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Abstract
In this paper, we introduce a multipath congestion control algorithm for audio/video streaming, called
MPSQRT. MPSQRT is derived from single-path Square-Root TCP (SQRT TCP) designed for
multimedia streaming, where a lower variation of sending rate is important. Based on the fluid model of
SQRT for single-path, we extend it towards spreading concurrently packets across multiple paths
ensuring load-balancing and fairness to SQRT at shared bottleneck. Through simulations, we evaluate
the proposed protocol under various network conditions.

1. Introduction
In recent years, multimedia applications such as
audio/video streams have been becoming the most
popular in the Internet. Multipath TCP (MPTCP) allows
multiple TCP connections across multiple paths
between a two-end host pair [4]. Two main goals of
MPTCP’s congestion control [2] are improvement the
performance, resilience and resource pooling [5].
MPTCP’s congestion control is implemented by a
coordinated congestion controller. Such a coordinated
mechanism moves the traffic off from most congested
paths to a lightly congested path. However, MPTCP is
not suitable for multimedia applications because it
reduces half of the transmission rate upon detecting a
network congestion signal, so its data rate is very high
variant. To guarantee the Internet stability, multimedia
streaming should be smooth rate and should compete
fairly with TCP traffic. In this paper, we introduce an
extended version of single-path Square-Root TCP
(SQRT-TCP [1]) for multipath transmission, called
MPSQRT, which benefits smooth transmission rate,
fairness to TCP traffic, improved throughput and loadbalancing.
The rest of this paper is organized as follows:
Section 2 presents the extension process of singlepath SQRT TCP towards multipath transmission. The
simulation results are introduced in Section 3. Section
4 gives our conclusion.
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2. Multipath SQRT Congestion Control Algorithm
In this section, we briefly present single-path SQRT
algorithm and then its extension process for spreading
simultaneously data packets across multiple paths
within a multipath TCP session.
SQRT algorithm [1] fulfills the requirement of the
smoothed rate of multimedia stream by increasing
inversely proportional and decreasing proportional to
the square-root of the congestion window as follows:
Increase: 𝑤 𝑠𝑞 ← 𝑤 𝑠𝑞 + 𝛼/(𝑤 𝑠𝑞 )𝑘+1 ,
Decrease: 𝑤 𝑠𝑞 ← 𝑤 𝑠𝑞 − 𝛽(𝑤 𝑠𝑞 )𝑙 ,
(1)
𝑠𝑞
where the superscript
denotes the single-path
SQRT algorithm with setting 𝑘 = 𝑙 = 1/2 , and 𝛼 = 1
and 𝛽 = 1/2.
We agree that any multipath transport congestion
control algorithm should achieve three goals: (i)
improved throughput; (ii) fairness to existing TCP
traffic; (iii) load-balancing as described in MPTCP [2].
Now, we propose a multipath SQRT, called MPSQRT,
where each sub-flow on path 𝑠 carries out the
congestion control as follows:
Increase: 𝑤𝑠 ← 𝑤𝑠 + min(𝛿𝛼/𝑤𝑠𝑘+1 , 𝛼/𝑤𝑠𝑘+1 ),
Decrease: 𝑤𝑠 ← 𝑤𝑠 − 𝛽𝑤𝑠 ,
(2)
where 𝛿 determines a coordinated control parameter
between sub-flows within a multipath session.
MPSQRT above implies that whenever the sub-flow
receives a positive ACK on path 𝑠 , it increases its
congestion window 𝑤𝑠 by 𝛿𝛼/𝑤𝑠𝑘+1 . This increase
amount is bounded by , 𝛼/𝑤𝑠𝑘+1 in order to guarantee
fairness to TCP over that path. Moreover, the improved
throughput and fairness goals suggest that the total
throughput of a multipath SQRT flow should equal that
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of a single-path TCP flow on the best path for it [3]
This implies that
𝑠𝑞
∑𝑟 𝑤
̂𝑟 /𝑅𝑇𝑇𝑟 = max𝑟 {𝑤
̂𝑟 /𝑅𝑇𝑇𝑟 },
(3)
𝑠𝑞
where 𝑤
̂ and 𝑤
̂ are the equilibrium values of 𝑤 and
𝑤 𝑠𝑝 , respectively.
By balancing increase and decrease rules in (1) and
(2), substituting such results into (3), we obtain
𝛿 = max𝑟 {(

𝑤
̂𝑟
𝑅𝑇𝑇𝑟

)

𝑘+𝑙+1

}⁄(∑𝑟

𝑤
̂𝑟
𝑅𝑇𝑇𝑟

)

𝑘+𝑙+1

.

that of each sub-flow. Hence the total throughput of a
multipath protocol is equivalent to that of one singlepath flow as shown in the bottom plots.
Moreover, Fig. 2 shows that MPSQRT gives smoother
transmission rate than MPTCP because MPSQRT
decrease their current window inversely proportionally
to the square-root of the current window while MPTCP
decreases its window by half.

𝛿 in the equation above is shared between the paths
and just depends on the maximum throughput among
paths. However, the congestion window sizes on the
congested paths are always smaller than that on the
lightly loaded paths. To perform load-balancing
between paths, the congestion windows on the
congested paths are increased more gradually than
that on the better paths [6]. This means that 𝛿 for the
worse paths would be smaller. Therefore we slightly
modify 𝛿, and then replace 𝛿 with 𝛿𝑠 as
𝛾

𝛿𝑠 = 𝑤
̂𝑠 max𝑟 {(

𝑤
̂𝑟
𝑅𝑇𝑇𝑟

)

𝑘+𝑙+1−𝛾

}⁄(∑𝑟

𝑤
̂𝑟
𝑅𝑇𝑇𝑟

)

𝑘+𝑙+1

,

where 𝛾 is a trade-off parameter between resource
pooling and protocol fluctuation, 0 ≤ 𝛾 ≤ 𝑘 + 𝑙 + 1 .
Through our simulations, we found that 𝛾 = 1, which
is reasonable trade-off between fluctuation and loadbalancing.
3. Simulation results
In this section, we evaluate the variance of
transmission rate of MPSQRT, compared with MPTCP
[2]. The three goals for the design of multipath
transport protocols (fairness, throughput improvement
and load-balancing) are investigated by simulations.
We use NS-2 [7] with RED, SACK option, and a
1000-byte data packet in all simulations.

Figure 1. Simulation topologies.
3.1 Fairness and variance of transmission rate
We show how a multipath transport protocol fairly
shares with a single-path protocol at a common
bottleneck without any common bottleneck detection
mechanism. We use a dumbbell scenario as shown in
Fig. 1(a), where two multipath protocol sub-flows
compete against a SQRT/TCP flow at the shared link
with the same RTT. The top plots in Fig. 2 show that
the single-path flows receive their data rate twice than

Figure 2. Fairness of a two-path MPSQRT flow vs.
single-path SQRT (a); a two-path MPTCP flow vs.
single-path TCP (b) at a shared bottleneck.
3.2 Throughput

Figure 3. Throughput improvement of MPSQRT.
We investigate the throughput of multipath protocols in
a scenario shown in Fig. 1(b), where two links have
the same parameters with C1 = C2 = 12Mbps and D1 =
D2 = 20ms, and the background traffic is generated by
ten single-path SQRT flows on each link (n = m = 10).
Fig. 3 shows that the total throughput of the multipath
transport protocols is at least equal to the average
throughput of ten SQRT flows. Therefore, such
multipath transport protocols can yield more
advantage since more paths are used.
3.3 Load-balancing
We investigate the capability of shifting traffic away
the congested path towards the less congested path
in an adverse network configuration, where RTT on the
less congested paths is longer than that on the more
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congested paths. For such configuration, the
congestion windows of RTT-dependent protocols on
the longer RTT paths are grown more slowly than
expected.
Experiments were run in the simulation scenario as
shown in Fig. 1(b), where link capacity and
propagation delay of links 1 and 2 are set to (10Mbps,
30ms) and (8Mbps, 90ms), respectively. To generate
heavy load in link 1 and light load in link 2, we use
SQRT flows as the background traffic with ten flows
on link 1, and six flows on link 2. Fig. 4 shows that
MPSQRT reduces its rate on the congested and
shorter path (path 1), and surge their sending on the
lightly loaded and longer RTT path (path 2). The total
throughput of two MPSQRT sub-flows reaches the
expected value. This is due to the MPSQRT sub-flow
can compensate the congestion window increase for
the lightly loaded and longer RTT paths.

Figure 4. MPSQRT can compensate the congestion
window increase meanwhile load-balancing as roundtrip times of paths are divergent.
4. Conclusion
In this paper, we propose an extended version of
SQRT for multiple paths, called MPSQRT. To start with
the analysis model of SQRT, MPSQRT congestion
control is designed as a coordinated control between
paths which allows trade-off between load-balancing
and fluctuation, and fair sharing to single-path SQRT
flows at bottlenecks. Our simulations show that
MPSQRT can achieve transmission rate smoother than
MPTCP, fairness single-path SQRT flows, and loadbalancing
under
various
network
conditions.
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