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Coflow: considered done only when all flows finish 
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With tasks placed in different datacenter, what about 
their generated inter-datacenter coflows?



Challenges
Dumb bell network model: inter-datacenter links are the only bottleneck

Datacenter A Datacenter B

Inter-datacenter link



Challenges
Constantly changing available bandwidth

Measured Bandwidth (Mbps) in a 100s interval
55 68.75 82.5 96.25 110

CA-EU US-EU



Can existing heuristics work?

Link 1

Estimated Flow Completion Time
0 1 2 3 4 5 6 7 8

Link 2



Coflow scheduling should consider 
the distribution of available bandwidth.
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Complexity? 100 * O(n!)
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How to enforce the scheduling decisions?



Siphon: System Overview
Form a software-defined overlay network 

Aggregators: measure bandwidth, schedule coflows based on priority assignment 

Controller: compute priority based on Monte Carlo simulation

Datacenter 1

 Siphon Inter-Datacenter Software-Defined Overlay

…Worker Process

Aggregator
Daemon

Worker Process

Aggregator
Daemon

Worker Process

Aggregator
Daemon

Datacenter 2

Worker Process
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Worker Process
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Daemon

Worker Process

Aggregator
Daemon

…

Controller



Performance: Coflow Scheduling
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With Siphon, we can do more…



Intra-Coflow Scheduling
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Coflow Multipath Routing
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Figure 13: The summary of inter-datacenter traffic in the shuffle
phase of the sort application.

Figure 14: Bandwidth distri-
bution among datacenters.

Figure 15: Average and 90th percentile CCT
comparison.

ers. We assume workers are evenly distributed in the
3 datacenters, and generate aggregated flows on inter-
datacenter links. To avoid overflow, the flow sizes are
scaled down, with the average load on inter-datacenter
links reduced by 30%.

Methodology. A coflow generator, together with a
Siphon aggregator, is deployed in each datacenter. All
generated traffic goes through Siphon, which can en-
force proper inter-coflow scheduling decisions on inter-
datacenter links. As a baseline, we experiment with the
Minimum Remaining Time First (MRTF) policy, which
is the state-of-the-art heuristic with full coflow knowl-
edge [27]. The metrics CCTs are then normalized to the
performance of the baseline algorithm.

Performance. Fig. 15 shows that Monte Carlo
simulation-based inter-coflow scheduling outperforms
MRTF in terms of both average and tail CCTs. Consid-
ering all coflows, the average CCT is reduced by ⇠10%.
Since the coflow size in the workload follows a long-
tail distribution, we further categorize coflows in 4 bins,
based on the total coflow size. Apparently, the perfor-
mance gain mostly stems from expediting the largest
bin – elephant coflows that can easily overlap with each
other. Beyond MRTF, Monte Carlo simulations can care-
fully study all possible near-term coflow ordering with
respect to the unpredictable flow completion times, and
enforce a decision that is statistically optimal.

6 Related Work

Wide-Area Data Analytics. For data analytics span-
ning across datacenters, wide area network links eas-
ily become the performance bottleneck. To reduce the
usage of inter-datacenter bandwidth, existing works ei-
ther tweak applications to generate different workloads
[12, 16, 23, 24], or assign input datasets and tasks to
datacenters optimally [19, 22]. However, all these ef-
forts focus on adding wide-area network awareness to
the computation framework, without tackling the lower-
level inter-datacenter data transfers directly. Orthogonal
and complementary to these efforts, Siphon is designed
for the inter-datacenter network optimization — it deliv-
ers the inter-datacenter traffic with better efficiency, re-
gardless of the upper-layer decisions on task placement
or execution plan.

Software-Defined Networking (SDN). The concept
of SDN has been proposed to facilitate the innovation
in network control plane [2, 18].In the inter-datacenter
wide-area network, SDN has been recently adopted to
provide centralized control with elegantly designed traf-
fic engineering strategies [11, 14, 15]. Different from
these efforts, our work realizes the SDN principle in the
application layer, without requiring hardware support.
Moreover, our work focuses on improving performance
for data analytics jobs with more complex communica-
tion patterns, controlling flows at a finer granularity.

Network Optimization for Data Analytics. Ac-
counting for the job-level semantics, coflow scheduling
algorithms (e.g., [6, 8, 9]) are proposed to minimize the
average coflow completion time within a datacenter net-
work, which is assumed to be free of congestion. With-
out such assumptions, joint coflow scheduling and rout-
ing strategies [17,28] are proposed in the datacenter net-
work, where both the core and the edge are congested.
Different from these models, the network in the wide
area has congested core and congestion-free edge, since
the inter-datacenter links have much lower bandwidth
than the access links of each datacenter. Apart from the
different network model, our coflow scheduling handles
the uncertainty of the fluctuating bandwidth in the wide
area, while the existing efforts assume that the bandwidth
capacities remain unchanged.

7 Concluding Remarks

To address the performance degradation of data analytics
deployed across geographically distributed datacenters,
we have designed and implemented Siphon — a building
block that can be seamlessly integrated with existing data
parallel frameworks — to expedite coflow transfers. Fol-
lowing the principles of software-defined networking, a
controller implements and enforces several novel coflow
scheduling strategies.

To evaluate the effectiveness of Siphon in expediting
coflows as well as analytics jobs, we have conducted ex-
tensive experiments on real testbeds, with Siphon de-
ployed across geo-distributed datacenters. The results
have demonstrated that Siphon can effectively reduce the
completion time of a single coflow by up to 76% and im-
prove the average coflow completion time.
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Performance: Benchmark Workloads
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Takeaway

Siphon is a software-defined inter-datacenter overlay that realizes: 

Coflow scheduling in wide-area data analytics: Monte Carlo Simulation 

Intra-coflow scheduling: Largest Flow Group First 

Coflow multipath rerouting 

Shorter coflow completion time leads to better job-level performance



Thank you!


