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(57) Abregée/Abstract:

The invention provides a bandwidth measuring method and apparatus for a packet switching network in which a bandwidth of a
link that Is distant from a tester that transmits test packets, specifically a bandwidth distant beyond a bottleneck, can be
measured. A feature of the present invention Is to that, a bandwidth measuring method for a packet switching network in which a
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(57) Abréege(suite)/Abstract(continued):

bandwidth of a packet switching network comprising a plurality of nodes for packet switching connected mutually is measured,
sald method comprising a procedure in which a plurality of test packets which at least include two test packets having different
packet length are fed to the packet switching network so that in said two test packet, the test packet having a long packet length
and the test packet having a short packet length are successive in this order, and a procedure Iin which a recelver recelving each
test packet determines an immediately former bandwidth based on the difference in the reception completion timing thereof.
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ABSTRACT OF THE DISCLOSURE

The invention provides a bandwidth measuring method
and apparatus for a packet switching network in which a
bandwidth of a link that is distant from a tester that
transmits test packets, specifically a bandwidth distant
beyond a bottleneck, can be measured. A feature of the
present invention is to that, a bandwidth measuring method
for a packet switching network in which a bandwidth of a
packet switching network comprising a plurality of nodes
for packet switching connected mutually is measured, said
method comprising a procedure in which a plurality of test
packets which at least include two test packets having
different packet length are fed to the packet switching
network so that i1n said two test packet, the test packet
having a long packet length and the test packet having a
short packet length are successive in this order, and a
procedure in which a receiver receiving each test packet
determines an immediately former bandwidth based on the

difference in the reception completion timing thereof.
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BAND WIDTH MEASURING METHOD AND APPARATUS

FOR A PACKET SWITCHING NETWORK

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a bandwidth measuring
method and apparatus for a packet switching network in which
a plurality of test packets are fed to a packet switching
network so that the bandwidth 1s measured, and more
specifically relates to a bandwidth measuring method and
apparatus for a packet switching network in which even a
bandwidth (capacity) of a 1ink that is distant from a tester
that transmits test packets can be measured.
Description of the Related Art

Fig. 4 1s a diagram showing a conventional bandwidth
measuring method for a packet switching network. A receiver
40 1s connected to a tester 10 via two transit nodes 20A,
20B.

In Fig.4, the line width of each link 30A, 30B, 30C
connecting among the tester 10, each transit nodes 20A, 20B
and the receiver 40 represent the bandwidth of each one,
respectively, and here, thebandwidthof thelink 30B between
the transit nodes 20A, 20B 1s narrower than those of other
links 30A, 30C, thereby forming a so-called bottleneck.

A tester 10 as a bandwidth measuring apparatus feeds
two (or more) test packets TPa, TPb, which have the same

packet length L to a link 30A. When receiving each test
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packet, a transit node 20A transfers one after another each
test packet TPa, TPb to a 1link 30B of its latter part, each
time a reception is completed. The transit node 20A starts
receiving the test packet TPa at the time t1, and competes
the reception at the time (t1l + Atl) that is Atl after tl.
Receiving the test packet TPb starts immediately after the
completion of the reception of the test packet TPa, and the
transit node 20A completes the reception at the time (t1l
+2+* Atl) that is Atl after the completion of the reception
of the test packet TPa.

When the transit node 20A is a receiver, the difference
(= Atl) between the reception completion time of the test
packet TPb (t1 + 2 - Atl) and the reception completion time
of the test packet TPa (tl + Atl) is calculated. This
difference Atl corresponds to a transfer time of the test
packet TPb by the 1link 30A as far as the reception completion
timing of the test packet TPa at the transit node 20A
(recelver) and the reception starting timing of the test
packet TPb correspond to each other. The bandwidth of the
link 30A can be determined at the transit node 20A (receiver)
based on the difference Atl and the packet length L of the
test packet TPb.

In Fig. 4, a transit node 20B receives the test packet
TPa via the link 30B at the time t2, and when the transit
node 20B completes the reception At2 after, it immediately
transfers the test packet TPa received to a link 30C.

Similarly, the transit node 20B completes the reception of




10

15

20

CA 02306037 2000-04-18

the test packet TPb at the time (t2+2 + At2) and immediately
transfers 1t to the link 30C. Since the bandwidth of the
link 30B is narrower than that of the 1link 20A, the period
At2 that the transit node 20B requires to receive each test
packet TPa, TPb becomes longer than the Atl.

If the bandwidth of the l1link 30C that is the latter
part is sufficiently wide as similar to the l1link 30A, as
the transit node 20B starts transferring the test packet
TPa at the time t3, the transfer can be completed after A
t3 (<At2) that is similar to the Atl. However, since A
t3 is shorter than the At2, at the transit node 20B at the
time (t3 + At3), when the transfer of the TPa is completed,
the reception of the test packet TPb is not completed. Thus,
the transit node 20B cannot start transferring the test
packet TPb immediately after the transferring of the test
packet TPa 1s completed.

The transit node 20B, immediately after completing the
reception of the test packet TPb at the time (t2 + 2 - A
t2), transfers 1t to a receiver 40. However, after the
completion of the reception of the first test packet TPa
at the time t4, an empty timé (between packets gap) At gap
is generated at the receiver 40 until the reception of the
next test packet TPb is started. When the reception of the
test packet TPb is completed At4 after the start of the
reception, the times when the receiver 40 completes the
receptions of each test packet TPa, TPb become t4, (t4 +

At gap + At4), respectively. Since the difference (At
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gap + At4) extra includes the between packets gap At gap,
a true transmitting time of the test packet TPb is not
represented. Therefore, the receiver 40 cannot determine
the bandwidth of the link 30C based on the difference (A

t gap + At4) and the packet length L of the test packet

TPb.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
bandwidth measuring method and apparatus for a packet
switching network in which a bandwidth of a link that is
distant from a tester that transmits test packets,
specifically a bandwidth distant beyond a bottleneck, can
be measured.

A feature of the present invention is to that, a
bandwidth measuring method for a packet switching network
inwhich abandwidthof a packet switching network comprising
a plurality of nodes for packet switching connected mutually
1s measured, said method comprising a procedure in which
a plurality of test packets which at least include two test
packets having different packet length are fed to the packet
switching network so that in said two test packet, the test
packet having a long packet length and the test packet having
a short packet length are successive in this order, and a
procedure in which a receiver receiving each test packet
determines an immediately former bandwidth based on the

difference 1n the reception completion timing thereof.
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According to the aforementioned characteristics, in
two test packets that were successively fed, since the packet
length (L1) of the first test packet (TPl) is longer than
the packet length (L2) of the next test packet (TP2).
Therefore, the transit node to whose latter part a target
link 1s connected can complete the receiving of the next
test packet (TP2)from the link of the former part until
feeding of the first received test packet (TP1) to the target
link 1s completed, even when the bandwidth of the 1link that
is connected tothe former partof thetransit node is narrower
than that of the target link.

Therefore, to the target l1link of the latter part, the
next test packet (TP2) canbe fed at the same time when feeding
of the first test packet (TP1) is completed, thereby enabling
prevention of generation of a between packets gap of each
test packet on the target link of the latter part. As a
result of this, since the difference of the times when the
recelver of the latter part completes receiving of each test
packet represents the times that the target link requires
totransfer the test packet (TP2), thereceiver candetermine
the bandwidth of the target link based on the difference
of the receiving completion times and the packet length of

the test packet (TP2).

BRIEF DESCRIPTION OF THE DRAWINGS
Fi1g. 1 1s a diagram showing the first embodiment of

a bandwidth measuring method for a packet switching network
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according to the present invention.

Fig. 2 is a diagram showing a bandwidth measuring method
for a packet switching network of the second embodiment
according to the present invention.

Fig.3 1s a functional block diagram showing a packet
switching tester of the third embodiment according to the
invention.

Fig. 4 is a diagram showing a conventional bandwidth

measuring method for a packet switching network.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 1s a diagram showing the first embodiment of
a packet switching network bandwidth measuring method
according to the present invention. A receiver 40 is
connected to a tester 10 via two transit nodes 20A, 20B.

In Fig. 1, the line widths of each 1link 30A, 30B, 30C
connecting among the tester 10, each transit node 20A, 20B
and the receiver 40 represent the bandwidth of each one,
respectively, and here, thebandwidthof thelink 30B between
the transit nodes 20A, 20B is narrower than those of other
links 30A, 30C, thereby forming a so-called bottleneck.

The tester 10 feeds a plurality (in the present
embodiment, three) of test packets TP1l, TP2, TP3, which
include at least two test packets TP1l, TP2, whose packet
lengths are different, to the 1link 30A. The packet lengths
L1, L2 of each test packet TP1l, TP2 have a relationship of

L1>L2, and concrete conditions of each packet length L1,
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L2 will be described later.

The transit node 20A starts receiving the test packet
TPl at the time tl, and when completing the reception at
the time (tl1 + Atl) after Atl, transfers this test packet
TPl to the 1link 30B. Regarding the test packet TP2, after
the completion of the reception of the test packet TP1, the
transit node 20A completes the reception after At2 that
is shorter than the Atl, that is at the time (tl + Atl +
At2) and transfers this test packet TP2 to the link 30B.

After each transit node completes receiving test
packets, until they start to transfer these to the link of
the latter part, a little response delay is generated.
However, here, explanation will be made while ignoring the
response delay.

The transit node 20B receives the test packet TP1 via
the link 30Bat thetime t2, and when completing the reception
after At3, immediately transfers the received test packet
TPl to the 1link 30C. The transit node 20B transfers the
test packet TP2 to the 1i1nk 30C immediately after completing
the reception of it at the time (t2 + At3 + A4). Since
the bandwidth of the link 30B is narrower than that of the
link 20A, the periods At3, At4 which the transit node 20B
requires to receive each test packet TP1, TP2 become longer
compared with each of the Atl, At2.

Since the bandwidth of the link 30C of the latter part
is fully wide similar to the link 30A, when receiving the

test packet TP1 at the time t3, the receiver 40 completes
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the reception after At5 (<At3) that is similar to the A
tl. In the present embodiment, since the packet length L1l
of the test packet TPl 1s longer than the packet length L2
of the test packet TP2, at the transit node 20B the reception
from the link 30B of the test packet TP2 can be completed
before the time when the transfer to the link 30C of the
test packet TPl 1s completed. Thus, at the transit node
20B, 1mmediately after the completion of transferring of
the test packet TPl, feeding of the test packet TP2 can be
started, whereby a between packets gap is not generated on
the 1link 30C. As a result, also at the receiver 40 each
test packet TP1l, TP2 can be received successively without
a break.

Although the receiver 40 can complete the reception
of each test packet TP1l, TP2 at the times (t3 + At5), (t3
+ At5+ At6), since the between packets gap is not generated
on the link 30C, the difference (= A t6) represents a
transmitting time of the test packet TP2 on the link 30C.
Accordingly, at the receiver 40 the bandwidth of the 1link
30C can be determined based on the difference At6 and the
packet length L2 of the test packet TP2.

The relationship between the capacities of each link
30 and the packet lengths L1, L2 of each test packet TP1,
TP2 will be explained. In Fig. 1, if the link 30C is made
a target link, it 1s necessary to make the between packets
gap between each test packet TP1l, TP2 on the link 30C

substantially "0".
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The between packets gap G (1) between each test packet
TPl, TP2onthelink 30C is given by the following expression,
provided that the between packets gap between each test
packet TPl, TP2 on the link 30B is G (i-1), the bandwidth
of the 1ink 30B 1is X (i-1), and the bandwidth of the link

30C 1is X (1).

L . L 2 L1
G(l)-—-max{G(l 1)+X(i—1) X (i) ,O}
Here, max {m, n} 1s a function that adopts either
greater variable of variables m, n. A condition for the

between packets gap G (1) of the 1ink 30C to be "0" is given

by the followling expression.

. L2 L1
GU =D+ 30 =) X (i)

A
-

The following expression is given by changing the above

described expression.

. L2 -
L1?‘“"X('){X(i—-‘l)+ G(i 1)}

If let the 11nk 30B is the first bottleneck, since the
between packets gap G (1-1) can be expected to be "0", the

following expression 1s obtained.

X (i)
X(i—1)

L 1 - L 2

v
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Thus, for example, 1t can be expected that the bandwidth
(transmissionspeed)of thelink 30C is approximately 128kbps
and the bandwidth of the 1link 30B is approximately 64kbps,
and 1f the packet length L2 of the test packet TP2 is 100
bytes, 1t 1s necessary to set the packet length L1 of the
test packet TPl to 200 bytes or more.

According to the present embodiment, since the packet
lengths of a plurality of test packets fed to a packet
switching network including a target link are positively
made different and the packet length L1 of the test packet
TP1 that i1s fed first is made longer than the packet length
L2 of the test packet TP2 that is fed next, even when there
1s a difference between bandwidth of each 1link, the
generation of the between packets gap of each test packet
can be substantially prevented. Thus, even a bandwidth
beyond a bottleneck can be correctly determined based on
reception completion times of each test packet and packet
lengths of test packets.

Fig. 2 1s a diagram showing a packet switching network
bandwidth measuring method of the second embodiment
according to the present invention. Three transit nodes
20A-20C are connected mutually.

In Fig. 2, the line widths of each link 30A, 30B, 30C
connecting among the tester 50, each transit node 20A, 20B
and 20C represent the bandwidth of each one, respectively,
and here, the bandwidth of the 1ink 30B between the transit

nodes 20A, 20B 1s narrower than those of other links 30A,

- 10 -
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30C, thereby forming a so-called bottleneck.

The tester 50 feeds a plurality (in the present
embodiment, three) of test packets TP1l, TP2, TP3, which
include at least two test packets TP1l, TP2, whose packet
lengths are different, to the 1link 30A. The packet lengths
L1, L2 of each test packet TP1l, TP2 have a relationship of
L1>L2, and concrete conditions of each packet length L1,
L2 will be described later.

When receiving each test packet, if it is not for itself
as a terminal, the transit node 20A transfers one after
another each test packet tothelink 30B, eachtimea reception
1s completed, and if it is for itself as a terminal, the
transit node 20A returns for each test packet an ACK packet
in which the reception completion times are reqgistered, to
a tester 50 that i1s a transmitting source.

The transit node 20A starts receiving the test packet
TP1 at the time tl1, and when completing the reception after
Atl, registers a reception completion time (tl1 + Atl) in
the ACK packet and returns it to the tester 50. Regarding
the test packet TP2, since the reception is completed after
At2 that is shorter than the Atl, the ACK packet in which
a reception completion time (tl1l + Atl + At2) is registered
1s separately returned.

The tester 50 receiving each ACK packet calculates the
difference (= At2) between the reception completion time
(tl + Atl + At2) registered in the ACK packet responding

to the test packet TP2 and the reception completion time

11 .-
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(tl + Atl) registered in the ACK packet responding to the
test packet TPl and determines the bandwidth of the link
30A based on this difference and the packet length L2 of
the test packet TP2.

If the test packet 1s not for the transit node 20A,
the transit node 20B receives the test packet TP1 via the
link 30B at the time t2 and completes the reception after
At3. The transit node 20B, if this test packet TPl is not
for itself as a terminal, immediately transfers this to the
link 30C.

The transit node 20B transfers the test packet TP2
to the 1link 30C immediately after completing the reception
of it at the time (t2 + At3 + A4). Since the bandwidth
of the link 30B is narrower than that of the link 20A, the
periods At3, At4 which the transit node 20B requires to
recelve each test packet TP1l, TP2 become longer compared
with each of the Atl, At2.

Since the bandwidth of the 1ink 30C of the latter
part 1s fully wide similar to the link 30A, when receiving
the test packet TPl at the time t3, the transit node 20C
completes the reception after At5 (<At3) that is similar
to the Atl. In the present embodiment, since the packet
length L1 of the test packet TPl is longer than the packet
length L2 of the test packet TP2, at the transit node 20B
the reception from the 1link 30B of the test packet TP2 can
be completed at the time when the transfer to the link 30C

of the test packet TPl 1s completed. Thus, at the transit

S 192

..........
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node 20B, 1immediately after the completion of transferring
of the test packet TP1l, feeding of the test packet TP2 can
be started, whereby a between packets gap is not generated
on the 1link 30C. As a result, also at the transit node 20C
each test packet TPl, TP2 can be received successively
without a break.

The times that the transit node 20C registers in the
ACK packet at the reception completion times of each test
packet TPl, TP2, respectively, correspond to (t3 + At5),
(t3 +At5 +At6), and the difference (= At6) represents a
transmitting time of the test packet TP2 on the link 30C.
Thus, at the tester 50, based on the difference At6 and
the packet length L2 of the test packet TP2, the bandwidth
of the link 30C can be determined.

Fig. 3 1s a functional block diagram of the tester 50.
A test packet TPl 1s stored in a first test packet storage
part 101. The test packet TP2 1is stored at a second test
packet storage part 102. The test packet feeding part 103
reads out each test packet from each test packet storage
part 101, 102 and successilively feeds them to the link 20A
in order of packet length as the test packet TP1 that has
a long packet length is first.

An ACK packet receivingpart 104 receives the ACK packet
that 1s returned from a packet switching network responding
to each test packet. A difference calculating part 105
calculates thedifferenceinthereceptioncompletiontiming

of each test packet that i1s registered in each ACK packet

- 13 -
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corresponding to each test packet. Abandwidth determining
part 106 determines the bandwidth of a link based on the
data regarding the aforementioned difference and the packet
length L2 of the test packet TP2.

According to the present embodiment, since the
packet lengths of a plurality of test packets fed to a packet
switching network including a target link are positively
made different and the packet length L1 of the test packet
TP1 that 1s fed first 1s made longer than the packet length
L2 of the test packet TP2 that is fed next, even when there
is a difference between bandwidth of each 1link, the
generation of the between packets gap of each test packet
can be substantially prevented.

At the tester 50, as well as regarding a link beyond
abottleneck, thebandwidthcanbecorrectlydetermined based
on the reception completion times of each test packet
registered in the ACK packet corresponding to each test
packet and a packet length of the test packet.

According to the present invention, by positively
changingpacket lengths of test packets that aresuccessively
fed to a packet switching network as a measure target, even
when there 1s a difference between capacities of each 1link,
it is substantially possible to prevent a generation of a
between packet gap of each test packet. Thus, even a
bandwidth beyond a bottleneck can be correctly determined
based on reception completion times of each test packet and

packet lengths of test packets.
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CLAIMS

1. A bandwidth measuring method for a packet switching network in
which a bandwidth of a packet switching network comprising a plurality of transit
nodes for packet switching connected mutually is measured, said method
comprising;

a procedure in which a plurality of test packets which at least include two
test packets having different packet lengths are fed to the packet switching
network so that in said two test packets, the test packet having a long packet
length and the test packet having a short packet length are successive in this
order, and

a procedure in which a receiver receiving each test packet determines an
immediately former bandwidth based on the difference between reception
completion timings thereof, wherein

each packet length of said two test packets having different packet
lengths satisfies the following conditional expression, provided that the bandwidth
of a target link is B(i), the bandwidth of a link of the former part of said target link
is B(i-1), the packet length of the test packet having a long packet length is L1,
and the packet length of the test packet having a short packet length is L2,

L1/L2>B(i) /B(i-1).

2. A bandwidth measuring method for a packet switching network in
which a bandwidth of a packet switching network comprising a plurality of transit
nodes for packet switching connected mutually is measured, said method
comprising;

a procedure in which a plurality of test packets which at least include two
test packets having different packet lengths are fed to the packet switching
network so that in said two test packets, the test packet having a long packet
length and the test packet having a short packet length are successive in this

order,
a procedure in which each packet switching apparatus receiving said each
test packet returns each acknowledge (ACK) packet that registers a reception

completion timing thereof, and
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a procedure in which the packet switching device receiving said
acknowledge packet determines a bandwidth of the link based on the difference
in the reception completion timing that is registered in said each acknowledge
confirmation packet received, wherein

each packet length of said two test packets having different packet lengths
satisfies the following conditional expression, provided that the bandwidth of a
target link is B(i), the bandwidth of a link of the former part of said target link is
B(i-1), the packet length of the test packet having a long packet length is L1, and
the packet length of the test packet having a short packet length is L2,

L1/L2>B(i) /B(i-1).

3. A bandwidth measuring apparatus for a packet switching network
in which a bandwidth of a packet switching network comprising a plurality of
transit nodes for packet switching connected mutually is measured, said
apparatus comprising;

a test packet feeding means successively feeding first and second test
packets having different packet lengths to the packet switching network in order
of packet length starting from the first test packet that has a long packet length,

an ACK packet receiving means receiving an acknowledge confirmation
(ACK) packet returned from the packet switching network in response to saic
each test packet, and

a bandwidth determining means determining the bandwidth of a link based
on the difference between reception completion timings of each test packet
registered in each ACK packet corresponding to said each test packet, wherein

each packet length of said two test packets having different packet lengths
satisfies the following conditional expression, provided that the bandwidth of a
target link is B(i), the bandwidth of a link of the former part of said target link is
B(i-1), the packet length of the test packet having a long packet length is L1, and
the packet length of the test packet having a short packet length is L2,

L1/L2>B(i) /B(i-1).
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