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Completely Open
Control Software

Haboob

-control software itself
  is opened up
-all aspects of network
  control and management
  are customisable in a 
  safe manner

Standardised
Monolithic, Closed

Proprietary

-limited support for
  the introduction of
  new services

*

PSTN, SS7, IN

Monolithic, Closed Control Architecures
Multiple

OSSA

-opening up the network
-multiple network
  operators can run their
  own control software
  in same physical
  network

Open
Monolithic

Xbind

-network controlled by
  one open control
  architecture

are based on Signalling System No. 7 (SS7), while IN stands
for Intelligent Networks (SS7 and IN are discussed in Sections
3.8.1 and 5.6.1.2.1, respectively)

Most modern Public Switched Telephone Networks (PSTNs)

*
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G,HJIBK3LNM�OQP�R,M�S�H�RTLTU�V P�K	LNP,WXR,KJY[Z>S\S]P,U�H�P[V^G>R,K	_`W�V R,K	abV^G>HcG,S^V^d�U&P*L�W�G�P�M�IeV^GTH�P,V M�OfMJghP,UXK
LNM�OQP�R,M�S4H�RTLTU�V P�K	LNP,WXR,KcgiMJR3P,U�V\GjH�k�klS^V^L�H�P,V M�OmHJS M�OXKJYon<U�H�k�P�K�Reprq0V^S^SsIBK	OQP,V M�OmMJP,UXK�R
R,K	HJG�M�O�GBgiMJRtq�HJOQP,V^OXduP�MoMJkvK	OwW�kxP,UXKyLNM�O&P�RTM�SAH�RTLTU�V P�K	LNP,WXR,KJY(z0UXKyIeHJV^O{R,K	HJG,M�O�G�|
UXM�qsK�}JK�R	|lR,K	IeHJV^O~P,U�M�G�K�IBK	OQP,V M�OXK	ayV\Or�`K	LNP,V M�O E Y E��

E Y*n<M�O&P�R,M�S4H�R�LTU�V P�K	LNP,W�R,K	G3P,U�H�PBH�P�P�K	IBk�PBP�MuL�H�P�K�ReP�MuHJS^S<W�G�K	G3V^O{HJS^S�G,V P,W�H�P,V M�O�G
P�K	O�a�P�Me�vK�P�MQMt��W�S �`�tg�MJR0LNK�R,P,HJV^OrW�G�K	GAV^O�LNK�RTP,HJV^OrG,V^P,W�H�P,V M�O�G���Y

� YA��P6V^G6V^IBkvM�G,G,V �lS KsP�MjV^IBk�S K	IeK	O&PhHCLNM�OQP�R,M�S�H�RTLTU�V P�K	LNP,WXR,KAq>U�V^LTUtV^IBk�S K	IeK	O&P,G/K�}Q�
K�RT�jLNM�O�LNK	V }�H���S K�MJkvK�RTH�P,V M�O���V^O�L�S\W�a�V^OXd0P,UXM�G�K4aXK	G,V RTK	a��`�Cg�WXP,WXR,K<H�k�k�S^V\L�H�P,V M�O�G���Y
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§ MJP,UBP,UXKt¨�©Nª>«X©­¬N®�HJO�a¯P,UXK>°j±&²,³´³&²�U�H´}JK0HJO3MJ�#µ�K	LNP��
MJRTV K	OQP�K	aeHJO�aBa�V\G�P�RTV ��W�P�K	a�LTU�H�R��
HJLNP�K�R	Y>¶*�Xµ�K	LNP,G0M�·�K�R*K	O�L�H�k�G,W�S^H�P,V M�OyHJO�abL�S K	H�R	|�q�K	S^S¸��a�KN¹lOXK	ayG�K	ItHJO&P,V^L�G	|�q0U�V\S K�a�V^G��
P�RTV �lWXP,V M�Oºg�M�S^S M´q>G�P,UXKta�V\G�P�RTV ��W�P�K	auO�H�P,WXR,KBMJgALNM�IBkvM�OXK	OQP,G�V\OoHyOXK�P�qsMJR,��Y~��O�G�P�K	HJa
MJg]W�GTV^OXd�P,U�K*M�}JK�R���S M�HJaXK	a~P�K�R�I¼»�MJ�#µ�K	LNP�½#g�MJR<P,UXK[}�H�RTV^M�W�G6K	OQP,V P,V K	G<V^O¾P,UXK�a�V^G,P�RTV ��WXP�K	a
G��#G�P�K	I�|�P,U�KCIBMJR,K�OXK	W�P�RTHJS¿»ÀLNM�IBkvM�OXK	OQP�½�q0V^S^S��vKCW�G�K	a�Y

zAU�K[LNM�Iek�M�O�K	O&P,G4V^Oc�vMJP,U~G��#G�P�K	IeG<MJkvK�RTH�P�KCHJO�a~V^OQP�K�RTHJLNPAV^O~H3a�V^G�P�R�V ��WXP�K	atk�R,M��
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= dynamic code

= dynamically extended interface
dynamic netbuilder code

Netbuilder
Interface

Extension

ELASTIC NETBUILDER

switchlet code

Extension ExtensionAriel

ELASTIC DIVIDER

Application-specific code

App. B
Extension

Manager
Dynamic

Behaviour

switchlet code

Ariel ExtensionExtension Ariel

switchlet code

Manager
Dynamic

Behaviour

Elastic
Application

user code

Extension
App. AAPI API

Ariel

switchlet code
Manager
Interface

Extension

Manager
Interface

Extension

ELASTIC DIVIDER

Application
Normal

App B

App A

= environment for dynamic code

ELASTIC CONTROL ARCHITECTURE
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SERVICES
MAIN()

SANDBOX
(static)

DLA

BACKGROUND TASKS

= Granule
Periodic ping of components

Periodic Garbage Collect

FindQoSRoute()

StartVideoConference()
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DLA DLA DLA .

The Sandbox provides extra  
functionality that may be
based on the static API or 
underlying static code

Extra functionality can be
supplied (dynamically) via
modules. 

Using the SUFI, DLAs can
export their own interfaces.
These can be accessed by
external clients.

The Sandbox allows clients
to extend the functionality of
an existing program (the 
base layer), which implements
a (static) public API.

.

A module that is always 
implemented is the SUFI,
which enables DLA interaction

SUFI

Generic Threads Module A
Interface

SANDBOX ELASTIC RUNTIME

DLA Interface

CLIENT CLIENT

STATIC PROGRAM CODE
(BASE LAYER)

Module B
Interface

Static Application Programming Interface
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B	CEDAFHGJILK�MONQPRK	S�FUT	P�F3T/VXW6B	PJNZY[PJGJG]\^F_S`CAGJG�F3TbaQB	F�F`acF`deKfCAGJG�ghdQILCAijPRK�MXCkMAF3Kla�m�n�o[p�q
r dQIA\sG�F3i�V�p r ILNQNeP�\fG�F=NcILGJt	aQP�ILKbPJN�acI9CAK	K�IAaQCkacFHu�v,p:NZY[P�aQBwC�aQPJi=F�xyacIkxzGRP�DAF9m�W6W[v1q
CkacacdeP�\st�acFZNQPJijPRGJCkd�acIUaQB�F�W[W6v|{fF3GJT�PRK�aQB�FZ}�~ r deIAacI�S�ILG�V�p r Ckdea6�#deILi�aQB	PJN6GRPJijP�a�ILK
aQB�F�T	t�deCkaQPJILKZIA�fC�u�v,p���PJa�B	CAN1\^F`F3K r dQI r ILNcF3T�acI:dQF3Ncacd�PJS�a�aQB	F�K�t	i�\�F`d1IA�fT	t r GJPJS`CkacF3N
CAK�CkMAF3Kla�PJN[CAGJG�IEY�F3T�acIUiUCk�AFZIA�]P�aQNcF3G���IAd[P�aQN6S�ILK	NQaQP�aQt�F3Kla r CkdQaQN����H�������^�>�l���s�s���yV
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­ F3S`t�d�P�azg®PJK¯T	PJNcacdePJ\ft�acF3T)NQg�NcacF3iUN�PJNHC¬B	CkdeT r deIA\fG�F3i°CAK	T¯K�I±CkacacF3i r a�PRN�ijCAT�F
B�F`dQFHacIh��t	GJG�ghNcILGJDAF�P�a`V�n>DAF3K¨Y�B�F3K¨PJK	T	P�D�PJT	tfCAG]K�I�T	F3N�CkdeF�ijCAT�F�NQCk�²FA��P�a³T�I�F3NQK�´µa
CAt�acILijCkaQPRS`CAGJG�gZ�²ILGJG�I�YwaQB	Cka1aQB�F�Y[B�ILG�F�T	PJNcacd�P�\ft�acF3TZNQg�NcacF3i¶PJN1NQCk�²FAV]·�IAd]aQB	PJN r t�d r ILNcFA�
aQB�F�Y�IAdQ� r dQF3NcF3KlacF3T�PJKb�µ¸H¹²�lº/¡f� � �����s�	���,ijCk�AF3N[C=TfPJNcaQPJK	S�aQPJILK�\^F`a£Y�F`F3K�»s¼3½&¾`¿zÀ`Á�Â`¾
NcIA�²azY�CkdQF�CAKfT�»�¾3Ã�Ä<¼kÅeÆ�¿zÀ`Á�Â3¾<NQIA�#a£Y�CkdQFAV>p:KjF�Ç�CAi r GJF[NQPJijPRGJCkd�acI�aQB�F[n�o[p r dQIA\sG�F3i
PJN
MLP�DAF3K�È�C r dQIAMAdeCAi�aQBfCka6NQPJi r GJgUi�tfG�aQPJS`CANcaQN6CAGRG�PJK	S�ILijPJK	M r CASe�AF`aQN[ILKXC r IAdeaÉacIjazY�I
ILt�a r t	a r IAdQaQN`V�W6B	PJN r deIAMAdeCAiÊNQCkaQPRN�{fF3N>K�I�T�F6NQCk�²F`azgAV<}£�^aQB	PJN r dQIAMAdeCAiËPRN>PJK	NcaQCAGRG�F3T³ILK
ijCAKlgXK�I�T�F3N�PJK�aQB	F³K	F`azY�IAdQ�s�/PJa�ijCEgOS`CAt	NcF=C�acdeC�Ì�S�F�Ç r G�ILNQP�ILKXaQB	Cka�\	dePJK	MLN[T�I�Y[K
aQB�F³K�F`azY�IAdQ��V[}�KXIAaQB	F`d�Y�IAdeT	N`��aQB�F³K�I�T�F�xzNQCk�²F r dQIAMAd�CAiÍPJN:K�IAa:K�F`azY�IAdQ�ONeCk�#FAV:W6B	PJN
T	PJNeNcF`dQaQCkaQP�ILKHY[PRGJG^K�IAa r t�deNet�F�aQB�F3NcF�PJNeNQt�F3NÉCAKlg_��t�dQaQB	F`d3V
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W6B�FHF3GJCANQaQPJSHi=I�T	F3G r dQF3NQS�deP�\^F3N�K�F3P�aQB�F`d=aQB�F�PJi r G�F3i=F3KlaQCkaQP�ILKÛIA�[aQB�FHdetfK&aQPJijFA�>K�IAd
aQB�F r dQIAMAdeCAijijPRK�M�GJCAK�MLt	CkMAF�acIOt	NQFAV_·�IAd�F�Ç�CAi r G�FA�1C�MAI�I�TwS`CAK	T	PJT	CkacFU�#IAd�PJi r G�F�x
i=F3KlaQPJK�M�aQB�F ­ CAK	T�\^I3Ç ­�Ü ·1}�Y�ILt	GJT=\^FÉaQB�F6W Ü�Ý nwF3K&D�P�dQILK	ijF3K&a[� ÞO¡f¹�¹# ��^ß��yV>à�aQB�F`d
PJi r G�F3i=F3KlaQCkaQP�ILK	N�Y[PRGJG�\^FjT	PJNQS`t	NeNcF3TbPJKh�²ILGJG�I�Y[PJK�M�S�B	C r acF`deN3VHW[B�FjILK	G�g|S�ILK	T	PJaQP�ILK	N
aQB	Cka6aQB	F�S�I�T	FZPJK�Cju�v,p¶NQB�ILtfGJTHNQCkaQPJNc�²g_CkdeFZaQB	Cka`È

á V6aQB	F�S�I�T	FZPJN6T�g�K	CAijPJS`CAGRG�gUG�ILCAT	Ck\sG�FAâ

ã V6aQB	FZF�Ç�F3S`t	aQP�ILK�IA��aQB�F�S�I�T�F�aQCk�AF3N r GJCAS�FZPJK�CHÀ`Á�Â3¾6ijCAKfK�F`d3â

? V6aQB	FjS�I�T�FjNet r	r IAdQaQN:aQB�F=dQF3i=IAacFUF`D�CAGJtfCkaQP�ILK r CkdeCAT	PJMLiä�#IAd�\^IAaQB r CANQNeP�DAFjCAK	T
CAS�aQPJDAF�S�I�T�FZCAN[T�F3NeS�deP�\^F3THPJK ­ F3S�aQP�ILK ? V ? V ã V á V

W6B	F`dQFZCkdQFZIA�]S�ILt�deNQF�GJPJijPJaQN�acI�aQB�F�F�Ç�acF3K&a:acIjY[B	PRSeBHaQB	PJN[GJCANca6S�ILK	T	PJaQP�ILK�S`CAK�\^F
i=F`aÉPJKHC³i�tfG�aQPåxzGJCAK�MLtfCkMAF�F3KlD�PJdQILK	i=F3Kla`V>·�IAdÉF�Ç�CAi r G�FA��GJCAK�MLtfCkMAF�PRK	T�F r F3K	T�F3K	S�F�dQF�x
æ t	P�dQF3N,aQB	Cka]C�u�v,p±aQB	Cka1PRN�PJi r G�F3i=F3KlacF3T�PJK�GJCAK�MLt	CkMAFÉç6è1PJN�Ck\fG�F�acI:S`CAGJG�C r dQI�S�F3T	t�dQF
PJK|CHdQF3i=IAacFju�v�péPJi r G�F3i=F3KlacF3T|PJK|ç<êkV³ë[I�Y�F`DAF`d3��P�a�PJN�Ck\fNQt	deT9acI�dQF æ tfP�dQF�aQB	Cka�C
det	KlaQPJi=F�aQB	Cka>NQt r	r IAdQaQN�ç6è]acI�\�FÉCk\fGJF�acI�F`DkCAGJt	CkacF6ç�ê�S�I�T�FAV ­ I��LaQB	F�deF æ t	PJdQF3i=F3Kla1IA�
GJCAK�MLtfCkMAF�PJKfT�F r F3K	T�F3K	S�FZPJN�dQF3GJC�Ç�F3TOacIHPRK	S`GJt	T�F�ILKfG�g�o[~�ì�xzNcazg�G�F�PJK&acF`d�CAS�aQP�ILK	N`V:W6B�F
i=IAdQF�S�ILi r GJPRS`CkacF3T�dQF3i=IAacF�F`D�CAGRt	CkaQP�ILKXK	F`F3T�ILK	G�gH\^F�NQt r	r IAdQacF3T�\^F`azY�F`F3KOS�ILi r Cka�x
P�\fGJFjdet	KlaQPJi=F3N`V|í�IAacFHB	IEY�F`DAF`d3�<aQB	Cka³CAK¨çÉè=u�v,pîS`CAK¨NcaQPJGRG>F3CANQPJGJg r dQI�D�PJT	F�CAK¨ç<ê
­ CAK	T	\�IEÇ�Y[P�aQBOCU�²deCkMLi=F3Kla�IA�<ç ê S�I�T�F�acI r F`dQ�#IAd�iîaQB�F�dQF3i=IAacF³F`DkCAGJt	CkaQP�ILK���Y[B	PRSeB
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-services are built
  by ’binding’ their
  interfaces together
-emphasis on
  abstractions

-either propietary
  or standard switch
  interfaces
-only one control
  architecture

Open, programmable:
-switch interfaces
-switch dividers
-netbuilders

-datapath components
-generic services
-control architectures

StandardisedProprietary

-proprietary switch
  interfaces
-all-encompassing
  approaches

Control Architecures
Multiple

Monolithic, Closed Monolithic, Closed Open
Monolithic

-generic, public switch interface

-components mostly closed
  and functionality fixed
-strict resource partions
-fewer abstractions
-previous approach could
  be implemented as ’just
  another control architecture’

-application-specific control

Network Control
Elastic

\ 9JU2Q.B-#Y]^Z`_^a�b�cedgfih2jlkmden:d�oPn�p-jrq�desutYv-dgngjusldgf
\ (�BwB-#>*x#>B-#�67%0#�L \ 9JU2Q.B'#!]^Z`_y$RU2$�9;6D9;G;GzQ78F+FB'$R+F#�8{+-&.#!#>|�(2G;Q.+-9;(26<(�*�+F#�GJ#�%0(21/1wQ76}9;%>$�~

+-9J(2678�6.#>+@?A(�B-C/%0(26E+FB-(2GML�?�&7#>B-#>�EWV#�$�%�&X(�*[+-&.#{GJ#>|�#�Gz8�(�*[+-&.#	6.#>+@?A(�B-C/14(^H.#�GP9;8�9z67%0(�BF~
3I(�B'$R+F#�H[Z	�u6�+-&.#V6.#0��+{*x#>?�%'&7$R3}+F#>B'8>LI+-&.#V9;1!3}GJ#�14#�6�+-$R+-9J(26�(�*�|R$RB'9J(2Q78	%0(21!3I(26.#�6E+-8
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Tcl_Eval

Tcl_EvalObj

Compiled C code

proc mysquare (int x) {
     return x*x;
}
for (i=0; i<100; i++)
     x := mysquare(i);

Program (pseudo code) Evaluation method

Tcl_Eval

Tcl_EvalObj

Compiled C code

Tcl_Invokex := 0
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��Ô�Ë8×qÈ�Ë
ö�ÈdÌ�ÇdáhË8×eÇ�Ê�Ç�ÖÃÒfÏfÏ�	�Ç(Î5Ç�Ö Ê8Ç���ÇLö.Ë8Ì�áhÝeÇLÌ�ÆXÒÓË�Ç�Ë8×qÇ£ö.Í�ÔqÌ�Ç�Ê8Ñ�È�Ë8ÒÓÑdÇ�� å � ÈdÏÓÕdÍdÊ�ÒfË8×qã�ä å Ì
Ë8×eÇ�� å ��	�ÇLö.Í�ã�ÇLÌ�ÕdÊ�ÈdÝqÐqÈdÏVÏÓõ�ÏÓÇLÌ8Ì_ö.Í�ÔqÌ�Ç�Ê8Ñ�È�Ë8ÒÓÑdÇ�Î5ÍdÊuË8×qÒVÌÃË8ÒfãØÇlÒfÔaË�Ç�Ê8Ñ�ÈdÏ,á�ÒÓË_ã0ÈLõ�	�Ç
Ç.ò�ÆkÇLö.Ë�ÇLÝâË8×XÈ�Ë�	aõ(Ë8×qÇlË8ÒVã�Ç]Ë8×eÇ�ö.Í�ÔqÌ�Ç�Ê8Ñ�È�Ë8ÒÓÑdÇØÈdÏÓÕdÍdÊ�ÒfË8×qãIÖAÍ�ÐqÏVÝ®×qÈCÑdÇ�Ê8ÇLÈdö�×qÇLÝ©Ë8×eÇ
ö�È�ÆXÈdö�ÒÓËJõdákÈ*ÔaÐXã�	�Ç�Ê>ÍdÎ�Ë8×eÇlÌ�Ë�Ê8ÇLÈdãØÌÃÖÃÒfÏfÏY×qÈCÑdÇ�Ì�Ë8È�Ê�Ë�ÇLÝ��yÈdÏfÏfÍCÖÃÒfÔqÕØÏÓÇLÌ8ÌÃö.Í�ÔXÌ�Ç�Ê8Ñ�È�Ë8ÒÓÑdÇ
� å �ôÝqÇLö�ÒfÌ8ÒÓÍ�ÔqÌ7Ë�Í�	kÇ3Ë8È�ÉdÇLÔ���ä
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5 ÈdÔqÝXãØÈdÔØÆqÊ�ÍCÑ�ÒfÝeÇLÌ?×qÍaÍdÉ�Ì?Î5ÍdÊjÆXÏfÐeÕ�6PÒfÔXÌ:ÏfÒÓÉdÇÃË�Ê�È'7*öuÌ8Ç�Ê8ÑdÇ�Ê�ÌAÖÃ×qÒfö�×0ÈdÏfÏÓÍ/Ö�Ë8×eÇ�ÝeÇ�ÎyÈdÐqÏÓË
� å �¾ÈdÏÓÕdÍdÊ�ÒÓË8×qã�Ë�Í8	�ÇhÇLÈdÌ8ÒfÏÓõlÇ.ò¡Ë�ÇLÔXÝeÇLÝYä � Ê�È'7*ö>Ì�Ç�Ê8ÑdÇ�Ê�Ì?È�Ê8ÇÃÒVÔqÝeÇ�Æ�ÇLÔqÝeÇLÔaËMÆXÊ8Í¡ö.ÇLÌ�Ì�ÇLÌ
Ë8×qÈ�Ë9�XË>ÒfÔ�Ë8×eÇ ÕdÇLÔeÇ�Ê�Òfö!Ì8Ç�Ê8Ñ¡ÒVö.ÇLÌÃÏÓÇ�ÑdÇLÏ�ÒVÔ�Ë8×eÇ ÔeÇ�ËJÖAÍdÊ�É(ã�Í¡ÝqÇLÏYÍdÎ 5 ÇLö.Ë8ÒÓÍ�Ô;:¡ä"<�ä � ×eÇ�õ
Ë8ÈdÏÓÉØË�Í]Ë8×eÇ�Ì�ÖÃÒfË8ö�×2Í�Ô2Í�ÔeÇuÇLÔXÝ*ÈdÔqÝ2Ë8×eÇ�ö.Í�ÔaË�Ê8Í�ÏYÈ�Ê�ö�×XÒÓË�ÇLö.Ë8ÐeÊ8Ç_Í�Ô2Ë8×eÇuÍdË8×qÇ�ÊLä � Ê�È'7*ö
Ì�Ç�Ê8ÑdÇ�Ê�Ì�Ê8ÇLö.ÇLÒÓÑdÇÃÊ�ÈLÖ�Ì8Ë8È�Ë8ÒfÌ�Ë8Òfö�Ì?Î¬Ê8Í�ã¼Ë8×eÇ>Ì�ÖÃÒÓË8ö�×Yá�ÆqÊ�Í¡ö.ÇLÌ8Ì�Ë8×eÇLã ÈdÔqÝ0Ì�ÇLÔqÝ�ÐeÆYÝqÈ�Ë�ÇLÌ:ÍdÎ
Ë8×eÇ�=?>�@ Ë�Í_Ë8×eÇjö.Í�ÔaË�Ê8Í�Ï¡È�Ê�ö�×XÒÓË�ÇLö.Ë8ÐeÊ8Çdä � ×eÇjÐeÆYÝqÈ�Ë�ÇLÌFÈ�Ê�Ç?ÕdÇLÔeÇ�Ê�ÈdÏVÏÓõ!Ì�ÇLÔaËMÍ�Ô�Ê8ÇLÚ¡ÐeÇLÌ�Ë�á
	XÐeËhË�Ê�È'7*ö3Ì�Ç�Ê8ÑdÇ�Ê�Ìuö�ÈdÔ(ÈdÏfÌ�ÍA	�Ç!ÒfÔXÌ�Ë�Ê�Ðqö.Ë�ÇLÝ Ë�Í0Ì8ÇLÔqÝ�ÐeÆYÝqÈ�Ë�Ç!ã�ÇLÌ8Ì�È�ÕdÇLÌ>Æ�Ç�Ê�ÒÓÍ�ÝqÒfö�ÈdÏfÏfõdä
B ÍdÊ_Ë8×eÇ 5 ÈdÔXÝqãØÈdÔYáeË8×eÇ Ë�Ê�È'7*ö Ì8Ç�Ê8ÑdÇ�ÊuÒfÌ>ÍdÆqË8ÒÓÍ�ÔqÈdÏ�ÈdÔXÝ(ö�ÈdÔ-	�Ç ÈdÝqÝqÇLÝ(ÈdÔqÝ�Ê8Ç�Æ�ÏfÈdö.ÇLÝ
È�Ë!Ê�ÐXÔKË8ÒfãØÇdäA�JÎ7È�Ì�ÖÃÒÓË8ö�×oö�ÈdÔqÔeÍdË ÆqÊ8ÍCÑ�ÒfÝeÇ�Ë8×qÇØÌ�Ë8È�Ë8ÒfÌ�Ë8Òfö�ÌLáFË8×eÇØö.Í�ÔaË�Ê8Í�Ï?È�Ê�ö�×qÒÓË�ÇLö.Ë8ÐqÊ8Ç
Ì�Ë8ÒfÏVÏaÖjÍdÊ8É�Ì�áKÈdÏC	�ÇLÒÓË:ã�ÍdÊ�Ç>ö.Í�ÔqÌ�Ç�Ê8Ñ�È�Ë8ÒÓÑdÇLÏÓõdäD��Ô�Î5Èdö.Ë�á¡ÒÓË:ÒfÌ:ö.Í�Ôqö.ÇLÒÓÑ�È�	XÏÓÇhË�Í�ö.Í�ÔKË�Ê8Í�ÏXÈ3×eÇ�ËE6
Ç�Ê8ÍdÕdÇLÔeÇ�Í�ÐXÌÃÔeÇ�ËJÖAÍdÊ8É�Öu×eÇ�Ê8Ç!Ì�Í�ã�Ç�Ì�ÖÃÒÓË8ö�×eÇLÌ��5ÍdÊuÒVÔqÝeÇ�ÇLÝ�Ì�Í�ã�Ç ÍdÎMË8×eÇ ÆkÍdÊ�Ë8ÌhÍdÎMË8×qÇLÌ�Ç
Ì�ÖÃÒfË8ö�×eÇLÌF� ×qÈCÑdÇ2Ë�Ê�È'7*ö*Ì8Ç�Ê8ÑdÇ�Ê�Ì�á�ÖÃ×qÒVÏÓÇØÍdË8×eÇ�Ê�Ì]ÝeÍ�ÔeÍdË�ä å ÏfÌ8ÍeáHË8×qÇ2ÒfãØÆXÏÓÇLã�ÇLÔaË8È�Ë8ÒÓÍ�Ô
ãØÈCõ2Ñ�È�Ê8õ2Î¬Ê�Í�ã Ì�ÖÃÒÓË8ö�×�Ë�Í0Ì�ÖuÒÓË8ö�×YáqÈdÏVÏÓÍCÖÃÒVÔeÕ]ÑdÇLÔqÝeÍdÊ�ÌhË�Í*ÝqÒ�G�Ç�Ê8ÇLÔKË8ÒVÈ�Ë�Çdä

� ×qÇ*ÔeÇ�Ö Ì�Ç�ËlÍdÎÃö.Í�ã�Æ�Í�ÔeÇLÔaË8ÌlÖÃ×qÒfö�×%ÒfÔqö�ÏVÐqÝeÇLÌ3Ë8×eÇ2Ë�Ê�È'7*ö Ì�Ç�Ê�ÑdÇ�Ê�Ì�ÒVÌ�Ì8×qÍCÖÃÔ&ÒfÔB ÒÓÕ�ÐeÊ8Ç�H¡äIH¡ä 5 ÇLö.Ë8ÒfÍ�Ô;H¡äKJeäIL¡äI:*Ì8×eÍCÖuÌÃ×eÍ/Ö Ë�Ê�È'7*ö Ì�Ç�Ê8ÑdÇ�Ê�Ìuö�ÈdÔ-	�Ç ãØÈdÝeÇ3ÇLÏVÈdÌ�Ë8Òfö�ä � ×qÒfÌ
ÈdÏfÏÓÍ/ÖÃÌ_Ë8×eÇlË�Ê�È'7*ö]Ì�Ç�Ê8ÑdÇ�Ê�Ì_Ë�ÍM	�Ç�ÆXÊ8ÍdÕdÊ�ÈdãØã�ÇLÝ�È�Ë3È
��ÔeÇlÕdÊ�ÈdÔaÐXÏfÈ�Ê�ÒÓËJõdákÌ�Í Ë8×qÈ�Ë�Ë8×eÇ�õ
ö�ÈdÔ-	�Ç3ÐqÌ�ÇLÝ(Î¬ÍdÊ>ÍdË8×qÇ�ÊÃË8ÈdÌ�É�ÌÃÌ8ÐXö�×(ÈdÌhÆ�Í�ÏfÒVö�ÒfÔeÕeá�ÈdÌ>ÖjÇLÏfÏ,ä

NDOQPROQS TVUXW�Y)Z?W�W�U\[^]

_ ÇLÈdÌ8ÐeÊ8ÇLã�ÇLÔaËE6\	XÈdÌ�ÇLÝÙÈdÝqãØÒfÌ�Ì8ÒÓÍ�Ô ö.Í�ÔKË�Ê�Í�Ï>ÒfÌØÔeÍdË�ÖuÒÓË8×eÍ�ÐeË�ÒÓË8Ì]ÆqÊ�Í�	XÏÓÇLãØÌ�ä���Îa` Èdö�6
ö.Ç�ÆqË�ÇLÝØö.Í�ÔXÔeÇLö.Ë8ÒÓÍ�ÔqÌ:È�Ê8Ç>Ì�ÒfÏÓÇLÔaËHÍdÊ�ÔqÇLÈ�Êb6PÌ8ÒfÏÓÇLÔaË�Î¬ÍdÊ�È3ÏfÍ�ÔeÕ�Ë8Òfã�Çdá�Ë8×eÇ9� å �sã�ÇLö�×qÈdÔXÒfÌ8ã
ÖÃÒfÏVÏc	�ÇlÒVÔqö�ÏfÒfÔeÇLÝ(Ë�Í Èdö�ö.Ç�ÆXË!ã�ÍdÊ8Ç�ÈdÔqÝ�ã�ÍdÊ8Ç�ö.Í�ÔqÔeÇLö.Ë8ÒÓÍ�ÔXÌ�á�ÈdÌ_Ë8×eÇLÒÓÊ�ÇdGkÇLö.Ë8ÒfÑdÇA	XÈdÔqÝe6
ÖÃÒfÝqË8×*ÇLÌ8Ë8ÒfãØÈ�Ë�ÇLÌÃÈ�Ê�Ç ÏÓÍCÖ ägf�Ê8Í�	XÏfÇLãØÌhÈ�Ê�ÒfÌ�Ç3Öu×eÇLÔ�Ì8ÐqÝqÝqÇLÔqÏÓõØË8×eÇh` Ì�Í�ÐeÊ�ö.ÇLÌi	�ÇLö.Í�ã�Ç
ÑdÇ�Ê8õ©Èdö.Ë8ÒÓÑdÇ0ÈdÔXÝoÌ�Ë8È�Ê8Ë3Ë�Ê�ÈdÔXÌ8ãØÒÓË�Ë8ÒfÔqÕ È�Ë Ë8×eÇLÒÓÊ3Æ�ÇLÈ�ÉâÊ�È�Ë�ÇLÌ�ä � ×qÒVÌ�ÖAÍ�ÐqÏVÝ
��Ç�ÍdÆXÈ�Ê�ÝqÒfÌ�Ç
Ë8×eÇAj_Í 5 Õ�ÐqÈ�Ê�ÈdÔKË�Ç�ÇLÌ_ÍdÎ�ÈdÏfÏ�ö.Í�ÔXÔeÇLö.Ë8ÒÓÍ�ÔqÌ�ä å Ì8ö.ÇLÔXÈ�Ê�ÒÓÍ0ÒfÔ£ÖÃ×qÒfö�×�Ë8×qÒfÌÃãØÒÓÕ�×aËu×qÈ�ÆqÆ�ÇLÔ
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ATM
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Application:
1. only one endpoint active as source
2. all others are sinks
3. source endpoint changes
4. change is according to algorithm
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One netlet consisting of 2 unconnected

partitions in a virtual network

Virtual Network
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�B�����t���t�B�6���­���6¡��2 ��] �·_���2�B�<�°�)«2�<�µ�µ�B�­¤)��¢H½h�­�<�>���2�����B�µ���'�¾¹\ ����1¤) p¹\¬$�t���µ�/¤��<�������+�­�
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�����ª���B�µ�������B�f·¸ ��ª���2�B¹1ÑD¢'½`�2�%�2�)«��ª���2�����\¤) p�<�­¹%�F�ª�<�­�­�<¤����µ�'�`�­�����2���ª���2�\���t�����­���
�2�����N ���¡����)«��v�µ�4���6Ò9Å�Ç¶Ó�ÔTÉ�ÕtËQÅ)È"³5Æ"ÖÏÉ�Ç@Ê�×HË�É�Ø´É8ËQÅ)È4���­�ÙÊDÚ�ÒFÇ�ÈµÚ�Õ;Û�ÈµÊ)×QÉ�Ç¶Å�Ê´Ç�ÔTÈ�ÅL�t�����B�@¢h½h�2�
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CA = Control Architecture

NB = NetBuilder
SD = Switch Divider

VN = Virtual Network

K
now

n by N
B

K
now

n by SD

K
now

n by C
A

✓ ✓ ✓ ✓

✓ ✓ ✓

✓ ✓ ✓ Netlet which has requested the SD to police its connections

Same as above, without policing (usefulness doubtful)✓ ✓

✓

Netlet only known to CA: very light-weight

R-NBSDCA

U-NBSDCA

R-SDCA

U-SDCA

R-CA

U-CA ✓

✓

TYPE NAME

R
estricted

Top-level VN: created by NB, protected + policed by SD, controlled by CA

Top-level VN as above, without policing (dangeous option when bandwidth is limited)

Netlet with out-of-band policing (e.g. by extended traffic servers)

EXAMPLE
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1. Reserve a netlet N every day from 9am until 7pm

3. Except when that Sunday falls on May 1 in which case the reservation should be for 24 hours
4. The bandwidth reserved on N should be B
5. If, after 3 months, it turns out that N’s utilisation was never more than 70%:
                  update the capacity to reserve: B := 0.9B
6. Repeat (5) every three months

ORGANISATION X REQUESTS THE FOLLOWING RESOURCE RESERVATION POLICY:

2. Except on Sundays when N should be reserved from 10am till 4pm
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Allocation of Resources

Manipulation Behaviour

This application only

Application’s Network Policy

Admission Control

Reservation Behaviour

All applications
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dfe+g Ifh�J gOi Nkj�j Fkl N-mOm e J5N-m e h�noLOpGK g N-IfhMJ gOi N lrq N gts NuN-hvhMpWnMN-m e h�nwn e+gOe q e mxN-muQzy{h
p gOi NuL s p5L|n�mu} gOi Nu~ e L|N�m s I gO�|i N-m gOi�e+g LON d�e ~ q N gts NuN-h�j�jW��mu}�jW�!�:m e h�n�mxNuLO�WI � N � pGhW�
g LOp d
� pGI�h g m)��j/�C�:m'�'Q�j��Y�:m � pGh gOe Ifh�mxp5� g�s�e L|N e h�n�n e+gOe q e mxN-m���p5L gOi N l e h e J5N l N-h g
p5� gOi N �ue5dfd m-Q=� i Ifm:I�m:N�� �/dfe Ifh�N-n�Ifh�jRN ��g I4pGh��RQT�RQf�+}MpGh�Ifh g N d�d I4J5N-h g hMN g�s p5LO�WmuQ�j�j F Ifm e
dfe ~5NuLON-n�m|K�I g N�p5� � L|p g p � p d m gOi�e+g K�mxN-mu}#��p5L gOi N d p s N-m g�d�e ~5NuL|mu} gOi N l N-mOm e J5N g L e h�mx��NuL
�/e L g �����!��� dfe ~5NuL'm������R} s�i I d N�N l �/d p_~WIfhMJ � LOp g p � p d m�mOK �'i�e m gOi N�yxjM�� ¡K�mxNuL �/e L g
��yOjW¢��C� e h�n gOi N g L e h�m e5��g I4pGh/m �ue+�/e q I d I g I4N-m �/e L g �����C£����¤��p5L gOi N i IfJ i NuL dfe ~5NuL'muQ
���C£��7I�m e h e+���/d I �ue+g I4pGhW� dfe ~5NuL � LOp g p � p d�s�i I �|i Ifm�K�mxN-n���p5L�mOK �'i¥gOi Ifh�JGm e m gOi N¦N��R�
�|i/e hMJ5N�p5�=hMpGhW� � I4L � K/I g L|N dfe+g N-n¥n e+gOe ��N5Q§JMQ�LOpGK g N-IfhMJzIfh���p5L l e+g I4pGh���p5L�UG�+U5U�h¨K l¤q NuL|m
Ifh�Ifh g N dfd I4J5N-h g hMN gts p5LO�Wm'�'Q�£�m¦m i p s hoIfhvjRN ��g I4pGhvPRQT©RQf�+QTSRQT�R}ªj�j F Ifm�K�mON-n q ~�y{�!¢��t�
e h�n gOi N�£«�!�¬HMp5L|K l e m gOi N l pWnMN d ��p5L�mOI4JGh e5dfd IfhMJMQ
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Ú QTS E �W� � LOp g p � p d Q�Ù�N-mxpGKML � N�L|N-mxNuLO� e+g I4pGh�Ifm �ue LOL|I4N-n�pGK g�e+g�� pGh�hMN ��g IfpGh�mxN g K ��g I l N5Q
£ dfd2� pGIfh g � g p+� � pGIfh g�� pGh�h�N ��g I4pGh�m e LON q Ifn�IfLON ��g I4pGh e5d } s�i I d N l K d4g I �ue m g=� pGh�hMN ��g IfpGh�m e LON
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@+ACBED�F�GCH	IKJLA�MON�B�NQP�F�F�H�RONQD9S	TVU�S#PWFXB�S#GZY�BEU\[LACFXNQU�F�]KBEN8D�[KS#]LG^J`_ON'NQP�Y�_�GCNQJaFXSbA^PWFXN�B�S	RKc
N�BEY�FXN	dfe4JKNQY	G^GCH	I+F�[LA^DgD�[KS#]LGhJi_ONjROS#D�D�A^_�GCN5k:ACF�[LS#]KFgJKN�l	B\Y	JLA^PKlmF�[KN`T
]LPLU�F�A^S#PLY	G^ACFnHoS	T
F�k�SiU�S#pbpq]LPLA^U�Y�F�AhPKlmTrNQY�F�]KB�N�csB\A^UE[tU�S#PWFXB�S#GuY�BEUE[�ACFXNQU�F�]KB�NQD5vwY	P�JyxaI�S#PLG^Hi_ONQU�Y	]LDXN
Y	PzAhP�FXN�BEU�S#P�PKNQU�F�A^PKljU�S#PWFXB�S#GVY�BEUE[�ACFXNQU�F�]KB�N5{|I�GCS}U�Y�FXNQJm_~N�Fnk-N�NQPov�Y	PLJ�xaI~JKSWNQD'PKS	F
RLB�S���AhJKN�F�[LA^DuBEAhUE[�T
]LPLU�F�ACS#PLY	GhACF�H	d

� NQU�S#P�JLGCH	I�U�G^ACNQPWF�D�D�[KS#]LGhJ�_ON�Y	G^GCS�k-NQJ�FXS2F�Y��	N�F�[KNQA^B�R~S#GhA^U�ACNQD�Y	U�B�S#D�D�F�[LN�JKS�c
pbY	A^Pz_OS#]LPLJLY�BEA^NQD�du��[LA^Duk9YQHmU�G^ACNQPWF�D'Y�B�N|Y�_�GCN�FXS`N��}R�GCS#ACF'F�[KNQACB�DXRONQU�A���U��}PKS�k'GCNQJKl	N
Y�_OS#]KF8F�[KN`PLY�F�]KB�NbS	T9F�[KNQA^B�Y�RLR�G^AhU�Y�F�ACS#PLD�F�[KB�S#]Ll#[KS#]KF8F�[KN`PKN�F�k�S	B��~I+Asd�N	djFXSmAhPLDXF�Y	G^G
Y�RLR�GhA^U�Y�F�ACS#P}c�DXRONQU�A��~UgROS#G^AhU�ACNQD8DXR�Y	P�PLA^PKl�pq]LGCF�ACR�G^NbU�S#P�FXB�S#G�JKS#pbY	AhPLD�d���PKNjR�B�S	_�GCNQp
[KN�B�N-A^DZF�[LY�F�I	Y	GCF�[KS#]Ll#[�Y�RLR�GhA^U�Y�F�ACS#PLD�pjYQH�_ON�Y	D�D�]LpbNQJ8FXS'[�YQ�	N6�}PKS�k:GCNQJKl	N�Y�_~S#]LF�F�[KN
GCS}U�Y	GOJKS#pbY	A^P��rN	d�lKd-Y�_OS#]KF�F�[KN�FXS	ROS#GCS	l	HL�\ILPKS5D�]LU\[`�}PKS�k:GCNQJKl	N�U�Y	P�_ON�Y	D�D�]Lp5NQJaTrS	B
B�NQp5S	FXNbU�S#PWFXB�S#G�Y�BEU\[LACFXNQU�F�]KBEN|JLS#pbY	A^PLD�d � S#pbN|DE]KRLROS	B�F:TrS	B�NQPLY�_�G^AhPKl`D�]�UE[oROS#G^A^U�ACNQD
FXS5��P�J�S#]KF:A^PKTrS	BEpbY�F�A^S#PaY�_OS#]KFuF�[LNQACB:PKN�k�NQPW�}ACB�S#PLp5NQPWF�DuA^DuF�[LN�B�N�T�S	BEN8B�NQ��]LACB�NQJZd
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� Y	PLJ�pbY	P�k:A^GhGO_~N8]�DXNQJ�FXSaJKNQp5S#PLDXFXB\Y�FXN�F�[KNgRLBEA^PLU�A^R�GCNQD9Y	PLJ�Y	D�YbRLBESWS	T�csS	Thc�U�S#P�U�N�RLF
A^p5R�GCNQp5NQPWF�Y�F�ACS#PZd�e=F�D�[KS#]LGhJ�_~N�DXFXBENQD�DXNQJZI�[KS�k�N��	N�BQI�F�[LY�F�F�[LN�A^D�D�]KNQDZY	P�J8DXS#G^]KF�A^S#PLDZY�B�N
PKS	F�DXRONQU�A��~U6FXS � Y	P�JLpbY	PZd+��[KN�HqY�RLR�GCH8FXS8AhP�FXN�B�S	RON�BEY�F�A^S#P|_~N�Fnk-N�NQPjY	P�HqF�k�S8U�S#P�FXBES#G
Y�BEU\[LACFXNQU�F�]KB�N�JKS#pjY	A^PLD�d�²:Y�F�[LN�BuF�[LY	P�Y|JLA^D�U�]LDED�ACS#PbS	TVYqR�Y�B�F�A^U�]LGhY�B�A^pbR�GCNQp5NQPWF�Y�F�ACS#P
S	T�A^PWFXN�B�S	RON�BEY�_�A^GhACF�H	I}F�[LA^D'UE[LY�R�FXN�B�A^D:p5NQY	P�F'FXSj_ON�Y`JKNQD�U�BEACR�F�ACS#P�S	T�Y5RLBEAhPLU�ACR�GCNQD�TrS	B
Y	JK��Y	PLU�NQJ�A^PWFXN�B�S	RON�BEY�_�AhG^ACF�Hj_~N�Fnk-N�NQPmU�S#P�FXBES#G>Y�BEU\[LACFXNQU�F�]KB�NQD:F�[LY�F:U�Y	P�_ON8Y�RLR�G^ACNQJaFXS
F�[KN�JKNQD�ACl#P`Y	PLJjA^pbR�GCNQp5NQPWF�Y�F�ACS#PbS	T�pjY	P�HbJLACM~N�B�NQPWF6FnHWRONQD-S	T�U�S#P�FXBES#G�Y�BEU\[LACFXNQU�F�]KBENQD�d

³ S#P�D�A^JKN�B�@+ACl#]KB�N�´�d  I�k'[LA^UE[µDE[KS�k:D�T�S#]KB�J�A�M~N�BENQP�F�U�S#PWFXB�S#G8Y�BEU\[LACFXNQU�F�]KBEN�JKS�c
pbY	A^P�D�I¶F�[LB�N�NjS	Tuk:[�A^UE[iY�BENaU�S#PWFXB�S#G^GCNQJ�_WHiAhPLDXF�Y	PWF�A^Y�F�ACS#PLD�S	TuF�[LN � Y	P�JLpbY	PZI¶k:[LA^GCN
F�[KNgS#PKNqAhP�F�[KNqpbA^JLJLG^N8A^D:U�S#PWFXB�S#G^GCNQJm_�H�DXS#p5NqS	F�[KN�B�U�S#PWFXB�S#G+Y�BEU\[LACFXNQU�F�]KB�N	ION	d�lKd�·�c
¸�¸:e¹d#��[LA^D+A^D�U�Y	GhGCNQJ|F�[KN'{�v'º»JKS#pjY	A^PZd+��[KN�B�NuY�B�N�S#P�GCH8TrS#]KB�F�H�RONQD�S	T~AhP�FXN�BXc�JLS#pbY	A^P
A^PWFXN�BEY	U�F�ACS#P�F�[�Y�F:Y�B�N8B�NQG^N��¼Y	PWF�½

 d�_OS	F�[�NQP�JKROS#A^P�F�DuY�BEN8A^P�PKNQACl#[W_OS#]KBEA^PKl � Y	PLJ�pbY	P�JKS#pbY	A^P�D�¾
¿ d�F�[LNgS	BEA^l#A^PLY�F�A^PKljNQPLJKROS#A^PWF:A^D:AhPmY � Y	PLJLpbY	PoJKS#pbY	AhP�k:[LAhGCN�F�[KNqS	F�[KN�B�A^D:A^PoY
PLNQACl#[�_OS#]KB\A^PKlb{�v'º�¾

À d�F�[LN�S	F�[KN�B�JLACB�NQU�F�A^S#PZ½6F�[KNgS	BEACl#A^P�Y�FXS	B'A^D�AhPo{�v'º�I�k:[LA^G^N�F�[LNgJKNQDXF�AhPLY�F�ACS#PzAhD�A^P
F�[LN � Y	PLJLpjY	P�JKS#pbY	A^PZ¾

ÁKd�_OS	F�[yNQPLJKROS#A^PWF�DqG^ACN�A^P � Y	PLJLpbY	PyJKS#pbY	A^P�I�k:[LA^U\[ÂY�B�N�DXN�R�Y�BEY�FXNQJt_WHÂS#PKN�S	B
pbS	B�Nq{�v º JLS#pbY	A^PLD�d

@KS	B:F�[KNQDXN�T�S#]LBuF�H�R~NQD9S	TVA^PWFXN�BEY	U�F�ACS#PZILACF9A^D9D�]}ÃaU�ACNQP�F9FXSbU�S#PLDEA^JKN�B9S#PLGCHbF�[LN�U�Y	D�NQD
k:[KN�BENbU�S#pbpg]�PLA^U�Y�F�ACS#PfS	BEA^l#A^PLY�FXNQD8A^P � Y	PLJLpbY	P}c  Y	PLJy{�v'º�d5e=F8A^D�Y	D�D�]LpbNQJfF�[LY�F
� Y	PLJ�pbY	P�[LY	D9S#PLGCHbR�Y�B�F�A^Y	GOJKS#pbY	A^PKc�GCN��	NQGO��PLS�k:GCNQJLl	N�Y�_OS#]KF9F�[KN�PKN�Fnk-S	BE�aFXS	ROS#GCS	l	H



Ä	ÅÇÆ�ÅÉÈ}Ê=ËoÌ6Í¶Î2Ê4Ï|Ð+Î-Ñ8Ò9Ì6Î-Ñ:Ó�Ô-Ê4Í�ÊQÐ'ÕtÔ�Î�Ð�ÖfÎ6Î6ÏØ×bÒ9ËoÓ:Ê4Ï�È Ù�Ú#Û

5

1

4

Sandman 1

Sandman2
2

3

6

Sandman 3

CAX

L1

Ü+ÝCÞ#ßKàEá�â�ã Ù�ä-å5æ#çéènêÇë#çÇìuêéí¼è=ìEî4ï�ð�í�í#ì\ï�ènì\ñqï�ð�í¼ènî=ð�çKòQî4ï4ó#êéènì\ï�ènæ#î=ìuñ	ð�ô�ò�êéí�õ
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á��Kú � ü+���5�hÝ � á�ú	û��	ü ÷ á�à6Ý^ûLø�ü�ú	û�ü�Ý^ú�ü�Ý'�#ûB��8 .10 2 ��ø+��ü ÷ ú�ü�ÝCü � ú	ûjßLøXáuÝCü�øC���:û���à+���LàEÝCá�ü�ú�à(�
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����� ���3�T�T� �� ¢¡�£:¤G¥O� �6 �¦§���6 7�T¨*¤ª©q¤��T«

¬+­=®�¯�­=°
±T²�³�¬1°+¯d´(µ�¶g´�³�·�·�­=´�±+¸�³�·u¶
¬+¬K¸�¹�­=°3¶
±º±+µ�­w»�¶�·d¼�½�¶�·X¾�±+µ�­5¿d°
­=¯�¼�³
ÀÁ­=·d¼�¿�³�¸'·o±1Â
³�²�±+µ�­5¶
¿�¿�¬+³�¿�¬K¸'¶
±
­�³�¯�±
Ã�³�¸'·�ÃÅÄ'¸'·�Æ>¶�¯�±
³�½w¶
±+¸'´�¶�Ä'Ä�Ç�±+¶
Æ�­=°T³�·�±+µ�­�¬+³�Ä'­�³�²�±+µ�­�¬(­=½O³�±
­
­=·�¼�¿�³�¸'·#±1È>ÉwÊG·u³�±+µ�­�¬5Ë�³�¬(¼d°�¾qË7µ�­=·�­�¹�­�¬5»�¶�·�¼d½�¶�·u±
¬(¸�­=°�±
³�°
­�±5¯�¿/¶$´�³�·�·�­=´�±+¸�³�·
±
³Å¶w¬+­=½O³�±
­5­=·�¼�¿�³�¸'·#±�¾�¸�±A¬+­=¶�Ä,Ä�Ç�°
­�±+°3¯�¿$¶w´�³�·�·�­=´�±+¸�³�·$Ë3¸�±+µ�¸'·�¸�±+°7³�Ë7·�¼�³�½�¶�¸'·Ì¾�±
³
±+µ�­�¿�°
­=¯�¼�³
ÀÁ­=·�¼�¿�³�¸,·o±º´�³�¬+¬+­=°
¿�³�·�¼d¸'·�Ãg±
³�±+µ�­�³�¯�±
Ã�³�¸'·�Ã$Ä'¸,·�Æ�¶�·�¼/±+µ�­=·/·�³�±+¸�Í�­=°1±+µ�­
¿d°
­=¯d¼�³
ÀÁ­=·�¼�¿�³�¸'·#±�±+µ�¶
±�±+µ�­�´�³�·�·�­=´�±+¸�³�·Î¸'°�¸'·f¿dÄ'¶�´�­uÏ�¶�·�¼ÐË7µ�¸,´(µÒÑTÓ6Ê
Ô"Ñ3Õ*Ê5¹
¶�Ä'¯�­=°
¶
¬+­�¶�°(°
³�´�¸,¶
±
­=¼�Ë7¸�±+µ�¸'±KÖKÉ

A

Pseudo EndPoint C

Sandman-1

notify (B, vpi, vci)

connect (C, B, vpi, vci)

B

Sandman-2

notify (B, vpi’, vci’)

connect (A, B)

‘C’ is the control gateway.
When ‘A’ sends a ‘connect (A,B)’ request.
in Sandman-1, the control gateway acts as 
a pseudo-endpoint in this control architecture
domain, i.e. to Sandman-1 it seems as if a
connection is set up to ‘C’. Meanwhile, ‘C’
also acts a pseudo-endpoint in Sandman-2. 
It translates the original request to something
Sandman-2 understands, specifying itself as 
the originating endpoint.
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SANDMAN-1 SANDMAN-2

These blocks indicate SAPs, where:

Note: no SAP blocks
are drawn for the
gateway ports - these
are owned by the
gateway.
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FREE RESERVED

ACTIVE

CACHED FR = set up connection to remote domain
RF = setup aborted / failure
RC = setup succeeded and no  local extension exists
RA = setup succeeded and local extension exists

AC = local extensions are removed
CF = release / failure
AF = release / failure

CA = local extensions are made

FR

RF

RC

RA

CA AC

CF

AF
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Ü.ÝMÞ�ß4à�á,â�à7ãpä0äMÜUåaÞ�æMçkè�æ7æMç.Þ�ÝMÞ�è�ÝMÞpå°ÜUé*æMê�ëké*Þ�ì�í,îNæXÝ0í,é�è�Ý0ì�çUê*æXÞ�ì�æMÜ.Ý0Þpï.í,åxè�ê îUäeè�îUï�æMçUè�æ
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û î.íG÷�é�Þ�ï.ò�Þ2è�ì�ÝMí,äMäpæMç.Þ­Þ�î�æMê*ÝMÞ|è�ïUåxê�îUê äXæXÝ0è�æMê*õ�Þ­ï.í,å�è�ê�î«à7üBæ�ê�ä�Þ�õ�Þ�î�ëoí,äMäMê�ðké*Þ�æXí¯çUèGõ�Þ
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ê�ä�î.í�æ�Þ�õ�Þ�îÁì�é*í,äMÞ°æXí�â�à���ç.Þaý�þ�ã ì�è�îÁäXÞ�æ�Ü.ë£ì�í,îUî.Þ�ì�æMê�í,îUä � í�Ý�æMçUÞLåxí�ðkê�é*ÞLäXñ�äXæXÞ�å
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æXÝ0è�îUä0é�è�æMê*í,îÁê�ä­ë�Þ�Ý � í�Ý0åxÞ�ï¬ð�ñ£è�î¦è�ïkï.ÝMÞ�äMä"ù@æXÝ�è�îUäMé�è�æMê*í,î£äMÞ�ÝMõ�Þ�Ý|÷pçUê�ì0ç�ö�ò,ê*õ�Þ�î¦è�î�è�ï�ù
ï.ÝMÞ�ä0ä�ê�îrí,î.Þ � í�Ý0åxè�æ�öUÝ0Þ�æMÜ.Ý0îUä�æMç.Þ|è�ïUï.ÝMÞ�äMä�ê îræMç.Þ­í�æMç.Þ�Ý�à

��çUÞ¯Þ�è�äMê�Þ�äXæ|÷�è�ñ�æXí¬æXÞ�äXæLæMç.Þ�ä0ê�åaëké*Þ¯ç.í�ë.ù@ð4ñNùOç.í�ë�äXí,é�ÜUæMê*í,î¦ê�ä|ð4ñÁÞ�äXæMè�ðké�ê äMçUê�î.ò
è�î�ü>�*��h � ÝMí,å èi��è�îkïUåxè�î�ù Ê æXíj��è�îkïUåxè�î�ù Ë öoè�ì�ÝMí,äMä�æMç.Þ O àSR í�ÝMæ�ï.í,åxè�ê�î�àN��çUê�äpê�ä
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Open
MonolithicStandardisedProprietary

-interoperability via
  ad-hoc solutions -functionality

-fixed interoperability

  degradation
-standardisation efforts

Monolithic, Closed Monolithic, Closed Control Architecures
Multiple

-similar, but problem
   exacerbated due to
   multiple incompatible
  control architectures

Interoperability

-simple hop-by-hop

Elastic

-interdomain signalling
  channels
-application-specific
  functionality mapping

-similar problems
-interoperability decided

  built

  once and for all when
  control architecture is
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                            DESCRIPTION

-Switch communication: Ariel over GSMP to ASX-1000
-Control architecture and divider independent processes
-All processes run on the same machine
-Time measured: from the moment ’createVCI’ is called in static C++ code,
 until the ’deleteVCI’operation returns to the C++ code (after 1000 setups
 and teardowns)

-same as G-C-1, except that the time is measured from the moment ’createVCI’
 is called in the DLA, until the ’deleteVCI’operation returns to the DLA
 (after 1000 setups and teardowns)

-Same as G-C-1, except that the time is measured from the moment that the
 control architecture DLA initiates the remote evaluation procedure to
 load DLA-2 into the switchlet Sandbox (this includes creating the Sandbox)
 until 1000 connections have been setup and torn down by DLA-2

-Same as G-C-1, except that client and divider run on different machines.

-Same as G-D-1, except that client and divider run on different machines.

-Same as G-A-1, except that client and divider run on different machines.

-Same as G-C-2, except that Ariel is implemented over SNMP

-Same as G-D-2, except that Ariel is implemented over SNMP

-Same as G-A-2, except that Ariel is implemented over SNMP

-Same as S-C-2, except that the experiment is now run on a FORE ASX-200

-Same as S-D-2, except that the experiment is now run on a FORE ASX-200

-Same as S-A-2, except that the experiment is now run on a FORE ASX-200
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MEASURED AND EFFECTIVE BANDWIDTH OF A BURSTY SOURCE
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MEASURED AND EFFECTIVE BANDWIDTH OF A JPEG STREAM
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MEASURED AND EFFECTIVE BANDWIDTH OF TWO JPEG SOURCES
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Active NetworksPacket Networks (IP)

-smart packets on
  datapath can add
  functionality

-fixed treatment of
  packet at router

-switch interfaces
-switch dividers
-netbuilders
-generic services
-datapath components

Fully Elastic Control

Open
MonolithicStandardisedProprietary

-proprietary switch
  interfaces
-"one" network
-fixed functionality

Monolithic, Closed Monolithic, Closed

-proprietary or standard-
  ised switch interface  
-single network
-control components
  generally have fixed
  functionality
-services are built by
  binding interfaces
  together

Control Architecures
Multiple

-standardised switch
  interface
-multiple "networks"
-network/control 
  components have
  fixed functionality
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« �M¬N¬K 4o%sn¦8m?§us¥�Mo4t8­ ^�`J®3¯M°�±³²�`�_�´D²�µ�¶ ­·k� J¸M 4t¨§ ^�²�²�µ v ¹»ºMº4¼�½@¾=¿MÀ
½�¿=Á?Àj½@Â�ÃMÀj½@Â�ÄÆÅ

a bdcDÇ0È?É�g$Ê�i ËQ¡ur�o�§IË�v·p�r�ln¦�Ì"vÎÍS|¨�M��{}�3���?ÏªÍ�|�~���|¨�?�����0y��Ð�0yÒÑÓ��ÏV�?y<�ÔÑ9�=v
Õ ¡ur�o.§us»¦�rVÖªm�lnl�­ ¶ r�©4s¥§us¥�Mo"­ ^�²�²M× v ¹nº%¼�¿�ØÆÅ

a bdc.ÙÆÉ9cDÚ=Û<Ç0Ç}g<ÜJi ÝÞm�ßjsn©à�Jv¢p�r8§uÌJr8¡�m�l»l�m�o4©,ÝÞm�ßDsn©àá\v¢â�r�o4oJr�o%ÌJ�M 4t¨r�vãÑ9äj�Nw��¢�
Ñ$zjåçæBz¨Íéè�êë{}�3~?y4v���o Õ ¡��D¦�r8r�©4s»oJ¸MtS��ì9§uÌJr × §uÌ�k «Sí £j�¨îVï Õ £
�x J¡u��ðçr�m�o�p���¡uñjtuÌJ��ð"­ « �Mo4oJr�¬�m?¡�mj­D£Dr8ð4§¨r�¬Kòçr8¡ ^�²�²�¯ vó¹nº%¼�ôÆÅ

a bdc.ÙÆÉ9cDÚ=Û<Ç0Ç}g<õJi ÝÞm�ßjsn©öp�r8§uÌ4r8¡�m�lnl3­����MÌ4o÷î� J§¨§um?¸J­�m�o4©öÝÞm�ßjsn©ãâ�r�o4oJr�o%ÌJ�M 4t¨r�v
w��*Ñ9øçùÓwúÑ<~�~?Ïû�=�}{9�8~?|�üY�j�0Ïý�?�0y��	�?y<�q��þ?y<�?���}���?Ï0Ïûþ�����ê<Ï¥~?þ?�7y��
���8{}�\~?|��KÍS|¨~�{�~���~?Ï³�@v���o Õ ¡u�j¦�r8r�©4snoJ¸MtQ��ì�ï Õ �xÿªk�� « Ö�� ²�_ ­ë£jm�o
� ¡�m�o4¦8sntu¦��J­ « k�­%kªð4¡�s»l ^�²�²�_ v ¹nº.º4¼��=¿�À�Ä=ØÆÅ

a b É�e7Ù�cjgçÊjÛJi �4v�pÐÌ4s¥§¨r�v ��~	���0Ï¥�¤wx����y<{0��
�ä.�0{ �àÍY��êJ�8|�v â�r�¦�Ì%o4sn¦8m�l��Yr�

ðç��¡u§8­Vî�r�oJr8¡�m�l í m?¸Msn¦?­ ^�²�²M× v����	�������������	������� �"!$#	�&%�'(�)'"*+!$�
����'+���&*-,�*	�	.��"�-�&'+���	�$%������/#��/� 01�2��� !$,4v ¹nº4¼�ÂM½�Å

a b É�e7Ù�cjgçÊ-39i Õ v�pÐÌ4s¥§¨r�v54�øQåëÍÎ�?y<�	z�y%{ � ��|¨��{ �u��øç�8|��=�}�@�@�q�7y {0äj�*z�y<{ ��|@yë�8{�ù
�ãÑ4�J{�~?|��3�?Ï vÔ���x�\� « �M¬�¬� 4o4sn¦8m?§usn�Mo4t í m?¸Mm�6�snoJr�­Þ¬�m87 ^�²�²M× v
¹»º4¼�½���Å

a b e0Ç:9<c�f?ÊJgJi í m� J¡�sn¦�r�pÐsnl¥ñ�r�tQm�o4©;�·��¸�r8¡·ÿªr8r�©4Ì4m�¬�v�Ñ9äj�����?���8|��3�����F�"w�Í
��~?�ªê<�J{ �8|*�?y<���0{0��è�êJ�8|���{}�0y�� ø%þÆ��{ ���=<�z�øjüS�?>Æ�:@�@"@J�A>">�B�C�D���EÆv
�xlnt¨r8ßjs¥r8¡·ÿY��¡�§uÌ-
 ÖY�Ml»lnm�o4©$­j��o4¦?v¥­ ^�²M×?² v ¹nº4¼�Ã�ÄÆÅ

a b�F<Ç:G gëhji á\v=p��Ml¥ì�­.á\vÆÝ�r�l¥¸�¡u�Mt�tus3­"�VvM£D§¨r�sno%¬ r8§�6�­�£ëvM£j¦�Ì4m�l»l¥r8¡�­�m�o4©�Ö�v?pÐs¥§H

§us¥¸Jvçz������%���·~¨�I4·�@����|@���0y��J4·�@�8~?�j|��@�@�Y�0yNwY���Æ�?y<�@�LK}v4��o Õ ¡u�j¦?v µ §uÌ
��o.§ul�v.p���¡uñjtuÌJ��ð��Moqÿªr8§NMQ��¡uñ*m�o4©Iï�ðçr8¡�m?§us»oJ¸�£�7jt¨§¨r�¬ £j Jð4ðç��¡u§
ì0��¡NÝÞs¥¸Ms¥§um�l�k� 4©4s¥�	m�o4©POÞsn©Jr8�J­xð%m?¸�r�t ¶M×�´D`M× ­·ÝÞ J¡�Ì%m�¬�­xÿªrQM
Ö�m�¬ ð%tuÌ%s¥¡ur�­JkYð%¡�snl ^�²�²�µ v ¹»º4¼�½@¾�Ä?Å

a b�F<Ç:G g$Ê�i á\v « vJp��Ml¥ì�m�o4©R��v<£D§¨r�sno4¬ r8§�6�v���~�y<����êë{0�\�8~?|S4·����~?�j|¨���T4Y�@�8�8|��
�?��{}�}~�yd�7y÷wª�?�Æ�?yë����v í  %l¥§usn¬ r�©4s»màâ9�D�Mlnt m�o4©�kªð4ð%l»sn¦8m?§us¥�Mo4t8­
UJ±³¶�µ�µ�´D¶M×?_ ­ ^�²�²M× v ¹nº4¼@½�¾�ÄÆÅ

a VVcDÛ&WXF$Y�g<ÜJi ÿKv�Z�r�m�©4�Mo$­ � vJîÞm?¡�¦8snmj­4Ý�vDÖ� J§u¦�Ì%snt¨�Mo$­jm�o4©qÝ�vJ£jÌ4r8ð%ÌJr8¡�©$vX[\�0Ïû�
{ �8|��8ùR\·~Æø ø%�=êMêj~?|�{����u�8äD�?y4�7�������8~?|��	�jÏý{}� êJ����|���~?�����jy4�3���?�
{}�3~?yJ�@vë���\�x� �M�M J¡�o4m�l4�MoF£Dr�l¥r�¦�§¨r�©*kY¡�r�m�t\��o « �M¬�¬� 4o4s»¦8m?§us¥�Mo4t8­
^�U%®�×�°�±n^�¶]U.µ�´<^�¶�¯�¶ ­�£Dr8ð4§¨r�¬Kòër8¡ ^�²�²�¯ v ¹»º4¼�½@Ã�ÄÆÅ

a VVc-^,e_Y¢e0g<ÜJi Z�r�¦�Ì4snm�¬ Z�r�¬Nsno4s¤m�o4© £j %tuÌ4snl ©4m £jsnl¥ß?mjv Ñ%~?�\��|��Æ�éÍ�|�~?�
�M|��?�������8Ï¥�Þ���8{}�\~?|����@v"��o*pÐÌ4s¥§¨r Õ m?ðçr8¡�v�� � � ÕI` ���\�\�¤��o�§¨r8¡�o4m]

§us¥�Mo%m�l�p���¡uñjtuÌJ��ð �Mo,ÝÞsntu§¨¡�s¥ò% J§¨r�© £�7Dtu§¨r�¬�t ± ï�ðçr8¡�m?§us¥�Mo4tKm�o4©
í m�o4m?¸�r�¬ r�o�§8­Váa� k�b� %snlnmj­·��§um�lc7�­VïÞ¦�§¨��òçr8¡ ^�²�²�¯ v·� � � ÕI` ���\�x�·v
¹»ºMº4¼�Á�ÀMÄ=ØÆÅ
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