ Initial set of requests ® New
i (Similar type of service) service request
resource and service components, A .
connections between them I v v  ®Build
. . . . [> the AptusNets \ﬂ

- Provisioning overhead in the service Service overlayer | ) Compare & Select

composition can be alleviated proper AptusNets

it _ [ @ Extract common o
somewhat by exploiting the pre-built ract common urce-provisioned
AthSNet ON (AptusNets)
® Calculate required

amount of resources
@ (Proactively) Provision :U

the corresponding set of services & resources

Service/Resource
aggregator(s) (Reactively) Arrange

the supplementary set of services & resources
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Research Activities for Future Internet Service

= Dynamic service composition for media-oriented services,

- Real-time support for guaranteeing QoS/QOE (e.qg., e2e delay, user’s context..)

> OiFRo| A8 R7E £8% 4
£ ZElO|C|o] J|E S AH|A

[ |

0X 30

}

(e.g,. meta data)

> 7ast xHlo|
TZE M3 W B

Zix|stet 2E H2

Inter-relation Information

is extracted

C

is extracted

is extracted

supports

is used

Contents
(Data)

is used

(Immersive) media
object(s)

GenericService Element

Service object(s) for
Media-specific tasks

(for data manipulation) E:

Programmable Infrastruct
(for data processing/transferring

Computing
Resource object(s)
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Networking
resource object(s)

is used

isused

is used

1a-orien

Context-aware Immersive med

ted }

Dynamic Service Composition

T o g o

user
profiles

context
information

Is provided




Research Activities for Future Internet Service - !

= Timely and scalable service delivery based on programmable net./comp. capabilities
= [oad-balanced service placement with well-coordinated resource management

|
—
R b
| 1 Y= b
I Underlay-aware P2P Overlay — ﬁ ] user
1 (Informed Peer Selection ' ) S profiles
R ] . . | & B
c C . : Immersive Media S 8 [
g Application & g o | context
© : € | information
g | Se hiices . | o §| A
oS e Visual sharing... |,'“"“““““““““““‘““.E:
£ = ot S5 MH|A Hlof 2
Sl =x™ MH|A =8HS _ I S = = |
S = —TE= her\ I e e e e e e e e e 1 E
5! x| st P B g
-lg : SON T4 7|HH 1 o _: ! Networking Service e
R o= [ ________-; I e e e L ! E
I Resource-provisioned SON I | PC-based N.etwork TB fqr Dynamic I
I Overlay link abstraction for BW, Latency, | I Service Composition IS. R
| ' f e
l Light tree (?) ammable Infrastructure ™"y r poncT | L _Isprovided
( ) ) | _L (for data processing/transferring) |1 based) i ! Openflow i
Fieiieiieiieiieieteieteiiaeiaieiaieiuieiueiaial
I ——" Lo — ]
Overlay-based approaches Fl applications, composite Programmable network
for Fl services service scenarios testbed for Fl services
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Research Activities (overlay-based approaches)

* UnderlayS 12{st= SHQ MH|A Ao Lt 2u{o] HEHT T4 7|H

P2P Overlay Network > IPS (Informed Peer Selection) 7|dt P2P
ON

« ISP Guidance HE 0| 7|85 ON ++M
. ISPQ} P2PO| & 7| HEQA HE =& 9l

-

L -

I‘S‘P Guidance ! T | > EEHE' X o] . N ‘
[valub, scope, FAL] value, scope, TTLL . 7 . Service Mediator 7} H|&38}= Guidance HEO|

1 ST 7|28 28%9Ql P2P B0 HEQA 5,
/ ISP A m m ISP B 2 Cross ISP traffic H|0J£ £%t Policy &

; =X sl Z
N ‘ ISP Server 6 Peer

|8k 7He=t ON 78 &8 Aptushiet

for Multicast-based Services
H|A 0| CH3F Capabilityof w2t 2+
2|8t0] logical o 7tAF HIEEQAE A
X|®d, Al lLLE ALO|Q] X[ HiQ| 52

MEXS] g7t =S 12510 7td HESRAO

Overlay

A7

X

%

i)

-1

EM

> N

N e

o H O 0
mo|nox
Ar >

. Service Mediator?}o| M A9 E Egj| QHE

'"14 -JE \i‘ 5\ Q/ i‘{ lnfr‘l\:‘avstructure

= il
MHIAS 2ot HESRIA Xtelol 288 AL NI " A
bs, £ failuren} 22 S& AMH|A A0 e %\@ | A
Chol 7 TiA 7t 7ts i
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Research Activities (overlay-based approaches)

* UnderlayE 12{dt= SHQI MH|A T40| Ra3 ozl HEHI 74 71Y
- Overlay link abstraction
- Loss: controlled-loss virtual link

- OverQoS: FEC+ ARQ [Flow-level] centralized Admission control
Centralized
Link status ET '?\;71 ET
- Latency: frame-based packet scheduler T § g
(available BW, 5 5 E
. delay metric) A{Y//)
- I SRR el et (IR vs. AR) Resource * Calculate available link capacity
- UCLP, user controlled light path Manager __ *Performpath selection

QoS-aware Overlay

Request ("
Admission
network

@ (2R} (2R (2R) . Lnk
) . ¥ abstraction
Hipo-+ Hipo- Hito-

Frame-based
scheduler

\4

[Packet-level] Packet scheduling
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Research Activities (Fl services and scenarios)

= Media-oriented Service Composition for Visual Sharing

Visual sharing
requirements of each site

E .Compraﬁ:iée among conﬂic‘fihg requirements of multiple sites.

Run-time adaptation of composable services '/;.__ == ﬁg E;g:-::

//",'F.-—-' —_— — :::-

Service O(_‘M )
N0

e . — % Service mnumg f muitipie sites / g
Site ¥ B - \ [ / \‘\
Resource capacity ﬁﬁ T %)_'
piY

Multi-party collaboration environment for visual sharing

Visual contents #1 Visual contents #2 Visual contents #3
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Research Activities (Fl services and scenarios)

= Negotiation Procedure for Media-oriented Service Composition for Visual Sharing

Consumer-side collaboration nodes

Meeting modes Node capability
A set of available media e =i -- =—miietintain e . -»};‘;-— e —
consumer services - e welahes. 1§ A N T RERURE PN, -
o ™ ot . |/ The weights T”? weights™ 1 /" Local QoE [ requirements [ sg:r;s:q::;’ o
< 5 Sarvice capahiiiity L\ of service | ofsewvice )i\ ity function |\ about service | ¢ avel J
< Q) X ' attributes Ay AN resources
i e @/ ) i e i PN A profiles -~ % ~
/ ( ) N \ CONC Geneauaiy = S S EE R " — o~
/ U ; \ /J i User preference e i "‘-‘ »
! \ /" Negotiation " decision - : -
! O /ﬂ) O ;—"L proposal set / prmemmmannes T, A o
| (\U O v | s = : Local negotiation:
Y g _‘;’ < b .| Service level Ll Sarvice profilin | Mediation of service
% O O Q” N . | decision P 9 " | profiles considering node
. e 7 d capability
modification ‘ i / / Feasible
generation - )
| - - 9 proposal  /
yes T S
Inquiry & response _ ii Node capability
P F g e gl N e gy . /~ Producer-side .
i & 4 S e g “The combination g‘:za' MGM";: [ available )
~._ no L TN e S~ e R /' of QoE conflict nder-driven conflict "\ resources
< } pcn;gzrpost,;l . - - Deadline? '_/..--1- Beak off? >-< . Agreement? >4 -:\ resofition ) 1 arbitration by using .
ﬂ]O ihca [0_{‘)"' - ~ e a S ! e S P k methods { selected QoE resolution - —————
\\ v - N ¥ S -~ methods > Monitoring
no | yes yes yes | v 4 » | results (present |
" o 2 / \ & historical data)
( Failure - [ sSuccess | : - e 1
X ) | ~Producer-=. .~ Dynamic ™ Proxyor . | /?m
1 / / 5 Vg lf)l Py
il consumer ) ( QoS [ sevice )i R \
R ; : 7\ ST, )
| gRUpiNgE>"  ™\adaptation - seomposition" 1 g (fairness, quality)
NG e s RN —c R . g
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Research Activities (Fl services and scenarios)

= Al2X} Context 7|8t S& AMH|A X8 A|LIE| 2 Prototype 18
- MH[A e 8 2HE|E 5 ZE| 0O|HE

AR JADEE 7|8t 2 "MH[A SR} e

(service mediator)' S 7}t ey

. ChsE O|C|of 7|7] U AZEQ OIS =~ el e [ —
o ! e ey, . Service L’.:‘ r

. [_UHD Copure
MHIAZ FA316HY Arﬂxm 8**01I coh2t
X3 AMHASS g7AstD, AR, ¥
ot dst| Qo Z2 2 7t e HDvideo servicereauest <« SDveoservice request
LZEF0] AZRE A3 &ﬁ B _
- FO{TI AFR XS] A M H (context)of 2} [ i & | pm—
o = o N , , e
Zt2fo| MH[AEZ2 %492 S22 8510, ;. == _
AMEXZL {5t 0|0 882 X[ RSH= — !
=2 42 NS “’””"“m
SDvideo service (~3Mbps)
HD video service (~ 23Mbps) Webeam: QuickCam Pro 4000
% g P2P7IE QIE 4SS LIE SON 7Y
gorvee ‘ fHEESS A - AIE2XH7F @D MH|AE BtES = s MH|A =2

. _—

Video Content

Transcoding="  _ _mem .- >,
i -

] o e v »@ (service graph) A4
SR E e QHE MHA B, MH|A CIHERIE 23] ALSE

R, |
Ol 4l 53 & users -
Service/Resource AptusNet for P2P 7|8t 28 AMH|A Transcodin

association. ° JTL EEE DI ?. 7( 7:| I"

- Service Mediator= A El MH|A B2 AIEE
W TZ2EE 59 MEE Resource Broker?t 555104
e MH|A ZE20o| MBS 28 ofC|ol| QXIS OfH XS
AFRBHS 40| BBHOIX| AH
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Research Activities (programmable network testbed) Ly

= FIRST@PC (Future Internet Research for Sustainable Testbed, based on PC)
- To enable programmable computing/networking resources

- To support sustainable experiments that dynamically compose distributed services

- Reliable and repeatable experiment running w/ with dynamic media-oriented service

= |ssues

- Operation &
Management for
Sustainable Testbed

- Slice Control

- Experiment Control
for automated/
repeatable service
compositions

TB Management
_— = _

Administrators.
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Service Control
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resource-provisione

v' We present our on-going
designing a novel service col
framework

Future work

v We investigate more on the funf: ,
of the service overlayer, aggregators

V' We develop resource provisioning an
service composition algorithms for
AptusNet



= Xl Aggregator(s)

- 2t SO9l YR EXfote RARM, ST SHQ o] JtatstE HEE/HEYY XSS Balotn, 2t Kt WE Abstracted
HEZ XNETICL 0= AH|A Aggregatoro| ZH|QITt= iR Ho|= 4 QlCt.

- Repository: MiddlewareE E3jA EZE3}El Programmable computing & networking At =2| 2t2[/H 0] QIEH O|A S0 CHEE
Crefot 27t MY &L}

- Discover & Select: 2 A=l Candidate X

- Allocate & Release: MH|A Q0] 2} sl S =

- Monitoring: 2-dat & AMH|Ao] HEf R 7|Et XA SESS LAl

-_— L=

= AMH|A Aggregator(s) - Zt =H|Ql HE EX|SI= QAZM, ofT = Ql LHe| MH|A @AES #E|5tH, ZH MH|A @4 HE
MH[A gHdof| East B ES XIS} 0l XI&l Aggregatore| E0Qlat= EHIIZ FHe|E 5+ QULCL
- Repository: 7| 20l FHEfO| MH|AE H|Sdt= AH|A 249 HeHE0| CHAgt Abstraction HE QL &0 X & EICH
- Discover & Select: @ M=l Candidate MH|A QAES &1, @40 BH= MH|A @4 ZotS AH
- Allocate & Release: A{H|A @ 70| 2} SHE XS =AM 5HSEAHLE, SHA|
- Monitoring: 243} =l MH|AQ| AEf Sl 7|Ef MH|A 24 HEES ZHA|

= AH|A Overlayer - CtE = Q10| 22X ZXE|0] = 017|152 BREY/UEHZ AH{ S M2 2452 HIYHCE FEE|=
Resource-provisioned Service Overlay Network A0]|A{ AF2X} Context 7|8 QoE HZE S AH|AQS| X8 3
TSI Xl 0| 2| F£8 7|sE2 L3t 20| ™28 = ALCL (0= EF X[5HQ 71" HE HE0 30| Heg Aoz
Atz E L)
- Matching AT ALEXIS| Q7 DA FA|M 2 E2|LIX|= RX[T MH[A TS =30 G&= 0|E = U= Ot GHE
HIE OS2 X[Ho| MH|A A0t ZRot X0l HEfQt AS 27
- MH|A B (Mediation): AFE&A} 2 70| 28tE|= MH|A 2451 4 B0 2os 7H4et A= 74| CHEel HAH X[
- MHIA B4 (Negotiation): ALSAS] 7 E0| = A2 94 2 748 X0 53 32 53 8| LA 2N

o] MH|AZ
x| F
- MH|A B & (Adaptation): MH|A S AR MEFE ZLIHE o ZutE HIEC = MA|ZI22 MH[A EF /X
- MH|A mH7| (Destruction): AF& XS] R FO[Lt 7|EF 20 2t £F MH|A9| B2 FE 27
5 HES CHAl 7H8 MH|A 2

- MH|A E2 (Release): Of O[&F MH|AE X|&% 4 QI7iLL AMH|AT} SH2El A2 ST MH|A R4 U X2
Aoz sl

=
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