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Figure 4: Per-second traffic locality by system type over a two-minute span: Hadoop (top left), Web server (top right), cache
follower (bottom left) and leader (bottom right) (Note the differing y axes)

inter-datacenter traffic is present in larger quantities. Fron-
tend cluster traffic, including Web servers and the atten-
dant cache followers, stays largely within the cluster: 68%
of Web server traffic during the capture plotted here stays
within the cluster, 80% of which is destined to cache sys-
tems; the Multifeed systems and the SLB servers get 8%
each. While miscellaneous background traffic is present, the
volume of such traffic is relatively inconsequential.

Cache systems, depending on type, see markedly different
localities, though along with Web servers the intra-rack lo-
cality is minimal. Frontend cache followers primarily send
traffic in the form of responses to Web servers (88%), and
thus see high intra-cluster traffic—mostly servicing cache
reads. Due to load balancing (see Section 5.2), this traffic
is spread quite widely; during this two-minute interval the
cache follower communicates with over 75% of the hosts in
the cluster, including over 90% of the Web servers. Cache
leaders maintain coherency across clusters and the backing
databases, engaging primarily in intra- and inter-datacenter
traffic—a necessary consequence of the cache being a "sin-
gle geographically distributed instance." [15]

The stability of these traffic patterns bears special men-
tion. While Facebook traffic is affected by the diurnal traffic
pattern noted by Benson et al. [12], the relative proportions
of the locality do not change—only the total amount of traf-
fic. Over short enough periods of time, the graph looks es-
sentially flat and unchanging. In order to further investigate
the cause and particulars of this stability, we turn our atten-
tion to the traffic matrix itself.

Locality All Hadoop FE Svc. Cache DB
Rack 12.9 13.3 2.7 12.1 0.2 0

Cluster 57.5 80.9 81.3 56.3 13.0 30.7
DC 11.9 3.3 7.3 15.7 40.7 34.5

Inter-DC 17.7 2.5 8.6 15.9 16.1 34.8
Percentage 23.7 21.5 18.0 10.2 5.2

Table 3: Different clusters have different localities; last row
shows each cluster’s contribution to total network traffic

4.3 Traffic matrix
In light of the surprising lack of rack locality and high

degree of traffic stability, we examine traffic from the more
long-term and zoomed-out perspective provided by Fbflow.

Table 3 shows the locality of traffic generated by all of
Facebook’s machines during a 24-hour period in January
2015 as reported by Fbflow. Facebook’s traffic patterns re-
main stable day-over-day—unlike the datacenter studied by
Delimitrou et al. [17]. The clear majority of traffic is intra-
cluster but not intra-rack (i.e., the 12.9% of traffic that stays
within a rack is not counted in the 57.5% of traffic labeled as
intra-cluster). Moreover, more traffic crosses between data-
centers than stays within a rack.

Table 3 further breaks down the locality of traffic gener-
ated by the top-five cluster types which, together, account for
78.6% of the traffic in Facebook’s network. Hadoop clusters
generate the most traffic (23.7% of all traffic), and are sig-
nificantly more rack-local than others, but even its traffic is
far from the 40–80% rack-local reported in the literature [12,
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Figure 4: Per-second traffic locality by system type over a two-minute span: Hadoop (top left), Web server (top right), cache
follower (bottom left) and leader (bottom right) (Note the differing y axes)

inter-datacenter traffic is present in larger quantities. Fron-
tend cluster traffic, including Web servers and the atten-
dant cache followers, stays largely within the cluster: 68%
of Web server traffic during the capture plotted here stays
within the cluster, 80% of which is destined to cache sys-
tems; the Multifeed systems and the SLB servers get 8%
each. While miscellaneous background traffic is present, the
volume of such traffic is relatively inconsequential.

Cache systems, depending on type, see markedly different
localities, though along with Web servers the intra-rack lo-
cality is minimal. Frontend cache followers primarily send
traffic in the form of responses to Web servers (88%), and
thus see high intra-cluster traffic—mostly servicing cache
reads. Due to load balancing (see Section 5.2), this traffic
is spread quite widely; during this two-minute interval the
cache follower communicates with over 75% of the hosts in
the cluster, including over 90% of the Web servers. Cache
leaders maintain coherency across clusters and the backing
databases, engaging primarily in intra- and inter-datacenter
traffic—a necessary consequence of the cache being a "sin-
gle geographically distributed instance." [15]

The stability of these traffic patterns bears special men-
tion. While Facebook traffic is affected by the diurnal traffic
pattern noted by Benson et al. [12], the relative proportions
of the locality do not change—only the total amount of traf-
fic. Over short enough periods of time, the graph looks es-
sentially flat and unchanging. In order to further investigate
the cause and particulars of this stability, we turn our atten-
tion to the traffic matrix itself.
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shows each cluster’s contribution to total network traffic

4.3 Traffic matrix
In light of the surprising lack of rack locality and high

degree of traffic stability, we examine traffic from the more
long-term and zoomed-out perspective provided by Fbflow.

Table 3 shows the locality of traffic generated by all of
Facebook’s machines during a 24-hour period in January
2015 as reported by Fbflow. Facebook’s traffic patterns re-
main stable day-over-day—unlike the datacenter studied by
Delimitrou et al. [17]. The clear majority of traffic is intra-
cluster but not intra-rack (i.e., the 12.9% of traffic that stays
within a rack is not counted in the 57.5% of traffic labeled as
intra-cluster). Moreover, more traffic crosses between data-
centers than stays within a rack.

Table 3 further breaks down the locality of traffic gener-
ated by the top-five cluster types which, together, account for
78.6% of the traffic in Facebook’s network. Hadoop clusters
generate the most traffic (23.7% of all traffic), and are sig-
nificantly more rack-local than others, but even its traffic is
far from the 40–80% rack-local reported in the literature [12,

128

•  Service	
  provisioning	
  

Network	
  opera+on	
  is	
  hard	
  

5	
  Roy	
  et	
  al.,	
  Inside	
  the	
  Social	
  Network’s	
  (Datacenter)	
  Network,	
  SIGCOMM	
  2015	
  

Hadoop	
   Web	
  server	
  

Cache	
  follower	
   Cache	
  leader	
  



20 40 60 80 100
Time (seconds)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

M
bp

s

Inter-Datacenter
Intra-Datacenter
Intra-Cluster
Intra-Rack

20 40 60 80 100
Time (seconds)

0

500

1000

1500

2000

2500

M
bp

s

Inter-Datacenter
Intra-Datacenter
Intra-Cluster
Intra-Rack

20 40 60 80 100
Time (seconds)

0

200

400

600

800

1000

M
bp

s

Inter-Datacenter
Intra-Datacenter
Intra-Cluster
Intra-Rack

20 40 60 80 100
Time (seconds)

0

100

200

300

400

500

600

M
bp

s

Inter-Datacenter
Intra-Datacenter
Intra-Cluster
Intra-Rack

Figure 4: Per-second traffic locality by system type over a two-minute span: Hadoop (top left), Web server (top right), cache
follower (bottom left) and leader (bottom right) (Note the differing y axes)

inter-datacenter traffic is present in larger quantities. Fron-
tend cluster traffic, including Web servers and the atten-
dant cache followers, stays largely within the cluster: 68%
of Web server traffic during the capture plotted here stays
within the cluster, 80% of which is destined to cache sys-
tems; the Multifeed systems and the SLB servers get 8%
each. While miscellaneous background traffic is present, the
volume of such traffic is relatively inconsequential.

Cache systems, depending on type, see markedly different
localities, though along with Web servers the intra-rack lo-
cality is minimal. Frontend cache followers primarily send
traffic in the form of responses to Web servers (88%), and
thus see high intra-cluster traffic—mostly servicing cache
reads. Due to load balancing (see Section 5.2), this traffic
is spread quite widely; during this two-minute interval the
cache follower communicates with over 75% of the hosts in
the cluster, including over 90% of the Web servers. Cache
leaders maintain coherency across clusters and the backing
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traffic—a necessary consequence of the cache being a "sin-
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fic. Over short enough periods of time, the graph looks es-
sentially flat and unchanging. In order to further investigate
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ated by the top-five cluster types which, together, account for
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Figure 4: Per-second traffic locality by system type over a two-minute span: Hadoop (top left), Web server (top right), cache
follower (bottom left) and leader (bottom right) (Note the differing y axes)

inter-datacenter traffic is present in larger quantities. Fron-
tend cluster traffic, including Web servers and the atten-
dant cache followers, stays largely within the cluster: 68%
of Web server traffic during the capture plotted here stays
within the cluster, 80% of which is destined to cache sys-
tems; the Multifeed systems and the SLB servers get 8%
each. While miscellaneous background traffic is present, the
volume of such traffic is relatively inconsequential.

Cache systems, depending on type, see markedly different
localities, though along with Web servers the intra-rack lo-
cality is minimal. Frontend cache followers primarily send
traffic in the form of responses to Web servers (88%), and
thus see high intra-cluster traffic—mostly servicing cache
reads. Due to load balancing (see Section 5.2), this traffic
is spread quite widely; during this two-minute interval the
cache follower communicates with over 75% of the hosts in
the cluster, including over 90% of the Web servers. Cache
leaders maintain coherency across clusters and the backing
databases, engaging primarily in intra- and inter-datacenter
traffic—a necessary consequence of the cache being a "sin-
gle geographically distributed instance." [15]

The stability of these traffic patterns bears special men-
tion. While Facebook traffic is affected by the diurnal traffic
pattern noted by Benson et al. [12], the relative proportions
of the locality do not change—only the total amount of traf-
fic. Over short enough periods of time, the graph looks es-
sentially flat and unchanging. In order to further investigate
the cause and particulars of this stability, we turn our atten-
tion to the traffic matrix itself.
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4.3 Traffic matrix
In light of the surprising lack of rack locality and high

degree of traffic stability, we examine traffic from the more
long-term and zoomed-out perspective provided by Fbflow.

Table 3 shows the locality of traffic generated by all of
Facebook’s machines during a 24-hour period in January
2015 as reported by Fbflow. Facebook’s traffic patterns re-
main stable day-over-day—unlike the datacenter studied by
Delimitrou et al. [17]. The clear majority of traffic is intra-
cluster but not intra-rack (i.e., the 12.9% of traffic that stays
within a rack is not counted in the 57.5% of traffic labeled as
intra-cluster). Moreover, more traffic crosses between data-
centers than stays within a rack.

Table 3 further breaks down the locality of traffic gener-
ated by the top-five cluster types which, together, account for
78.6% of the traffic in Facebook’s network. Hadoop clusters
generate the most traffic (23.7% of all traffic), and are sig-
nificantly more rack-local than others, but even its traffic is
far from the 40–80% rack-local reported in the literature [12,
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inter-datacenter traffic is present in larger quantities. Fron-
tend cluster traffic, including Web servers and the atten-
dant cache followers, stays largely within the cluster: 68%
of Web server traffic during the capture plotted here stays
within the cluster, 80% of which is destined to cache sys-
tems; the Multifeed systems and the SLB servers get 8%
each. While miscellaneous background traffic is present, the
volume of such traffic is relatively inconsequential.

Cache systems, depending on type, see markedly different
localities, though along with Web servers the intra-rack lo-
cality is minimal. Frontend cache followers primarily send
traffic in the form of responses to Web servers (88%), and
thus see high intra-cluster traffic—mostly servicing cache
reads. Due to load balancing (see Section 5.2), this traffic
is spread quite widely; during this two-minute interval the
cache follower communicates with over 75% of the hosts in
the cluster, including over 90% of the Web servers. Cache
leaders maintain coherency across clusters and the backing
databases, engaging primarily in intra- and inter-datacenter
traffic—a necessary consequence of the cache being a "sin-
gle geographically distributed instance." [15]

The stability of these traffic patterns bears special men-
tion. While Facebook traffic is affected by the diurnal traffic
pattern noted by Benson et al. [12], the relative proportions
of the locality do not change—only the total amount of traf-
fic. Over short enough periods of time, the graph looks es-
sentially flat and unchanging. In order to further investigate
the cause and particulars of this stability, we turn our atten-
tion to the traffic matrix itself.
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Table 3: Different clusters have different localities; last row
shows each cluster’s contribution to total network traffic

4.3 Traffic matrix
In light of the surprising lack of rack locality and high

degree of traffic stability, we examine traffic from the more
long-term and zoomed-out perspective provided by Fbflow.

Table 3 shows the locality of traffic generated by all of
Facebook’s machines during a 24-hour period in January
2015 as reported by Fbflow. Facebook’s traffic patterns re-
main stable day-over-day—unlike the datacenter studied by
Delimitrou et al. [17]. The clear majority of traffic is intra-
cluster but not intra-rack (i.e., the 12.9% of traffic that stays
within a rack is not counted in the 57.5% of traffic labeled as
intra-cluster). Moreover, more traffic crosses between data-
centers than stays within a rack.

Table 3 further breaks down the locality of traffic gener-
ated by the top-five cluster types which, together, account for
78.6% of the traffic in Facebook’s network. Hadoop clusters
generate the most traffic (23.7% of all traffic), and are sig-
nificantly more rack-local than others, but even its traffic is
far from the 40–80% rack-local reported in the literature [12,
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Large-scale study of an operational WAN

• 50 optical cross connects
• 100 fiber segments
• 1000 Amplifiers

Optical cross connectFiberAmplifier
Wide	
  Area	
  Network	
  (WAN)	
  

43	
  

Level	
  3’s	
  North	
  America	
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   Fiber	
   Op+cal	
  Cross	
  Connect	
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•  Wavelength	
  shi_ing	
  is	
  slow:	
  ~10min	
  
•  Model	
  power	
  profile	
  with	
  Virtual	
  Amplifier	
  

Large-scale study of an operational WAN
Router

Channels (wavelengths)

Transponder

100 Gbps PM-QPSK modulation
2,000 channels, 200 Tbps capacity
Typically: 1-to-1 correspondence between optical channel and IP link

Transponder



Testbed	
  Demo	
  

(b)

360 km

140 km

200 km

200 km

180 km

Amplifier site (2 EDFAs)
WSS (uni- & bi-directional)

Transponders
ROADM site

Transponders
2160 km single mode 

long-haul fibers

(c)

Production ROADM & amplifier chassis

(a)

Boston

New York

Albany 

Hartford 

•  Wavelength	
  shi_ing	
  in	
  8	
  seconds	
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•  Physical-­‐layer	
  programmability	
  for	
  network	
  opera+on	
  
•  Four	
  example	
  architectures	
  

ShareBackup	
   Flat-­‐tree	
  
	
  

OmniSwitch	
   Lighthouse	
  

Design	
  
purpose	
  

Failure	
  
recovery	
  

Service	
  provisioning	
   Wiring	
  &	
  
maintenance	
  

Programmability	
  
in	
  WAN	
  

Intui+on	
   Shareable	
  
backup	
  

Topology	
  conversion	
   Universal	
  
building	
  block	
  

Wavelength	
  
shi_ing	
  

Key	
  ideas	
   Failure	
  group	
   1.	
  Server	
  mobility	
  
2.	
  Link	
  diversifica+on	
  

Wiring	
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Model	
  power	
  
profile	
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