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COMMUNICATION DEVICE, AVAILABLE
BAND CALCULATION SYSTEM, AVAILABLE
BAND CALCULATION METHOD, AND
PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a communication
device, an available bandwidth calculation system, an avail-
able bandwidth calculation method, and a program.

BACKGROUND ART

[0002] In recent years, services using networks have
become widespread. There is a growing demand for check-
ing network quality status, and improving network facilities
so that service users can comfortably use services. There-
fore, as a technique for checking network quality status,
there is a technique for estimating an available bandwidth at
an IP (Internet Protocol) level by using a packet train
composed of a series of measurement packets (Patent Docu-
ment 1). In the technique of Patent Document 1, a plurality
of measurement packets that monotonically increases or
decreases, are sequentially transmitted from a transmission
device at predetermined transmission intervals. Then, an
available bandwidth is estimated in a receiving device,
based on changes in reception intervals.

PRIOR ART DOCUMENTS

[Patent Document]

[0003] [Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2011-142622

SUMMARY OF INVENTION

Problem to be Solved by the Invention

[0004] However, with the technique of Patent Document
1, there is a possibility that the level of estimation accuracy
may degrade in a case such as a low bandwidth region,
where a packet loss occurs due to a buffer overflow of a
network device. Here, the network device is a device that
relays communication packets transmitted and/or received
between a transmission device and a receiving device. This
is due to, in the technique of Patent Document 1, measure-
ment packets being transmitted and received in the follow-
ing manner in order to accurately control the transmission
and reception intervals of measurement packets. That is to
say, in the technique of Patent Document 1, for example,
more than 100 measurement packets are transmitted and
received using a protocol (UDP (User Datagram Protocol)/
1P) that offers no arrival guarantee. For example, in a low
bandwidth region, when a packet storage region (an input
buffer) provided in the network apparatus is used up and a
buffer overflow occurs, measurement packets are not trans-
mitted to the receiving device and are discarded as a result.
On the other hand, when the network device transmits the
measurement packets stored in the packet storage area, a
space is created in the packet storage area. As a result, the
network device becomes able to store the next measurement
packet into the packet storage area. Accordingly, the recep-
tion interval of the measurement packets when a buffer
overflow occurs does not include the transmission time of
the discarded packets, and therefore, it becomes shorter than
the reception interval of the measurement packets when the
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buffer overflow does not occur. As a result, in the packet
train that has lost measurement packets, changes in the
transmission and reception interval of the measurement
packets cannot be accurately grasped, and the level of
accuracy in estimating an available bandwidth deteriorates.
[0005] An exemplary object of the present invention is to
provide a communication device, an available bandwidth
calculation system, an available bandwidth calculation
method, and a program that solve the problem mentioned
above.

Means for Solving the Problem

[0006] A communication device according to an exem-
plary aspect of the present invention includes: a receiver unit
that receives a plurality of measurement packets among a
plurality of measurement packets that respectively have
consecutive numbers and are scheduled to be received; an
extraction unit that extracts a valid packet group including a
plurality of measurement packets having consecutive num-
bers from among the plurality of received measurement
packets; and a calculation unit that calculates an available
bandwidth using the extracted valid packet group.

[0007] An available bandwidth calculation system accord-
ing to an exemplary aspect of the present invention includes
a transmission device and a receiving device. The transmis-
sion device includes: a generating unit that generates a
plurality of measurement packets respectively having con-
secutive numbers; and a transmission unit that transmits the
plurality of generated measurement packets. The receiving
device includes: a receiver unit that receives a plurality of
measurement packets among the plurality of transmitted
measurement packets; an extraction unit that extracts a valid
packet group including a plurality of measurement packets
having consecutive numbers from among the plurality of
received measurement packets; and a calculation unit that
calculates an available bandwidth using the extracted valid
packet group.

[0008] An available bandwidth calculation method
according to an exemplary aspect of the present invention
includes: receiving a plurality of measurement packets
among a plurality of measurement packets that respectively
have consecutive numbers and are scheduled to be received;
extracting a valid packet group including a plurality of
measurement packets having consecutive numbers from
among the plurality of received measurement packets; and
calculating an available bandwidth using the extracted valid
packet group.

[0009] A program according to an exemplary aspect of the
present invention causes a computer to execute: receiving a
plurality of measurement packets among a plurality of
measurement packets that respectively have consecutive
numbers and are scheduled to be received; extracting a valid
packet group including a plurality of measurement packets
having consecutive numbers from among the plurality of
received measurement packets; and calculating an available
bandwidth using the extracted valid packet group.

Effect of the Invention

[0010] According to at least one exemplary aspect men-
tioned above, degradation of estimation accuracy can be
prevented even in an environment where measurement pack-
ets are discarded in a network device that is interposed
between the transmission device and the receiving device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a configuration diagram for describing an
available bandwidth calculation system according to a first
exemplary embodiment of the present invention.

[0012] FIG. 2 is a configuration diagram of a valid packet
extraction unit shown in FIG. 1.

[0013] FIG. 3 is an explanatory diagram for describing an
example of packet arrival information created by a packet
presence check function unit shown in FIG. 2.

[0014] FIG. 4 is an explanatory diagram for describing an
example of packet group information created by a packet
group information generation function unit shown in FIG. 2.
[0015] FIG. 5 is a flowchart showing an operation of the
valid packet extraction unit shown in FIG. 2.

[0016] FIG. 6 is a configuration diagram of a valid packet
extraction unit according to a second exemplary embodi-
ment of the present invention.

[0017] FIG. 7 is a flowchart showing an operation of the
valid packet extraction unit shown in FIG. 6.

[0018] FIG. 8 is a schematic block diagram showing a
basic configuration of an available bandwidth calculation
system according to an exemplary embodiment of the pres-
ent invention.

[0019] FIG. 9A is an explanatory diagram for describing
an example of a packet train in the first exemplary embodi-
ment of the present invention.

[0020] FIG. 9B is an explanatory diagram for describing
an example of a packet train in the first exemplary embodi-
ment of the present invention.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0021] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the drawings.

First Exemplary Embodiment

[0022] FIG. 1 is a configuration diagram showing a sche-
matic configuration of an available bandwidth calculation
system 100 according to a first exemplary embodiment of
the present invention. The available bandwidth calculation
system 100 includes a transmission device (a transmission
side device) 101 and a receiving device (a receiving side
device) 102. The transmission device 101 and the receiving
device 102 are connected via a network 103.

[0023] The transmission device 101 and the receiving
device 102 may be an information processing device having
a communication function such as a personal computer
(PC), a portable information terminal, a mobile phone, and
a smartphone, or a communication terminal built in or
attached externally as a peripheral device of an information
processing device. The transmission device 101 and the
receiving device 102 are examples of a communication
device. The transmission device 101 and the receiving
device 102 internally include a processor such as a CPU
(Central Processing Unit) and hardware such as a primary
storage device, an auxiliary storage device, and an input
device.

[0024] The transmission device 101 shown in FIG. 1
includes a measurement packet generation unit 110, a mea-
surement packet transmission unit 111, a transmission and
reception unit 112, and a parameter memory unit 113. The
receiving device 102 includes a transmission and reception
unit 120, a reception interval measurement unit 121, an
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available bandwidth calculation unit 122, a measurement
data storage unit 123, and a valid packet extraction unit 201.
The measurement packet generation unit 110 may be
referred to simply as the generation unit 110. The measure-
ment packet transmission unit 111 may be referred to simply
as the transmission unit 111. The reception interval mea-
surement unit 121 may be referred to simply as the mea-
surement unit 121. The available bandwidth calculation unit
122 may be referred to simply as the calculation unit 122.
The valid packet extraction unit 201 may be referred to
simply as the extraction unit 201. The transmission device
101 and the receiving device 102 realize the functions of the
respective units shown in FIG. 1, by using the processor and
other hardware mentioned above and thereby executing a
predetermined program.

[0025] The generation unit 110 of the transmission device
101 generates a plurality of measurement packets to be
transmitted to the receiving device 102. The measurement
packets generated by the generation unit 110 are transmitted
as a packet train to the receiving device 102. The generation
unit 110 generates measurement packets, the packet size of
which sequentially increases or decreases from the first
packet to the last packet of the packet train. The transmission
and reception unit 112 transmits communication signals
such as measurement packets to the network 103, and
receives from the network 103, communication signals such
as communication packets transmitted from the reception
device 102. The transmission unit 111, at predetermined
transmission intervals, transmits, via the transmission and
reception unit 112, a plurality of measurement packets, the
packet size of which sequentially increases or decreases.
[0026] The parameter memory unit 113 stores the mini-
mum packet size or the maximum packet size, the packet
increase size or the packet decrease size, and the measure-
ment packet transmission interval. The generation unit 110
may make reference to the parameter memory unit 113, and
may generate measurement packets, the packet size of which
is each increased by the packet increase size from the
minimum packet size. As another method, the generation
unit 110 may make reference to the parameter memory unit
113, and may generate measurement packets, the packet size
of which is each decreased by the packet decrease size from
the maximum packet size. The transmission unit 111 sequen-
tially transmits measurement packets having different packet
sizes at the transmission intervals stored in the parameter
memory unit 113.

[0027] The transmission and reception unit 120 of the
receiving device 102 receives a plurality of measurement
packets transmitted by the transmission device 101, the
packet size of which sequentially increases or decreases, via
one or more network devices (not shown in the figure) that
are installed in the network 103. The measurement unit 121
stores information related to the received measurement
packet (referred to as measurement data) in the measurement
data storage unit 123.

[0028] The measurement data stored in the measurement
data storage unit 123 includes the packet number (number),
packet size, transmission interval, and reception interval of
each measurement packet received by the transmission and
reception unit 120. When the transmission and reception unit
120 receives the measurement packet, the measurement unit
121 acquires the packet number, the packet size, and the
transmission interval included in the received measurement
packet. The measurement unit 121 stores, in the measure-
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ment data storage unit 123, the packet number, the packet
size, and the transmission interval together with the recep-
tion time. In addition, the measurement unit 121 finds the
reception interval of the measurement packet from the
difference between the previous measurement packet recep-
tion time and the current measurement packet reception
time, and stores the found reception interval in the measure-
ment data storage unit 123. At this time, the measurement
unit 121 performs a calculation process of finding the
reception interval, while limiting the process target to the
measurement packets included in the valid packet group
extracted by the extraction unit 201. The extraction unit 201
extracts a valid packet group including consecutive mea-
surement packets successfully received, from among the
plurality of received measurement packets. Here, the packet
group means a cluster of packets composed of a plurality of
packets. Also, the valid packet group is a packet group
including measurement packets that are valid for the process
of estimating an available bandwidth. The extraction unit
201 notifies the measurement unit 121 and the calculation
unit 122 of information indicating the position or the range
of the measurement packet that is valid for the available
bandwidth estimation process. Details of this extraction unit
201 will be described later.

[0029] FIG. 9A is a diagram showing a transmission time
packet train 150. FIG. 9B is a diagram showing a reception
time packet train 160. The transmission time packet train
150 is a measurement packet train transmitted by the trans-
mission device 101. The transmission time packet train 150
is composed of a plurality of measurement packets 151, the
packet size PS of which sequentially increases. In the
following description there will be mainly described a case
where the packet train is composed of a plurality of mea-
surement packets, the packet size PS of which is sequentially
increased. In FIG. 9A and FIG. 9B, the packet size PS is
indicated by the size of the shaded portion. Here, the number
of measurement packets 151 generated by the generation
unit 110 is set to N (N is an integer of 3 or more). The packet
number PN is a number for identifying the measurement
packet 151. The transmission time packet train 150 is
composed of measurement packets 151 having packet num-
bers PN 1 to N arranged in time series. As the measurement
packets 151, for example, IP packets, UDP packets, RTP
(Real-time Transport Protocol) packets, or the like may be
used.

[0030] In the transmission time packet train 150, the
transmission interval Ts of each measurement packet 151 is
equal to the transmission interval stored in the parameter
memory unit 113. That is to say, the time intervals between
adjacent measurement packets 151 are equal intervals. The
packet size PS of the measurement packet 151 with the
packet number 1 is equal to the minimum packet size stored
in the parameter storage unit 113. The packet size PS of the
measurement packet with the packet number 2 is larger than
the size of the measurement packet with the packet number
1 by the packet increment size stored in the parameter
storage unit 113. Thereafter, the packet size of the measure-
ment packet 151 increases by the packet increment size
every time the packet number increases by one. The gen-
eration unit 110 adds, in each measurement packet 151, a
packet number PN, a packet size PS, and a transmission
interval Ts.

[0031] The reception time packet train 160 shown in FIG.
9B shows the measurement packet train received by the
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receiving device 102. The transmission time packet train 150
is transmitted through the network 103 and received by the
receiving device 102 as a reception time packet train 160. In
the reception time packet train 160, until a certain point in
time, the reception interval Tr of the measurement packet
161 is substantially equal to the transmission interval Ts at
the time of transmission of the measurement packet. How-
ever, as the packet size PS of the measurement packet 161
increases, at a certain point in time, the reception interval Tr
of the measurement packet 161 becomes greater than the
transmission interval Ts at the time of transmission.

[0032] When the reception interval Tr of the measurement
packet 161 becomes greater than the transmission interval
Ts, the calculation unit 122 calculates the available band-
width using the immediately preceding measurement packet
of the measurement packet. The reception interval Tr of the
measurement packet 161 is found by the measurement unit
121 using the valid packet group extracted by the extraction
unit 201.

[0033] Since the packet size of the measurement packets
increases, the measurement packet transmitted immediately
before the measurement packet, the reception interval of
which is greater than the transmission interval, corresponds
to the measurement packet with the largest packet size
among the measurement packets having substantially equal
reception intervals and transmission intervals. The calcula-
tion unit 122 calculates the available bandwidth in the
following procedure, based on the packet size and the
transmission interval of the measurement packet transmitted
immediately before the measurement packet, the reception
interval of which is greater than the transmission interval.

[0034] That is to say, the calculation unit 122 first checks
the packet number of the measurement packet 161 whose
reception interval Tr is greater than the transmission interval
Ts. Let j be the packet number of the measurement packet
161 when the reception interval Tr is greater than the
transmission interval Ts. In this case, the reception interval
between the measurement packet 161 of the packet number
j and the measurement packet 161 of the packet number j-1
is greater than the transmission interval between the mea-
surement packet 161 of the packet number j and the mea-
surement packet 161 of the packet number j—1. Furthermore,
the reception interval between the measurement packet 161
of the packet number j—1 and the measurement packet 161
of the packet number j-2 is substantially equal to the
transmission interval between the measurement packet 161
of the packet number j—1 and the measurement packet 161
of the packet number j-2. Here, the measurement packets
161 of the packet number j-2, j-1, and j are measurement
packets that are included in the valid packet group.

[0035] Next, the calculation unit 122 acquires, from the
measurement data storage unit 123, the packet size and the
transmission interval Ts of the measurement packet 161 with
the packet number j-1 (the transmission interval between
the measurement packet 161 with the packet number j—1 and
the measurement packet 161 with the packet number j-2).
After that, the calculation unit 122 calculates the available
bandwidth using the calculation formula of “available band-
width=(packet size of the (j—1) th measurement packet)/
transmission interval Ts”. The calculation unit 122 stores the
calculated available bandwidth in the measurement data
storage unit 123. In addition, the calculation unit 122
transmits the calculated available bandwidth to the trans-
mission device 101 via the transmission and reception unit



US 2018/0062964 Al

120. The transmission and reception unit 112 of the trans-
mission device 101 receives the measurement result of the
available bandwidth transmitted by the receiving device
102.

[0036] Next, details of the extraction unit 201 shown in
FIG. 1 are described with reference to FIG. 2 to FIG. 5. FIG.
2 is a block diagram showing a configuration example of the
extraction unit 201. In the configuration shown in FIG. 2, the
same components as those shown in FIG. 1 are denoted by
the same reference symbols, and the descriptions thereof are
omitted.

[0037] In the configuration example shown in FIG. 2, the
extraction unit 201 includes a packet presence check func-
tion unit 210, a packet group information generation func-
tion unit 211, a packet information storage unit 212, and a
valid packet number detection function unit 213. The packet
presence check function unit 210 may be referred to simply
as the check function unit 210 in some cases. The packet
group information generation function unit 211 may be
referred to simply as the generation function unit 211 in
some cases. The packet information storage unit 212 may be
referred to simply as the storage unit 212 in some cases. The
valid packet number detection function unit 213 may be
referred to simply as the detection function unit 213 in some
cases. The check function unit 210 checks whether or not
each measurement packet included in the packet train has
arrived. The generation function unit 211 divides the
received packet train into packet groups where the measure-
ment packet lost in the network is treated as a separator, and
generates information of each packet group (each packet
group). The storage unit 212 stores information indicating
the arrival result of each measurement packet generated by
the check function unit 210, and information related to each
packet group generated by the generation function unit 211.
The detection function unit 213 detects, from the informa-
tion stored in the storage unit 212, the number of the
measurement packet used by the measurement unit 121 and
the calculation unit 122 in the process for estimating the
available bandwidth.

[0038] Next, with reference to FIG. 3, information indi-
cating whether or not a measurement packet has arrived
(referred to as packet arrival information 2101), generated
by the check function unit 210, will be described. FIG. 3
shows a configuration example of the packet arrival infor-
mation 2101. In the example shown in FIG. 3, the packet
arrival information 2101 has an array structure in which
each arrival result of all measurement packets scheduled to
arrive (scheduled to be received) serves as an element. The
packet arrival information 2101 is such that the leading
element indicates the arrival result of the measurement
packet scheduled to arrive first. The packet arrival informa-
tion 2101 includes elements ranging sequentially from the
element that indicates the measurement packet scheduled to
arrive second to the element that indicates the measurement
packet scheduled to arrive at the 115th. In each element, “1”
is stored when a packet arrives, and “0” when a packet does
not arrive.

[0039] Next, with reference to FIG. 4, information of the
packet group (referred to as packet group information),
generated by the generation function unit 211, will be
described. FIG. 4 shows a configuration example of packet
arrival information 2111. The contents of the packet group
information 2111 shown in FIG. 4 correspond to the contents
of the packet arrival information 2101 shown in FIG. 3. In

Mar. 1, 2018

the example shown in FIG. 4, the packet group information
2111 is configured as a table that includes a plurality of
records. Each record includes a plurality of fields for storing
a packet group number, a start packet number, an end packet
number, a number of packets, a number of lost packets, and
a lost starting packet number.

[0040] The packet group number is a number for identi-
fying each packet group that is divided when a received
packet train is divided into a plurality of packet groups
where the measurement packet lost in the network is treated
as a separator. The start packet number is the number of the
measurement packet with which the packet group identified
by the packet group number of the same record starts. The
end packet number is the number of the measurement packet
with which the packet group ends. The number of packets
represents the number of measurement packets included in
the packet group. The number of lost packets represents the
number of measurement packets marked as “0” in the packet
arrival information 2101. The lost starting packet number is
the number of the first measurement packet marked as “0”
in the packet arrival information 2101 in the packet group.
As a method of separating the packet group, for example, it
can be realized by treating a position marked as “1” imme-
diately after “0” as a separation point in the packet arrival
information 2101. For example, in packet arrival informa-
tion 2101 shown in FIG. 3, packet number 4 and packet
number 9 are separation points. Moreover, measurement
packets of packet numbers 1 to 4 are regarded as a packet
group 1, and measurement packets of packet numbers 5 to
9 are regarded as a packet group 2. In this case, for the
packet group 1, the packet group number is 1, the start
packet number is 1, the end packet number is 4, the number
of packets is 4, the number of lost packets is 1, and the
number of lost starting packet is 4. Also, for the packet group
2, the packet group number is 2, the start packet number is
5, the end packet number is 9, the number of packets is 5,
the number of lost packets is 1, and the number of the lost
starting packet is 9.

[0041] Next, an operation of the extraction unit 201 shown
in FIG. 2 is described with reference to the flowchart shown
in FIG. 5.

[0042] First, the transmission and reception unit 120 of the
receiving device 102 receives a packet train. Based on the
received packet train, the check function unit 210 creates
packet arrival information 2101 (Step S1). For example, this
processing can be realized by means of a process such as the
one shown in FIG. 3. That is to say, the check function unit
210 creates an array that stores information indicating
whether or not each measurement packet has arrived. Fur-
thermore, the check function unit 210 inserts “1” if a
measurement packet arrives at each element constituting the
array, and inserts “0” if the measurement packet has not
arrived.

[0043] Next, the generation function unit 211 generates
packet group information (Step S2). In this process, for
example, the generation function unit 211 can generate the
packet group information 2111 shown in FIG. 4 in a manner
described below. First, the generation function unit 211
determines a position in the packet arrival information 2101
where “0” and “1” are consecutively stored in this order, as
being a separator of the packet group. Next, the generation
function unit 211 sets the packet number for which the “0”
is stored, as the end packet number of the “previous” packet
group, and sets the packet number for which the following
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“1” is stored, as the start packet number of the “following”
packet group. Then, the generation function unit 211 calcu-
lates the number of packets using a calculation formula “end
packet number-start packet number+1”. Next, the genera-
tion function unit 211 sets the number of measurement
packets for which “0” is stored in the packet arrival infor-
mation 2101, as the number of lost packets. Next, the
generation function unit 211 inserts the number of the
measurement packet in which the first “0” is stored in the
packet arrival information 2101, into “lost starting packet
number”. In this process, the generation function unit 211
can generate the packet group information 2111.

[0044] Next, the detection function unit 213 calculates a
packet loss rate in the packet train (Step S3). That is to say,
the detection function unit 213 calculates a packet loss rate
for all measurement packets included in the received packet
train. In this process, for example, the detection function unit
213 calculates the number of “1 s” and “0s™ from the packet
arrival information 2101 stored in the storage unit 212, and
calculates the packet loss rate using a calculation formula
“number of Os/(number of Os+number of 1s)” to calculate
the packet loss rate.

[0045] Next, the detection function unit 213 calculates the
packet loss rate of each packet group (Step S4). In this
process, for example, the detection function unit 213
extracts, from the packet group information 2111 stored in
the storage unit 212, the number of lost packets and the
number of packets in one packet group. Then, the detection
function unit 213 calculates the packet loss rate of the packet
group by means of a calculation formula “number of lost
packets/number of packets”.

[0046] Next, the detection function unit 213 compares the
packet loss rate of the packet train calculated in Step S3 with
the packet loss rate of the packet group calculated in Step S4
(Step S5). Here is described a case where the detection
function unit 213 determines that “packet loss rate of packet
train>packet loss rate of packet group” as a result of Step S5.
In this case, the detection function unit 213 extracts infor-
mation on the next packet group (a packet group of a packet
number greater by one) from the storage unit 212, and
repeats the process from Step S4.

[0047] Here is described a case, on the other hand, where
the detection function unit 213 determines that “packet loss
rate of packet train<packet loss rate of packet group” as a
result of Step S3. In this case, the detection function unit 213
notifies the measurement unit 121 of that measurement
packets having the numbers up to “lost starting packet
number-1 in a packet group immediately preceding the
packet group (a packet group having a packet number that is
smaller by one) are valid for the available bandwidth esti-
mation process (Step S7). In this case, the packet group
including the measurement packets having the numbers
from the leading measurement packet to “lost starting packet
number-1~, is a valid packet group. An alternative method
may be such that the packet group including the measure-
ment packet having the number “lost starting packet num-
ber-1” is treated as a valid packet group.

[0048] Taking a case where the packet size sequentially
increases as an example, here is described the reason, in the
above operation, why it is possible, by comparing the packet
loss rate of the packet train (that is, the packet loss rate of
the entire measurement packets) with the packet loss rate of
the packet group, to identify a position where measurement
packets begin to be discarded. In the case where the network

Mar. 1, 2018

device discards measurement packets due to a buffer over-
flow in a situation where the packet size increases sequen-
tially, once packet discard starts, packets are continuously
discarded until the packet stored in the packet storage region
has been transmitted. When packet loss occurs in a packet
group, packet size becomes greater in subsequent packet
groups, and consequently, packets are less likely to be
transmitted. As a result, more packets are discarded in
subsequent packet groups. In this type of situation where
packet loss continuously occurs once packet loss has
occurred, the loss rate for each packet group significantly
changes before and after the packet loss caused by the buffer
overflow. In many cases, this type of change in the loss rate
leads to a situation such as the one described below. That is
to say, the packet loss rate of the packet group before
occurrence of the packet loss caused by the buffer overtlow
is sufficiently smaller than the packet loss rate of the packet
train. This is because the probability of occurrence of
incidental packet loss (such as packet loss caused by physi-
cal interference at the time of packet transfer) is sufficiently
smaller than the packet loss rate of the entire packet train
including the packet loss due to the buffer overflow. On the
other hand, after the buffer overflow has occurred, the packet
loss rate of the packet group becomes greater than the packet
loss rate of the packet train. This is because the entire packet
train includes the packet group before the occurrence of the
buffer overflow. Therefore, by comparing the packet loss
rate of the packet train with the packet loss rate of the packet
group, it is possible to identify the position where the buffer
overflow has started to occur. Further, it is possible to
appropriately set a reference value according to the changing
communication environment, by setting the reference of
comparison as the packet loss rate of the packet train, that is,
by dynamically setting the reference.

[0049] As described above, according to the first exem-
plary embodiment, there is an effect that degradation in the
estimation accuracy can be prevented even in an environ-
ment where a packet loss occurs in the network device due
to a buffer overflow. The reason for this is that in the packet
train transmitted by the transmission device 101, measure-
ment packets up until a packet loss has occurred in the
network device due to a buffer overflow are extracted, and
the estimation process is performed using the measurement
packets.

[0050] In the above description there has been described
the case where the packet size of the measurement packets
is sequentially increased. The case where the packet size is
sequentially decreased can be dealt with by changing the
configuration as follows. The configurations of the trans-
mission device and the receiving device in the case of
sequentially decreasing the packet size are the same as those
of the transmission device 101 and the receiving device 102
shown in FIG. 1.

[0051] However, the operation of the generation unit 110
is different. In the case of sequentially decreasing the packet
size, the maximum packet size and the packet decrease size
are stored in the parameter memory unit 113. Then, the
generation unit 110 generates measurement packets, the
packet size of which decreases by the packet decrease size
from the maximum packet size. This point is different from
the case where the packet size is sequentially increased.
[0052] Further, the packet train transmitted by the trans-
mission device 101 corresponds to a configuration in which
the arrangement order of the measurement packets 151 in
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the transmission time packet train 150 shown in FIG. 9A is
reversed. That is to say, the packet size of the measurement
packet with the packet number 1 is the greatest. Each time
the packet number increases by one, the size of the mea-
surement packet decreases by the packet decrease size. The
packet size of the measurement packet with the packet
number N is the smallest. Here is described a case where a
packet train configured with this type of measurement
packets is used as a transmission time packet train. In this
case, in the reception time packet train received by the
receiving device 102, the reception interval of the measure-
ment packet is greater than the transmission interval at the
time of measurement packet transmission until a certain
point in time, and the reception interval becomes substan-
tially equal to the transmission interval at and after a certain
point in time. When the reception interval of the measure-
ment packet becomes substantially equal to the transmission
interval, the calculation unit 122 calculates the available
bandwidth, based on the packet size and the transmission
interval of the measurement packet at the time. That is to say,
the calculation unit 122 calculates the available bandwidth,
based on the packet size and the transmission interval of the
first measurement packet of which the reception interval
becomes substantially equal to the transmission interval.

Second Exemplary Embodiment

[0053] FIG. 6 is a configuration diagram showing a con-
figuration of an extraction unit 201 according to a second
exemplary embodiment.

[0054] The configuration of the available bandwidth cal-
culation system 100 shown in FIG. 1 is the same between the
first exemplary embodiment and the second exemplary
embodiment. The configuration of the extraction unit 201 is
different between the first exemplary embodiment and the
second exemplary embodiment. As shown in FIG. 6, in the
second exemplary embodiment, a valid packet extraction
process determination function unit 701 is added to the
extraction unit 201 in the first exemplary embodiment. The
valid packet extraction process determination function unit
701 may be referred to simply as the determination function
unit 701.

[0055] The determination function unit 701 has a function
of comparing the packet loss rate in the packet train with a
preliminarily specified threshold value (for example, 10%),
and determining whether to call up the generation function
unit 211. The determination function unit 701 performs the
following process in the case where no packet loss due to
buffer overflow has occurred and only an incidental packet
loss has occurred. The determination function unit 701
determines whether or not a packet loss has occurred inci-
dentally by comparing the packet loss rate in the packet train
with the preliminarily specified threshold wvalue (for
example, 10%). If it is determined that a packet loss has
occurred incidentally, the determination function unit 701
instructs the measurement unit 121 to use the packet train
received by the transmission and reception unit 120 as it is
to find the reception interval for estimating the available
bandwidth. That is to say, in a case where only an incidental
packet loss has occurred, the determination function unit
701 uses the packet train received by the transmission and
reception unit 120 as it is, to cause the measurement unit 121
and the calculation unit 122 to perform the available band-
width estimation process.
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[0056] Next, an operation of the second exemplary
embodiment is described with reference to FIG. 7. The
flowchart shown in FIG. 7 is a flowchart in which Step S801
is added to the flowchart of the first exemplary embodiment
shown in FIG. 5. In this Step S801, after the determination
function unit 701 has calculated the packet loss rate of the
packet train from the packet arrival information 2101 cre-
ated by the check function unit 210 in Step S1, the deter-
mination function unit 701 compares the calculated packet
loss rate with the preliminarily specified threshold value.
This threshold value indicates the probability of incidental
packet loss occurrence, for example, 10%, which is a value
lower than the packet loss rate in the packet train where a
packet loss due to buffer overflow has occurred.

[0057] As a result of Step S801, if the “packet loss rate of
packet train” is smaller than the “threshold value”, it is
presumed that the packet loss has occurred incidentally, and
therefore, the determination function unit 701 ends the
process.

[0058] On the other hand, as a result of Step S801, if the
“packet loss rate of packet train” is greater than or equal to
the “threshold value”, it is estimated that a packet loss due
to buffer overflow is included, and therefore, the determi-
nation function unit 701 performs the process of Step S2.

[0059] In the second exemplary embodiment, if the packet
loss rate of a plurality of measurement packets (that is, the
packet loss rate of the packet train) is less than the prede-
termined threshold value, the calculation unit 122 can cal-
culate the available bandwidth as follows. That is to say, the
calculation unit 122 can calculate the available bandwidth
by using the measurement packet that was successfully
received last among the plurality of measurement packets.
[0060] This effect of the second exemplary embodiment is
that, in addition to the effect of the first exemplary embodi-
ment, even if only an incidental packet loss has occurred,
there is achieved an effect of preventing degradation of the
estimation accuracy of available bandwidth. The reason for
this is as follows. That is to say, in a case where the packet
loss rate of the packet train is compared with the threshold
value, and the packet loss can be determined as having
occurred incidentally, the process will not be performed by
the generation function unit 211. By not performing the
process by the generation function unit 211, the packet train
is prevented from being divided into unintended packet
groups. As a result, the measuring unit 121 can use the
received packet train as it is.

<<Basic Configuration>>

[0061] FIG. 8 is a schematic block diagram showing a
basic configuration of an available bandwidth calculation
system. In the exemplary embodiments described above, the
configurations shown in FIG. 2 and FIG. 6 have been
described as exemplary embodiments of the available band-
width calculation system. The basic configuration of the
available bandwidth calculation system is as shown in FIG.
8. That is to say, the basic configuration of an available
bandwidth calculation system 10 is configured to include a
transmission device (transmission side device) 1, and a
receiving device (reception side device) 2.

[0062] The basic configuration of the receiving device 2 is
configured to include a receiver unit 21, a valid packet
extraction unit 22, and an available bandwidth calculating
unit 23. The receiving unit 21 receives a plurality of mea-
surement packets, the packet size of which sequentially
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increases or decreases. The valid packet extraction unit 22
extracts a valid packet group including consecutive mea-
surement packets successfully received, from among the
plurality of received measurement packets. The available
bandwidth calculation unit 23 calculates an available band-
width using the extracted valid packet group.

[0063] The basic configuration of the transmission device
1 is configured to include a transmission unit 11 and a
measurement packet generation unit 12. The measurement
packet generation unit 12 generates a plurality of measure-
ment packets, the packet size of which sequentially increases
or decreases. The transmission unit 11 transmits the mea-
surement packets generated by the measurement packet
generation unit 12 to the receiver unit 21.

[0064] The transmission device 1 and the receiving device
2 are connected via a network (not shown in the figure).
[0065] The available bandwidth calculation system 10 can
identify the location where measurement packet discard
started in the packet train, and can use the measurement
packets that reached the receiving device 2 before the
discard started, for the available bandwidth estimation pro-
cess. As a result, degradation of the estimation accuracy can
be prevented even in an environment where measurement
packets are discarded in the network device.

[0066] The correspondence relationship between the con-
figuration shown in FIG. 8 and the configurations shown in
FIG. 1, FIG. 2, and FIG. 6 is as follows. The available
bandwidth calculation system 10 in FIG. 8 corresponds to
the available bandwidth calculation system 100 in FIG. 1.
The transmission device 1 in FIG. 8 corresponds to the
transmission device 101 in FIG. 1. The receiving device 2 in
FIG. 8 corresponds to the receiving device 102 in FIG. 1.
The receiver unit 21 in FIG. 8 corresponds to the transmis-
sion and reception unit 120 in FIG. 1. The valid packet
extraction unit (extraction unit) 22 in FIG. 8 corresponds to
the valid packet extraction unit 201 in FIG. 1. The available
bandwidth calculation unit (calculation unit) 23 in FIG. 8
corresponds to the available bandwidth calculation unit 122
in FIG. 1. The transmission unit 11 in FIG. 8 corresponds to
the transmission and reception unit 112 in FIG. 1. The
measurement packet generation unit (generation unit) 12 in
FIG. 8 corresponds to the measurement packet generation
unit 110 in FIG. 1.

[0067] Moreover, an example of the first measurement
packet is the measurement packet scheduled to arrive fourth
as described with reference to FIG. 3. An example of the
second measurement packet is the measurement packet
scheduled to arrive fifth as described with reference to FIG.
3. An example of the third measurement packet is the
measurement packet scheduled to arrive ninth as described
with reference to FIG. 3. An example of the fourth mea-
surement packet is the measurement packet scheduled to
arrive tenth as described with reference to FIG. 3. An
example of the fifth measurement packet is the measurement
packet scheduled to arrive third as described with reference
to FIG. 3. An example of the sixth measurement packet is the
measurement packet scheduled to arrive second as described
with reference to FIG. 3. An example of the seventh mea-
surement packet is the measurement packet scheduled to
arrive eighth as described with reference to FIG. 3. Further-
more, an example of the calculating unit (packet group loss
rate calculation unit) is the function of executing the process
of Step S4 shown in FIG. 5 and FIG. 7 performed by the
valid packet number detection function unit 213. An
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example of the first threshold value is the “packet train loss
rate” described with reference to FIG. 5 (Step S3 and Step
S5). Moreover, an example of the second threshold value is
the “threshold value” described with reference to FIG. 7
(Step S801).

[0068] Exemplary embodiments of the present invention
are not limited to those described the above. For example,
the respective constituents shown in FIG. 2 and FIG. 6 may
be appropriately integrated or divided. In addition, a pro-
gram executed by a processor provided in each constituent
may be distributed partially or wholly via a computer
readable recording medium or a communication line.
[0069] Examples of scenes to which the exemplary
embodiments of the present invention may be applied
include the following scenes. That is to say, the exemplary
embodiments of the present invention may be incorporated
into an application to be distributed to general users, and
used as a solution to be utilized for area improvement by
periodically analyzing quality information (available band-
width). Moreover, when a company provides a service, it can
be utilized for isolating a cause of degradation of the sensory
experience in use of the service, by acquiring communica-
tion quality information (available bandwidth) for a network
black box section present in the service.

[0070] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2015-054209, filed Mar. 18, 2015, the disclosure of which is
incorporated herein in its entirety by reference.

INDUSTRIAL APPLICABILITY

[0071] The present invention may be applied to a com-
munication device, an available bandwidth calculation sys-
tem, an available bandwidth calculation method, and a
program.

REFERENCE SYMBOLS

[0072] 10, 100 Available bandwidth calculation system
[0073] 1, 101 Transmission device

[0074] 2, 102 Receiving device

[0075] 11 Transmission unit

[0076] 21 Receiver unit

[0077] 103 Network

[0078] 12, 110 Measurement packet generation unit (gen-

eration unit)
[0079] 111 Measurement packet transmission unit (trans-
mission unit)

[0080] 112 Transmission and reception unit

[0081] 113 Parameter memory unit

[0082] 120 Transmission and reception unit

[0083] 121 Reception interval measurement unit (mea-

surement unit)
[0084] 23, 122 Available bandwidth calculation unit (cal-
culation unit)

[0085] 123 Measurement data storage unit

[0086] 150 Transmission time packet train

[0087] 160 Reception time packet train

[0088] 22, 201 Valid packet extraction unit (extraction
unit)

[0089] 210 Packet presence check function unit (check

function unit)

[0090] 211 Packet group information generation function
unit (generation function unit)

[0091] 212 Packet information storage unit (storage unit)
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[0092] 213 Valid packet number detection function unit

(detection function unit)

[0093] 701 Valid packet extraction process determination
function unit (determination function unit)

1. A communication device comprising:

a receiver unit that receives a plurality of measurement
packets among a plurality of measurement packets that
respectively have consecutive numbers and are sched-
uled to be received;

an extraction unit that extracts a valid packet group
including a plurality of measurement packets having
consecutive numbers from among the plurality of
received measurement packets; and

a calculation unit that calculates an available bandwidth
using the extracted valid packet group.

2. The communication device according to claim 1,

wherein the plurality of measurement packets scheduled
to be received include a first measurement packet, a
second measurement packet having a number greater
than and consecutive to a number of the first measure-
ment packet, a third measurement packet having a
number greater than the number of the second mea-
surement packet, and a fourth measurement packet
having a number greater than and consecutive to the
number of the third measurement packet,

the plurality of received measurement packets are a
plurality of measurement packets that are successfully
received among the plurality of measurement packets
scheduled to be received,

a plurality of measurement packets other than the plurality
of measurement packets that are successfully received
among the plurality of measurement packets scheduled
to be received, are a plurality of measurement packets
reception of which failed;

the plurality of measurement packets that are successfully
received include the second measurement packet and
the fourth measurement packet,

the plurality of measurement packets reception of which
failed include the first measurement packet and the
third measurement packet,

the extraction unit determines a boundary between the
first measurement packet and the second measurement
packet as being a separator, and determines a boundary
between the third measurement packet and the fourth
measurement packet as being a separator,

the extraction unit generates, based on the determined
separators, a first packet group including the first mea-
surement packet, and a second packet group including
the second measurement packet and the third measure-
ment packet,

the extraction unit calculates a packet loss rate of the
second packet group, and

in a case where the calculated packet loss rate of the
second packet group is greater than or equal to a first
threshold value, the extraction unit extracts, as the valid
packet group, a plurality of measurement packets hav-
ing numbers smaller than the number of the first
measurement packet.

3. The communication device according to claim 2,

wherein the extraction unit calculates a packet loss rate of
the first packet group, and

in a case where the calculated packet loss rate of the first
packet group is less than the first threshold value and
the calculated packet loss rate of the second packet

Mar. 1, 2018

group is greater than or equal to the first threshold
value, the extraction unit extracts, as the valid packet
group, the plurality of measurement packets having
numbers smaller than the number of the first measure-
ment packet.

4. The communication device according to claim 3,
wherein in a case where the calculated packet loss rate of the
first packet group is less than the first threshold value and the
calculated packet loss rate of the second packet group is
greater than or equal to the first threshold value, the extrac-
tion unit extracts, as the valid packet group, only the
measurement packets having numbers smaller than the num-
ber of the first measurement packet.

5. The communication device according to claim 2,

wherein the first packet group further includes a fifth
measurement packet and a sixth measurement packet,

the second packet group further includes a seventh mea-
surement packet,

the fifth measurement packet is included in the plurality of
measurement packets that are successfully received,
and has a number smaller than the number of the first
measurement packet,

the sixth measurement packet is included in the plurality
of measurement packets that are successfully received,
and has a number smaller than and consecutive to the
number of the fifth measurement packet, and

the seventh measurement packet is included in the plu-
rality of measurement packets that are successfully
received, and has a number smaller than and consecu-
tive to the number of the fourth measurement packet.

6. The communication device according to claim 1,
wherein the calculation unit calculates the available band-
width using the measurement packet lastly received by the
receiving unit, among the plurality of measurement packets
included in the valid packet group.

7. The communication device according to claim 1,

wherein the extraction unit calculates a packet loss rate of
the plurality of measurement packets scheduled to be
received, and

in a case where the packet loss rate of the plurality of
measurement packets scheduled to be received is less
than a second threshold value, the calculation unit
calculates an available bandwidth using the measure-
ment packet lastly received by the receiving unit,
among the plurality of measurement packets included
in the valid packet group.

8. An available bandwidth calculation system comprising

a transmission device and a receiving device,

wherein the transmission device comprises:

a generating unit that generates a plurality of measure-
ment packets respectively having consecutive numbers;
and

a transmission unit that transmits the plurality of gener-
ated measurement packets, and the receiving device
comprises:

a receiver unit that receives a plurality of measurement
packets among the plurality of transmitted measure-
ment packets;

an extraction unit that extracts a valid packet group
including a plurality of measurement packets having
consecutive numbers from among the plurality of
received measurement packets; and

a calculation unit that calculates an available bandwidth
using the extracted valid packet group.
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9. An available bandwidth calculation method compris-
ing:

receiving a plurality of measurement packets among a
plurality of measurement packets that respectively have
consecutive numbers and are scheduled to be received;

extracting a valid packet group including a plurality of
measurement packets having consecutive numbers
from among the plurality of received measurement
packets; and

calculating an available bandwidth using the extracted
valid packet group.

10. (canceled)
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