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Why	
  op-cal	
  grids/clouds?	
  (1)	
  
§  eScience:	
  

•  By	
  2015	
  it	
  is	
  esImated	
  that	
  par-cle	
  physicists	
  will	
  require	
  
exabytes	
  (1018)	
  of	
  storage	
  and	
  petaflops	
  (1015)	
  per	
  second	
  
of	
  computaIon	
  

•  CERN’s	
  LHC	
  CompuIng	
  Grid	
  (LGC),	
  when	
  fully	
  operaIonal	
  
will	
  generate	
  15	
  petabytes	
  annually	
  (that’s	
  ~2Gbit/s)	
  

LHC = Large Hadron Collidor: 
particle accellerator 

50 CDROMs 

= 35 GB 6 
cm

 
(~

2.
4 

in
) 

Concorde 
(15 km or 
~9.3 mi) 

Balloon 
(30 km or 
18.6 mi) 

CD stack with 
1 year LHC data 
(~ 20 km or 
 12.5 mi) 

Mt. Blanc 
(4.8 km, 
or 3 mi) 
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Why	
  op-cal	
  grids/clouds?	
  (2)	
  

§ Consumer	
  service:	
  
•  Eg.	
  video	
  edi-ng:	
  2Mpx/frame	
  for	
  HDTV,	
  suppose	
  effect	
  requires	
  10	
  flops/
px/frame,	
  then	
  evaluaIng	
  10	
  opIons	
  for	
  10s	
  clip	
  is	
  50	
  Gflops	
  (today’s	
  high	
  
performance	
  PC:	
  <5	
  Gflops/s)	
  

Online gaming: 
e.g. Final Fantasy XI: 
1.500.000 gamers  

Virtual reality: rendering 
of 3*108 polygons/s → 
104 GFlops 

Multimedia editing 
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Op-cal	
  grids/clouds	
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Exploit	
  benefits	
  of	
  opIcal	
  
networking	
  
•  High	
  bandwidth	
  
•  Low	
  latency	
  
•  On	
  demand	
  provisioning	
  
(ASON,	
  GMPLS…)	
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Anycast	
  

§ Users	
  do	
  (in	
  general)	
  NOT	
  care	
  on	
  what	
  locaIon	
  their	
  applicaIons	
  
are	
  being	
  served	
  
•  E.g.,	
  virtual	
  machines	
  in	
  IaaS	
  can	
  be	
  instanIated	
  anywhere	
  
•  E.g.,	
  bag-­‐of-­‐tasks	
  grid	
  jobs	
  can	
  be	
  run	
  at	
  any	
  server	
  	
  

Users
Grid 

Resources?	
  
app	
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Grid/cloud 
resources 



Exploi-ng	
  reloca-on	
  

§ Dimension	
  opIcal	
  grid/cloud	
  so	
  that	
  it	
  is	
  resilient	
  against	
  failures	
  
§  Exploit	
  anycast	
  principle:	
  allow	
  rerouIng	
  jobs	
  to	
  other	
  desInaIons	
  

primary	
  

secondary	
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Shared	
  protec4on	
  

Problem	
  statement	
  

Given	
  
•  Topology	
  (sources,	
  candidate	
  
data	
  center	
  locaIons,	
  OXCs)	
  

•  Demand	
  (for	
  given	
  sources)	
  
•  Survivability	
  requirements	
  (e.g.	
  
link	
  and/or	
  node	
  failures)	
  

Find	
  
•  K	
  locaIons	
  (chosen	
  from	
  
candidate	
  data	
  center	
  locaIons)	
  

•  DesInaIon	
  sites	
  and	
  routes	
  
•  Network	
  and	
  server	
  capacity	
  

Such	
  that	
  
•  Network	
  and	
  server	
  resources	
  
are	
  minimized	
  

BW	
  +	
  server	
  
requests	
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Solu-on	
  approach	
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Step	
  1:	
  Find	
  the	
  K	
  best	
  data	
  center	
  loca-ons	
  

Step	
  2:	
  Find	
  the	
  primary/secondary	
  
des-na-ons	
  +	
  paths	
  towards	
  them	
  

Failure-­‐Independent	
  (FID)
rerouIng	
  

=>	
  Column	
  generaIon	
  

Failure-­‐Dependent	
  (FD)
rerouIng	
  

=>	
  Single	
  ILP	
  

b	
  
a	
  

a,	
  b	
  

b	
  
a	
  

a	
  

b	
  



§  Constants:	
  
•  hvv'	
  =	
  cost	
  for	
  sending	
  1	
  unit	
  request	
  
from	
  source	
  v	
  to	
  server	
  site	
  v’	
  

•  Δv	
  =	
  number	
  of	
  unit	
  requests	
  from	
  
source	
  v	
  

Step	
  1:	
  Finding	
  the	
  K	
  “best”	
  loca-ons	
  

§  Binary	
  variables:	
  
•  tv	
  =	
  1	
  iff	
  site	
  v	
  is	
  server	
  locaIon	
  
•  fvv’	
  =	
  1	
  iff	
  request	
  from	
  source	
  v	
  is	
  
directed	
  to	
  v’	
  

λ1 
λ2 

λ3 λ4 
? 

? 

? 

? 

? 

? 

min !v "hvv ' " fvv '
v '
#

v
#

tv
v
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Step	
  2:	
  Find	
  des-na-ons	
  and	
  routes	
  towards	
  them	
  

§ Network	
  model:	
  

§ wl	
  =	
  “capacity”	
  of	
  link	
  l 
§ Capacity	
  =	
  wavelengths	
  for	
  NET	
  links,	
  server	
  for	
  DST	
  links! 
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OXCs  form

WDM  network

Grid/cloud  users

(traffic  source)

Data  center

(traffic  destination)

Data	
  center	
  capacity	
  
(servers)	
  

Network	
  capacity	
  
(wavelengths)	
  



Step	
  2:	
  Find	
  des-na-ons	
  and	
  routes	
  towards	
  them	
  

§  Failure:	
  modeled	
  as	
  SRLG	
  =	
  set	
  of	
  links	
  that	
  simultaneously	
  fail	
  
§  Single	
  link	
  failure:	
  	
  

§  Single	
  server	
  failure:	
  1:N	
  protecIon	
  [=	
  add	
  1	
  for	
  case	
  single	
  one	
  out	
  of	
  N	
  fails]	
  
•  No	
  relocaIon:	
  

§  Let	
  x	
  =	
  number	
  of	
  servers	
  under	
  
working	
  condiIons	
  

§  Then	
  we	
  need	
  	
  

•  RelocaIon:	
  	
  consider	
  (1+N)	
  parallel	
  links,	
  at	
  most	
  1	
  fails	
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1+1 N( ) ! x"# $%

l 

l' 
s = {l, l’} 

s1 = {l1} 
s2 = {l2} 

l1 

l2 

l wl ! !l " x
!l =1+1 N



Step	
  2:	
  Find	
  des-na-ons	
  and	
  routes	
  towards	
  them	
  

§  Failure	
  dependent	
  (FD)	
  rerou-ng	
  =>	
  Single	
  ILP	
  
§ Variables:	
  

•  pvls	
  :	
  number	
  of	
  unit	
  demands	
  with	
  source	
  v	
  that	
  cross	
  link	
  l	
  under	
  failure	
  s 
• wl	
  :	
  capacity	
  on	
  link	
  l 

§ ObjecIve:	
  

§ Constraints:	
  
•  pvls	
  :	
  flow	
  constraints	
  +	
  don’t	
  use	
  failing	
  links	
  when	
  protecIng	
  against	
  s 
• wl	
  :	
  count	
  capacity	
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Network	
  capacity	
  
(wavelengths)	
  

Data	
  center	
  capacity	
  
(servers)	
  

1	
  for	
  network	
  link	
  
1+1/N	
  for	
  server	
  link,	
  in	
  case	
  of	
  no	
  reloca-on	
  (NR)	
  



Step	
  2:	
  Find	
  des-na-ons	
  and	
  routes	
  towards	
  them	
  

§  Failure-­‐independent	
  (FID)	
  rerou-ng	
  =>	
  Column	
  generaIon:	
  
•  Assume:	
  given	
  “configuraIons”	
  =	
  combinaIon	
  of	
  working	
  and	
  backup	
  paths	
  
•  Restricted	
  Master	
  Problem	
  (RMP)	
  finds	
  best	
  combinaIon	
  of	
  configuraIons	
  
•  Pricing	
  Problem	
  (PP)	
  finds	
  new	
  configuraIon	
  that	
  can	
  reduce	
  cost	
  

Solve	
  Restricted	
  Master	
  Problem	
  (LP)	
  
Find	
  the	
  best	
  combinaIon	
  of	
  configuraIons	
  

Solve	
  Pricing	
  Problem	
  (ILP)	
  
Found	
  new	
  configuraIon	
  which	
  improves	
  the	
  current	
  soluIon?	
  

Yes	
   No	
  
Solve	
  RMP	
  as	
  

ILP	
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Case	
  study	
  set-­‐up	
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§  Topology	
  
•  European	
  network	
  
•  28	
  nodes	
  and	
  41	
  bidir	
  links	
  

§ Demand	
  
•  Randomly	
  generated	
  requests	
  (10-­‐350)	
  
•  10	
  instances	
  for	
  each	
  number	
  of	
  requests	
  

§  Four	
  scenario’s:	
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§  Single	
  Link	
  failures	
  (1L):	
  
•  ReducIon	
  of	
  backup	
  wavelengths	
  
•  Slight	
  increase	
  in	
  server	
  capacity	
  

§  Single	
  link/server	
  failure	
  (1LS)	
  
•  ReducIon	
  of	
  backup	
  wavelengths	
  
•  Fewer	
  servers	
  than	
  1:N	
  server	
  
protecIon	
  

C.	
  Develder,	
  et	
  al.,	
  "Designing	
  resilient	
  op4cal	
  grids/clouds",	
  PS	
  2012	
  

0 

100 

200 

300 

400 

500 

600 

700 

800 

0 100 200 300 

To
ta

l n
um

be
r 

of
 s

er
ve

rs
 

Number of unit demands 

NR, 1L 

NR, 1LSN 

RO, 1L 

RO, 1LS 

EU-basic, FD, K=3 
Wavelengths Servers 



-20% 

-10% 

+0% 

+10% 

+20% 

+30% 

+40% 

+50% 

0 100 200 300 

To
ta

l c
os

t 

Number of unit demands 

NR, 1L 

NR, 1LSN 

RO, 1L 

RO, 1LS 

EU-basic, FD, K=3 

Total cost 
relative to 
the NR, 1L 

case 

The	
  impact	
  of	
  reloca-on	
  

§  Single	
  Link	
  failures	
  (1L):	
  
•  ReducIon	
  of	
  backup	
  wavelengths	
  
•  Slight	
  increase	
  in	
  server	
  capacity	
  

§  Single	
  link/server	
  failure	
  (1LS)	
  
•  ReducIon	
  of	
  backup	
  wavelengths	
  
•  Fewer	
  servers	
  than	
  1:N	
  server	
  
protecIon	
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Protec4on	
  against	
  
1LS	
  failures	
  at	
  
almost	
  same	
  cost	
  as	
  
1L	
  without	
  reloca4on	
  

Mainly	
  reduc4on	
  of	
  
servers	
  (1+1/K	
  vs	
  
1+1/N)	
  



Failure	
  dependent	
  rerou-ng?	
  (FD	
  vs	
  FID)	
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Failure-­‐Independent	
  (FID)
rerouIng	
  

Failure-­‐Dependent	
  (FD)
rerouIng	
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a,	
  b	
  

b	
  
a	
  

a	
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Failure	
  dependent	
  rerou-ng?	
  (FD	
  vs	
  FID)	
  

§  FD	
  is	
  best,	
  obviously	
  
§  Yet,	
  difference	
  is	
  limited	
  (few	
  %)	
  
–	
  at	
  least	
  for	
  small	
  K	
  (=	
  number	
  of	
  server	
  sites)	
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Failure	
  dependent	
  rerou-ng?	
  (FD	
  vs	
  FID)	
  

§  FD	
  is	
  best,	
  obviously	
  
§  Yet,	
  difference	
  is	
  limited	
  (few	
  %)	
  
–	
  at	
  least	
  for	
  small	
  K	
  (=	
  number	
  of	
  server	
  sites)	
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Influence	
  of	
  K?	
  

§ K	
  ì	
  
• Wavelength	
  reducIon	
  more	
  pronounced	
  
•  Lower	
  extra	
  cost	
  to	
  provide	
  single	
  server	
  failure	
  protecIon	
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Conclusions	
  

§ Dimensioning	
  algorithm	
  for	
  resilient	
  opIcal	
  grids	
  
•  Exploit	
  relocaIon	
  for	
  resiliency	
  
•  Small	
  ILP	
  for	
  finding	
  K	
  best	
  locaIons	
  
•  ILP	
  (Column	
  generaIon)	
  for	
  server	
  &	
  network	
  dimensions	
  
•  Generic	
  model	
  based	
  on	
  SRLG	
  concept	
  

§ Case	
  study	
  on	
  EU	
  network	
  topology	
  [10-­‐350	
  unit	
  demands]	
  
•  RelocaIon	
  offers	
  cost	
  adantage	
  of	
  up	
  to	
  10%	
  to	
  protect	
  against	
  single	
  
network	
  link	
  failures	
  

•  Total	
  cost	
  to	
  protect	
  against	
  1LS	
  with	
  relocaIon	
  
~	
  Cost	
  to	
  protect	
  against	
  1L	
  only,	
  without	
  relocaIon	
  

•  RelocaIon	
  advantage	
  more	
  substanIal	
  for	
  larger	
  number	
  of	
  server	
  sites	
  
•  Failure-­‐dependent	
  rerouIng	
  advantage	
  if	
  we	
  use	
  relocaIon	
  (couple	
  of	
  %)	
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Future/ongoing	
  work	
  

§  Impact	
  of	
  topology	
  
§ Refinement	
  of	
  K-­‐locaIon	
  choosing	
  ILP	
  
§  IncorporaIng	
  choice	
  of	
  K	
  sites	
  into	
  CG-­‐ILP	
  approach	
  
§ …	
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?	
  

Thank	
  you	
  …	
  any	
  ques-ons?	
  

Prof.	
  Chris	
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Ghent	
  University	
  –	
  IBBT	
  	
  

C.	
  Develder,	
  et	
  al.,	
  "Designing	
  resilient	
  op4cal	
  grids/clouds",	
  PS	
  2012	
  



Acknowledgments	
  

IWT:	
  Agency	
  for	
  Innova-on	
  by	
  Science	
  and	
  Technology	
  
PhD	
  scholarship	
  (J.	
  Buysse)	
  
www.iwt.be	
  	
  	
  

GEYSERS:	
  Generalised	
  Architecture	
  for	
  Dynamic	
  
Infrastructure	
  Services	
  
www.geysers.eu	
  	
  	
  

Research	
  Founda-on	
  –	
  Flanders	
  (FWO)	
  
Post-­‐doctoral	
  fellowships	
  (M.	
  De	
  Leenheer,	
  C.	
  Develder)	
  
www.fwo.be	
  	
  

C.	
  Develder,	
  et	
  al.,	
  "Designing	
  resilient	
  op4cal	
  grids/clouds",	
  PS	
  2012	
  

Ghent	
  University	
  
Stevin	
  Supercomputer	
  Infrastructure	
  
www.ugent.be	
  	
  




