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Abstract—The transfer of big data is increasingly supported by
dedicated channels in high-performance networks, where trans-
port protocols play an important role in maximizing application-
level throughput and link utilization. The performance of trans-
port protocols largely depend on their control parameter settings,
but it is prohibitively time consuming to conduct an exhaustive
search in a large parameter space to find the best set of parameter
values. We propose FastProf, a stochastic approximation-based
transport profiler, to quickly determine the optimal operational
zone of a given data transfer protocol/method over dedicated
channels. We implement and test the proposed method using
both emulations based on real-life performance measurements
and experiments over physical connections with short (2 ms) and
long (380 ms) delays. Both the emulation and experimental results
show that FastProf significantly reduces the profiling overhead
while achieving a comparable level of end-to-end throughput
performance with the exhaustive search-based approach.

Index Terms—Big data transfer, stochastic approximation,
profiling, dedicated channels, high-performance networks.

I. INTRODUCTION

Next-generation extreme-scale scientific applications are
generating colossal amounts of data, now frequently termed
as “big data”, which must be transferred over long distances
for remote distributed processing. Such data transfer is in-
creasingly supported by high-performance networks (HPNs)
featuring on-demand dedicated connections with high band-
width reserved in advance as exemplified by ESnet [1], Inter-
net2 [3], and Google’s B4 [15]. Maximizing the performance
of data transfer protocols/methods over dedicated channels is
challenging mainly because: i) their optimal operational zones
are affected by the complex configurations and dynamics of the
network segments, end-hosts, and protocol itself; ii) different
parameter settings may lead to very different performances and
oftentimes the default parameter setting does not yield the best
performance; iii) due to the lack of accurate models for high-
performance transport protocols such as UDT [12], which is a
widely adopted protocol in the HPN community [5], and the
complex dynamics of network environments, it is generally
very difficult to derive the optimal operational zone using an
analytical approach.

Transport profiling, which sweeps through the combinations
of parameter settings such as socket options, application-
specific parameters, and protocol-specific configurations, en-
ables users to determine the “best” set of parameter values
for the optimal data transfer performance. However, it is
prohibitively time consuming to conduct an exhaustive search
when there exists a large parameter space, which is almost

always the case in most transport scenarios. In general, users
may not be in favor of performing transport profiling if the
profiling overhead is comparable with the time needed for their
actual data transfer.

To improve the efficiency of transport profiling, we propose
a stochastic approximation-based profiling method, referred
to as FastProf, to quickly determine the optimal operational
zone of a given data transfer protocol/method in dedicated
network environments. FastProf employs the Simultaneous
Perturbation Stochastic Approximation (SPSA) algorithm [19]
to accelerate the exploration of the parameter space. We
implement the proposed method by leveraging the existing
Transport Profile Generator (TPG) [24], and test it using
both emulations with real-life performance measurements and
experiments over physical connections with short (2 ms) and
long (380 ms) delays. Both the emulation and experimental
results show that FastProf significantly reduces the profil-
ing overhead while achieving a comparable level of end-to-
end throughput performance with the exhaustive search-based
approach. FastProf makes it possible to conduct “on-line”
profiling to support time-critical data transfer, and provides an
additional level of intelligence to existing profiling-oriented
toolkits such as iperf3 [2] and xddprof [6].

The rest of this paper is organized as follows. In Section II,
we describe transport profiling and the motivation of our
research. In Section III, we present the detailed design of
FastProf. We implement FastProf in Section IV and evaluate
its performance using emulations in Section V and using
experiments in Section VI, respectively. We conclude our work
and sketch a plan for future research in Section VII.

II. TRANSPORT PROFILING

A. Why is Profiling Needed?

The end-to-end data transfer is a complex process that
involves various network segments and end-host components,
whose parameter settings have a significant impact on the end-
to-end performance observed by end users at the application
level. In general, parameter tuning may help achieve a bet-
ter performance, but it typically requires extensive domain
knowledge in networking and systems that many science users
lack. Moreover, even if they are able to manually conduct
“fine tuning” on different aspects such as core affinities [7],
[14] and IRQ balance/conflict [18] at the system level, many
application-level control parameters may still significantly
affect the end-to-end performance (mainly throughput). For
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Fig. 1. UDT profiling over ORNL 10 Gb/s emulated connections with various
RTTs. (a): throughput vs. block size; (b) throughput vs. buffer size.

illustration purposes, we plot in Figure 1 the UDT-based
throughput measurements in response to different block sizes
and different buffer sizes with different Round Trip Times
(RTTs) ranging from 0 ms to 366 ms on an emulated network
testbed at Oak Ridge National Laboratory (ORNL). Figure 1(a)
shows that different block sizes may result in very different
throughput performances when the buffer size is fixed to be
256 MB; and Figure 1(b) shows that different buffer sizes may
result in even more significant performance differences with
a fixed block size of 89,559 bytes. Although the throughput
curves in Figure 1 generally follow a similar pattern, i.e.
first increase and then stabilize as the block size increases
(Figure 1(a)), and first increase and then decrease as the
buffer size increases (Figure 1(b)), the turning points vary with
different delays as the block size or the buffer size increases,
which makes it difficult to derive an analytical model to
determine the optimal parameter settings for block size and
buffer size.

A transport profile T Pt(⟨hs, hr⟩, e, θ) is a control-response
plot illustrating how a set θ of control parameters affect the
performance of a given transport protocol t over a network
connection or link e between a sender host hs and a receiver
host hr. Such a transport profile indicates the qualitative
behavior of each component involved in the data transfer
process and provides an insight into maximizing the overall
transport performance. The transport profile T Pt(⟨hs, hr⟩, e, θ)
can be obtained by exhausting the combinations of the pa-
rameter values and collecting the corresponding performance
measurements. Each data point in the profile is produced by a
“one-time profiling” that sends a certain amount of data with
a specific combination of parameters θ during time interval
[0, ΔT ] and measures the average throughput performance as

G(θ) =

∫ ΔT

0
s(x, θ) dx

ΔT
, (1)

where s(x, θ) is the sending rate with respect to parameter θ
at time point x.

B. Profiling Overhead

The goal of transport profiling is to find the parameter
values θ ∗, at which the throughput G(θ ∗) reaches its global
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Fig. 2. The “black-box” data movement system.

maximum. An exhaustive search-based transport profiling is
able to find the optima, but is very time consuming, and
therefore is particularly unsuitable for network environments
that are subject to frequent changes (e.g., configurations of
the sender or receiver host, connection delay, connection
bandwidth, etc.).

As a numerical example, in the Transport Profile Generator
(TPG) [24], the selected UDT [12] transport method includes
several commonly accessible parameters including packet
size (m ∈ {m1, m2, ⋅ ⋅ ⋅ , mNm

}), block size (l ∈ {l1, l2, ⋅ ⋅ ⋅ , lNl
}),

buffer size ( f ∈ { f1, f2, ⋅ ⋅ ⋅ , fNf
}), and number of data streams

(p ∈ {p1, p2, ⋅ ⋅ ⋅ , pNp
}). If a one-time profiling takes Δt (typi-

cally on the order of several minutes) to finish, it takes a total
of Δt ⋅Nm ⋅Nl ⋅Nf ⋅Np to generate a complete profile before the
actual data transfer. In the emulations in Section V, we fix the
packet size m (i.e. Nm = 1) and the number p of data streams
(i.e. Np = 1), and vary the block size from 1 to 25 times of the
payload size (i.e. Nl = 25) and the buffer size from 1.0 MB
to 1.0 GB with a 2.0 MB step (i.e. Nf = 513). If a one-time
profiling takes Δt = 2 minutes, the exhaustive search would
take 25,650 minutes (around 18 days) in total, and hence is
impractical in real-life applications. As both the number of
control parameters and the profiling resolution increase, the
time to obtain a complete profile rapidly increases, making
the exhaustive search-based approach practically infeasible.

III. FAST PROFILING BASED ON STOCHASTIC

APPROXIMATION

To obviate the need of conducting an exhaustive profil-
ing [24], we propose a fast profiling method based on the
Simultaneous Perturbation Stochastic Approximation algo-
rithm [19], referred to as FastProf, to quickly determine the
“best” parameter values prior to actual data transfer.

A. Rationale on the Use of Stochastic Approximation Methods

Figure 2 shows a typical data transfer scenario where a
user request, which specifies a sender host and a receiver
host, is processed for data transfer in a certain network
environment. Since we mainly focus on transport profiling
at the application layer rather than system tuning at lower
layers, the whole data transfer process could be treated as
a “black box” system, where the input is the set of control
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Fig. 3. Visualized profiling process of FastProf.

parameters θ and the output is the corresponding throughput
measurement G(θ). Based on this model, the SPSA algorithm
is appropriate to be used for quickly determining the optimal
parameter values because: i) it does not require an explicit
formula of G(θ) but only its “noise corrupted” measurements
y = G(θ) + ξ , which can be obtained by running a “one-
time profiling” using existing tools such as iperf3 [2] and
TPG [24] with a set of specified parameter values; ii) it does
not require any additional information about system dynamics
or input distribution. These are highly desirable features as
they account for the dynamics in the data transfer process and
the randomness in the performance measurements.

For a given data transfer, if the jumbo frame is supported
along the path, it is desirable to enable it to minimize per-
packet overhead [8]. Thus, the packet size m can be decided by
exploring the Path MTU (PMTU) without profiling. Although
multiple parallel data streams may improve performance, they
typically introduce inter-stream competition that may lead to
complex transfer dynamics even over dedicated connections.
Furthermore, since many high-performance transport methods
including UDT are not best suited for environments with a
high level of concurrency [13], we focus our study on one
single data stream (i.e. p = 1). Similar to TPG [24], where
UDT is used in the implementation as a use case, in this paper,
we also use UDT as an example transport method and consider
block size l and buffer size f as its control parameters (or the
input of the black box system in Figure 2), i.e. θ = [l, f ]T .

In the exhaustive search, we need to construct a complete
2D table of performance measurements by running (Nl ⋅Nf )
times of one-time profiling, as visualized in Figure 3, where
the l-axis and f -axis represent block size and buffer size,
respectively. Note that each data point in the graph is actually
a 3-tuple (l, f , G(l, f )), where G(l, f ) is the corresponding
observed throughput. The proposed FastProf method attempts
to explore a path of profiling data points in this 2D table to
reach the global optimum within an “acceptable area”.

B. Stochastic Approximation (SA) Methods

Based on the model shown in Figure 2, we assume that the
average throughput performance is a function G(θ) of control
parameters θ . The goal is to find the control parameters θ ∗

that maximize G(θ) within the feasible space Θ, i.e.

max
θ∈Θ

G(θ). (2)

Following the standard Kiefer-Wolfowitz Stochastic Algo-
rithm (KWSA) [16], we have

θ̂k+1 = θ̂k +ak ⋅ ĝk(θ̂k), (3)

where ak > 0 is a scalar gain coefficient, g(θ)≡ ∂G(θ)
∂θ

is the

gradient of G, and ĝ(θ̂k) is an approximation of g(θk).
We assume that the “noise corrupted” observation, denoted

as y(θ), is available at any value of θ ∈ Θ, given by

y(θ) = G(θ)+ξ , (4)

where ξ is the noise incurred by the randomness in the
network connection and end-host system dynamics. In fact,
y(θ) is the observed average throughput performance of a
one-time profiling with a specific θ during a specific time
duration [0, ΔT ]. Given θ = [l, f ]T , the solution based on
the classical KWSA method is a multi-variable recursive
optimization procedure, defined as

[
lk+1

fk+1

]
=

[
lk
fk

]
+ak

⎡
⎢⎢⎣

ĝlk

([
lk
fk

])

ĝ fk

([
lk
fk

])
⎤
⎥⎥⎦ . (5)

The gradient g(θ) of the function G(θ) is approximated by
a “two-sided” finite difference given by⎧⎨

⎩

ĝlk

([
lk
fk

])
=

ŷ

([
lk + ck

fk

])
− ŷ

([
lk − ck

fk

])

2ck

ĝ fk

([
lk
fk

])
=

ŷ

([
lk

fk + ck

])
− ŷ

([
lk

fk − ck

])

2ck

, (6)

where ck is a small positive number. The coefficients ak and
ck in the above equations satisfy the following conditions to
guarantee the convergence

lim
k→∞

ak = 0, lim
k→∞

ck = 0,
∞

∑
k=1

ak = ∞,
∞

∑
k=1

(
ak

ck
)2 < ∞. (7)

We further explore the Simultaneous Perturbation Stochastic
Approximation (SPSA) [19], [20] algorithm to further reduce
the profiling overhead. Instead of collecting observations along
all dimensions of the gradient, SPSA randomly perturbs the
control parameter set in two separate directions and collect two
corresponding measurements. The gradient approximation of
the throughput function based on SPSA is given by⎧⎨

⎩

y+ = y(θ +Δkck) = y

([
lk +Δl, kck

fk +Δ f , kck

])

y− = y(θ −Δkck) = y

([
lk −Δl, kck

fk −Δ f , kck

]) , (8)



⎧⎨
⎩

ĝlk (θk) = ĝlk

([
lk
fk

])
=

y+− y−

2Δl, kck

ĝ fk (θk) = ĝ fk

([
lk
fk

])
=

y+− y−

2Δ f , kck

, (9)

where the coefficient sequence {Δi, k} (i = 1, ⋅ ⋅ ⋅ , d for d
dimensional vector, and in this work d = 2) are independent
and symmetrically distributed around 0 with finite inverse
E∣Δ−1

i, k ∣ over all parameter components i and time steps k. A
simple and effective way to decide each component of {Δi, k} is
to use symmetric Bernoulli ±1 distribution with a probability
of 0.5 for each outcome of either +1 or –1 [20].

C. Convergence of SPSA-based FastProf

The convergence of SPSA-based FastProf is important
as it affects the quality of the profiling results as well as
the efficiency of the profiler. To explore the applicability of
SPSA in the profiling optimization problem and investigate
its convergence property, we justify the conditions that lead
to the convergence in the context of FastProf. As pointed out
by Spall in [21] (pp. 161), the conditions for convergence
can hardly be all checked and verified in practice due to
the lack of knowledge on G(θ). We provide some intuitive
arguments based on the problem nature, and some empirical
verifications based on the extensive experiments to justify the
appropriateness of SPSA in the profiling optimization problem.

According to Theorem 7.1 in [21] (pp. 186), if Conditions
B.1′′ −B.6′′ hold and θ ∗ is a unique maximum of G(θ), then
for SPSA, θ̂k almost surely converges to θ ∗ as k → ∞.

The coefficient sequences ak and ck we choose and the
distribution we follow to generate the simultaneous pertur-
bations {Δi, k} easily validate Conditions B.1′′ and B.6′′ (see
Section IV-A and [20] for more details).

The main concern of Conditions B.2′′ and B.3′′ is to ensure
that θ̂k is close enough to θ ∗ such that θ̂k has a tendency
to converge to θ ∗. These two conditions are valid in our
problem scenario because: i) the requirement for Condition
B.3′′, i.e. supk≥0

∥∥θ̂k
∥∥ < ∞, can be verified since the control

parameter values of block size and buffer size are both finite
positive numbers; ii) since the feasible regions of the control
parameters of FastProf are finite and mapped to a limited
range (e.g., [1.0, 25.0] in our test cases in Section V and
Section VI) of the iterative variables, θ̂k (including the starting
point) is sufficiently close to θ ∗; iii) θ ∗ is not a single point
but an “acceptable area” including a set of adjacent points
(see Figure 3); iv) from a practical point of view, FastProf
attempts to move θ̂k to the nearest point within the feasible
space if it deviates from the feasible space, and then adjust
the step size accordingly to avoid such situations; and v)
our extensive emulations and experiments in Section V and
Section VI confirm the closeness and natural tendency even if
the starting point is randomly selected.

The way we generate the simultaneous perturbations {Δi, k}
(see Section IV-A) ensures that {Δi, k} is a mutually in-
dependent sequence, which is independent of θ̂0, θ̂1, ⋅ ⋅ ⋅ , θ̂k.

The observed noise during data transfer is mainly caused
by the dynamics of end-hosts and network segments. Since
we measure the average throughput in time duration [0, ΔT ]
(see Equation 1), which captures both the positive noise
and negative noise, the long-term conditional expectation of
the observed noise is considered to be zero, i.e. E[(ξ (+) −
ξ (−))∣{θ̂0, θ̂1, ⋅ ⋅ ⋅ , θ̂k}, Δk] = 0. In addition, since {Δi, k} is
generated following the symmetric Bernoulli ±1 distribution
with a probability of 0.5 for each outcome of either +1 or –1,
E∣Δ−1

i, k ∣ is uniformly bounded. The observations y(θ̂k ± ckΔk)
are also bounded by the link capacity, so the ratio of mea-

surement to perturbation E

[(
y(θ̂k ± ckΔk)

Δi, k

)2]
is uniformly

bounded over i and k. Hence, Condition B.4′′ holds.
As for B.5′′, it is theoretically unverifiable whether G(θ)

is three-times continuously differentiable and bounded since
G(θ) is practically unknown. However, the smoothness of
G(θ) can be intuitively verified based on the nature of the
problem being studied since the throughput G(θ) as well as the

gradient g(θ)≡ ∂G(θ)
∂θ

are at least bounded by the connection

capacity and the finite feasible region of θ .
In addition to the above justification, we also would like

to point out that although the throughput performance should
have a unique theoretical peak over the feasible control pa-
rameter space given a specific snapshot of the status of end-
hosts and network environment, it has been observed in our
experiments that different runs with identical parameter values
may yield different throughputs, which makes the unique-
ness of θ ∗ unverifiable. However, the observed performance
y = G(θ)+ξ indeed shows a peak property over the feasible
control parameter region. As shown in Figure 1(a), increasing
the block size improves the performance if the buffer is
sufficiently large; otherwise, increasing the block size would
decrease the performance especially when the block size is
approaching the buffer size [24]. In Figure 1(b), it is more
clearly shown that larger buffer sizes may not always lead to
better performance with a fixed block size, and this trend is
consistent for different RTTs but with different turning points.

IV. IMPLEMENTATION OF FastProf

A. An SPSA-based Profiling Process

We present our SPSA-based profiling process as follows.

1) Select an either fixed or random starting point within the
feasible space of block size (l) and buffer size ( f ).

2) Check the termination conditions (see Section IV-C for
details) to continue or terminate the profiling process.

3) Calculate ak =
a

(A+ k+1)α and ck =
c

(k+1)γ , where we

set α = 0.602, γ = 0.101, and A = 0.0 (or other values
much less than the expected/allowed number of itera-
tions). The step sizes a and c are determined empirically
based on the size of the entire search space.

4) Generate a pair Δ{l, f} ∈ {+1, −1} of perturbations fol-
lowing the symmetric Bernoulli ±1 distribution with a
probability of 0.5 for each outcome of either +1 or –1.



5) Perform one-time profiling twice to collect two corre-
sponding throughput observations y±, see Equation 8.

6) Generate the simultaneous perturbation approximation to
the unknown gradient g(θk) using Equation 9.

7) Apply the standard stochastic approximation form (Equa-
tion 3) to update θk to a new value θk+1, increase k by
1 (i.e. k = k+1), and go back to Step 2.

B. Profiling Precision

We set the two elements of the control parameter set used in
the stochastic approximation model, denoted as θ ′ = [l′, f ′]T ,
as positive numbers within a reasonably selected range to
ensure a comparable magnitude of each parameter. We perform
a rounding operation in calculating the actual values of the
control parameters l and f in the case of fractional results.

The profiling unit of block size, denoted by μl , is defined
as one payload size, and the block size l (l ≥ 1) is defined
as a multiplicity of the payload size. The profiling process
transfers a data block of λl(l′) ⋅μl bytes each time by calling
the appsend()/apprecv() functions, which may in turn call
the send()/recv() API functions of the underlying transport
protocol multiple times to completely deliver an entire data
block. If a UDP-based protocol such as SABUL [11] or
UDT [12] is used, it is recommended to set the block size
to be a multiplicity of the protocol’s payload size if possible
to avoid UDP automatic segmentation. For example, UDT’s
payload size is UDT data packet size (m) minus UDT header
length [11], i.e. the profiling unit of block size μl is given by

μl = m−16 = (MTU−28)−16 = MTU−44, (10)

where UDT header is of 16 bytes, and IP and UDP headers
are of 20 and 8 bytes, respectively (hence 28 bytes in total).
For example, on our testbed in Section V-A, the jumbo frame
is enabled and the MTU is 9,000 bytes, then μl is 8,956 bytes.

The profiling unit of buffer size, denoted by μ f , is decided
by the specific profiling precision chosen by the end user in
any unit within a feasible profiling range, e.g., 1 Byte, 512 KB,
1.0 MB, 2.0 MB, or others.

Based on the above profiling units, we can calculate the
actual values of block size (l) and buffer size ( f ) for perfor-
mance observations (i.e. the calculations of y+ and y− through
one-time profilings) given by{

l = round
(
λl(l′) ⋅μl

)
f = round

(
λ f ( f ′) ⋅μ f

) , (11)

where λl and λ f are scaling functions that may take different
profiling patterns. For example, with a function λ f ( f ′) = 2 f ′ ,
the buffer size would exponentially increase as f ′ increases.

C. Termination Conditions

Many efforts (e.g., [9], [22]) have been devoted to the
termination conditions of SA methods since the KWSA al-
gorithm was first proposed [16]. In FastProf, we consider the
following three simple and practical conditions to guarantee
the performance and the termination of a profiling process.

1) Early Termination – the 𝒞 rule: The best throughput
performance y∗ of a given data transfer method over a given
network connection is unknown until a complete transport
profile is obtained. We define the performance gain ratio of a
one-time profiling as

ρ =
y
y∗

, (12)

where y is the observed throughput of a one-time profiling.
Over a dedicated connection, we consider bandwidth B as
a known constant since it is reserved in advance through
services such as OSCARS [4] and set y∗ = B. When FastProf
reaches an operational zone that produces a throughput y with
a performance gain ratio no less than 𝒞, i.e.

ρ =
y
y∗

=
y
B
≥ 𝒞, (13)

FastProf terminates. Note that this condition may or may not
be satisfied in a certain one-time profiling.

2) Upper Bound – the ℳ rule: FastProf terminates when
the number of one-time profilings exceeds a threshold ℳ,
which is typically set as ℳ ≪ (Nl ⋅Nf ). If ℳ = (Nl ⋅Nf ),
FastProf rolls back to the exhaustive search as in TPG [24].

3) Impeded Progress – the ℛ rule: If the number of
consecutive iterations that do not produce any performance
improvement compared with the best one observed so far
exceeds an upper bound (ℛ), FastProf terminates.

V. EMULATION-BASED PERFORMANCE EVALUATION

USING REAL EXPERIMENTAL RESULTS

We conduct profiling emulations using the profiling data
collected on a real-life testbed to gain insights into the behav-
iors of FastProf and also compare FastProf with other search
algorithms including random walk [17] and Tabu search [10].

A. Data Collection

We build a complete profile (a 2D table) in Figure 3 by
exhausting Nl ⋅Nf = 12,825 combinations of block size and
buffer size, whose profiling resolutions are set to be one
payload size and 2 MB, respectively. These results are col-
lected by running TPG tests over a 10 Gb/s 380 ms connection
between a sender host at Argonne National Laboratory (ANL)
and a receiver host at University of Chicago (UChicago). We
conduct profiling emulations based on this complete profile.

B. Scaling Functions and Parameter Settings

We use Equation 14 to calculate the actual parameter values
(θ = [l, f ]T ) based on the iterative parameter values (θ ′ =
[l′, f ′]T ),

⎧⎨
⎩

l = round
(

λl(l
′) ⋅μl

)
=

round

{(
(l′ − l′min) ⋅

(lmax − lmin)

(l′max − l′min)
+ lmin

)
⋅μl

}

f = round
(

λ f ( f ′) ⋅μ f

)
=

round

{(
( f ′ − f ′min) ⋅

( fmax − fmin)

( f ′max − f ′min)
+ fmin

)
⋅μ f

}
. (14)
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Fig. 4. Overall performance of FastProf.

In particular, the profiling range for block size is from
1 payload to 25 payloads (i.e. lmin = 1, lmax = 25, and
μl = 8956 bytes), and the profiling range for buffer size
is from 1 MB to 1024 MB (i.e. fmin = 1, fmax = 1024, and
μ f = 1,048,576 bytes). We set the iterative variables for both
block size and buffer size to be from 1.0 to 25.0 (i.e. l′min = 1.0,
l′max = 25.0, f ′min = 1.0, and f ′max = 25.0) to ensure that they
are of comparable and consistent magnitudes.

C. Performance Measurements

We consider several different parameters in the profiling
emulations: i) the starting point (SP) (either fixed or randomly
selected); ii) the 𝒜 rule (either disabled or enabled)1; iii) the
value of ℳ (either ∞ or 2ℛ); iv) the value of 𝒞 (selected from
{0.95, 0.90, 0.80}); and v) the value of ℛ (integers from 1 to
50). We measure four types of performance metrics in 5,000
runs: i) the average throughput; ii) the percentage that leads to
a desired performance; iii) the average profiling time as indi-
cated by the average number of one-time profilings; and iv) the
longest profiling time as indicated by the maximum number
of one-time profilings. The subfigures in each figure in this
section correspond to these four types of performance metrics
labeled by 𝒜, ℳ, 𝒞, and starting point (SP), respectively.

1) Overall Performance: We randomly select a starting
point within the feasible region of control parameters, disable
the 𝒜 rule, and plot the results in Figure 4, which shows that
FastProf is able to find a set of control parameter values with
satisfactory performance in a short time.

The actual throughput obtained by FastProf is considered
as the most important performance metric. Figure 4(a) shows
that a satisfactory throughput performance can be achieved as

1If 𝒜 is enabled, FastProf only searches the feasible space where the
buffer size is larger than Bandwidth Delay Product (BDP), i.e. f ≥ BDP;
otherwise, it searches the entire feasible space.

long as a reasonably large ℛ is specified (e.g., > 10 in our test
cases). As ℛ increases, the average throughput performance
explored by FastProf first increases and then stabilizes at the
desired level as specified by the value of 𝒞.

We measure the percentage of cases that yield a user-desired
performance among all 5,000 runs, as shown in Figure 4(b).
As ℛ increases, the percentage significantly increases up to
100% for 𝒞 ∈ {0.80, 0.90}. When 𝒞 = 0.95, the percentage
does not reach 100% as ℛ approaches 50, but we still achieve
slightly higher throughput performance near or above 9.0 Gb/s
as ℛ increases, as shown in Figure 4(a).

We measure the profiling speed by calculating the average
number of one-time profilings conducted by the profiler among
all 5,000 runs. As expected, this average number generally
increases as ℛ increases, as shown in Figure 4(c). For a
relatively smaller 𝒞 value (e.g., 0.80 and 0.90 in our test
cases), it does not always increase as ℛ increases since the
percentage of yielding a desired performance reaches 100%
quickly and FastProf terminates the profiling process without
consuming more profiling time; while for a larger 𝒞 value
(e.g., 0.95 in our test cases), it takes longer to obtain a higher
percentage for a desired performance. As ℛ increases, there
is a higher probability to obtain a desired performance by
conducting more one-time profilings, but the actual average
throughput performance does not increase as significantly as
the percentage of obtaining a desired performance. This obser-
vation implies that an appropriate ℛ is needed: a larger value
may lead to a longer profiling process without perceivable
performance improvement.

We measure the maximum number of one-time profilings
among all 5,000 runs, as shown in Figure 4(d), which reflects
the longest profiling time that FastProf may take. Since the
number of one-time profilings is not limited (ℳ = ∞), the
profiling process terminates only when either a desired per-
formance is achieved or the number of consecutive iterations
without performance improvement reaches ℛ. As ℛ increases,
there is more space to be explored by FastProf for better
performance, and the longest profiling time among all runs
may either stop increasing (for smaller 𝒞) or keep increasing
(for larger 𝒞).

2) Effects of ℳ: As shown in Figure 4(d), as ℛ increases,
the maximum number of one-time profilings resulted from a
larger 𝒞 = 0.95 is up to 250. Even if a one-time profiling
takes only 2 minutes, the profiler would take at most 10 hours
to obtain a desired performance with a high probability. In
practice, due to the complex system and network dynamics,
the profiler may run much longer without getting a desired
performance. We avoid this situation by setting the upper
bound on the total number of one-time profilings (ℳ) to be
a finite value. The results in Figure 5 are based on 𝒞 = 0.95,
the upper bound ℳ= 2ℛ, and the same other parameters as
those in Figure 4. Setting such an upper bound provides a
guarantee on the profiling time without significantly affecting
the profiling performance. Figure 5(c) shows that the average
number of profilings is slightly reduced with ℳ = 2ℛ, and
Figure 5(d) shows the maximal number of one-time profilings
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Fig. 5. Effects of ℳ on profiling performance.

among all 5,000 runs is limited by the finite ℳ. Restricting the
total number of one-time profilings does not perceivably affect
the average profiling performance, as shown in Figure 5(a).
As ℛ increases, the actual average performance increases and
stabilizes between 8.0 Gb/s and 9.5 Gb/s, which is considered
to be a satisfactory performance over a 10 Gb/s connection.
This observation implies that for one specific run of FastProf,
if a desired performance could not be achieved in a reasonable
amount of time, simply extending the profiling process may
not improve the performance. Therefore, this upper bound
ℳ should be set for FastProf based on the expectation of
the tolerable amount of profiling time. In the experiments
in Section VI, we set this value to be ℳ = 2ℛ. Note that
since the user-desired performance tends to be achieved before
the number of profilings reaches or exceeds ℳ when 𝒞 is
relatively small (e.g., 0.80), we choose a relatively larger
value 𝒞 = 0.95 and plot in Figure 5 the effects of ℳ on the
profiling performance. The measurements in Figure 5 suggest
that setting ℳ to be a finite value is more useful and even
critical for an aggressive 𝒞.

3) Effects of 𝒜: We plot in Figure 6 the comparisons
between the cases where 𝒜 is disabled and enabled. Note
that when 𝒜 is enabled in Figure 6, the profiling range for
buffer size is from fmin = 475 MB to fmax = 1,024 MB since
a delay of 380 ms over a connection of 10 Gb/s bandwidth
yields a bandwidth-delay product of 475 MB. Since the ranges
of iterative variables l′ and f ′ are both from 1.0 to 25.0, the
buffer size range mapped to the range of iterative variable f ′
is actually [475, 1024], i.e. [475, 1024] is linearly mapped to
[1.0, 25.0]. We observe the effects of cutting the search space
into nearly half with larger buffer sizes in Figure 6. Firstly, for
ℛ< 10, the average performance when 𝒜 is enabled is slightly
higher than that when 𝒜 is disabled, as shown in Figure 6(a).
This is because the number of profilings is mainly limited by

R value

0 10 20 30 40 50

A
v
g
.
P
er
f.

(G
b
/
s)

5

6

7

8

9

10
SP=random, M = 2R, C=0.95

disabled
enabled

(a)

R value

0 10 20 30 40 50

A
v
g
.
%

o
f
D
es
ir
ed

P
er
f.

0

20

40

60

80

100
SP=random, M = 2R, C=0.95

disabled
enabled

(b)

R value

0 10 20 30 40 50

A
v
g
.
P
ro
fi
le
#

0

10

20

30

40

50
SP=random, M = 2R, C=0.95

disabled
enabled

(c)

R value

0 10 20 30 40 50

M
a
x
.
P
ro
fi
le
#

0

50

100

150

200

250
SP=random, M = ∞, C=0.95

disabled
enabled

(d)

Fig. 6. Effects of 𝒜 on profiling performance.

the value of ℛ when it is relatively small. The profiling process
terminates before FastProf further explores the space for
performance improvement, and thus the performance mainly
depends on the initial starting point. As ℛ increases, the
differences made by 𝒜 become less obvious, and the average
throughput performance converges and stabilizes at around
9 Gb/s. Secondly, when 𝒞 is a larger value and is hard to
achieve (e.g., 𝒞 = 0.95), as ℛ increases, enabling 𝒜 results in
a slightly lower percentage of obtaining a desired performance
and a slightly longer profiling time in comparison with the case
where 𝒜 is disabled (Figure 6(b) and Figure 6(c)). Figure 6(d)
shows that enabling 𝒜 does not make significant difference
on the longest profiling time. Note that in Figure 6(d) we use
ℳ = ∞ rather than ℳ = 2ℛ to eliminate the effects of ℳ
and show only the effects of 𝒜 on the profiling time.

4) Effects of Starting Point (SP): To study the effects of
the SP, we fix the starting point of the profiling at the “left-
bottom” (l1, f1) = (1, 1), i.e. one payload size for block size
and 1 MB for buffer size (see Equation 14 and Figure 3). We
re-run the emulations using the same parameter settings as
those in Sections V-C1, V-C2, and V-C3, and compare the
results with those with random starting points in Figure 7.
We observe that random SP produces: i) either slightly higher
(when ℛ is small) or the same (when ℛ is large) average
performance, as shown in Figure 7(a); ii) a consistently higher
average probability (percentage) of obtaining a user-desired
performance, as shown in Figure 7(b); iii) a consistently
shorter average profiling time, as shown in Figure 7(c); and iv)
a more stable status in the worst case, as shown in Figure 7(d).

D. Trace of the Profiling Process

To show the detailed profiling process of FastProf, we set
ℛ= 35 and 𝒞 = 0.95, disable 𝒜, and then keep track of each
pair of parameter values (l, f ) as the profiling process pro-
gresses. We plot a trace of control parameter values profiled by



R value

0 10 20 30 40 50

A
v
g
.
P
er
f.

(G
b
/
s)

5

6

7

8

9

10
A=disabled, M = 2R, C=0.95

fixed

random

(a)

R value

0 10 20 30 40 50

A
v
g
.
%

o
f
D
es
ir
ed

P
er
f.

0

20

40

60

80

100
A=enabled, M = ∞, C=0.95

fixed
random

(b)

R value

0 10 20 30 40 50

A
v
g
.
P
ro
fi
le
#

0

10

20

30

40

50
A=enabled, M = 2R, C=0.95

fixed
random

(c)

R value

0 10 20 30 40 50

M
a
x
.
P
ro
fi
le
#

0

50

100

150

200

250

300

350
A=disabled, M = ∞, C=0.95

fixed
random

(d)

Fig. 7. Effects of starting point (SP) on profiling performance.
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Fig. 8. Profiling process trace with ℛ= 35, 𝒞 = 0.95, and disabled 𝒜.

FastProf in Figure 8, where we use (green) circles to indicate
the values of θ̂k, use triangles to indicate the perturbations
θ̂k±Δk, i.e. the values used by FastProf to measure y+ and y−,
and use red circles (i.e. the last one on the path) to indicate the
control parameter values that produce a desired performance,
i.e. the ones in the “acceptable area” (user-desired) as shown
in Figure 3. In this tracing experiment, we set a = 25 and
c = 9.5, and fix the starting point at (1, 1). Figure 8 shows
that FastProf is able to explore a path in the search space
from the fixed starting point to an acceptable area.

E. Comparison with Other Search Algorithms

We conduct profiling emulations using two existing heuris-
tics, i.e. random walk [17] and Tabu search [10], and compare
their performances with FastProf. We measure the same four
performance metrics as in Section V-C and plot the results in
Figure 9. In comparison with random walk and Tabu search,
FastProf consistently produces significantly better average
performance (Figure 9(a)), has a higher probability to obtain
a user-desired performance (Figure 9(b)), takes much less
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Fig. 9. Comparison of profiling effectiveness and efficiency between
FastProf, random walk, and Tabu search.

profiling time (Figure 9(c)), and has much better worst cases
(Figure 9(d)) among all 5,000 runs.

VI. EXPERIMENT-BASED PERFORMANCE EVALUATION

OVER PHYSICAL CONNECTIONS

We implement FastProf based on TPG and conduct experi-
ments over various physical connections with 2 ms and 380 ms
RTTs in real-life network environments.

A. Experimental Results on ANL Testbed

We run FastProf over 10 Gb/s physical connections from
ANL to UChicago with different delays (2 ms and 380 ms).
We set y∗ = 10 Gb/s (i.e. the connection capacity), a = 30.0,
c = 9.5, ℛ= 30, and ℳ= 2ℛ= 60, and collect experimental
results with profiling precision of 1 Byte2.

We run each test for 10 times, measure the average perfor-
mance and profiling time as well as their standard deviations,
and plot the results in Figure 10 (2 ms) and Figure 11 (380 ms)
for both disabled 𝒜 and enabled 𝒜 cases. The results show
that FastProf is able to consistently find a satisfactory set of
control parameter values in a short profiling period for both
short and long delays. For a short RTT of 2 ms, Figure 10
shows that the throughput explored by FastProf is quite stable
(>8.0 Gb/s). When 𝒞 ∈ {0.80, 0.85}, FastProf achieves a user-
desired performance in all 10 runs with less than 30 one-
time profilings on average. When 𝒞 ∈ {0.90, 0.95}, the desired
performance can only be occasionally achieved. Consequently,
the early termination rule (i.e. the 𝒞 rule) is less frequently
triggered and the majority of the runs are terminated by the
ℛ rule or the ℳ rule. Since FastProf attempts to achieve a
higher level of performance (due to the larger values of 𝒞),

2We perform rounding operations to ensure that an integer number of bytes
are set for both the block size and the buffer size.
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Fig. 10. Experimental results of FastProf on a 10 Gb/s 2 ms connection:
(a) average throughput performance; (b) average profiling time.
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Fig. 11. Experimental results of FastProf on a 10 Gb/s 380 ms connection:
(a) average throughput performance; (b) average profiling time.

it takes a longer time (Figure 10(b)) and the performance is
maintained at the same level (Figure 10(a)). For a longer RTT
of 380 ms, Figure 11 shows that FastProf is able to discover
an appropriate set of values for block size and buffer size
that result in an average performance between 7.5 Gb/s and
8.5 Gb/s. The performance achieved by FastProf is consistent
with the complete profile we manually collected for emulations
in Section V. We also observe that enabling the 𝒜 rule does
not necessarily improve the performance, which implies that
FastProf is not sensitive to the size of the search space.

VII. CONCLUSION AND FUTURE WORK

We designed a stochastic approximation-based transport
profiler, FastProf, to accelerate the profiling process for big
data transfer in high-performance networks. We implemented
FastProf based on the existing Transport Profile Generator,
and conducted both extensive profiling emulations in compar-
ison with other search algorithms and profiling experiments
on physical connections with short (2 ms) and long (380 ms)
delays. The emulation and experimental results showed that
FastProf significantly reduces the profiling time while achiev-
ing a comparable level of end-to-end performance.

We plan to investigate various aspects of the proposed SA-
based method such as gradient approximation averaging, step
size adaption, and intelligent termination conditions to further
improve the profiling performance and accuracy of FastProf.
Since the end-to-end data transfer is a complex process that
involves both network and end-hosts, the parameter selection
for each part of the entire process would affect the application
level performance observed by end users. Hence, it is also of
our interest to explore the possibility of applying such SA-

based approaches to storage profiling on end-hosts. FastProf
makes it possible to conduct “on-line” profiling and we plan
to integrate it into existing big data movement solutions such
as [23] to improve their time efficiency.
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