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As cloud computing rises, the performance of data centers becomes increasingly important. Different applications and
workloads require different guarantees such as small latency or large sustained throughput [1, 4]. Congestion control
algorithms play an important role in delivering this performance and have been studied extensively [2, 7, 9, 11].
Thus far, researchers have been focusing mostly on how senders and receivers should react to networking signals such
as packet loss, round-trip time (RTT), throughput and ECN [5] marking. These signals, however, do not have a linear relationship with performance and thus do not trivially translate to optimal changes in the sending rate. For instance, an
increased RTT might be caused by either a micro burst of traffic that temporarily filled a buffer and increased queueing
delay, or by an overloaded host. These cases call for different responses: While the rate should be reduced to stop overloading a host, a short burst of traffic is over as soon as it began, and reducing the rate would only decrease performance.
Among others, this ambiguity is due to the aggregation of multiple sources of congestion into one signal. Indeed, RTT is
affected by delays in all routers, the number of hops in the path, load of the end hosts, traffic scheduling and QoS.
We argue that the signals collected by current congestion control algorithms are sub-optimal and the focus of this thesis is
to understand and evaluate how purer signals, especially those which could be provided by modern networking hardware,
can benefit the senders.
Other than the queuing delays per hop, which would disambiguate the RTT feedback used by multiple TCP versions [8,10],
we expect signals related to the buffer management, the traffic distribution and the queue dynamics to be also beneficial.
While the queuing delay already gives an idea of the queue occupancy of each device to the sender, it is not a reliable
indicator of congestion and packet loss [3] due to the existence of different management policies and buffer sizes. On
the other hand, signals used by the Memory Management Unit to dynamically adapt the limits per queue such as the
remaining buffer in the device or the incoming packet rate in the queue of interest are factors directly affecting future
drops. For example, a sender likely causes packet loss in a device with small remaining buffer, unless it decreases its rate.
On the contrary, the sender should increase the rate of a short flow traversing a device with very large remaining buffer,
even if the instantaneous queue is long. Moreover, the optimal rate for a sender depends on the elasticity of other flows
using the same bottleneck [6]. Indeed, different TCP versions will react differently to the same congestion signals.If the
sender knows the composition of protocols it shares the buffer with they can act accordingly. For example, if most of the
competing flows are inelastic, the sender should maintain its rate or even increase it upon congestion, to get its fair share
of the link capacity. On the other hand, if flows are elastic, then the sender should react to congestion by decreasing its
rate, as this will result in smaller queues and thus lower delay for all flows. The network could provide this information, as
it has visibility of all flows. Finally, not all congestion incidents are worth rate limiting. Indeed, congestion incidents can
be caused by sudden bursts of traffic, or can be long-lived and recurrent. Knowing the difference can help the sender to
gauge the potential future congestion and adapt its window accordingly.
This proposal may be loosely separated into three stages: First, one needs to understand the diffident congestion control
algorithms and the intuitions behind the used signals. Second, one needs to implement a simulated environment to test
known and new signals with respect to how useful they are to a sender in adapting its rate. Finally, one needs to design or
extend a congestion control algorithm that makes use of the additional signals.
Requirements
• Some familiarity with communication networks, in particular with the basics of congestion control.
• Skills in programming, simulation and data analysis.
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