








Real-Time Protocol Stack: RTP and RTSP

*RTP runtime library provides a transport layer interface
* is an extension of UDP
*API provides :
* UDP port numbers, IP addresses
* error control on segments
« identification of payload data types
» sequence numbers of packets
* time stamps

Overhead: 54 Byte
14 20 8 12 Byte

60-160 Byte
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Part |

.3 Resource Management and Multi-Processing
Strategies
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Structure of an Apache Web Server

%
Q

X
Q

Webh Browser

x
Q

Web Browsear

..E(J) HTTP

Web Browser

E(J) HTTP

Eé) HTTP

Apache HTTF Server

HTTP proxy
R

% Files

Documents

Admin | o™
——"[Canfig. data

Seripts

(DS

0
Y\ o)

=)
'(5 Server AP

script programs
compiled programs

Apache server

C)_

HTTF Server

any protoool

R

extensions

Information processar and provider

R any protocol
¥

any Server
{2.9. database)

Server maching

O_

any Serer
(2., auth. Service)

source: The Apache Modeling Project, http://apache.hpi.uni-potsdam.de
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Multi-Processing Modules and Worker Threads Processing

client s client

(g; HTTP é);
Apache HTTF Server

TCPAP Comrunication Service
Signals:
- shudawn waltfor & é handle

- restart Signal: accept connection reguest
- or. restart S e S e SR = e e S
™~
'/ EHild Server Process Files
TR T R s e [ |
i <R | T~ f Jaddjub weorker threads \'I
i _O : . / A—il 1ob queye |
| starter ey —_— witker 1 1.
\ 2 *
Admin Mastar Sy — | |
Sery er ::j e Listenar remz\re : |
Process I jo |
| | ftle worker |
elE |
I warker B |
pipe o] ) ] | I
death child_main N [ r ! | local
» O A bl oo ;
| config. data
| htacess
i l exit flag configuration

\-_H __________ o

Scoreboard

server | status | generation
‘ generation '

S source: The Apache
Y . .
Modeling Project,
accept mutex . .
http://apache.hpi.uni-

potsdam.de

U. Krieger: Modeling Multimedia Internet — Hetnets 2010 17



Multi-Processing Operation of an a Web Server

Multi-Processing Modules
2 > O—r 5
- I B
— — S —
N
L ot R
@MPM Prefork (Unix) ® Multi-threaded “© MPM Worker (Unix)
[ JProcess ) mhread sofvare queve | *hOW many threads/processes serve requests?

Resource management & control by Apache directives:
*MaxClients (N): - limits the maximal number of simultaneous connection requests

*MaxSpareServers (h,,,,): - limits the maximal number of idle HTTP service processes,

- exceedance = killing of idle processes with rate €

MinSpareServers (h,;,): - limits the minimal number of idle service processes,
— dropping = creation of new processes with rate n
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Virtualization of Server Processing

» virtualization of task processing, resource Example:
assignment and management in current
operating systems
e a virtualization layer (VMM/VM) separates
physical hardware and resource demands of
application processing Vietnnl Mackinag
* integration of different operating systems
(guest OS)
e running on one physical system (host
OS) = server consolidation

VMware Infrastructure

5| (=)= (5

_E_:'Hn_:f@q,,:_: LA

Enterprise
servers

Enterprise
network

Hypervisor-based

ot bl  Enterprise Storage
virtualization
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Part Il

ll. Modeling and Analysis
of an Apache Web Server
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Part Il

1.1 A Queueing Network Describing
A Dynamic Pool of Service Processes
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Apache’s Multi-Processing Module Prefork

®
® |
Apache process ® -
(control)
fork fork()
y»/ \ -
Apache process Apache process Apache process
(child) (child) (child)
9 O
(serving client 1) sewing client 2) (idle)

i alil HTTP
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Concept of Master-Slave Processing by Apache

Master Server ; Child Servers

First-time
intialization P e
mastar / restart intialzation

[nit Mermaory

proclaim new generation,
read configuration

gracehul rasiar (‘k‘
Pt Ly "l

read
configuration

detach process

init scoreboard
startup child server & ' request-
register in scoreboard : rasponse loop
L ot it _ ¥
\—)(}4—') L b pocasss [ *( keep-alive loop
I’lll 1 lIIIII
- ‘ 2
6 wait for child's [ ¥
death ortima-out| 1 ' childl server
oo [ mitializ ation
master ;
server loop I :

SRR — — wait for equest
ladjustnumbaraf] | e TeqT
|_1m_ ET'E-J : ;:: updating scorebaard

w_ igarnaralion

shutdown oF mstart  gracatul metart

‘- } child server
- - T - g an-up
clean-up kil all child Kilidle child
free resources ol senver  [master
J J clean-up

% E

source: The Apache Modeling Project, http://apache.hpi.uni-potsdam.de
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Queueing Model of an Apache Web Server

clients
ey |
el - L
@0 7
l N Softw |
_HED .D E "‘\ Hﬂgtwork fo[rJ thraefdg;lfjperiiesses
ED i | — i I software T e
\./L hardware| Sy
' | Dis -
TCP”P ,._._.._____/"ﬂ i o
~ 4 N Web server T |

/€

Decomposition approach: " network
* [solate the Web server and model its workload

» server separable from the transport network and impairments of the TCP stack
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Part Il

1.2 Workload Modeling and Analysis
at the Page Layer
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Liu’s Workload Modeling at the Page Layer

T———7  WAGON workload
r_-)_ —
- i » * download time of page T,
s | = > s —  *time elapsed betwen each click Y;
R P fex ' ~+ request of an embedded object
GET/b.jpa H'rr:?: E _; inCK $ | o ClleJ
P E A Potential queueing model:
Session startup = M*/M/N/N+K (IBM Research)
l =
1y bl | ) .
e eernaee - R - - - T - r
Tl T2 T3 T4
= fench foeg} o=
.J':r.ll .J':r.l2 J}-’a

Our extension: MAP*/M/N/N+K system with correlated Markovian batch arrival process
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Level-Dependent Matrix-Geometric Model

System model Z(t) = (I(t), J(t)) o
CTMC on finite state space {1,.., MxN} x {0,..,L} ® -®
level J(t)
number j of TCP sessions served or waiting in the listen queue

phase I(t) = F(1,(t), I,(t)) determined by
modulator variable |,(t) =i € {1, ..., M} of a Markov-modulated batch
arrival stream with M states (compound Poisson process)

* having a generalized exponential (GE) interarrival time t with
distribution in phase i:

! !

PriD« n: <t)= {1 —&){]l —e™

« random batches S of size s with distribution ( ] — _H'..E-_)H__f_l

random number 1 < I,(t) = h <N of available HTTP service processes

« governed by exponentially distributed creation and killing times of
pooled servers with rates n and €
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State-Dependent Service Time Modeling

processes TCP/IP

TCPIP

i
i
i
i
i
1
i
i
i

_
i
i
i
]

Software queue
for threads/processes

_________ software .k |
hardware!
' | Dis
k!
N ~ Webserver =

* service time as result of complex interaction

» of the contention at physical resources:
CPUs, disk operations

* TCP flow control and segment transfer in
the Internet

« application of Menasce’s QNW model

« aproximation of the state-dependent

service rate u(p,k) by the throughput T (k)
of a closed QNW

* given k requests served by p active
processes in the system

*T,(k)=Typ), k=p
 applied alternative:

« identification by measurements

* compromise: accuracy vs. complexity

U. Krieger: Modeling Multimedia Internet — Hetnets 2010
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I1.3 Performance Analysis of an Apache Server
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Performance Measures

= mean number of idle service processes
NM L

E(Idle) Z Zp? j-max(fa(i) — 4,0)

=1 =0

- probability p,, that a new request is waiting for an idle child process

NM

- ._ .y min((s — max(fa(?) — 4,0), L — J)ogu
Pw = ZZ Z Pij - (1 _HIH[H.-H;“ ) T I

i=1 j=U s=max{ foli)—7.0141

M
with mean arrival rate 7 = Z ,

and steady state vector r of the modulator I;:

l(r,)\:“ : - e = 1.
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Validation of the Approach by Measurements

Parameters Measurement Study Analytic Model
el tl 1 ¢ E(ldle) | Var(ldle) | Waiting Prob. E(ldle) | Var(ldle) | Waiting Prob.
5104 | 0.003960 | 0.001500 | 9.92740 0.4323 0.000087 | 9.933774 | 0.333595 0.0001343
S 0.5 | 0.007042 | 0.003130 | 9.89174 0.6153 0.003466 | 9.906068 | 0.437426 0.0012225
S 106 | 0011198 | 0.007337 | 9.83198 0.8833 0.015859 | 9.858125 | 0.602280 0.0075010
51 0.7 | 0.020465 | 0.016675 | 9.70886 1.3312 0.056009 | 9762665 | 0.895090) 0.0352133
5108 | 0.062304 | 0.058661 | 9.47287 2.0765 0.175968 | 9.545315 | 1.460498 0.1346032
5109 | 0230746 | 0.227524 | 9.23774 3.8538 0.385522 | B.876794 | 2.732862 0.3576490
10 | 0.4 | 0.006120 | 0.001749 | 9.87653 0.5695 0.000028 | 9.865037 | 0.477537 0.0001713
10 | 0.5 | 0.007774 | 0.003455 | 9.82228 0.7829 0.002989 | 9.812958 | 0.618592 0.0015107
10 | 0.6 | 0.016354 | 0.012161 | 9.72373 1.1271 0.015115 | 9.716133 | 0.852531 0.0092000
10 | 0.7 | 0.040675 | 0.036607 | 9.54612 1.6814 .056359 | 9.525983 | 1.265490 0.0433613
10 | 0.8 | 0.095757 | 0.091942 | 9.15435 2.5931 (0.L178238 | 9.098354 | 2.055569 0.1681403
10 109 1 0330487 1 00327307 [ 9 00565 4 SUR] 0360757 | 7918966 1 3 700704 312034
20 | 0.4 | 0.007869 | 0.002951 | 9.82219 0.6871 0000782 | 9.733936 | 0.671095 0.0002637
=G0 0262 0007207926 Ba35 06322 B2 0-8F2976 B 66223+9

» model validation in a test bed
» generation of HTTP traffic by Apache benchmark tool ab

* only HTTP 1.0 used and renewal model applied
* model parameters: hmin = 5, hmax=10, N=30, L = 40
erelative accuracy of the model subject to the measurements:
* mean number of idle processes: 3%; variance 20 % deviation; abserr(wait prob) <8%
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lll. Service Analysis of a Media Server
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Hierarchical Workload Model

reguest think request
time
User state level
HTTP ON HTTP OFF HTTP ON t
i
HTTP object level [ Inline object | Inline object
t
e
; TGP i
TCP session level connecton t
[ TCP connection |
>
| —
Packet level t
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Object-Dependent Arrival Streams

«  popularity-dependent request patterns for streamed objects
= modelled by M object classes i EUROPE
- requests determined by Zipf-Mandelbrot law B \

| : - : o o
lfl... I:. {\l. ! Iil_ .:I — 1:. ) ; - : : ll;- '._._: L\ ] IF|'l. '-E I-I\ . Ir E '.:_: [I{ + UK seeks KGB suspect's extradition
Jile k) =€ s

1 I " ENTERTAINMENT

o1 Z | | ————
— (34 k)=

2

« simplest heavy-tailed case used here: Zipf law

. Federer complteél opening T

l E}agggﬁ by 'a“woman shot victory
— 'II.'!'-].”.:I ={'._
fi = fi(a.0 =
o -})2)\ .
» request streams to objects 2 e
. A
- modelled by M Poisson streams of rate A, L

« rate estimation using non-homogeneous Poisson processes

34
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Arrival Rate of Requested Streaming Bandwidth

*bandwidth profile WebTC-Modeling of MPEG-4 stream
Stationary distribution function of the traffic rate
T AR * SARIMA process
R t
%‘ | ) * cf. EuroNGI WebTC project,

Deliverable, 2007

] Ry —L} Rev1
Autocorrelation of the traffic in time TIME E .
7
\ \
A - bi-urnal —i r E’I
daily \/ " Method: regularization of a
- | profile - | statistically ill-posed problem
& P I by a Fourier expansion of a
\ / i NHPP rate N
TPy — oAy -l
12 24 36 48 60 72 84 o6 A=) algit) Mowa
time unit j=1

= Rpgularized estimate

« apply similar approach to NHPP estimation of session arrival rates ~ .'." MLM estimats

s &+ Thne intensity
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Wireless Testbed with Interfering Traffic

Network Setup: Streaming server with background load on an 802.3 LAN

100 Mbit's
Switch

100 Mbit's LAN

= Other source:
HP study of stream-

[q

B02.11 WLAN
Access Point 1

e ing server request
& = behavior, Computer
@ / Streaming server MGEN traffic Networks, 2007
- T generator

User terminal (Real Helix DNA)

- line of sight connection between AP and a portable terminal

= no movement of the terminal
- disturbing background traffic on the link
= various traffic patterns generated on the wireless link

Reactive bandwidth requirement of a video streaming system (Real‘s Helix server)

Bandwidih Hero, Helix Server, 2 disturbing signals (2s; 3s) Bandwidih
———  Interarrivaltime Packet size
3 . W W = 1500
a 300000 ] [ T =900 E, Vi 300000 - ! =
\ - 700 W § A &
] | i : ; e - 1 T
E_‘ 200000 | ey 500 E & sgopoo '|| oo0. @,
§ —Fo0 £ £ A - 7
& 100000 | d'l 1\’-;1 . J S £ 100000 4— [V s, \ [ % 5
[= | e, i = = | h S et oty = L =]
5 LA . 5 & PN M1, 3
0 20 40 B0 ] 20 40 B0
Time [s] Time [s]
L
U. Krieger: Modeling Multimedia Internet — Hetnets 2010 36



Bandwidth Modeling

- Bandwidth modeling

apply basic bandwidth units (BBU) of fixed sized by,
* e.g. by=64 kbps or 32 kbps
determines K traffic classes

- Bandwidth requirement
depends on used codec and spatial resolution

SQCIF (128 x 96)
QCIF (176 x 144)
CIF (352 x 288)
ACIF (704 x 576)
16CIF (1408 x 1152)

= can use a peak-bandwidth description
» approach applied here
or sustainable or equivalent bandwidth model (R. Guerin and others)
» often too complex
* requires burst level modeling, e.g. by on-off sources, at packet level
« traffic classes of objects

T =f5E 11,2 0oy M }b(O;) = ¢}
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Modeling Service Durations

- three main object-dependent components for each class i
- playback time D,
» determined by length and rate of the video stream
+ deterministic length of mean 1/d,
« modelled by an exponential distribution
= inspection time |[.
« determined by object type and user behavior
» mixture of exponential and uniform distribution
« modelled by an exponential distribution with mean 1/y;

- selection ratio B, for a full playback of the video stream
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Modeling Service Durations

= Service time distribution function

Filz) =1P{S; £z} = BP{D; <z}+ (1 G)P{min(l;, D;) < z}
= GP{D;<z}+(1—G)[1—(1-P{L; < 2})(

* Mean service time

: l ]
E(S:) = 1/pi=0i—+(1-5)
d; @i T Xi
i g
r.'ri'llrh'ri I ‘I.“,'J'I
(S5 ) (3 I(5;) + TE( ;)
(1) + (S, )

« Mean service time of an aggregated traffic stream
[ ”.f )

Aj
;; & B ‘;}J )+ TE ‘{j ) 7 J ]
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Queueing Model of a Streaming Media Server

traffic class model

Advantage:

Insensitivity
property holds!

edetermined by bandwidth
requirement b; of a video
stream

Erlang loss model

» of capacity C BBUs with K different service classes 1 (e.g. object/traffic classes)

» of arrival rate A ,, service rate p, and bandwidth requirement b, BBUs
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Product-Form Steady-State Distribution

*State space
) € INK|0 < ny < O/t i€ {1,... . K}, btn < C}

l.-r‘
l
l

C
¥, = |JEG—bler) = {nejptn < C — b}
=0
('-'
Y = U X(j)=1{n & \_;||'Ifi:|'.' gl
j:ll

*Steady-state distribution of class-related Markov vector process X(t) = (X;(t))

| i .Ur.” K ,”i:” - - - - S -
T = | | s = T 2 P j A T,
min) — G - G (f PP bz = Z H ] 0 = pila) = }‘é...-",l""*.i = ;"lll'li; () .-I,.-".lr"*.i
i f 3. |

n=¥ i=|
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I11.3 Perfomance Analysis of a Streaming Media
Server

U. Krieger: Modeling Multimedia Internet — Hetnets 2010 42



Performance Characteristics

= Utilization

- Blocking of service class i

 —

B; =1—-P{bX <C — ble;) s
: '{JH: _:I

- Throughput of class |

B Ko (1B
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Arrival-Sensitivity on the Tail-Index of the Popularity Distribution

- given Poissonr.v. Y; ~ Pois(p;(a))

/ \ T
) ey R l||".|'|_.|"|_ ._I
“"{'}J == T} } = f F':'..'I-n-l "'I ”'

« exhibits monotonicity in log-likelihood ordering

Fopulanty distrbution

1 » monotone increasing in ,
DIIQ;;;::._}__;-.- : — , deCI‘eaSIng |n MJ
e === « behavior in a. depends on class |
R ; x«m — ; =
wiizx s T~ TR » occupancy X; and thoughput
. | 4
%mum —— == behavior mhented
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Case Study and its Parameter Settings

= lllustration of the Markovian modeling approach

p(1.2,3) = (0.587,0.256,0.157) 1 = 15pg= Tps-= 833,
p(1.5,3) = (0.647,0.229,0.124) L
_ (1 9 ¢
2,3 = [”‘.T:{ﬁ.“.l:""'-].'[i.'[]'?‘:-f:li' b=(1,2,3)

Table 1: Studyv of a streaming media svstem with three service classes

( =g Ba Bz G B I'H, T'Hs I'H 5 [ u/C
100 | 0.034 | 0.067 | 0.099 | 0.053 | 5.672 | 2.385 1.416 | 373.497 | 0.934
00 | 0.044 0.087 (.125 | (L0G= 3.611 2.33 1.37 279,557 | 0.933
200 | 0.064 | 0.124 .15 0.098 | 5.497 | 2.239 | 1.288 | =6.20 0.931
140 | 0.0=7 | 0.166 .24 0.131 | 5.363 | 2.131 1195 | 130,146 0.93
120 | 0.098 | 0.18= | 0.269 | 0.14% | 5.294 | 2.076 1.149 | 111.437 | 0.929

100 | 0.114 | 0.216 | 0.307 B 5 g 5203 | 2.005 .09 02.733 0.927

=0 0.135 | 0.254 | 0.357 0.2 h.077T O0R .01 T4.037 0.925

10 (.22 (.39 0.532 | 0.314 .58 1 5448 0.7356 36.696 0.917

2
|
(618 0.167 | 0.308 | 0.427 | 0.244 4.59 |.768 | 0.901 Ho.303 0.92a
|
|

139 (). 455 |%.103 .005

20 0.328 | 0.554 0.708 | 0.446 | 3.946
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Part |V

IV. Analysis of Packet-Switched
Multimedia Streams
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Part |V

IV.1 Characterization of Multimedia
Packet Streams by Measured Data
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Operational Modeling and Nonparametric Traffic Estimation

Objectives of the measurement approach

using passive measurements Z={Z,, Z Z.} at the |P packet layer
(or Ethernet layer by monitoring tools I2ke ereshark DAG etc.)

to characterize selected aspects of the transport performance (QoS
metrics) and user satisfaction (QoE metrics)

in terms of bivariate sequences Z; = (X, Y;) determined by
inter-arrival times (IATs) X, between packets of a VBR stream
the associated packet lengths (PLs) Y,

flow characterization on a virtual network link by

the mean delivery time variation of successfully transferred
packets

the overall and mean byte loss determined by a bufferless fluid
model

the lossless periods on a capacity-constrained link
» motivated by wireless networking over error-prone channels
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Skype Traffic Measurements

hlobile Host 2
192, 168,182 22 jj’
sender /
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[DEL-Modem Roater’ Aceesa
PoantFireaall'HAT)
1P (DHCP) / 1921681821

‘ @* Ind=met

Snatiodsary Host 1
192 168.1.2

Linksv= (Ciscol WRTSG
IF (DHCP) / 192,168

AWM Fritz! Box Sl
(D5EL-Modem)

Fi
Broadband R oater
IPPPaE-Conmssction T inewall
BATSwaich/ DOME-Chient ) | 1
HOEL 1 Db Aceass Poant |

(WPA-TKIP, MAC-Filiery [ i
|
/ L
I . ||
g
2]
| L
[0
'] L
¢ iy
,-"{ II !.; €2
| il

AMD Athlon 64 3000=_ 1 GB RAM, Peatium 1V-M 16 Ghz, 512 MB RAM,
1001061 100 Whit's Edlsernes

Intel PROVWireless 220086 802 11b/p,
By 104 Befbgt's Eghernet
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Mohile Host L
152 168,13 192, 168.1 4

» strongly correlated bivariate time series Z.= (X,,Y.)

SkEwpe infer-arrivval droes

Skype packet lengths

sprototypical home environment with 2 wireless segments and ADSL attachments

0% T T T T
02 r &
01 -
0 | | | |
0 1000 2000 3000 4000 000
nutrher
(a)
300 T T T T
200§ )
100 =
0 | | | |
0 1000 2000 3000 4000 5000

numhber

* due to context-aware adaptive VBR iSAC codec of GIPS (b)

» generating rates in the range of 10 to 32 kbps at a mean IAT of 31 ms & 160 bytes PL
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Video Transport of an MPEG-4 Stream in a WLAN

WLAN test bed for the DVB-C transport of an MPEG-4 video streams stemming from a
cable network

Fast Ethernet
DVB-C f
Switch
[a] & A Q

d-box 2

T «— —80211g— —» ™
Access Point
Notebook {
L amee”. il K
* inter-arrival times on a log scale » packet loss causing artefacts
Min: Q,.000000 in: LO000 .
1ot Qu.i  1.098000 wete  gaEicel Spreadlng of IATSs
W Lo -
1 2ed G 1.113000 ET;];T 1?;;;2; Span dCroSsS a wire-
Max: A5. 830000 ) _— 341.297000 .
rotal u: 10000.000000 i rocas i 10000000ece | 1€8S 1ink due to
9 Sth;e:.; :::8.6659 WAL 0..006900 .
) std Dev.:  17.018519 layer ?2 retransmis-
N mosm sion and buffering
| L y ‘ effects at an AP
7 -4.2!:!:5?[: --'\‘-_'|;|E.3| -2 U-.lj593 -0 CI":354. 0. |::If'f‘.5. -" 3-"523 242‘952 a 5—':6'30 = l-4.4l228‘7- l-?- I'I'D"IJ : -1 T;J'M'I -048470 082802 l 2z l-‘IIIT'T‘J I ;:‘._4'.?3-‘;5_- 4 ?ﬁlﬁl'-' : b Variance increases

Frof - WLAN S0cm - log AT in s*10°.3 Frof - WLANM 4m - log IAT in s* 103
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Part |V

V.2 Statistical Modeling of Qos Indicators
by a Bufferless Fluid Approach

U. Krieger: Modeling Multimedia Internet — Hetnets 2010 51



Statistical Analysis After Data Partitioning

Requirements of a statistical analysis: stationarity and independence

pure stationarity not a realistic assumption for real data sets of triple
play streams

independence achievable by partitioning of data into independent
blocks of fixed or variable lengths Ly =2"_ ;M= N X;, j=1, ...,,Ng
e.g. by exceedances over the empirical 97% quantiles of the
IATs {X}
proof of independence by appropriate statistical Portmanteau
tests (Runde, Lung-Box etc.)

Yo

empirical quantile of PLs

Yy / Y5

X X G X, Xs empirical quantile
Xs H

LN — || | Wi

1
subset 1 : subset 2 - subset 2

subset( subset 1
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Features of P2P and VBR Packet Traffic

- often long-range dependent time series of IATs {X} with heavy-tailed
marginal distributions F(x) = 1 — x " 1(x)
- determined by Hill's estimate of the extreme value index y = 1/a on the

order statistics X,

i=1

'!I-.
FH (k) = L Zhll(n—wu —In X5k

- extremal index 6 of maxima M_ = max X; of IATs in blocks

P{M, <u} ~P°{M, < u} = F"®(u)
Features Skype Data IPTV Data
IAT|PL| Block |[IAT IAT
duration Block maxima
Independence = + - £a i
LRD + |+ - + = 3
Self-similarity 1. | 2k + + + §-
Heavy-tailed + | - — — + E
with finite variance I
Heavy-tailed - | = +- 4 =
with infinite variance
Light-tailed =z | 4= = = e

05

Example: Sopcast over a WLAN

// A7
| I ] ! . I

""" 03 04

Threshold, u [zec]

0.7
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Delivery Time Variation in a Bufferless Fluid Model

rate

delrvery time variation

tune

—
mean cluster size 1/f

* determined for completely transferred packets by
Yi =T~ T =4+ dy— (G, + i) = At + Ad, t
IATs at departure At, with mean EX and delay jitter Ad,

*mean delivery time variation in case of data loss

d=(1+1/0) EX
» with mean cluster size 1/0
* derived from extremal index 0 € [0, 1]
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» as indicator of changes in limiting df of max; R,

* working with representatives of QoS indicators
in data blocks (EVT block method)

cluster of packets |:|
,A/lossless .
u : ” * such as extreme rate values max R,

* using instantaneous traffic rates R, = Y /X,
overshooting a capacity threshold u

sender

fG'--..__h

E‘1 [~

feceiver

monitoring

//

T2

 point

vanation of
delrvery time
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Part |V

IV.3 Capacity Requirements of VBR and
Peer-to-Peer Packet Traffic
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Capacity Requirement Subject to Loss Constraints

Loss determined by estimates of the rate exceedances over a

capacity threshold u i
- overallbyteloss  E(u) =) YI(R; > u)
i=1

T

- mean byte loss  é(u) =) Yil(R: >u)/ > U(R; > u)
i=1

i=1

Example: Skype data with mean E(X) = 31 [ms] and rate estimate 83=0.38

* 3% overall byte loss at ¢ = 8.534 kbps

— 110°
g‘ * mean byte loss eA(c)= 168 bytes
? S T ) * quantiles of lossless period in this case
; 1 quantile |75 |80 (85 |95 |97
;pacityf”[iyws/;j“j‘ loss-free | 34 | 35 | 36 | 39 | 44
[ms]
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Part V

V. Conclusions and Open Issues
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Conclusions

single-tier Web server architecture
study of Apache’s non-threaded multi-processing module Prefork

« Markovian modeling by a queueing network with batch Markovian arrival
process and a dynamic number of servers

potential extensions
» hybrid thread/process UNIX module MPM Worker
« extension of the QNW model to heavy-tailed service times

single-tier streaming media server architecture
Markovian modeling by a Erlang loss model
« with popularity-dependent Poissonian batch Markovian arrival process
traffic classes determined by CBR bandwidth requirements
service times including object-dependent inspection behavior
 closed-form analysis of resulting £ MX/M/C/C loss model
potential extensions
«  QNW model with heavy-tailed service times
» optimized access control and bandwidth assignment for a server farm model

nonparametric statistical traffic characterization and Qos/QoE analysis of
VBR or P2P packet traffic
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Challenge 1: Impact of Real Mobility in Wireless NGNs

Application

Apphicationf- = — — — — — 4 Services [

Services and Applications

; Y| HIR ;
Support- L i Support-
Server MS(- = Server
Control Data Qapver |[EEEE— GW.MSC [ =TS E
Server |
|

AAA

Controls

Lser Data

Media-GW

Router

Media-GW

wireless

ACeess
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Challenge 2: Interworking of Wireless Network Components

Control Plane Other Networks

1
Functions :
™
=
Control d Mobile
1 Networks
Mobility |
Fixed

1

1

. Networks
Manage ment |

o

1
Access Access :
Gateway Gateway |
1
Radio Access Network !
(RAN) :
RAN RAN i
Router Router :
/\ :
1
1
Access Access Access Access :
Router Router Router Router :
L e ]
| o s e, e ———— P P U S T

i % 5 ]

Mobile Mohile Mobhile
Terminal Terminal Terminal

Components of a mobile network system.
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Challenge 3: Impact of High Availability Concepts

 Live migration of a virtualized infrastructure supported by heartbeat signaling

S— - :

i | i a a '_E- .

[F E—: I = Lr—— k [ Filesarver |
Ea P - INFS-Server| 192160178 ec)| P ]

: s
| | L]
| & 5}
| = o - . H - -
e : :
v [ Xan-1 | ' Xen-Z
\ | domo | 162168178270 | Doven | ! domo | 192.160.17¢.211 | Debien
— | {enny) . \ | (eny)
i

2 i Q
V/‘ | .I-Ir"s.:.'jﬁ.. r‘m['.l.-’:r!T H@’/J’
Administrator Ltonws 122188 1730 Ty User
virtual center manage- Examples:
iy ~T~ ment server
¢ o | [‘j « XEN
Controller 1 v Controller 2 .
L. > | * VMware Motion
Storage area network IETF reliabe server pooling
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Challenge 4: Impact of Virtualization on Performance

- impact of hierarchical scheduling at the different processing
layers within a media or web server

started modeling at one layer by a polling system with phase-
type service times in cooperation with G. Mishkoy, Chisinau

Virual Virtual Virual application tasks
Machine Machine Machine

App || App Epp || App App oAt 4
_\;t‘r: virtual machine slices
0s 0S A 0S o - -
' e p =l e
Virtual Machine Monitor (Hypervisor) = el

Hardware and Resources
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