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(57) Abstract: The invention
relates to a method for managing a
data connection between a sending
network component (1) and a
receiving network component (3)
via a network (5), and a network
component (1), the method
comprising the following steps:
sending an initiating message to the
receiving network component (3)
by the sending network component
(1), to initiate a data connection
between the sending network
component (1) and the receiving
network component (3); receiving
the initiating message by the
receiving network component (3);
sending further messages to the
receiving network component (3) by
the sending network component (1);
receiving the further messages by
the receiving network component

\ (3); calculating a transmission
t delay for at least one of the further
2 messages received by the receiving

network component (3); estimating
optimal transmission parameters for
transmitting messages between the
sending network component (1) and

Fig. 2

the receiving network component (3) based on the calculated transmission delay, wherein estimating of the optimal transmission
parameters substantially excludes the initiating message; and sending subsequent messages to the receiving network component (3)
by the sending network component (1) at the estimated optimal transmission parameters.
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Method for managing a data connection and network component

The present invention relates to a method for managing a
data connection between a sending network and a receiving

network via a network and a network component.

Background of the Invention

An important issue in networks connecting network components
through data connections or data links relates to the opti-
mized use of the data connections. Ideally, the utilized
network protocol will provide for adjustment of transmission
parameters for transmitting messages via the data connec-
tions in such a way, that the available bandwidth of the
data connections are used fully, while avoiding a loss of
data. This aim may be achieved by appropriate congestion
control in order to estimate or calculate an optimal trans-
mission parameter such as an optimal transmission rate with
which data of a message are transmitted. If the transmission
rate is too low, the bandwidth of the physical connection is
not utilized fully. On the other hand, a transmission rate
adjusted too high might lead to overflow of transmission

buffers and eventually to data loss.

The Internet Protocol (IP) is a widely utilized network pro-
tocol for data transport. IP delivers an unreliable connec-
tion service to upper layer protocols and to applications.
However, many applications, such as file transfer based ap-
plications and many peer-to-peer applications, require reli-
able and lossless connection oriented network services. The
adoption of unreliable IP services to stream-oriented loss-
less reliable services is a major task of the transport
layer (layer four) of the Open Systems Interconnection Basic

Reference Model or 0OSI Model. A well known transport proto-
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col that delivers reliable connections over IP is the Trans-
port Control Protocol (TCP), described in the publication
ISTI USC, Transport Control Protocol, Request for Comments.

IETE, September 1981.

However, due to limitations of TCP on high throughput long
distance connections (so called Long Fat Pipes), many new
approaches of alternative transport protocols have been re-
vealed in the recent past, as described by C. Anglano and M.
Canonico in their publication Performance analysis of high-
performance file-transfer systems for Grid applications,
Concurrency and Computation: Practice & Experience, volume
18, pages 807-81c (2006). Most of those approaches and
transport protocols derive their transmission data rate from
the round-trip time (RTT) or from the one-way delay (OWD).
Herein the OWD denotes the time it takes for a message, for
example in form of a data packet, to travel from an origin
or sending network component to a destination or receiving
network component, while the RTT is the time period starting
when the sending network component sends out a message and
ending when a reply to the sent message, transmitted by the
receiving network component is received by the sending net-

work component.

To set an initial transmission rate at which messages are
transmitted, the RTT or the OWD along the message path must
be estimated at the beginning of the message transmission.
Thus, in the case of packet based networks, wherein data is
split into a set of data packets and transmitted between a
sending and a receiving network component, the measurement
of the OWD of the first data packet of a data transmission
is commonly used for the estimation of the initial transmis-
sion rate. Once the data transmission commences with the es-

timated initial transmission rate, the transmission rate
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will be increased or decreased dependent on the used flow
control algorithm, as well as on the network conditions such

as loss frequency and delays of subsequent data packets.

One category of known algorithms for controlling the in-
crease and decrease of the transmission rate during trans-
mission of a set of packets utilizes a principle of additive
increase and multiple decrease of the data rate (AIMD),
which in a TCP environment is implemented as a so called
Slow Start algorithm, both being described by T. Dunigan on
a web article called Floyd's TCP slow-start and AIMD mods to
be found on the internet site
http://www.csm.ornl.gov/~dunigan/netl00/floyd.html (June
2003) .

Due to sophisticated caching mechanisms within hosts, but
also within network nodes such as switches and routers of
the network, the initial data packets of a data transmission
or data connection experience different transmission delays
than subsequent data packets. This leads to the transmission
rate or other transmission parameters being adjusted by the
sending network component to a value which does not properly

reflect the actual conditions.

The Invention

The object of the invention is to provide a method and a
network component in order to improve the transmission prop-

erties of a data transmission via a network.

This object is achieved by a method for managing a data con-
nection according to claim 1 and a network component accord-

ing to claim 12.
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According to one aspect of the invention, a method for man-
aging a data connection between a sending network component
and a receiving network component via a network is provided,
the method comprising the following steps: sending an initi-
ating message to the receiving network component by the
sending network component, to initiate a data connection be-
tween the sending network component and the receiving net-
work component; receiving the initiating message by the re-
ceiving network component; sending further messages to the
receiving network component by the sending network compo-
nent; receiving the further messages by the receiving net-
work component; calculating a transmission delay for at
least one of the further messages received by the receiving
network component; estimating optimal transmission parame-
ters for transmitting messages between the sending network
component and the receiving network component based on the
calculated transmission delay, wherein estimating of the op-
timal transmission parameters substantially excludes the
initiating message; and sending subsequent messages to the
receiving network component by the sending network component

at the estimated optimal transmission parameters.

In a further aspect of the invention, a network component is
provided, comprising: message preparation means configured
to prepare an initiating message for initialing a data con-
nection to a further network component; sending means con-
figured to send the initiating message and further messages
to the further network component; receiving means configured
to receive a message acknowledgement and further message ac-
knowledgements in response to the initiating message and the
further messages; calculating means configured to calculate
a transmission delay for at least one of the further mes-
sages; estimating means configured to estimate the optimal

transmission parameters for transmitting messages to the
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further network component based on the calculated transmis-
sion delay, wherein estimating of the optimal transmission
parameters substantially excludes the initiating message;
and transmission parameter adjustment means configured to
adjust parameters of transmission of messages to the esti-

mated optimal transmission parameters.

The invention is based on the discovery of the phenomenon
that the first or initiating message, which is transmitted
by the sending network component to the receiving network
component at the initiation of the data connection or in or-
der to initiate the data connection, observes a much higher
transmission delay than the subsequent messages. This higher
transmission delay is in large part not due to congestion in
the network. By substantially or fully excluding the initi-
ating message from the estimation, a value of the optimal
transmission delay may be obtained, which is not affected by
said phenomenon and which more closely reflects the physical

properties of the network.

In an advantageous embodiment of the invention, estimating
optimal transmission parameters comprises estimating an op-
timal transmission rate for transmitting messages. Herein, a
transmission rate is the rate, at which data transmission
takes place, and may depend on the bandwidth of the estab-
lished data connection. The transmission rate value may be a
transmission rate average over multiple messages, thus tak-
ing into account the time periods between messages. Alterna-
tively, the transmission rate value may be the data rate for
transmission of the data within a single message. In addi-
tion or alternatively, the estimation of the optimal trans-
mission parameters may include estimating an optimal time to
wait between sending two messages by the sending network

component.
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According to a further embodiment of the invention, estimat-
ing the optimal transmission parameters for transmitting
messages between the sending network component and the re-
ceiving network component comprises continuously comparing
calculated transmission delays for subsequent messages until
a minimum transmission delay is calculated, which is lower
than a calculated transmission delay of a subsequent mes-
sage, whereby estimating the optimal transmission parameters
is based on the minimum transmission delay. This way, tran-
sitional effects that may affect more than just the initiat-

ing message may be reduced or eliminated.

Another preferred embodiment of the invention comprises the
following steps: sending a message acknowledgement by the
receiving network component to the sending network component
as a response to the initiating message; and receiving the
message acknowledgement by the sending network component,
wherein the further messages are sent to the receiving net-
work component after receiving the message acknowledgement.
This embodiment has the advantage that the further messages
do not become lost, because when receiving the message ac-
knowledgement, the sending network component can be assured
that the data connection has been successfully established,

before sending the further messages.

A further embodiment of the invention comprises the step of
re-sending the initiating message to the receiving network
component by the sending network component, if the message
acknowledgement is not received by the sending network com-
ponent within a predetermined acknowledgement time delay af-
ter sending the initiating message to the receiving network
component. In this case, the sending network component as-
sumes that either the initiating message or the acknowledg-

ment message have been lost. Such a predetermined acknowl-
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edgement time delay should be selected to be short enocugh in
order to avoid wasting valuable time while waiting for the

acknowledgement message to arrive.

An advantageous embodiment of the invention comprises the
step of sending a further message acknowledgement by the re-
ceiving network component to the sending network component
as a response to each of the further messages received. One
advantage of this embodiment is that loss of data may be
minimized, for example by re-transmitting each of the fur-
ther messages for which the sending network component does

not receive the corresponding message acknowledgement.

In a further embodiment of the invention, calculating the
transmission delay comprises calculating a round trip time
for the message pair consisting of the at least one of the
further messages received and the corresponding further mes-
sage acknowledgement. This has the advantage of taking into
account delays in both directions between the sending and
the receiving network components. The delay for the two
transmission directions may differ, for example due to dif-

fering transmission paths.

In a preferred embodiment of the invention, calculating the
transmission delay comprises calculating the one-way delay
for the at least one of the further messages received by the
receiving network component. In this case, estimating opti-
mal transmission parameters may be performed in the receiv-
ing network component. Alternatively, the transmission delay
may be calculated by the receiving network component and
sent to the sending network component to serve as a basis
for estimating optimal transmission parameters by the send-

ing network component.
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Advantageously, one embodiment of the invention comprises
the step of waiting for a predetermined time period between
sending of subsequent messages from the sending network com-
ponent to the receiving network component. The predetermined
time period may be an experience value depending on the
structure of the network and may be adjusted in the course
of the data transmission. Furthermore, this time period may
be adjusted in the course of the data transmission, for ex-
ample as a transmission parameter whose optimal value is es-

timated.

In a further preferred embodiment of the invention, the ini-
tiating message, the at least one further message, the mes-
sage acknowledgement and the further message acknowledge-
ments comprise data packets. More preferred, the data pack-
ets conform to the transmission control protocol (TCP) or
the transmission control protocol in connection with the

internet protocol (TCP/IP).

Drawings

Embodiments of the invention are depicted in the drawings

and will be explained hereinafter. The drawings show in:

Fig. 1 an arrangement of a sending component and a re-
ceiving component connected via a network;

Fig. 2 an illustration of the so-called connection opener
effect when setting up a data connection; and

Fig. 3 an illustration of the involvement of the differ-
ent network protocol layers for the transfer of

data packets.

Embodiments
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Shown in the Fig. 1 are a sending component 1 and a further
network component 3, which are each connected to a network 5
with wire or wireless connections. Via the network 5, the
two network components 1 and 3 may communicate by first es-
tablishing a data connection. Depending on the complexity of
the network 5, such a data connection may lead over one or
several other components (not shown in Fig. 1) inside the
network 5, including switches and routers, which direct mes-
sages from the sending network component 1 to the receiving

network component 3 and vice versa.

When establishing a data connection between the two network
components 1 and 3, the first message transmitted by the
sending network component 1 and received by the receiving
network component 3 is defined herein as the initiating mes-
sage, because it initiates the data connection. The initiat-
ing message may also be called a “connection opener mes-
sage”, or a “connection opener packet” in a packet based
network, because after transmission of this packet, the con-
nection is “opened”, for example forwarding tables within
the network components 1, 3, and the other components such
as switches and routers are cached properly when the first
packet passes through, so that subsequent data packets can

be switched much faster than the initiating packet.

Congestion control includes a number of different implemen-
tations that may differ in which transmission parameters are
adjusted and / or in how these parameters are estimated. For
message transmission protocols such as the transmission con-
trol protocol (TCP) and variations thereof, an algorithm

called “slow start” is widely used.

According to the slow start algorithm, a congestion window,

corresponding to a buffer size at the sending network compo-
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nent 1 for the message to be transmitted, is set to an ini-
tial value depending on the TCP variation employed, such as
TCP Reno, TCP Newreno, TCP Tahoe etc. After sending the ini-
tiating message to the receiving network component 3, the
sending network component 1 will wait for an acknowledgement
by the receiving network component 3. After receiving the
initiating message acknowledgement, the sending network com-
ponent 1 will transmit further messages and receive their
respective message acknowledgements. Depending on the round
trip time (RTT) calculated for the message / message ac-
knowledgement pairs, new values for the congestion window
and a further slow start parameter, the slow start thresh-
old, are estimated. Within the congestion window, the mes-
sages are sent using the highest available transmission
rate, although preferably the transmission rate is a trans-
mission parameter to be adjusted during the course of the

transmission.

In other, more “intelligent” TCP variations, such as TCP
Westwood and TCP BIC (Binary Increase Congestion control),
the bandwidth and therefore the optimal transmission rate
available for data transmission through the network 5 is es-
timated based on the calculation of the round trip time
(RTT) of the initiating message and subsequent messages. The
RTT values may be averaged for this purpose, for example by

taking a weighted average or by using a low pass filter.

Another important value besides the congestion window size
and the slow start threshold is the timeout, which is the
time period the sending network component 1 will wait for an
acknowledgement before re-transmitting a message. The time-
out may be calculated through an estimated RTT value RTTest

and a deviation of RTT values RTTdev for a number of message
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/ message acknowledgement pairs, as timeout = RTTest + 4 *

RTTdev.

Due to sophisticated caching mechanisms within hosts such as
the two network components 1 and 3, but also within network
nodes such as switches and routers of the network, the ini-
tiating message experiences an exceptionally high transmis-
sion delay. This phenomenon can be observed on connections
within local area networks (LAN) as well as within wide area
networks (WAN), is essentially independent of the link data
rate, and is generally known as the so called connection
opener effect. That is because the initiating message ex-
periencing the exceeding transmission delay acts as the con-
nection opener for the connection between the sending net-

work component 1 and the receiving network component 3.

This effect is illustrated in Fig. 2. There are two time
lines shown. Time line t; is for the transmitting station,
and time line t, for the receiving station. The first packet
transmission starts at the origin of the upper arrow. When
the packet is received, the receiver returns an acknowledge
message back to the transmitting station. This is depicted
by the second arrow. Both transmissions need not necessarily
take the same amount of time. Returning back a packet to the
sender usually takes less time because the connection has
already been opened before. A second data packet transfer is
shown in the lower part of Fig. 2. Obviously, the transfer
time for the second data packet is subjectively lower than
for the first packet. This is wvalid for both directions,
forth and back. In the illustrated example, the second round
trip time second RTT is only a quarter of the first round
trip time first RTT. An explanation for the effect was al-
ready presented above. The setting-up of a connection takes

more time. Memory needs to be allocated in each layer for
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the data transport, addresses need to managed, routing ta-
bles or switching tables need to be set up in routers and
switches along the transfer path, caching rules need to be

set, and so on.

The following listings are exemplary outputs to a number of
ping inquiries for Fast Ethernet links. The output to each
ping inquiry includes a set comprising parameters for trans-
mitted messages. The initiating messages have the sequence
number “1” (icmp seg=1). The expression “time” denotes the
RTT for each message in milliseconds (ms). As can be seen
here, the initiating message has a significantly higher RTT
than the further messages following the initiating message.
In the examples shown here, the RTTs differ by more than an

order of magnitude.

~# ping hanvd601linux

PING hanvd601linux (141.11.97.29) 56(84) bytes of data.

64 bytes from hanvd601linux. (141.11.97.29): cmp_seq=1 ttF=64 time=3.18 ns
64 bytes from hanvd601linux. (141.11.97.29): icmp _seq=2 ttE=64 time=0.101 s
64 bytes from hanvd601linux. (141.11.97.29): icmp _seq=3 ttE=64 time=0.100 ns
64 bytes from hanvd601linux. (141.11.97.29): icmp _seq=4 ttE=64 time=0.101 ns
64 bytes from hanvd601linux. (141.11.97.29): icrp _seq=>5 ttE=64 time=0.100 ns
64 bytes from hanvd601linux. (141.11.97.29): icmp _seq=6 ttE=64 time=0.099 ns
64 bytes from hanvd601linux. (141.11.97.29): icmp _seq=7 ttE=64 time=0.100 ns
64 bytes from hanvd601linux. (141.11.97.29): icrp _seq=8 ttE=64 time=0.100 ns
64 bytes from hanvd601linux. (141.11.97.29): icrp _seq=9 ttE=64 time=0.100 ns

ping statistics
9 packets transmitted, 9 received, 0% packet loss, time 800318
tt min/avg/max/mdev = 0.099/0.442/3.180/0.968 g
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PING hanvd602linux. (141.11.97.30) 56(84) bytes of data.

64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.
64 bytes from hanvd602linux.

-——- hanvd602linux ping statistics ---

(141.
(141.
(141.
(141.
(141.
(141.
(141.
(141.
(141.

11.97.30): icmp_seq=1 tt=64 time=3.85 ms

11.97.30): icmp_seq=2 tt=64 time=0.131 ms
11.97.30): icmp_seq=3 tt=64 time=0.134 ms
11.97.30): icmp_seq=4 tt=64 time=0.135 ms
11.97.30): icmp_seq=>5 tt=64 time=0.132 ms
11.97.30): icmp_seq=6 tt=64 time=0.216 ms
11.97.30): icmp_seq=7 tt=64 time=0.134 ms
11.97.30): icmp_seq=8 tt=64 time=0.133 ms
11.97.30): icmp_seq=9 tt=64 time=0.137 ms

9 packets transmitted, 9 received, 0% packet loss, time 7999
rtt min/avg/max/mdev = 0.131/0.556/3.857/1.167 s

~# ping hanvd0659linux

PING hanvd0659linux. (141.11.97.41) 56(84) bytes of data.

64 bytes from hanvd0659linux. (141.11.97.41): cnp_seq=1 tt1=64 time=5.68 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=2 tt1=64 time=0.141 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=3 tt1=64 time=0.142 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=4 tt1=64 time=0.140 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=5 tt1=64 time=0.141 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=6 tt1=64 time=0.142 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=7 tt1=64 time=0.142 ns
64 bytes from hanvd0659linux. (141.11.97.41): cmp_seq=8 tt1=64 time=0.141 ns

The following listing is an exemplary output to a ping in-

quiry for a 10 Gigabit Ethernet link.

The connection opener

effect can also be observed here.

~# ping 10.24.69.1

PING 10.24.69.1 (10.24.69.1) 56(84) bytes of data.

64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:
64 bytes from 10.24.69.1:

icmp_seq=1 tt=64 time=3.92 ns

icmp_seq=2 ttE=64 time=0.063 ms
icmp _seq=3 ttE=64 time=0.062 s
icmp_seq=4 tt=64 time=0.062 s
icmp_seq=5 ttE=64 time=0.062 s
icmp_seq=6 tt=64 time=0.062 s
icmp_seq=7 ttE=64 time=0.069 s
icmp _seq=8 tt=64 time=0.062 s
icmp_seq=9 tt=64 time=0.062 s

--- 10.24.69.1 ping statistics ---

9 packets transmitted, 9 received, 0% packet loss, time 79991ms

rtt min/avg/max/mdev = 0.062/0.491/3.922/1.213 o8

The following listing shows an exemplary output to a ping

inquiry for a WAN connection.

Here also,

the connection
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opener effect described above is affecting the RTT of the

initiating message, albeit not as distinctive.

ping 130.75.1.32

PING 130.75.1.32 (130.75.1.32) 56(84) bytes of data.

64 bytes from 130.75.1.32: icmp_seq=1 ttl=53 time=69.8 ms
64 bytes from 130.75.1.32: icmp_seq=2 ttl=53 time=49.9 ms
64 bytes from 130.75.1.32: icmp_seq=3 ttl=53 time=49.8 ms
64 bytes from 130.75.1.32: icmp _seq=4 ttl=53 time=53.2 ms

Since applications and transport protocols perform their
initial transmission rate estimation based (among other pa-
rameters) on the delays of the initiating message, the esti-
mated transmission parameters will differ significantly from
their optimal value. In other words, the communication
opener effect distorts the estimation for the optimal trans-
mission parameters. Herein, optimal value denotes the trans-
mission parameter value at which the highest throughput of
data through the network is achieved while avoiding loss of
data. For instance, due to the initiating message experienc-
ing an exceptionally high transmission delay, the initial
estimation of the transmission rate will be too low, for ex-
ample it may be one order of magnitude lower than it could

be without the effect of the connection opener packet.

Fig. 3 shows the involvement of the different network layers
in the data transport between transmitter 1 and receiver 3.
The depicted layers correspond to the layers defined in the
ISO/0SI reference model for data communication. Physical
layer 10 and link layer 20 might be in an 10 GBit Ethernet
or Infiniband interface, implemented in hardware. The other
layers, network layer 30, transport layer 40 and application
layer 50 are preferably implemented with software means.
Reference number 5 denotes the network components with e.qg.
switchers and routers. Depending on which network layer is

estimating the RTT values, different results may be
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achieved. However, the connection opener effect stays in
principle the same. In each layer a number of steps like
memory allocation need to be performed for opening a connec-
tion which later on will be left out when further packets
are processed for the transfer over the same connection. The
implementation of transmission delay estimation according to
the invention can be located at any one of the different
network layers in the transmitter 1 and/or receiver 3. E.g.
an implementation in network layer 30 of the transmitting
station 1 would be feasible. The estimated RTT would include
the time from giving the order of transmitting the packet in
network layer 30 until the packet is received in the receiv-
ing station 3 in network layer 30' and the time period until
the ACK packet is received back in network layer 30 in the
transmitting station 1. Different scopes of connection
opener messages are from Tx physical layer 10 to Rx physical
layer 10', Tx link layer 20 to Rx link layer 20', Tx network
layer 30 to Rx network layer 30', Tx transport layer 40 to
Rx transport layer 40' and application layer 50 to applica-
tion layer 50'. The more layers are involved in the trans-
mission, the higher RTT or OWD values will be observed. The
total RTT value is an integration of different delay compo-
nents like processing steps in the different involved net-
work layers in the transmitting station, processing steps in
network components like switchers and routers, processing
steps in the different involved network layers in the re-
ceiving station and transfer times over the network cable,

and so on.

The congestion control algorithms described so far and other
congestion control algorithms, which take into account the
transmission delay such as RTT and / or OWD of the initiat-
ing message, may be improved according to the invention such

that the initiating message is substantially excluded. By
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substantially excluded, it is meant that it does not or at
least not significantly affect the estimate for the optimal
transmission parameter. There are a number of different ways
to implement an algorithm for estimating an optimal trans-
mission parameter such as a transmission rate. Once an opti-
mal transmission parameter has been obtained, it may be used
as an initial transmission parameter for the communication
between the sending network component 1 and the receiving
network component 3 via the network 5. Then, the same algo-
rithm or other congestion control algorithms may be employed
to adjust the transmission parameter, starting from this
initial transmission parameter. Some algorithms for estimat-
ing an optimal transmission parameter while excluding the

initiating message will be described in the following.

In one embodiment, the sending network component 1 transmits
the initiating message, such as the synchronize (SYN) packet
of TCP, to the receiving network component 3 and waits for a
message acknowledgement (ACK) indicating that the initiating
message has been received. At that point, the sending net-
work component 1 will not calculate any transmission delays,
such as RTT or OWD, for the message / message acknowledge-
ment pair, but rather exchange a further message / message
acknowledgement pair or pairs with the receiving network
component 3 and use their transmission delay to estimate op-
timal transmission parameters. One may also define a maximum
waiting time. If the message acknowledgement is not received
by the sending network component 1 within the maximum wait-
ing time after transmitting the initiating message, it re-

transmits the initiating message.

In a further embodiment, instead of waiting for the acknowl-
edgement message, after transmitting the initiating message,

the sending network component 1 repeats transmitting further
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messages, such as SYN data packets, even before receiving
any message acknowledgements. After each acknowledgement
message received, a transmission delay such as RTT will be
calculated by the sending network component 1 and compared
to the transmission delay calculated for the previous mes-
sage / message acknowledgement pair or pairs. Once the thus
calculated transmission delay values stop decreasing, the
lowest calculated transmission delay value will be used as
basis for the estimation of the transmission parameters. In
other words, not just the message / message acknowledgement
pair for the initiating message will be excluded from the
estimation of the transmission parameters as in the previ-
ously described embodiment, but all message / message ac-
knowledgement pairs will be ignored until a minimum trans-

mission delay value has been obtained.

In yet another embodiment, the estimation of the transmis-
sion delay may be based on OWD calculation for the messages
sent between the network components 1 and 3. For this case,
the receiving network component 3 calculates the OWD for the
initiating message and the further messages received from
the sending network component 1. The receiving network com-
ponent 3 furthermore compares the OWD values calculated for
the message received to each other until it detects that the
OWD does not decrease anymore, that is, it reaches a minimum
OWD wvalue. This minimum OWD value may then be used to esti-
mate the optimal transmission delay. The receiving network
component 3 may transmit message acknowledgements as a re-
sponse to each message back to the sending network component
1. In this case, the OWD values may alternatively be calcu-
lated by the sending network component 1 based on informa-

tion contained in the message acknowledgements.
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The previously described embodiments may be modified such
that the sending network component 1 waits a predetermined
time period or time gap between transmitting each message to
the receiving network component 3 in order to avoid over-
loading the data connection or the network 5. This predeter-
mined time period may be fixed. However, preferably it will
be adjusted depending on the available connection parameters
such as bandwidth. A suitable time gap between two messages
may be 10 to 100 times the minimum time period between two
messages as regquired by the utilized data link, leading to a

1 % to 10 % link usage.

The features of the invention as disclosed in the above de-
scription, in the claims and in the drawing may be of impor-
tance for the implementation of the various embodiments of

the invention both individually and in any desired combina-

tion.
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Claims

Method for managing a data connection between a sending
network component (1) and a receiving network component
(3) via a network (5), the method comprising the follow-

ing steps:

- sending an initiating message to the receiving network
component (3) by the sending network component (1), to
initiate a data connection between the sending network

component (1) and the receiving network component (3);

- receiving the initiating message by the receiving net-

work component (3);

- sending further messages to the receiving network com-

ponent (3) by the sending network component (1);

- receiving the further messages by the receiving net-

work component (3);

- calculating a transmission delay for at least one of
the further messages received by the receiving network

component (3);

- estimating optimal transmission parameters for trans-
mitting messages between the sending network component
(1) and the receiving network component (3) based on
the calculated transmission delay, wherein estimating
of the optimal transmission parameters substantially

excludes the initiating message; and

- sending subseqguent messages to the receiving network
component (3) by the sending network component (1) at

the estimated optimal transmission parameters.
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Method according to claim 1, characterized by that esti-
mating optimal transmission parameters comprises esti-
mating an optimal transmission rate for transmitting

messages.

Method according to claim 1 or 2, characterized by that
estimating the optimal transmission parameters for
transmitting messages between the sending network compo-
nent (1) and the receiving network component (3) com-
prises continuously comparing calculated transmission
delays for subsequent messages until a minimum transmis-
sion delay is calculated, which is lower than a calcu-
lated transmission delay of a subsequent message,
whereby estimating the optimal transmission parameters

is based on the minimum transmission delay.

Method according to one of the previous claims, further

characterized by the following steps:

- sending a message acknowledgement by the receiving
network component (3) to the sending network component

(1) as a response to the initiating message; and

- receiving the message acknowledgement by the sending
network component (1), wherein the further messages
are sent to the receiving network component (3) after

receiving the message acknowledgement.

Method according to claim 4, characterized by the step
of re-sending the initiating message to the receiving
network component (3) by the sending network component
(1), 1if the message acknowledgement is not received by
the sending network component (1) within a predetermined
acknowledgement time delay after sending the initiating

message to the receiving network component (3).
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10.

11.

Method according to one of the previous claims, charac-
terized by the step of sending a further message ac-

knowledgement by the receiving network component (3) to
the sending network component (1) as a response to each

of the further messages received.

Method according to claim 6, characterized by that cal-
culating the transmission delay comprises calculating a
round trip time for the message pair consisting of the
at least one of the further messages received and the

corresponding further message acknowledgement.

Method according to one of the claims 1 to 6, character-
ized by that calculating the transmission delay com-
prises calculating a one-way delay for the at least one
of the further messages received by the receiving net-

work component (3).

Method according to one of the previous claims, charac-
terized by the step of waiting for a predetermined time
period between sending of subsequent messages from the
sending network component (1) to the receiving network

component (3).

Method according to one of the previous claims, charac-
terized by that the initiating message, the at least one
further message, the message acknowledgement and the

further message acknowledgements comprise data packets.

Method according to claim 10, characterized by that the
data packets conform to the transmission control proto-
col (TCP) or the transmission control protocol in con-

nection with the internet protocol (TCP/IP).
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12.

Network component (1) comprising:

message preparation means configured to prepare an
initiating message for initialing a data connection to

a further network component (3);

sending means configured to send the initiating mes-
sage and further messages to the further network com-

ponent (3):;

receiving means configured to receive a message ac-
knowledgement and further message acknowledgements in
response to the initiating message and the further

messagesy,

calculating means configured to calculate a transmis-

sion delay for at least one of the further messages;

estimating means configured to estimate the optimal
transmission parameters for transmitting messages to
the further network component (3) based on the calcu-
lated transmission delay, wherein estimating of the
optimal transmission parameters substantially excludes

the initiating message; and

transmission parameter adjustment means configured to
adjust parameters of transmission of messages to the

estimated optimal transmission parameters.
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