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Abstract—Degradation of networking quality is a serious
problem for service providers (e.g., on-demand video subscription
service) since it causes customer defection in their services and
results in a decline of their sales. Insufficient path capacity is
one of the typical causes which degrade networking quality.
Especially, the recent technical trend to shift virtualized net-
work, in which the network is dynamically and autonomically
reconfigured, increases the risk of unexpected insufficiency of
the path capacity in the network. To detect such an unexpected
insufficiency of path capacity, a constant monitoring of the whole
network is highly expected. Path capacity estimation with passive
measurement method is an approach which suits to such a
purpose since it adds no additional load to the target network.
However, existing passive measurement methods tend to either
1) have insufficient accuracy on their estimation or 2) require
heavy computational cost for their histogram analyses. In this
paper, we introduce a novel path capacity estimation method by
passive measurement for a constant monitoring of a network 24-
hour, 365-day. Our method can estimate the capacity of each
path with sufficient accuracy by eliminating the two factors of
degrading the estimation accuracy, which are the influence of
TCP window flow control and the influence of cross traffic on the
path. We evaluated our method using packets captured from our
in-company backbone network. Our method accurately estimated
the capacity of the narrowest link in every 1524 connections, in
which 80% of the connections were within approximately 15% of
their actual values (in over 1MB traffic case), as shown in Fig. 8.

I. INTRODUCTION

Measuring the quality of networking is important not only
for user’s QoE (quality of experience) but also for the busi-
nesses of content service providers (e.g., on-demand video sub-
scription services) since degradation of network quality causes
customer defection in the services and results in a decline of
the service providers’ sales [10]. Constant monitoring 1 of path
capacity 2 is expected for such service providers to detect
the degradation of their users’ QoE due to the insufficient
capacity of the narrowest network link between the users and
the service providers. Moreover, the risk of insufficient path
capacity keeps increasing since network traffic keeps growing
more rapidly than the growth of network capacity and network
traffic will increase threefold in the next five years due to the
rapid spread of mobile devices, the wide spread of content
delivery services, and also the growth of average web-page
size [1].

1In this paper, “constant monitoring” is the unceasing measurement of the
capacity of every path in a network 24-hour, 365-day.

2In this paper, “path capacity” is defined as the capacity of the narrowest
link in the network path.

The constant monitoring of path capacity is also required
for path optimization of an overlay network. Path optimization
of an overlay network is a challenge to find an optimal path in
the virtualized network of a cloud datacenter, which minimizes
the latency of the path and maximizes the total utilization of the
network. The wide spread of network virtualization technology
such as Software Defined Network (SDN) increases the chance
of changing paths in a network since SDN changes network
paths dynamically and autonomically. In such a virtualized net-
work, a technique to check whether the capacity of each path
is configured as intended is required to avoid an unexpected
insufficiency of path capacity.

The majority of existing methods for path capacity esti-
mation are categorized into the active measurement method,
which injects probe packets into a target network path to
estimate its path capacity. The active measurement method
can accurately estimate the capacity of a path, and further
can estimate the available bandwidth 3 of the path. However,
the active measurement method is unsuitable for the constant
monitoring of the capacity of every path in a large-scale
network 24-hour, 365-day, due to the heavy additional load for
the probe packets. Additionally, some firewalls on the target
path block the probe packets for a security reason and make
the active measurement method unavailable.

An alternative way of path capacity estimation is the
passive measurement method, which sniffs all packets that
flow on a point of the target network to estimate the ca-
pacity. Although the passive measurement method suits for
the constant monitoring of the capacity of every path in
the network because it adds no additional load to the target
network, its estimation accuracy can’t be compared to that
of the active measurement method due to two reasons (we
will explain the reasons later in Section II-A). Several studies
tackled the problem of low estimation accuracy in the passive
measurement method by adopting a histogram analysis on
packet pair dispersion [3], [8], [11]. However, they are also
unsuitable for the constant monitoring of the capacity of every
path in a large-scale network since the computational cost
of their histogram analysis for all paths in the network is
unacceptably high.

In this paper we introduce a novel accurate method of path
capacity estimation by passive measurement which suits for the
constant monitoring of the capacity of every path in a large-
scale network 24-hour, 365-day. Our method, which is based

3Available bandwidth is the maximum rate at which a new connection can
send without congestion collapse.
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Fig. 1: Packet-pair technique commonly used in existing methods

on the mechanism of window flow control and the distribution
characteristic of packet-pair dispersion caused by cross traffic,
can estimate the capacity of every path in the network with an
acceptable computational cost.

The remainder of the paper is organized as follows. Sec-
tion II provides background knowledge. Section III presents
our accurate method of path capacity estimation by passive
measurement. We evaluate the accuracy of our method on our
company’s backbone network in Section IV. Related works
are summarized in Section V, and Section VI concludes the
paper.

II. BACKGROUND KNOWLEDGE

In this section, we first explain the packet-pair technique,
which has been used to estimate the capacity of a path
by passive measurement method, and two factors impact its
estimation accuracy in Section II-A. Our method is based on
this technique. We next explain TCP window flow control in
Section II-B, which is used in our Filter 1 shown later in
Section III-A. we finally explain the distribution characteristic
of the packet-pair dispersion influenced by cross traffic in
Section II-C, which is used in our Filter 2 shown later in
Section III-B.

A. Packet-Pair Technique and Factors Impacting its Estima-
tion Accuracy

The packet-pair technique estimates the capacity of a path
from the interval between a packet and its subsequent packet,
and the size of the latter packet. Assuming that there is no
cross traffic and the two packets are sent close enough in time
so that they are queued together at the narrowest link in a
path, the packet-pair technique calculates the capacity of the
path (𝐶) as:

𝐶 =
𝑆

Δ𝑡
, (1)

where 𝑆 is the packet size of the latter packet, and Δ𝑡 is the
interval between the two packets at the destination end (see
Fig. 1). In Fig. 1, the path consists of three links (𝐿𝑖𝑛𝑘0, 𝐿𝑖𝑛𝑘1
and 𝐿𝑖𝑛𝑘2). The width of each link indicates the capacity of
the link (𝐶0, 𝐶1 and 𝐶2). In this example, the narrowest link in
the path is 𝐿𝑖𝑛𝑘1, and the capacity of the path is 𝐶1. When the
two packets are sent to the narrowest link from the wide link
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Fig. 2: Two cases that unsatisfy the two assumptions of the packet-
pair technique.

(𝐿𝑖𝑛𝑘0), the interval between the two packets (Δ𝑡1) increases
due to the transmission delay in the narrowest link. When
the two packets are sent to the wide link (𝐿𝑖𝑛𝑘2) from the
narrowest link, the interval between the two packets keeps the
same amount (Δ𝑡2 = Δ𝑡1). Thus the interval between the two
packets can be formulated as:

Δ𝑡𝑖 = max

(
Δ𝑡𝑖−1,

𝑆

𝐶𝑖

)
. (2)

In the packet-pair technique, there are two factors that
degrade the accuracy of path capacity because the packet-pair
technique makes two assumptions which may not be held in
practice. When the assumptions are unsatisfied, the estimation
accuracy of path capacity is degraded significantly [2]. The
first assumption is that the two packets are transmitted consec-
utively so that the packets are queued together at the narrowest
link. The second assumption is that there is no cross traffic on
the path. Fig. 2 shows the cases where the assumptions are
unsatisfied.

∙ Factor 1: When the first assumption that the two packets are
transmitted consecutively is unsatisfied, the interval
between a packet and its subsequent packet becomes
larger than the transmission delay of the narrowest link
(Δ𝑡𝑤𝑓 > Δ𝑡), which results in an underestimation of
the capacity of the path. For example, in the case that
the capacity of the narrowest link is 100Mbps and the
packet size is 1,500 bytes, the two packets need to be
transmitted less than 120 microseconds apart.

∙ Factor 2: When the second assumption that there is
no cross traffic is unsatisfied, the interval between
the two packets changes. When there is cross traffic
between the two packets at the narrowest link, the
second packet experiences additional queueing delays
by the cross traffic, and the interval between the two
packets increases (Δ𝑡𝑐𝑡1 > Δ𝑡). In this case, it results
in an underestimation of the capacity of the path.
When the first packet of the two packets experience
additional queueing delays due to cross traffic in the
links after the narrowest link, the interval between
the two packets decreases (Δ𝑡𝑐𝑡2 < Δ𝑡). This case
results in an overestimation of the capacity of the path.
When the latter packet of the two packets experiences
additional queueing delays due to cross traffic in the



Fig. 3: Mechanism of TCP window flow control

links after the narrowest link, the interval between the
two packets increases (Δ𝑡𝑐𝑡3 > Δ𝑡). This case results
in an underestimation of the capacity of the path.

B. TCP Window Flow Control

In this subsection, we explain TCP window flow control,
which our Filter 1 (see Section III-A) is based on to eliminate
the influence of Factor 1 described in Section II-A.

TCP window flow control is the process to control the
transmission rate of a TCP communication. TCP window flow
control uses a sequence number (𝑠𝑒𝑞), an acknowledgment
number (𝑎𝑐𝑘) and a window size (𝑤𝑠). 𝑠𝑒𝑞 identifies the
order of the packet transmitted from the sender node in order
to reconstruct the data at the receiver node. 𝑎𝑐𝑘 notifies the
sender node about the order of the packet that the receiver
node received correctly. 𝑤𝑠 decides the number of the packets
that the sender node can transmit without waiting for an ACK
packet. The sender node can transmit packets until a window
becomes full (𝑠𝑒𝑞 ≤ 𝑎𝑐𝑘 + 𝑤𝑠) without waiting for an ACK
packet. TCP window flow control achieves high throughput
and avoids congestion collapse by controlling the amount of
𝑤𝑠. In Fig. 3, 𝐴𝑖 are ACK packets and 𝐷𝑖 are data packets. Δ𝑡𝑖
are the intervals between 𝐷𝑖 and 𝐷𝑖−1. Maximum Segment
Size (MSS) limits the payload size of TCP packets. In the case
of Fig. 3, MSS is 1,000 and 𝑤𝑠 is 10,000. When the sender
node receives 𝐴1[𝑎𝑐𝑘 : 2001], the sender node can transmit
two data packets: 𝐷2[𝑠𝑒𝑞 : 11001] and 𝐷3[𝑠𝑒𝑞 : 12001].
Also, when the sender node receives 𝐴2[𝑎𝑐𝑘 : 4001], then, the
sender node can transmit two data packets: 𝐷2[𝑠𝑒𝑞 : 13001]
and 𝐷3[𝑠𝑒𝑞 : 14001].

Without the influence of cross traffic, the packets are
classified into two groups for the purpose of estimating path
capacity: The first group is the packets transmitted consecu-
tively, which interval depends on the the capacity of the path.
Meanwhile, the second group is the packets transmitted after
waiting for an ACK packet, which interval does not depend on
the capacity of the path. In the case of Fig 3, 𝐷3 and 𝐷5 are
transmitted consecutively without waiting for an ACK packet,
whereas Δ𝑡3 and Δ𝑡5 depend on the capacity of the path.
On the other hand, 𝐷2 and 𝐷4 are transmitted after waiting
for an ACK packet. Thus, Δ𝑡2 and Δ𝑡4 are larger than the

Fig. 4: Distribution of the size of packets observed in our in-company
backbone network
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Fig. 5: Distribution of the intervals between two consecutively trans-
mitted packets under the influence of cross traffic

transmission delay at the narrowest link. These intervals do
not depend on the capacity of the path.

In order to accurately estimate path capacity, it is necessary
to eliminate the packets transmitted after waiting for an ACK
packet. If we can estimate 𝑤𝑠 correctly, we can distinguish
the data packets transmitted after waiting for an ACK packet.
However, it is difficult to estimate 𝑤𝑠 correctly because 𝑤𝑠
is dynamically changed in the sender node by various control
methods ( e.g., Reno, Vegas, and so on ) and the information
of 𝑤𝑠 and its control method can not be obtained from the
header of TCP packets.

C. Distribution of Intervals under the Influence of Cross
Traffic

In this subsection, we show how cross traffic impacts the
distribution of the interval between two consecutive packets.
Our Filter 2 (see Section III-B) uses the characteristics of the
distribution of the intervals to eliminate the influence of Factor
2 described in Section II-A.

We investigated the distribution of TCP packet size in our
in-company backbone network as shown in Fig. 4. 1,500-
byte packets occupied more than 40% of the total packets.
1,500 bytes is the MTU of Ethernet frame. Packets of less
than 100 bytes account for more than 30% of the total
packets. These packets were ACK packets. The two kind of
packets above account for more than 70% of the total packets.
The ACK packets have a low impact on intervals because
their transmission delay are low. Accordingly, the 1,500-byte
packets have a dominant impact on intervals between two
consecutive packets.

Next, we investigated the distribution of intervals between
two consecutive packets under the influence of cross traffic as
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Fig. 6: Block diagram of our path capacity estimation method

shown in Fig. 5. In the path, the capacity of the narrowest link
was 100 Mbps and the capacity of the other links were 1 Gbps.
The transmission delay of a 1,500-byte packet on a 100 Mbps
link is 120 microseconds. When packets of cross traffic inter-
vene between two packets at the narrowest link, the interval
becomes the integral multiple of the transmission delay at the
narrowest link, such as 240, 360 and 480 microseconds. When
there is some cross traffic on the links except the narrowest
link, the mode of intervals is changed to 12 microseconds
intervals, based on the queuing model 𝑀𝑋

𝑆 /𝑀/1 [14]. 12
microseconds is the transmission delay of a 1,500-byte packet
transmitted on 1 Gbps link.

To summarize, there are two characteristics of the distribu-
tion of intervals between two packets transmitted consecutively
under the influence of cross traffic. Characteristic 1 is that the
intervals increase to an integral multiple of the transmission
delay at the narrowest link when there is cross traffic between
two packets at the narrowest link. Characteristic 2 is that the
intervals distribute based on 𝑀𝑋

𝑆 /𝑀/1 when there is some
cross traffic on the links except the narrowest link.

III. PATH CAPACITY ESTIMATION METHOD

This section describes our path capacity estimation method
by passive measurement. Our estimation method consists of
three steps: Filter 1, Filter 2 and the packet-pair technique as
described in Fig. 6. The two filters are shown in Section III-A
and Section III-B, respectively. After eliminating unnecessary
packets by the two filters, the packet-pair technique is applied
to derive the capacity of the target path. Note, our estimation
method estimates the path capacity of only the sender side
from the monitoring point in the network.

A. Filter 1: To Eliminate the Influence of Factor 1

To eliminate the influence of Factor 1, we eliminate the
packets that are transmitted after waiting for an ACK packet,
based on the mechanism of TCP window flow control. Filter 1
consists of two steps: first clustering step and then comparing
step. The clustering step classifies the all captured packets
in a connection into a group of the packets transmitted after
waiting for an ACK packet and groups of the packets trans-
mitted consecutively without waiting for an ACK packet. The
comparing step distinguishes the group of packets transmitted

after waiting for an ACK packet from the others to eliminate
the packets in the group.

In the first clustering step, to gather packets transmitted
after waiting for an ACK packet into one group, all captured
packets in a connection are partitioned into N groups in order
of arrival. A group consists of only the packets transmitted
after waiting for an ACK packet. This group is referred to as
𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝 in this section. Other 𝑁 − 1 groups consist of
only the packets transmitted consecutively. 𝑁 is determined
by the number of packets transmitted consecutively without
waiting for an ACK packet. The number of packets transmitted
consecutively can be estimated by MSS and the increment of
𝑎𝑐𝑘, as follows:

𝑁 = 𝑓𝑙𝑜𝑜𝑟

(
𝐴𝑖 −𝐴𝑖−1

𝑀𝑆𝑆

)
. (3)

In Fig. 3, the amount of increase in 𝑎𝑐𝑘 equals 2,000 (𝐴𝑖 −
𝐴𝑖−1 = 2, 000) and 𝑀𝑆𝑆 equals 1,000, then 𝑁 becomes 2.
When 𝑁 remains constant, the packet transmitted after waiting
for an ACK packet is sent every 𝑁 − 1 packets. Therefore,
Filter 1 clusters all packets into 𝑁 groups based on the order
of capturing. The clustering rule is defined as:

𝑔 = 𝐺 (𝑖) = mod (𝑖,𝑁) , (4)

where 𝑔 and 𝐺 (𝑖) are group number (𝑔 = 0, ..., 𝑁 − 1). In
the case of Fig. 3, Group 0 then consists of 𝐷2 and 𝐷4, and
Group 1 consists of 𝐷3 and 𝐷5.

In the second comparing step, we identify the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑
𝑔𝑟𝑜𝑢𝑝 from 𝑁 groups clustered at the clustering step, and
eliminates the packets in the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝. We first compare
the path capacity calculated by the packets in each group. The
capacity calculated by the packets of the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝 is
smaller than the others, because the packets of the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑
𝑔𝑟𝑜𝑢𝑝 are transmitted after waiting for an ACK packet, and
the intervals of the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝 are wider than those of other
groups which consist of packets transmitted consecutively
without waiting for an ACK packet. Therefore, the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑
𝑔𝑟𝑜𝑢𝑝 (𝑔𝑤𝑓 ) is derived as Equation 5.

𝑔𝑤𝑓 = arg min
𝑔

𝐶𝑔, (5)

where 𝐶𝑔 is the capacity calculated by the packets in the Group
𝑔. To calculate path capacity by using packet-pair technique,
the sum total of packet size and the sum total of each interval
between two packets are calculated for each group whenever
a new packet is captured.

𝑆𝑖𝑧𝑒𝐺(𝑖) + = 𝑆𝑖

𝐺𝑎𝑝𝐺(𝑖) + = Δ𝑡𝑖,
(6)

where 𝑆𝑖𝑧𝑒𝑔 is the sum total of packet size in group 𝑔, and
𝐺𝑎𝑝𝑔 is the sum total of intervals in group 𝑔. Using Equation 1
and Equation 6, we can obtain the 𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝 number in
Equation 5 as:

𝑔𝑤𝑓 = arg min
𝑔

(
𝑆𝑖𝑧𝑒𝑔

𝐺𝑎𝑝𝑔

)
. (7)

In the case of the example in Fig. 3, Group 0 is derived as the
𝑖𝑛𝑣𝑎𝑙𝑖𝑑 𝑔𝑟𝑜𝑢𝑝 (𝑔𝑤𝑓 = 0).



B. Filter 2: To Eliminate the Influence of Factor 2

To eliminate the influence of cross traffic, we eliminate
the influence of cross traffic in the narrowest link using by
Characteristic 1 described in Section II-C, and eliminate the
influence of cross traffic in the links except the narrowest link
using Characteristic 2 described in Section II-C. Our method
can accurately estimate the capacity of every path by the
packets that conformed to the two assumptions of the packet-
pair technique.

First, to eliminate the influence of cross traffic in the
narrowest link, the capacity calculated from the latest two
packet is compared with the capacity calculated from all
packets of the group. According to the Characteristic 1, when
the captured packet experiences additional queueing delays
by cross traffic in the narrowest link, the calculated capacity
becomes the half of the actual capacity of the path or less.
Therefore, if the calculated capacity is larger than the constant
rate 4of the estimated capacity of the group, the sum total
of packet size and the sum total of each interval between two
consecutive packets are calculated for each group as Equation 9
and 9, respectively.

𝑆𝑖

Δ𝑡𝑖
> 𝑐× 𝑆𝑖𝑧𝑒𝐶𝑎𝑝𝐺(𝑖)

𝐺𝑎𝑝𝐶𝑎𝑝𝐺(𝑖)
(8)

𝑆𝑖𝑧𝑒𝐶𝑎𝑝𝐺(𝑖) + = 𝑆𝑖

𝐺𝑎𝑝𝐶𝑎𝑝𝐺(𝑖) + = Δ𝑡𝑖.
(9)

Second, to eliminate the influence of cross traffic in the
links except the narrowest link, our method uses the central
limit theorem. According to the Characteristic 2, each inter-
val between two consecutive packets is distributed based on
𝑀𝑋

𝑆 /𝑀/1. When the number of sample packets is enough
large, 𝑀𝑋

𝑆 /𝑀/1 approximates to a Gaussian distribution.
Therefore, the influence can be decreased by increasing the
number of sample packets 5.

Using the packet-pair technique (Equation 1), the estimated
capacity (𝐶𝑒𝑠𝑡) is derived as Equation 10.

𝐶𝑒𝑠𝑡 =

𝑁

Σ
𝑔=0,𝑔 ∕=𝑔𝑤𝑓

𝑆𝑖𝑧𝑒𝐶𝑎𝑝𝑔

𝑁

Σ
𝑔=0,𝑔 ∕=𝑔𝑤𝑓

𝐺𝑎𝑝𝐶𝑎𝑝𝑔
. (10)

IV. EVALUATION

In this section, we evaluate our method using packets
captured in our in-house backbone network. Each of network
path at the sender side ( the paths between sender nodes and
the monitoring point) consists of 5 to 15 hops, and RTTs of
each path were between 1 to 300 ms, and the average RTT was
10 ms. We selected 211 paths which we knew each of their
path capacity is either 100 Mbps ( 174 paths ) or 10 Mbps (
37 paths ). The number of sampled TCP connections was over
1,400,000 in the captured data during 3 hours.

4 Threshold 𝑐 = 0.75 is adopted to cut-off the second and follow-on peaks
in the distribution of intervals as shown in Fig. 5.

5 In Section IV, to reduce the influence of cross traffic on the links except
the narrowest link, the necessary amount of traffic ( the sum total of packet
size ) to sufficient accurately estimate the path capacity is limited to 9000
bytes
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First, we evaluated the necessary amount of traffic to
estimate the capacity of each path. Fig. 7 shows the ratio
of TCP connections for which our method can estimate the
path capacity to all TCP connections, by the traffic size of
the connection. The ratio monotonically increases until traffic
size reaches 500 KB. When traffic size exceeds 500 KB, the
ratio stays relatively constant at approximately 20%6. The
result shows our method requires more than 500 KB traffic
on the path to estimate the capacity of a path. We consider
this condition is reasonable since the average traffic of a
HTTP access was 1.6 MB in Jan 2014 according to HTTP
Archive [15].

Second, we evaluated the estimation accuracy of the capac-
ity of each path. Fig. 8 shows the distributions of the estimated
capacity of every connection at two different actual value.
In Fig. 8(a) shows, in 70% of connections, their estimated
capacities are within approximately 20% of their actual value
(100 Mbps). In Fig. 8(b) shows, in 80% of connections their
estimated capacities are within approximately 20% of their
actual value (10 Mbps). Those results show the estimation
accuracy of our method is sufficiently high for out propose
which is the constant monitoring of the capacity of every

6 In our in-house backbone network, 20% is the guessed ratio of TCP
connections which is appropriate for our proposed method. 𝑁 is more than 1,
other than for interactive communication and unstable communication traffic.
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Fig. 9: Box plot of the estimated capacity of each path, aggregated
by traffic size. The top line of the box is the 90𝑡ℎ percentile of the
distribution, the bottom line of the box is the 10𝑡ℎ percentile of the
distribution, and the central line of the box is the median of the
distribution. In this case, the top end of the whiskers represents 99𝑡ℎ

percentile of the distribution, and the bottom end of the whiskers
represents the 1𝑡ℎ percentile of the distribution.

path in a network 24-hour, 365-day. The variance of estimated
capacities in 100 Mbps cases is larger than that in 10 Mbps
cases. We consider this wider variance in 100 Mbps cases is
caused by the observation error of the time stamp of each
packet. For example, when the observation error of each time
stamp is 30 microseconds, and the actual value is 100 Mbps,
the estimation error becomes 20%. On the other hand, when
the actual value is 10 Mbps with the same observation erro
of each time stamp, the estimation error becomes 0.26%. In
Fig 8(b), There is another small peak at 100 Mbps although the
actual value is 10 Mbps. We consider this small peak is caused
by bursty cross traffic on the links except the narrowest link.
How to remove these error cases is one of our future works.

Finally, we evaluated the impact of traffic size on estima-
tion accuracy of our path estimation method. Fig. 9 shows
the box plot of the estimated capacity of every connection,
which actual value is 100 Mbps, by traffic size. As traffic
size increases, the variance of the estimated capacity becomes
smaller. With the traffic size of 1 MB to 5 MB, in 80% of con-
nections, their estimated capacities are within approximately
15% of their actual value. This result shows that our method
can achieve sufficiently high accuracy when it is applied for a
connection which traffic size exceeds 1 MB.

V. RELATED WORKS

Active measurement methods designed for the Probe Rate
Model (𝑅𝑃𝑀 ). Pathload [6], IGI [4] and Pathchirp [12] use
this model. This model is based on the concept of self-
induced congestion, and it transmits packet-train, a sequence
of consecutive probe packets, at varies rates. If the probing
rate on the sender side is lower than the available bandwidth,
the arrival rate of the packet-train at the receiver side will
match the rate at the sender side. If the probing rate of the
sender side is greater than or equal to the available bandwidth,
the arrival rate at the receiver side will be lower than the
sender side, because the packet train will congest the queues
at the narrowest link. The estimated accuracy of the active
method is high, and the active method can estimate not only
path capacity but also available bandwidth. However, active
measurement methods can have a significant impact during an
estimation [13], and are not suitable for large scale networks.
Active methods are suitable for rate control [5] and path
selection in an overlay network [7] of multimedia streaming.

Passive methods designed for the Probe Gap Model
(𝑅𝐺𝑀 ). Nettimer [11], PPrate [3], MultiQ [8] and L. Kevin
(2004) [9] use this model. The above methods are based
on packet dispersion and using a histogram. Nettimer is the
oldest passive tool, the estimate accuracy is low. MultiQ is
the first passive method that discovers the capacity of multiple
congested links along a path from a single flow trace, and
this method frequently overestimates. PPrate uses algorithms
similar to Pathrate [2] to passively discover capacities, The
estimate accuracy of this method is high, and sometimes
underestimates when working on the ack stream.

VI. CONCLUSION

We introduced a novel path capacity estimation method for
passive measurement, which eliminates the negative influence
of TCP window flow control and the negative influence caused
by cross traffic on the path, and can estimate the capacity of
each path with sufficient accuracy. Through the evaluations on
our in-company backbone network, we showed our method
could accurately estimate the capacity of the narrowest link
in every 1524 connections, in which 80% of the connections
were within approximately 15% of their actual values (in over
1MB traffic case). The computational cost of our estimation
method is so reasonable that we can use the method for the
constant monitoring of the capacity of every path in a large-
scale network 24-hour, 365-day.
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