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IRMNCS Content

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

Target domain and objectives.

~

A Users.
A Requirements.

High level Interactive Redime application modelling method
Introduction.

Application to a simple use case.
A Post production scenario.

Performance estimation framework.

Work in progress and future work.
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iIRAMCS  |RMOS Value Chain
S

IRMOS aims to address the needmafket playersproviding:
A Infrastructure platforms and
A software application services
Non-modelling experts need tools to model interactive #teak applications.

-/./'/:f/ 4
Infrastructure f ] U / Application

Level SLA S| Level SLA

Infrastructure Platftorm asa  Software as a Client
as a Service Service Service
(laaS) (PaaS) (SaaS)
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IRMCS

Interactive Realtime Multimedia Applications

on Service Oriented Infrastructures

The objective is to map:

A hardware resources characteristics

A to application and workload
parameters

A depending on user requirements for
Time & Cost.

IRMOS Approach:

A Virtualisation of resources, ‘

A PerformancéBenchmarking Suites |
for each target domain,

A Performance estimation tools

based on:
A Application Benchmarking

A UserApplicationinteraction
modelling,

A Resourcefaults and
performance degradation
modelling.

Abstraction

Abstraction

Objectives and IRMOS approach

Ap p I | Cat| ON  colour depth, resolution, quality, codecs, framerates,

colour space, correction parameters (e.g. balance,

& Worklo ad contrast, gamma), effects parameters (e.g. bleaching),

workflow parameters (e.g. number of users, interactivity,

P aramete Is playback latency etc.)

Application SLA

Completion Time @ Cost

QoS @ Cost

Technical SLA

ISONI Virtualisation
H ardware CPU types, multiple cores and processors, memory

architectures, caches and storage devices, buses and

R eSO u rces clock speeds, graphics processors, switches and routers,

fibre or copper, etc. etc.

Characteristics

-
- -

Complexity
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5“‘*\95 Performance Estimation Objectives (2) & Challenges
D 0 |

Estimatecompletion time (Tc)distribution using ampplicationrunning on aselected
resource

From theTcdistribution (PDF or CDF) can estimate:
A Probability offulfilling a deadling,
A Timetoreservdl KS A Y FTNJ a0 NMHzO(G dzNBE NI a2 dzNOS 7

Modelled applications ariteractiveY { GF NI X t | dzZaASEX wSgAYR

A Requiresaccount for interactionghat cause annterrupt and a delayin the normal
execution of the ASC.

Modelled applications areeal-time:

A We need to account for infrastructui@oS variationghat causeapplication failure
events(e.g. bandwidth below X b/s result in streaming failure).

There arecritical infrastructure failures e.g. VM crash, which may come in playléog
running activities(rendering may take days).
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ERQ\PS Application performance model template
I

Approach based oRinite State MachindFSM) formalism:
A astatisticalhigh level performance model of the application
A modelsbehaviour, not implementation,
A produces an estimate of the activigpmpletion time.

Devised gyeneric FSMemplate that combines

A User/Application Interrupts Uninterrupted-fault-free Infrastructure Faults
Ope ratlon ’ .. ......................... 8 5 .. ...............................
A _User_Ap_pIication : initiation resolved r|eso|ution_in_progress§
Inte raCtlon’ in_progress —— VM _crash E(Critical fault; VM_crashJJ
A Resourcegaults (critical: E complete i -
. i [Userinterupt: QA| :| QA - ]
failures and QoS S ) i ; _
degrad ation)_ | o i) OK I{' processing bandwidth§< Bmin\:elsolution_in_progressi
not_ 0 H
Advantages: R bk s resolved ;[QOS degradation: BandwidthJJ
_ = del f g ; - ] oo
A Externally observable @ i L
states no application | WRPUR ’
internals knowledge [t It
ded corge e
nee .

A Statetransition probabilitiesestimates can be obtaingoly experience
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IRMCS  Mock-up Colour Correction Scenario

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

Colour correction of digital daily film shooting:

1.

Footage streamed aumber of times(e.g. 1, 2 or 3) to the film director
for setting out the manner of colour correction.

If playout linkbandwidth drops below a critical value streaming stogds
takes somalelayto go back to the beginning of the current scene and
recommence reviewing.

Colourist starts colour @ Q I Playout

correction and output is
streamed to the director as
soon as generated.

Services on the

IRMOS Platform

(Playout & Colour Correction)
Film Director

Client Component

A/V Conferencing

Director can ask over a

conferencing link fopausing QI Colour
and colour regradingf some @ ) Correction
frames or a scene. /\\ >

Colourist
Client Component
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“!A\PS Scenario FSM model (1)
I

on Service Oriented Infrastructures

( <<FSM>> )
Create arivial Local Cloclon/off o
FSM B o e
A Counts the elapsed FSM on
execution time e i
i
Create arivial Workflow —

idle/started/finished FSM Workfiow

<<synchronising>>

A Itis not a controller clockTik [t < Tw_star]

A It starts the first activity @

A It finishes when the last activity comehisng>>
completes Czj ”

A The individual activities interact 2 e
with each other I

finished

<<synchronising>>
clockTick

= )
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“!A\PS Scenario FSM model (2)
I

Activity 1: Footage Preview

. oy . <<FSM>>
Create drivial Probabilistic e
Assignment-SM: clockTick < Seyneronising>>
. ] N

A Set the footage preview [ e W ( Tterations W

iterations to 1, 2 or 3 with given N

pr0 babI|ItIeS <.<syn:':hror.|ising>> $<pr?babilistic choice>:f

startPreview: iterations=1:P{iterations=1}, 2:P({terations=2}

Create a Preview FShased on the P —— <<hsc e
generic FSM templateStates used: clockTick Preview

A UninterruptedFaultFree
Processingi.e. Previewing the = B |
fOOtage W|th0ut p|ay0ut ||nk <<syncronising>> <<stochastic>>
faUItS startCorrection [1 P{Tpr=>t|Tpr>t-1}]

i 2RSS esRsrressssassriesssssastessansanniesnas >

startPreview i <<syncronising>> <<stochastic>>

A Infrastructure Bandwidth fault _ clockTick [P{Tbf>t[Tbf>t-1}]
~ .. < <stochastic>>
A AterlaI Idle State. Processing| bandwidthFault [P{baridwidth_fault}] [Bandwidth fault

. L oo

o

< a:stochasitic >>
resolved: {1-P{Tbf>t[Tbf>t-1}]

clockTick [P{Tpr>t|Tpr>t-1}]
< <syncronising>> <<stochastic>>
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ERQ\MQWS Scenario FSM model (3)
D 0 |

Activity 2: Colour Correction

<<ASC FSM>> <<synchronising>>
Colour Correction clockTick

Create a Colour Correction FSM

based on the generic FSM template

States used: -
<<synchronising>> <<g

A UninterruptedFaultFree finish [1-P{Tec>t[Techt-1}]
Processingi.e. footage colour £ < coynchronising>> < <stochastic>>
grading without interruption by clockTick [P{Teg>t[Teg>t-1] :
< <stochastjc>>

the dll’eCtII’ fOI’ I’egl’adlng Em userInterrupt [P{u%er__interrupt}]

<<synchropising >>
startConrection

Processing

o

]

A User interrupt for Colour :
I < <stochastic>>
Regradlng E done [1-P{Tcg>tiTcg>t-1}] clockTick [P{Tcc>t|Tec>t-1]
A AterlaI Idle State_ E E < <synchronising>> <<stochastic>>
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MRMNCS 1 FsM UML model

Interactive Realtime Multimedia Applications

on Service Oriented Infrastructures {

<<FSM>>
Workflow
r A
<<FSM>> <<synchronising>>
Local Clock

clockTick [t < Twf_start]

<<synchronising>> Idle
clockTick [t < Tmax]: t=t+1 e

<<synchrpnising>>

on start [t >= Twf_start] start

o-0

started
clockStop [t >= Tmax] oo j«synchronising»
clockTick: t_wf =t wf +1

off
<<synchronisnig>>
finish

. J
finished

<<synchronising>>
clockTick

UML statetransitions stereotypes

A <ssynchronising>- must be triggered
together with another transition with the
same name

<<stochastie>- is triggered according to
some probability

>

>

probabilistic assignment occurs

Transitions notationname [guard]: outcome

<<workflow activity>>
Director Preview

<<FSM>>
Probabilistic Assignment

<<syncronising>> <<syncronising>>
clockTick start

dl G
IEM} [ Iterations M}

N

<<synchronising>> <<probabilistic choice>>
startPreview: iterations=1:P{iterations=1}, 2:P({terations=2}

slanP\teview
<<syncronising>> <<ASC FSM>>
clockTick RleView
Idle

<<syncronising>> <<stochastic>>

startCorrection [1-P{Tpr>t|Tpr>t-1}]
<<synchrgnising>>

startPreview <<syncronising>> <<stochastic>>

clockTick [P{Tbf>t|Tbf>t-1}]

<<stochastic>>
Processina bandwidthFault [P{bandwidth_fault}] Bandwidth fault

<<stochastic>>
resolved: [1-P{Tbf>t|Tbf>t-1}]

clockTick [P{Tpr>t|Tpr>t-1}]

<<syncronising>> <<stochastic>>

startQorrection

<<probabilistic choice->- after triggering a *

<<workflow activity>>
Colourist Colour Correction

<<ASC FSM>> <<synchronising>>
Colour Correction clockTick

Idle

<<synchronising>> <<sto
finish [1-P{Tcc>t|Teet-1}]

<<synchronising>>
startCorrection

<<synchronising>> <<stochastic>>
clockTick [P{Tcg>t|Tcg>t-1]

<<stochastic>>

Colour Regradin userinterrupt [P{user_interrupt}] Processing

<<stochastic>> /
done [1-P{Tcg>[Tcg>t-1}] clockTick [P{Tcc>t{Tee>t-1]

<<synchronising>> <<stochastic>>
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IRMCS

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

FSM UML model
manually translated to
the PRISM modelling
language

Model properties, e.qg.
probability of workflow
completion by given
time, calculated by
PRISM numerically or
by Monte-Carlo
simulations.
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PR be

FSM properties calculation

Fie Ect Model Froperies Simulstor Log  Options

RERCGEIE]

PRISM Model File: C:\ZZWarkuT)

Workshop - Oct 08\PRISMiolour_new_zz01 nm*

10| /A A AC IOk kA
12|//A system tick is a Minute

14 //Model time unit
15/const int TimeUnit = 10:

17 const int end of time = floor (400/TimeUnit);
18|global time : [0..end of time] init 0; // variable used to count clock ticks
19|//A clock tick is a MINUTE elapsed time.

Fle Edt Model Propeties Simustor Log Opfions

< =
Model: colour_new_z201.r |/ Ak stk kb ok o ok ok st sk ok ok b K ks sk ok bk s sk ok bk ok o
© Type: Stochastic (CTH
@ [ mocules 27/ *
©- [ Global Variables § .
& 3 Constants 3|// * Model of the preview and colour correction workflow for NEM
47/ * v0.1
51/ *
(| ks bk ok ok ko ks bk Kk ko ks ok ok o o Skt ok Kk o
2
8 |ctme

[T ]

Pmax=" [ F wiStste=38elapsedF Time<=PreviewTime |

Mame

| Type | Value |

ITER

Buit Mock |
voperties st CAZZWorIITI ProjectsIRMOSntegytlon Werkshop - Oct 09PRISMolour_zz02.pel
states| o
»
Initial [ bl
" H Pmax=7 [ X viewingher=ITERSviewherState=2 {viswherState=1}]
Il = )
[ Defined Constants Progress Status I Method
| moser [[Prap| | Pma- [F comectonstete-aelapseacorectont=PreviewTime Proc=? [F carrections.. ITER=0 PreviewTirme=. Dane Verification
nring experind | PINax=" [ F wiState=3aelapsecnVF Time=PreviewTime |

PrevigwTime

Jint | || || eramna

0150

0125

0100

Name

Definition |

Maximum probabity

0.050

0.025

0.000
0

PreviewTime

| o
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IRMCS

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

Colour Correction Modelling Experiments
I

The model responds teariation in user behaviouandvariations in resource

behaviour.
— . . Df.:lay : - Delay after
=| Footage . : Streaming atter Correction , .
o - Preview Iterations - : Correction
=| Length - Fault Rate | Streaming | Interrupt Rate
i= = Probabaility = Interrupt
o [min.] [per hour] Fault [per hour] .
= . [min.]
5 [min.]
1| 30to 50| P(1)=1/3. P(2)=1/3. P(3)=1/3 2 10 2 10
2| 30050 | P(1)€0.6.P(2)=0.3. P(3)=0.1 2 10 C3 10
3| 30+to 50 | P(1)=0.6. P(2)=0.3. P(3)=0.1 P 10 3 10

P(Completion Time =t) P(Completio

12

3hours|

A ——Correction - Exp. 1 1 | Ty E 2
0.2 - ‘x‘:'l'j',:"/uk
f \ —— Preview - Exp. 1 0.8 T
0.15 L4
—— Workflow - Exp. 1 0.6 ;E;//I
ya_i |

o1 |\ -
0.4 ,‘;// ] - -= - Workflow - Exp. 2 |
0.05 - 0.2 P i
0 - | J - -« - Workflow - Exp 3

O B ol el el el el B I B B R 1
14 7 10 1316 19 22 25 28 31 34 37 40 1 4 7 10 13 16 19 22 25 28 31 34 37 40
t [in 10s of minutes]

t [in 10s of minutes]

Workflow and individual stages PDFs. Workflow CDFs for all experiments.

0.25

—— Workflow - Exp. 1 |
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IRMMCS  simplistic Business Model

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

I
Given:
A resource costor different QoS I
available (1), £ )1 Resource Cod
A customerbudget,
A workflow completion time | customer budget
deadlinerequired. |
Fund: E .
A the probability of fulfilling the Resource QoS | i
deadline(2). A E
P :
Reverse reasoninglso possible: i
A the application provider has 05 lMm——— e
set QoE targetg2).
A wants to knowesource QoS et probabiity
and cost(1). S .

© University of Southampton IT Innovation Centre and other members of the IRMOS consortium 2009
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i“‘}\m‘?ﬁ More complicated Business Model
I

on Service Oriented Infrastructures

The application provider gives
guarantees:

A Penalties for failed deadline.

(1) + (2) Cost of providing service

The application provider has:

A Set min profit margin, } inimurm profi
A Operational costs. oA N

(1) - Resource Cost

_(2) i Expected Penalties
for deadline failure

>
Resource QoS

. v
A

Profit QoS range

© University of Southampton IT Innovation Centre and other members of the IRMOS consortium 2009 15



MRMCS  Abstract Service Engineering Process

Interactive Realtime Multimedia Applications
Customer Requirements Busi .
/ and Obligations / Ottjjzgi,sjs / Av(a(lgla;lgltzi 5;2%12395 /
- (including charges)
In the context of Business

on Service Oriented Infrastructures
O bJ eCtiveS , Iterative Preocess

Requirements
vs. Constraints
Exceptions

Optimal
Resource

Objective Function
Optimisation

A 4

for some Customer Requirements
(e.g. average application execution / /

i d Obligati Behaviour Parameters Behaviour
VIOU! i i VIOU!
time) and Obligations (e.g. Sehane, usrclgators pehavour

per ASC

workload average size)

: A

User Behaviour -
Modelling (user- Application Resource Behaviour
. ] application interaction) Knowledge Modelling (failure modes)
choose optimal resource allocation
y

from a pool of resources, Gremupted

free Application
Behaviour Modelling

Uninterrupted
Completion
Probabilities

Performance
Estimation Tool

Resource
Failures
Probabilities

Interrupt
Probabilities

using Background User Behaviour
(interrupts), Resource Behaviour

(failures) and Normal Application N
(benchmarked), " oda

Machine Readable
Document, e.g.
XML

H H H Application
through optimisation. /ol e /
/ (given infrastructure QoS and Module
User Behaviour)
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ASC ID

Performance Modelling Framework:

The IRMOS PES service

ISONI:

Business Objectives
Service

SLANegotiator Available Resources
Publication Service
PESSutput
ASC T-SLA requirements: resource QoS
characteristics and reservation time in XML doc
Customer

BO Transformation tool: EMF based

(e.g. MOFScript)

Requirements: max
Time, max Cost.

Parameterised Objective
Function (e.g. Java JAR)

Optimisation Routine
(e.g. Java JAR)

(RESIC Ukegger Test resources
Workload and Key Performance
Interactions Indicators: UncerML

Data Flow

FSM state transition

Results stats analysis
(e.g. Java JAR)

distributions calculator
(e.g. Java JAR)

PES Controller ‘
l_‘

——DEVELAINY ~,

Custom PES
component

L

State transition
events distributions:
UncertML

ACS total
completion time:
Tabulated data

_

Model Checker:

FSM model parser
(e.g. Java JAR +

PRISM

Executable Model:
PRISM model language

MOFScript)

Experiment description:
PRISM temporal logic

ASCD Service

ASC Un-interrupted Fault-free (UiFf)

ASCD Service

Benchmarking

ASC Performance Modelling Tool
(UML, Papyrus)

Third-party PES
component

Document internal
to PES

Internal
PES Data

PES Interface

External to PES
components
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‘RA\MOS Work in progress and future work
o IIS—S—..

Tool for graphical FSM creation:
A Specifying and creating Papyrus profiles for FSM
A Using MOFScript for FSM UML parsing and PRISM code generation
A Wizard for step by step FSM creation.

Specifying business objectives:
A Investigate Rule ML, ORML, Algebraic ML

A~

A Use MOFScript to parse XML business objectives and create an
executable objective function.

Methods for updating knowledge with monitoring data:
A Bayesian updating with Markov Chain Monte Carlo (BUGS for MCMC).
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IRMCS

Interactive Realtime Multimedia Applications
on Service Oriented Infrastructures

Thank You!
Any Questions ?

Zlatko Zlatev
zdz@itinnovation.soton.ac.uk
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