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1 Introduction

Although TCP works well today, and makes up 95% of the traffic in the Internet [2], it has been
noted that it will work less well as link capacities increase. This is because TCP has to operate
under extremely low loss rate in order to fully utilize the high link capacity. A lot of recent work
has led to several proposals to improve TCP’s congestion control mechanism with long-lived flows,
such as XCP [3] and FAST [4]. However, with fast links, TCP works badly for short flows as well;
something not addressed by these proposals. By short flows (or “mice”) we refer to flows that can
fit within the bandwidth-delay “pipe” between sender and receiver2 .

RCP is a congestion control protocol proposed when the network is dominated by short-lived
flows. While in TCP, flows reach to their equilibrium rate incrementally using the implicit feedback
signal from the network, in RCP, routers explicitly assign rate for flows based on the current
congestion along the flow path. This shortens the convergence time and greatly reduces the flow
completion time for short flows. We have evaluated the performance of RCP by simulations and
demonstrated that RCP performs significantly better than TCP in terms of the flow completion
time.

The stability of RCP has been studied for long flows. It was assumed that the number of
active flows remains unchanged (flows last infinitely long time), and the stability is dictated by
the dynamics of flow rate and queue length at routers. In a real network, however, most of the
flows are short and they arrive randomly and depart when they are finished. Thus, the stability of
the congestion control should include the dynamics of the number of active flows as well. In this
report, we would like to characterize the stability region of RCP and model its performance in a
stochastic setting.

2 Rate Control Protocol

In this section, we will briefly explain the behavior of RCP.
The explicit sending rate (ESR) is picked by the routers in the network based on their current

congestion. The algorithm to calculate this rate is shown in the later. Figure 1 shows an example
of how the routers can communicate the ESR back to the source. We assume that short-lived flows

1Nandita Dukkipati will work this project for EE384M
2For example, a 10kB flow fits comfortably in a 1.5Mb/s link, or path, with an end-to-end delay of 100ms.
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Figure 1: An illustration of setting the explicit starting rate (ESR). Each router in turn gets to set
the ESR field in the SYN packet; if a router wants to reduce the ESR, it overwrites the old value.
The receiver sends the ESR back in the SYN-ACK.

will continue to have a connection setup phase to establish state at both ends of the connection,
which allows the rate information to be piggy-backed on the SYN and SYN-ACK messages. The
SYN message sent by the source indicates the rate at which it wants to send the flow (which could
be set to infinitely fast). As the message passes through the network, each router determines an
explicit starting rate based on current congestion conditions. (Most of the rest of the paper is
devoted to how the routers pick the rate.) At any instant, a router has one ESR that it uses for
all newly starting flows. If the current ESR is lower than the value in the SYN packet, the router
overwrites it. When the SYN packet reaches its destination, it has the lowest value, corresponding
to the slowest or most congested link along the path. This value is sent back to the source in the
SYN-ACK message to set the starting rate3.

2.1 Rate Update Algorithm

The basic idea of RCP is to determine whether there is spare, unused bandwidth. When there is,
the flow rate is increased; when there isn’t, the flow rate is decreased. The increase or decrease in
the rate attempts to correct the used bandwidth in the next control period.

RCP updates the flow-rate at the end of every control period as follows:

R := R +
T
d [α(C −

inputT

T ) − β Q
d ]

N

where C is the link capacity, d is the router’s estimate of the average RTT, inputT is the amount
of incoming traffic over the last control period, Q is the queue occupancy at the end of the current
control period (see Figure 2), N is the number of ongoing flows, α and β are constants chosen
for stability and performance. To react quickly to changes, the control period T should be on the
order of, or smaller than, the RTT estimate.

When there is spare bandwidth, i.e., C −
inputT

T
> 0, we want to increase the flow-rate; and

when C−
inputT

d < 0, the link is oversubscribed and so we want to decrease the flow-rate. Further,

we would also like to drain any queue built up, Q. The expression [α(C −
inputT

d
) − β Q

d
] is the

desired aggregate change in traffic. The multiplier fracTd averages the change over the control
time-slots in one RTT. Dividing this expression by N gives the change in traffic rate needed per
flow.

3A similar mechanism would be used to set the ESR for packets in the reverse direction of a duplex flow.
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Figure 2: RCP Router Queue

Table 1: Summary of key parameters for system model
C capacity of the output link of the bottleneck router (byte/sec)
λ Flow arrival rate (flows/sec)

EL Average flow length (bytes)
T Average rate update interval (sec)

n(k) Number of flows at time k
q(k) Queue length at time k (bytes)
r(k) Flow sending rate at time k

While the input traffic and the queue occupancy are easy to measure, there is no simple way
to get an accurate value of the number of ongoing flows, N . So, we estimate N as C

R . Then, the
equation for the rate update at the router becomes:

γ := γ

(

1 +
T
d
[α(C −

inputT

d
) − β Q

d
]

C

)

. (1)

3 RCP System Model

In our network model, we assume that there is one bottleneck link with capacity C and all the flows
have the same round-trip propagation delay d0. To model the randomness of short flow arrival
process, we assume that the flows arrive with independent Poisson process with rate λ and their
length is exponentially distributed with mean EL. And we also assumed that the time interval
of RCP rate update is exponentially distributed. Table 1 summarizes the key parameters of our
system model. To include the heavy-tailed nature of the flow length distribution, we can expand
this model for the hyper-exponential flow distribution using the technique in [8].

First, let’s observe the system at the epochs of the rate update, flow arrival, and flow completion.
The variables (n(k), q(k), r(k)) forms the continuous time Markov Chain, where nk is the number
of active flows at time k, q(k) is the queue length at the router at time k, and r(k) is the rate at
time k. Note that n(k) is discrete state but q(k) and r(k) are continuous state.

If we define τ (k) as the time between the epochs k and k + 1, possible the state transience can
be written as follows.

n(k + 1) =







n(k) + 1 (if the next event is arrival)
n(k) (if the next event is rate update)
n(k) − 1 (if the next event is flow completion)

q(k + 1) = [q(k) + (n(k)r(k) − C)τ(k)]+

r(k + 1) =

{

r(k) + r(k) τ(k)/d0 [α(C−n(k)r(k))−βq(k+1)/d0]
C (if the next event is rate update)

r(k) (otherwise)
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At epoch k, there are n(k) flows and the remaining size of those flows are identically exponen-
tially distributed with mean of EL. Thus the time to the next flow completion is exponentially
distributed with mean EL/(n(k)r(k)). Thus, we can write the join probability of the occurrence
of the next event and the time to the next event as follows:

Pa(τ) := Prob[Next event is arrival & Time to the next event is τ (k)]

= λe−λτ e−
n(k)r(k)

EL
τe−τ(k)/T

Pd(τ) := Prob[Next event is flow completion & Time to the next event is τ (k)]

=
n(k)r(k)

EL
e−

n(k)r(k)
EL

τe−λτe−τ(k)/T

Pr(τ) := Prob[Next event is rate update & Time to the next event is τ (k)]

=
1

T
e−τ(k)/T e−λτ e−

n(k)r(k)
EL

τ

The state transition probabilities are as follows:

Prob[n(k) + 1, q(k) + 4q, r(k)] :=



























Pa( 4q
r(k)n(k)−C ) (4q > 0 & r(k)n(k) > C)

λ (4q = 0 & r(k)n(k) = C)

Pa( 4q
r(k)n(k)−C ) (0 > 4q > −q(k) & r(k)n(k) < C)

∫ −q(k)

−∞
Pa( t

r(k)n(k)−C
)dt (4q = −q(k) & r(k)n(k) < C)

0 otherwise

Prob[n(k) − 1, q(k) + 4q, r(k)] :=



























Pr(
4q

r(k)n(k)−C ) (4q > 0 & r(k)n(k) > C & )
n(k)r(k)

EL
(4q = 0 & r(k)n(k) = C)

Pd(
4q

r(k)n(k)−C ) (0 > 4q > −q(k) & r(k)n(k) < C)
∫ −q(k)

−∞
Pd(

t
r(k)n(k)−C )dt (4q = −q(k) & r(k)n(k) < C)

0 otherwise

(2)

4 Stability Analysis

5 Numerical Results

6 Conclusion

Remaining Work

• Find the appropriate Lyapunov function of the Markov chain (described in Section 3 and
obtain the stability condition.

• Validate the model and the obtained stability regions by comparing with simulation results

Schedule

Week of: To do:

April 19: Finding an appropriate model for the system
April 26:
May 3: Stability Analysis of the system
May 10: Prepare intermediate report (Due on May 12)
May 17: Continue on the stability analysis
May 24: Validation with Simulation
May 31: Prepare Final Report (Due on June 3)
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