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Trend  1  –  Fault  tolerance  to  catastrophic  failures	




Trend 2 – PoP replication for improved user QoS!





Additional  applications	


n  Scientific  computing	

	


	


n  Distributed  production/delivery  of  
movies	


	


	




n  A  system  for  carrying  bulk  data  for  large  customers	

—  Volume  ~  Tbytes  /  Pbytes	

—  Delivery  time  ~  hours  /  days  	


n  Main  idea	

—  Peak  load  dimensioning  &  backup  paths  è  lots  of  leftover  bandwidth	


	


n  Create  a  volume  service  for  interconnecting  datacenters	

  
                                                                X  TBs  from  A  to  B  within  the  next  Y  hours  
  
  
	


	


	


NetStitcher  in  a  nutshell	


time 

delivery deadlines at minimum transit cost. Is Sect. 6
we compare SnF against a courier service. In Sect. 7
we discuss potential reactions on the part of ISPs. In
Sect. 8 we present related work and conclude in Sect. 9.

2. BACKGROUND

2.1 Network model
Consider a sender of DTB traffic v connected to an

access ISP, ISP(v), and a receiver u connected to an
access ISP, ISP(u). The two access ISPs communicate
through a common transit provider TR who offers them
transit service (Fig. 1). The charged links ISP(v) ↔TR
and ISP(u) ↔TR are subjected to 95-percentile pricing
as defined below.

Definition 1. (95-percentile pricing) Let x denote
a time series containing 5-minute transfer volumes be-
tween a customer and a transit provider in the duration
of a charging period, typically a month. The customer
pays the transit provider an amount given by a charg-
ing function c(·) that takes as input the charged volume
q(x) defined to be the 95-percentile value of x.

To avoid unnecessary complications we will assume
that each direction is charged independently. There-
fore, a DTB flow from v to u may increase the per-
centile of the uplink ISP(v)→TR and/or the downlink
TR→ISP(u), and thus create additional transit costs
for the two access ISPs. For each charged link l we
know its capacity Cl and its background load xl gener-
ated by other clients of the access ISP. We assume that
there aren’t any bottlenecks inside TR. We also assume
that there exists a transit storage node w inside TR
that may be used for performing store-and-forward of
DTB traffic. Since TR is bottleneck free, we don’t need
to consider placement issues of w, or multiple transit
storage nodes.

We focus on the above network model because it is
commonly encountered in practice and also because we
have exact data to evaluate it, including traffic volumes,
routing rules, and bandwidth prices. It is straightfor-
ward to generalize our methods to more than 2 charged
links, but this is not very common in practice and we
don’t have data to evaluate it. Also, we could examine
multi-homed ISPs, but this doesn’t add much flexibility
because the correlation between load and time-of-day
would also exist in this case.

2.2 Mixing DTB & background traffic
Next we look at the problem of computing F (C, x, t0, T ),

the volume of DTB traffic that can be pushed through
a single charged link of capacity C carrying background
volume x in the interval [t0, t0 + T ) without increasing
its charged volume q(x). That much DTB traffic can
be sent for free, i.e., at no additional transit cost.
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Figure 1: Sender v at ISP(v) and receiver u at
ISP(u). 95-percentile pricing on links ISP(v) ↔TR
and ISP(u) ↔TR. A transit storage node w inside
the bottleneck-free transit provider TR to be used
for store-and-forward of DTB flows from v to u.
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Figure 2: Water-filling on 40 Gbps link. For illus-
tration purposes ε, ∆ are set to 0.

q(x) − x(t) − ε

C − x(t) − ∆

In Fig. 2 we plot using a solid line the uplink traffic of
one real access ISP during all 288 5-minute intervals of
a day. We also mark with a dashed horizontal line the
corresponding charged volume q(x) based on the back-
ground traffic x of the entire month. The gray shaded
area on the same picture indicates the extra amount of
DTB traffic that can be mixed with the background by
a simple “water-filling” strategy that does not increase
the charged volume q(x). The water-filing strategy is
quite simple. At slot t, t0 ≤ t ≤ t0 + 287, it sends
f(C, x, t) additional DTB data, where:

f(C, x, t) =






q(x) − x(t) − ε, if x(t) < q(x)

C − x(t) − ∆, o.w.
(1)

Thus overall
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n  Wide  area  bandwidth  is  not  cheap  enough  to  
cover  traffic  growth	


—  This  applies  independently  of  pricing  scheme	

—  95-­‐‑percentile  based,  flat,  or  owned  lines	


n  Difficult  to  collect  leftover  bandwidth  using  
End-­‐‑to-­‐‑End  solutions  
  
 
 

 

 

Let’s  play  devil’s  advocate  for  a  while	


Why  do  we  need	

NetStitcher  ?	




sender	
 receiver	


Leftover  b/w  appears  whenever  and  wherever	




sender	
 receiver	


Leftover  b/w  appears  whenever  and  wherever	


You  may  have  guessed  already:  
store  &  forward  is  the  
solution	




Stitching  together  leftover  bandwidth  is  tricky  	


Time zone A Time zone B 



A  storage  overlay  that  is  aware  of  leftover  bandwidth
	
	


leftover network bandwidth 
leftover edge bandwidth 



NetStitcher’s  bag  of  tricks	


n  No  in-­‐‑network  constraints  and    time-­‐‑aligned  sender    and  
receiver  bandwidth  availability	

— NetStitcher  can  perform  end-­‐‑to-­‐‑end  transfer 

 

 

 



NetStitcher’s  bag  of  tricks	


n  In-­‐‑network  constraints  and    time-­‐‑aligned  sender  and  
receiver  bandwidth  availability	

— NetStitcher  can  perform  multi-­‐‑path  overlay  routing 

 

 

 



NetStitcher’s  bag  of  tricks	


n  In-­‐‑network  constraints  and    misaligned  sender  ,  receiver  
and  intermediate  node  bandwidth  availability	

— NetStitcher  can  perform  multi-­‐‑path    and  multi-­‐‑hop	

        store  and  forward   
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NetStitcher’s  bag  of  tricks	


n  In-­‐‑network  constraints  and    misaligned  sender  ,  receiver  
and  intermediate  node  bandwidth  availability	

— NetStitcher  can  perform  multi-­‐‑path    and  multi-­‐‑hop	

        store  and  forward   

 



How  do  we  	

schedule  around  all  	

these  constraints?	




Time  expansion  of  a  dynamic  graph	
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Time  expansion  of  a  dynamic  graph	
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But  we  need  to  predict  the  future  (of  bandwidth)	


International backbone traffic 



Prediction  is  easy  when  data  are  bulk	


1.   Periodic patterns 

2.   We care about VOLUMES not RATES 
 
 

—  VOLUME =        RATE(t) d(t) 

 

 

∫
+Tt

t

0

0

In our NetStitcher implementation 
we use: 

q  A simple Sparse Periodic Auto-regression 
Predictor (Chen et al., NSDI’08) 
 

q  Recomputation of transmission schedule 
 

q  End-game “pull mode” to handle occasional 
churn/prediction failure  



Case  study  1:  Equinix  datacenters	


2
2 

n  62  datacenter  at  22  locations  all  over  North  America	




How  much  data  can  we  backup?	

n  3  hours  used  for    backup  (3-­‐‑6  am  local  time  at  the  datacenter)	

n  1  Gbps  network  access  capacity	

	

	


NetStitcher  can  move  ×5  more  bytes	

	




Case  study  2:    Telefonica  CDN	

n  49  servers  in  Europe,  Latin  America  and  USA.  GMT-­‐‑1  to  GMT-­‐‑8	

n  Need  to  send  a  4.2  TB  file  over  24h.  	

n  Beyond  leftover  è  95th-­‐‑percentile  pricing  with  $7/Mbps/month	

n  Storage  cost:  $0.055  GB/month	
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§  TIWs 

 
§  Total 

Phase I 
2010 

 
4 

10 
4 
8 
0 
 

45 
 

71 

 
16 
16 
15 
15 
20 

 
91 

 
173 

Phase 
II 2011 
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TIWS Entry Point Phase I 

Phase I 

OTF End Point Phase I 

OTF Entry Point Phase I 

cds Service Center Phase I 

Phase II 

TIWS End Point Phase II 
cds Service Center Phase II 

NetStitcher  80-­‐‑90%  cheaper  between  Europe  &  US  	

	




Conclusion:  A  practical  application  of  DTNs	


n  The  utilization  of  a  network  can  be  improved  but  for  this  we  
need:	

1.  Delay  elastic  traffic  to  go  into  off-­‐‑peak  hours	

2.  In-­‐‑network  storage	

3.  High-­‐‑level  knowledge  of  traffic  behaviour  around  the  day    	


	




More  info  at:  hbp://people.tid.es/Nikolaos.Laoutaris	



