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Context:	
  Cloud	
  Compu/ng	
  

Cloud	
  Compu/ng:	
  provides	
  a	
  new	
  means	
  for	
  delivering	
  IT	
  services,	
  based	
  on	
  cost-­‐efficient,	
  
scalable	
   and	
   on-­‐demand	
   provisioning	
   guided	
   by	
   the	
   user’s	
   requirements.	
   Exploi@ng	
   the	
  
flexibility	
  offered	
  by	
  virtualiza/on,	
   IT	
  elements	
  are	
  exposed	
  as	
  a	
   set	
  of	
  services	
   (or	
  even	
  
resources)	
  that	
  can	
  be	
  reserved	
  for	
  a	
  specific	
  /meframe	
  [NIST	
  –	
  Mell	
  and	
  Grance,	
  2009]	
  

Virtualiza@on	
  techniques:	
  
Server	
  consolida@on	
  

Grid	
  compu@ng	
  
background	
  

Business	
  models:	
  
pay-­‐as-­‐you-­‐go	
  

Resources	
  reserved	
  
for	
  a	
  @me	
  slice	
  

Users	
  reques@ng	
  
services	
  

Physical	
  substrate	
  is	
  
transparent	
  to	
  users	
  

Cloud	
  Compu@ng	
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Virtualiza/on:	
  two	
  parallel	
  paths	
  

ü  Network	
  virtualiza@on:	
  
ü  Bandwidth	
  control	
  
ü  Performance	
  
ü  Sharing	
  
ü  Isola@on	
  

ü  IT	
  resource	
  virtualiza@on:	
  
ü  Server	
  consolida@on	
  
ü  Sharing	
  
ü  Virtual	
  machines	
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Clouds	
  &	
  Network	
  

Complexity	
  &	
  
Diversity	
  of	
  
Environments	
  

Cloud:	
  
Pool	
  of	
  resources	
  

Cloud:	
  Pool	
  of	
  	
  
Interconnected	
  
resources	
  

Network	
  
Impact	
  

IT	
  resource	
  
virtualiza@on	
  
meets	
  network	
  
virtualiza@on	
  

2006	
   2011	
  

Network	
  resource	
  becomes	
  a	
  first	
  class	
  en@ty	
  

[VXDLforum,	
  2011]	
  [Vicat-­‐Blanc,	
  2011]	
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Virtual	
  Infrastructure	
  concept	
  

"   Virtual	
  Infrastructures	
  (VIs)	
  extend	
  the	
  original	
  IaaS	
  to	
  provide	
  dynamic	
  virtual	
  networks	
  of	
  
compu@ng	
  (also	
  virtualized)	
  resources	
  	
  [Anhalt,	
  Koslovski,	
  Vicat-­‐Blanc,	
  ACM	
  Interna@onal	
  Journal	
  of	
  Management,	
  2010]	
  

[HIPerNet	
  model,	
  Vicat-­‐Blanc,	
  	
  
Koslovski	
  et.	
  al,	
  2008]	
  

•  Synonyms	
  of	
  VI	
  (or	
  similar	
  defini@ons):	
  
§  Slice	
  from	
  PlanetLab	
  [L.	
  Peterson:	
  ”PlanetLab:	
  Catalyzing	
  Network	
  Innova@on”,	
  2007]	
  
§  VPC	
  from	
  Amazon	
  [hip://aws.amazon.com/]	
  

§  VPXI	
  from	
  HIPerNet	
  (ANR	
  HIPCAL)	
  [Vicat-­‐Blanc	
  et	
  al.,	
  2005]	
  
§  SRV	
  from	
  Carriocas	
  [Audouin	
  et	
  al.,	
  2009]	
  
§  FNS	
  from	
  SAIL	
  project	
  [hip://www.sail-­‐project.eu/]	
  
§  VI	
  from	
  GEYSERS	
  project	
  [hip://www.geysers.eu/]	
  



Contribu/ons:	
  	
  

1)  Virtual	
  Infrastructure	
  Descrip@on	
  
Language	
  (VXDL)	
  

2)  Mechanisms	
  to	
  translate	
  the	
  applica@on’s	
  
requirements	
  into	
  VXDL	
  

3)  A	
  heuris@c	
  for	
  alloca@ng	
  resources	
  to	
  VIs	
  
4)  A	
  mechanism	
  for	
  provisioning	
  reliable	
  Vis	
  

(Reliability	
  as	
  a	
  service)	
  
5)  Virtual	
  switching	
  fabric	
  for	
  CQ	
  switches	
  
6)  Malleable	
  requests	
  bandwidth	
  sharing	
  

approach	
  
7)  Rou@ng	
  games	
  over	
  @me	
  

1	
  
2	
  

3	
   4	
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VXDL:	
  a	
  language	
  for	
  describing	
  VIs	
  

	
  
"   A	
  language	
  is	
  the	
  enabler	
  for	
  user	
  and	
  infrastructure	
  provider	
  interac/on	
  

(SLAs)	
  

"   VXDL	
  
–  Model	
  IT	
  and	
  network	
  resources	
  -­‐>	
  VI	
  
–  General	
  descrip@on,	
  resources,	
  network,	
  and	
  @meline	
  
–  Adopted	
  by	
  several	
  communi@es	
  (academic	
  and	
  business)	
  

"   VXDL	
  forum	
  
–  An	
  open	
  forum	
  for	
  discussions	
  and	
  improvements	
  of	
  VXDL	
  
–  www.vxdlforum.org	
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Alloca/on	
  of	
  VIs	
  

"   Sharing/Performances:	
  Users	
  with	
  different	
  objec-ves	
  and	
  expecta-ons	
  can	
  
rent	
  dynamic	
  VIs	
  

"   Decoupling:	
  VIs	
  can	
  be	
  allocated	
  anywhere	
  on	
  top	
  of	
  a	
  virtualized	
  substrate	
  
"   NP-­‐hard	
  problem	
  [Chowdhury	
  and	
  Boutaba,	
  2009]	
  



9	
  

Insight:	
  loca/ng	
  &	
  alloca/ng	
  

Loca@ng	
  VI	
  considering	
  users	
  and	
  InPs	
  perspec@ves:	
  [Koslovski	
  et.	
  al,	
  IEEE/IFIP	
  Interna@onal	
  
Symposium	
  on	
  Integrated	
  Network	
  Management,	
  2011],	
  [Koslovski,	
  Huu,	
  et	
  al.,	
  Int.	
  Conf.	
  on	
  Cloud	
  Compu@ng	
  2009],	
  [Koslovski,	
  Huu,	
  et	
  al.,	
  Journal	
  
of	
  Grid	
  Compu@ng	
  (JoGC),	
  2010]	
  

	
  

–  InP:	
  substrate	
  fragmenta@on	
  
–  Users:	
  alloca@on	
  quality	
  (=	
  distance	
  between	
  the	
  user	
  and	
  its	
  resources,	
  plus	
  

between	
  the	
  resources	
  themselves)	
  

Virtual Infrastructure request 

Components hierarchically distributed and interconnected 
 

must be allocated  

Virtualized substrate 
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Problem	
  formula/on	
  

"   Physical	
  substrate	
  fragmenta)on:	
  minimize	
  the	
  ra@o	
  between	
  
ac@vated	
  and	
  available	
  resources	
  

"   Alloca)on	
  quality:	
  minimize	
  the	
  average	
  distance	
  (in	
  hops)	
  among	
  
all	
  resources	
  and	
  a	
  reference	
  point	
  

"   Minimize	
  the	
  alloca)on	
  cost	
  considering	
  IT	
  and	
  network	
  resources	
  

Path	
  length	
  

IT	
  resources	
   Links	
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Alloca/on	
  

"   Heuris@c	
  for	
  VI	
  alloca@on:	
  
–  Subgraph	
  isomorphism	
  detec@on	
  [West,	
  2000]	
  [Cordella	
  et	
  al.,	
  2004]	
  [Lischka	
  and	
  Karl,	
  2009]	
  

–  Subject	
  to	
  constraints:	
  user’s	
  requirements	
  and	
  physical	
  substrate	
  
capacity	
  

=>	
  Loca@on-­‐aware	
  algorithm	
  [Koslovski	
  et.	
  al,	
  IEEE/IFIP	
  Interna@onal	
  Symposium	
  on	
  Integrated	
  Network	
  
Management,	
  2011]	
  

" Subgraph	
  isomorphism	
  detec@on	
  

b)	
  Physical	
  graph	
  a)	
  Virtual	
  graph	
   c)	
  Solu@on	
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Experimental	
  results	
  
•  Medium-­‐size	
  substrate	
  fragmenta/on	
   •  Medium-­‐size	
  substrate	
  cost	
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•  Gain	
  up	
  to	
  28%	
   •  Gain	
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•  Short	
  virtual	
  paths	
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  less	
  physical	
  

resources	
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•  Medium-­‐size	
  substrate	
  alloca/on	
  quality	
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•  Average	
  distance	
  decreases	
  -­‐>	
  alloca@on	
  quality	
  gain	
  up	
  to	
  39%	
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