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(57) ABSTRACT 

A first communication device receives an ATM cell bound for 
a second ATM device from a first ATM device via an ATM 
interface, and then the first communication device sends a 
data frame including the ATM cell to the second ATM device 
via wide area Ethernet. In addition, the first communication 
device sends a synchronization frame to the second ATM 
device via the wide area Ethernet continuously at a predeter 
mined time interval in accordance with a clock frequency of 
the first ATM device. A second communication device 
receives the synchronization frame and measures a clock 
frequency of the first ATM device in accordance with a time 
interval of receiving the synchronization frame so as to repro 
duce a clock having the same frequency as the measured 
clock frequency. After that, the second communication device 
sends the clock to the second ATM device via an ATM inter 
face. 
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SYSTEM FOR SUPPORTING 
COMMUNICATIONS AMONG ATM DEVICES, 

DEVICE FOR SUPPORTING DATA 
TRANSMISSION, METHOD FOR SENDING 

DATA, AND COMPUTER PROGRAM 
PRODUCT 

0001. This application is a continuation of Ser. No. 
11/113,107 filed Apr. 25, 2005, the disclosure of which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a system and a 
method for Supporting communications among plural ATM 
devices. 
0004 2. Description of the Prior Art 
0005 FIG. 23 shows a conventional method for connect 
ing ATM devices 5. A device such as an ATM terminal or an 
ATM exchange having an ATM (Asynchronous Transfer 
Mode) interface (hereinafter referred to as an ATM device 
5') performs communication with other ATM devices 5 viaan 
ATM network as shown in FIG. 23. The ATM network 
enables a fast communication of multimedia data or the like. 
Therefore, a service for connecting ATM devices 5 to each 
other via the ATM network so as to establish a WAN (Wide 
Area Network) or the like is widespread. 
0006. However, a cost necessary for constructing and 
managing the ATM network is high, so a method for estab 
lishing a WAN at a lower cost is desired strongly. 
0007. On the other hand, as a method for establishing and 
operating a WAN, a method of connecting devices using a 
wide area Ethernet network has gained the spotlight. Accord 
ing to this method, a WAN can be established at a low cost. 
0008. Therefore, a method of replacing the existing ATM 
network for connecting ATM devices 5 with a wide area 
Ethernet network is possible. However, in such a method, it is 
difficult to predicta delay or a degree of dumping of frames in 
the wide area Ethernet network. Therefore, it is difficult to 
synchronize a clock of a lower order ATM device 5 with a 
clock of a higher order ATM device 5 of communication in the 
wide area Ethernet network. Accordingly, communication 
between ATM devices 5 cannot be performed well in the 
above-mentioned method. 
0009. As described in Japanese unexamined patent publi 
cation No. 7-264207, there is proposed a method of connect 
ing a terminal device that is used in an Ethernet LAN (Local 
Area Network) environment to an ATM exchange simply. 
However, there is not proposed a method in which a wide area 
Ethernet network is used instead of the ATM network for 
communication between ATM devices 5. 

SUMMARY OF THE INVENTION 

0010. An object of the present invention is to realize com 
munications between ATM devices via a wide area Ethernet 
network. 
0011. A data transmission support device according to the 
present invention is a device for sending data from a first ATM 
device to a second ATM device by an ATM cell. The device 
includes a data frame reception portion for receiving a data 
frame that is an Ethernet frame including an ATM cell from 
another device via Ethernet, the other device being connected 
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to the first ATM device, a control frame reception portion for 
receiving a control frame via the Ethernet, the control frame 
being sent by the other device at a predetermined time interval 
in accordance with a transmission side clock frequency that is 
a clock frequency for communication of the first ATM device, 
a clock reproducing portion for reproducing a clock having 
the same frequency as the transmission side clock frequency 
in accordance with the time interval of receiving the control 
frames, a clock transfer portion for transferring the repro 
duced clock to the second ATM device via an ATM interface, 
a conversion portion for converting the received data frame 
into an ATM cell, and an ATM cell transmission portion for 
sending the ATM cell converted by the conversion portion to 
the second ATM device via the ATM interface. 
0012. In the present invention, an ATM device' means a 
device Such as an ATM terminal or an ATM exchange having 
an ATM (Asynchronous Transfer Mode) interface. 
0013. According to the present invention, data transmis 
sion from one ATM device to another ATM device can be 
performed by using a wide area Ethernet instead of an ATM 
network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 shows an example of connecting two ATM 
devices by an ATM device connection system according to 
the present invention. 
0015 FIG. 2 shows an example of a structure of a com 
munication device. 
(0016 FIG. 3 shows an example of a structure of a first 
communication device for realizing a function about clock 
synchronization. 
0017 FIG. 4 shows an example of a structure of a second 
communication device for realizing a function about clock 
synchronization. 
0018 FIG. 5 shows timings for selecting an ATM cell and 
an empty cell. 
0019 FIGS. 6(a)-6(c) show examples of formats of a syn 
chronization frame and a data frame. 
0020 FIG.7 shows an example of a method for calculating 
a first average time at an initial stage. 
0021 FIG.8 shows an example of a method for calculating 
the first average time after performing the calculation a pre 
determined number of times. 
0022 FIG. 9 shows an example of a variation of an accu 
mulated value in a differential counter. 
0023 FIG. 10 shows an example of a method for calculat 
ing a second average time. 
0024 FIG. 11 shows an example of a variation of an accu 
mulated value in a differential counter. 
(0025 FIGS. 12(a)-12(d) show examples of a method for 
adjusting phases of clocks. 
0026 FIGS. 13(a) and 13(b) show an example of a method 
for interpolation of data frames. 
0027 FIG. 14 shows an example of a structure of a second 
communication device for realizing a buffer control function. 
0028 FIG. 15 shows an example of a communication 
function of an OAM cell. 
0029 FIG.16 shows an example of a structure of a second 
communication device for realizing an ATM shaping func 
tion. 
0030 FIG. 17 shows an example of a structure of a first 
communication device for realizing a setting function of 
VLAN-TAG priority information in accordance with a CLP 
value. 
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0031 FIG. 18 shows an example of a method for sending 
data from a first communication device to plural second com 
munication devices. 
0032 FIG. 19 shows an example of a structure of a com 
munication device for realizing a VPI reassigning function. 
0033 FIG. 20 is a flowchart showing an example of a flow 
of a general process of the first communication device. 
0034 FIG. 21 is a flowchart showing an example of a flow 
of a general process of the second communication device. 
0035 FIG.22 is a flowchart showing an example of a flow 
of a VCXO control process. 
0.036 FIG. 23 shows a conventional method for connect 
ing ATM devices. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037 Hereinafter, the present invention will be explained 
more in detail with reference to embodiments and drawings. 
0038 FIG. 1 shows an example of connecting two ATM 
devices 5 by an ATM device connection system3 according to 
the present invention, and FIG. 2 shows an example of a 
structure of a communication device 1. 
0039. In FIG. 1, the ATM device 5 is a device such as an 
ATM terminal or an ATM exchange having an ATM interface. 
The ATM device 5 sends an ATM cell to other ATM device 5 
or receives the ATM cell from other ATM device 5 via an ATM 
network 9, so as to perform data communication. 
0040. The ATM device connection system 3 according to 
the present invention includes two communication devices 1. 
The communication devices 1 are connected to each other via 
a wide area Ethernet 4 and perform data communication by 
sending and receiving frames. One of the communication 
devices 1 is connected to one of two ATM devices 5, while the 
other communication device 1 is connected to the other ATM 
device 5. 

0041. In addition, the communication device 1 has func 
tions including a function for converting the ATM cell to an 
Ethernet frame (hereinafter referred to as a “frame simply), 
a function for converting the Ethernet frame to the ATM cell, 
and a function for synchronizing a clock for data communi 
cation of one of the communication devices 1 with a clock for 
data communication of the other communication device 1. By 
these structures, the ATM device connection system 3 can 
perform data communication between two ATM devices 5 via 
the wide area Ethernet 4 instead of the conventional ATM 
network 9. 
0042. As the wide area Ethernet 4, Ethernet network such 
as Gigabit Ethernet or Fast Ethernet can be used. It is possible 
to use a general purpose wide area Ethernet network. A full 
duplex communication can be performed in the wide area 
Ethernet 4. 
0043. The communication device 1 includes a CPU 1a, a 
RAM1b, a ROM 1C, a frame transmission control portion1d. 
an ATM interface 1e, an Ethernet interface 1f a LAN switch 
1g, an ATM switch 1h, a DSP (Digital Signal Processor) 1j, a 
VCXO (Voltage Controlled Xtal Oscillator) 1 k, a cell data 
buffer 1m, a frame data buffer in, a synchronization state 
display LED (Light Emitting Diode) 1p, a buffer monitor 
portion 1q, a VPI processing portion 1r, a shaping processing 
portion 1t, a cell extracting portion 1 w, and a CLP conversion 
portion 1y, as shown in FIG. 2. 
0044) The CPU 1a executes a computer program stored in 
the RAM 1b or the ROM1c so as to perform the entire control 
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of the communication device 1. Namely, a part of functions of 
the communication device 1 is realized by the computer pro 
gram as Software. 
0045. The ATM interface 1e is an interface for making 
connection between the communication device 1 and the 
ATM device 5 physically via a cable or a wireless line. The 
Ethernet interface 1 fis an interface for making connection 
between the communication device 1 and the wide area Eth 
ernet 4 physically via a cable or a wireless line. The LAN 
Switch 19 performs a Switching control of frames and a ter 
mination process. The ATM switch 1h performs a switching 
control of ATM cells and the like. Namely, the communica 
tion device 1 is an ATM device viewed from the ATM device 
5 and an Ethernet device viewed from a device within the 
wide area Ethernet 4. Other structures of the communication 
device 1 will be described later one by one. 
0046) Next, an example where data are sent from one of 
the ATM devices 5 to the other ATM device 5 will be exem 
plified for describing a structure and a process in each portion 
of the communication device 1 shown in FIG. 2 with dividing 
roughly into each function. 
0047. Hereinafter, the ATM device 5 on a data transmis 
sion side and the ATM device 5 on a data reception side are 
distinguished and referred to as a “first ATM device 51 and 
a “second ATM device 52, respectively. In addition, the 
communication device 1 that is connected to the first ATM 
device 51 via the ATM interface 1e and the communication 
device 1 that is connected to the second ATM device52 via the 
ATM interface 1e may be distinguished and referred to as a 
“first communication device 11’ and a 'second communica 
tion device 12, respectively. 
0048. Function about Clock Synchronization 
0049 FIG. 3 shows an example of a structure of the first 
communication device 11 for realizing a function about clock 
synchronization, FIG. 4 shows an example of a structure of 
the second communication device 12 for realizing a function 
about clock synchronization, FIG. 5 shows timings for select 
inga ATM cell 70 and an empty cell 7E, FIGS. 6(a)-6(c) show 
examples of formats of a synchronization frame FRS and a 
data frame FRD, FIG. 7 shows an example of a method for 
calculating a first average time AVF at an initial stage, FIG. 8 
shows an example of a method for calculating the first average 
time AVF after performing the calculation a predetermined 
number of times, FIG.9 shows an example of a variation of an 
accumulated value in a differential counter CT1, FIG. 10 
shows an example of a method for calculating a second aver 
age time AVS, FIG. 11 shows an example of a variation of an 
accumulated value in a differential counter CT2, and FIGS. 
12(a)-12(d) show examples of a method for adjusting phases 
of clocks. 
0050 Here, a function of transferring a data communica 
tion clock of the first ATM device 51, which is for sending 
data from the first ATM device 51 to the second ATM device 
52, to the second ATM device 52 will be described. FIGS. 3 
and 4 show structures of the first communication device 11 
and the second communication device 12, respectively, which 
have strong connections with this function. FIGS. 14-17 and 
19 that will be referred later also show structures having 
strong connection with each function. 
0051. In the first communication device 11, the ATM 
Switch 1h shown in FIG.3 receives the ATM cell 70 that was 
sent to the Second ATM device 52 from the first ATM device 
51. As described below, this ATM cell 70 is sent to the second 
ATM device 52 via the wide area Ethernet 4 and the second 
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communication device 12. Namely, the first communication 
device 11 is also a device for relaying the ATM cell 70. In 
addition, the first communication device 11 is connected to 
the first ATM device 51 via the ATM interface 1e, so it obtains 
information of the data communication clock of the first ATM 
device 51 by communication with the first ATM device 51. 
0052. The frame transmission control portion 1d includes 
a traffic control portion 131, an ATM cell output portion 132, 
a selector 133, an encapsulating processing portion 134, a 
flow control portion 135, an empty cell output portion 136, a 
cell arrival monitor portion 137, and a synchronization frame 
output portion 138. 
0053. The traffic control portion 131 generates and deliv 
ers a traffic control signal S1 as shown in FIG. 5, so as to 
control a period for sending the ATM cell 70, i.e., a sending 
rate. The cell data buffer 1m accumulates temporarily the 
ATM cell 70 received from the first ATM device 51. The ATM 
cell output portion 132 retrieve the ATM cell 70 accumulated 
in the cell data buffer 1m in order of occurrence at the timing 
when the traffic control signal S1 is turned on, and it sends the 
ATM cell 70 to the encapsulating processing portion 134 via 
the Selector 133. 
0054 The encapsulating processing portion 134 encapsu 
lates the ATM cell 70 into a frame conforming to the protocol 
of the wide area Ethernet 4 (namely, a frame of IEEE802.3 
format or the like). Namely, the ATM cell 70 is converted into 
an Ethernet frame. 
0055. The “encapsulating” means generating a frame 
including the ATM cell 70 embedded in a user data portion 
(USER-DATA) (see FIG. 6(a)). Hereinafter, a frame in which 
the ATM cell 70 is encapsulated is referred to as a “data frame 
FRD. 
0056. The flow control portion 135 controls the Ethernet 
interface 1f and the LAN switch 1g so that a frame such as the 
data frame FRD is sent to the wide area Ethernet 4. 
0057. If no ATM cell 70 to be sent to the encapsulating 
processing portion 134 is accumulated, a state where there is 
no data frame FRD to be sent to the second communication 
device 12 continues until the next ATM cell 70 arrives. Then, 
however, traffic between the first communication device 11 
and the second communication device 12 in the network 
becomes unstable, so fluctuations of data communication 
between the communication devices (in particular, fluctua 
tions of transmission of the synchronization frame FRS that 
will be described later) may occur. 
0058. Therefore, if no ATM cell 70 is accumulated in the 
cell data buffer 1m and there is not ATM cell 70 to be encap 
sulated, the data frame FRD is sent at a constant time period 
for stabilizing transmission of the synchronization frame FRS 
by the following method, for example. 
0059. The empty cell output portion 136 sends the empty 
cell 7E to the selector 133. The cell arrival monitor portion 
137 detects whether or not the ATM cell output portion 132 
has sent the ATM cell 70 to the selector 133, so as to detect 
whether or not the ATM cell 70 has arrived from the first ATM 
device 51. If the ATM cell 70 is detected, the selector 133 
relays the ATM cell 70 sent from the ATM cell output portion 
132 to the encapsulating processing portion 134 as shown in 
FIG.5. If it is not detected, the empty cell 7E is selected to be 
relayed to the encapsulating processing portion 134 instead of 
the ATM cell 70. 
0060. When the empty cell 7E is received, the encapsulat 
ing processing portion 134 encapsulates the empty cell 7E to 
generate the data frame FRD instead of the ATM cell 70. 
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Then, the flow control portion 135 sends the data frame FRD 
in which the empty cell 7E is encapsulated to the wide area 
Ethernet 4. Thus, a function of maintaining traffic constant 
within the network can be realized. 
0061 The synchronization frame output portion 138 
divides a clock frequency of the first ATM device 51 into a 
predetermined value and sends continuously the synchroni 
zation frame FRS whose destination is the second communi 
cation device 12 to the flow control portion 135 in synchro 
nization with the divided clock frequency. This 
synchronization frame FRS is a control frame for synchro 
nizing with a clock of the first ATM device 51. 
0062. The flow control portion 135 sends the synchroni 
zation frame FRS received from the synchronization frame 
output portion 138 to the wide area Ethernet 4 in the same way 
as the case of the data frame FRD. However, in order to 
maintain a constant timing for sending the synchronization 
frame FRS, a higher priority is given to sending the synchro 
nization frame FRS than sending the data frame FRD. For 
example, if both the data frame FRD and the synchronization 
frame FRS are received at the same time, the synchronization 
frame FRS is given a higher priority than the data frame FRD 
and is sent to the second communication device 12 first. Note 
that in this case, it is possible to adjust the entire data frame 
FRD that is sent to the wide area Ethernet 4 by discarding the 
data frame FRD in which the empty cell 7E is encapsulated. 
0063. The synchronization frame FRS also is constituted 
by the format supporting the wide area Ethernet 4 as shown in 
FIG. 6(a) similarly to the data frame FRD. In FIG. 6(a), a 
destination MAC address and a sender MAC address are 
stored in the fields of “D-MAC and “S-MAC", respectively. 
Arbitrary value set by the system (an Ethernet type) is stored 
in the field of “TYPE. 

0064. In the field of “INFO, device inherent information 
within the frame is stored, and in this embodiment, discrimi 
nation information is stored, which is information for dis 
criminating whether a type of the frame is a synchronization 
frame FRS or a data frame FRD by using partial bits of the 
field. In the field of “USER-DATA', a sequence number 
indicating an issue order is stored if the frame is a synchro 
nization frame FRS, while the ATM cell 70 or the empty cell 
7E is stored if it is a data frame FRD as described before. 
Namely, data indicating the sequence number are encapsu 
lated in the synchronization frame FRS, while the ATM cell 
70 or the empty cell 7E is encapsulated in the data frame FRD. 
In the field of “FCS', a value for frame check sequence is 
stored. 
0065. It is possible to use a format except the format 
shown in FIG. 6(a) as a format of these frames. For example, 
it is possible to use a format of a frame having an Ethernet 
length field for setting a frame length and LLC/SNAP header 
as shown in FIG. 6(b). It is possible to use a format with the 
Ethernet length and without the LLC/SNAP header as shown 
in FIG. 6(c). 
0066. The synchronization frame FRS and the data frame 
FRD bound for the wide area Ethernet 4 are sent to the second 
communication device 12 via a relay device or the like on the 
wide area Ethernet 4. In this way, the function of data com 
munication with the second communication device 12 can be 
realized by encapsulating data into a frame of the Ethernet 
format as an interface conversion from the ATM network to 
the wide area Ethernet 4. 

0067. In the second communication device 12, the frame 
data buffer 1n shown in FIG. 4 temporarily accumulates 
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frames received from other devices via the wide area Ethernet 
4. The synchronization frame FRS and the data frame FRD 
that are received from the first communication device 11 are 
also accumulated in the frame data buffer 1n. In addition, the 
time when the synchronization frame FRS is received is 
recorded. 
0068. The cell extracting portion 1 w extracts the ATM cell 
70 from the received data frame FRD. Namely, the data frame 
FRD is converted into the ATM cell 70. Then, the ATM 
interface 1e and the ATM switch 1h perform a process for 
sending the extracted ATM cell 70 to the second ATM device 
52 in accordance with the clock frequency delivered from the 
VCXO 1k. However, if the empty cell 7E is extracted, it is 
discarded, and the sending process is not performed. 
0069. As described before, however, it is necessary to give 
information of the clock of the first ATM device 51 to the 
Second ATM device 52 in order to send the ATM cell 70 from 
the first ATM device 51 to the second ATM device 52. There 
fore, the DSP 1j measures the clock frequency of the first 
ATM device 51 (hereinafter, referred to as a “sender clock 
frequency FY1) So as to adjust phases, and it gives the 
information of the clock to the second ATM device 52. 

0070. The clock of the first ATM device 51 can be repro 
duced in accordance with a time interval of receiving the 
plural synchronization frames FRS that are continuously sent 
from the first communication device 11. For example, a 
reception period of the synchronization frame FRS is deter 
mined in accordance with the time interval. Then, the sender 
clock frequency FY1 can be determined in accordance with a 
relationship (i.e., division ratio) between the real clock period 
of the first ATM device 51 and the transmission period of the 
synchronization frame FRS. For example, if the division ratio 
is 1/10000, the sender clock frequency FY1 can be deter 
mined by multiplying the reception period of the synchroni 
zation frame FRS by 10000. 
0071. However, since the synchronization frame FRS is 
received by way of the wide area Ethernet 4, fluctuations can 
be generated instantaneously or temporarily during the recep 
tion period. In this case, the sender clock frequency FY1 may 
be measured in accordance with irregular data, and there is a 
potential of large error in the measurement result. 
0072 Therefore, in order to enhance accuracy of the mea 
surement result of the sender clock frequency FY1 with being 
affected by characteristics of the wide area Ethernet 4 as little 
as possible, it is preferable to accumulate a lot of data about 
the reception period of the synchronization frame FRS and to 
measure the sender clock frequency FY1 in accordance with 
the accumulated data on an average basis as described below 
with reference to FIGS. 7 and 8. Hereinafter, an example of 
this measurement will be described. 

0073. The DSP 1j shown in FIG. 4 includes a VCXO 
control portion 142, a synchronization frame information 
accumulation portion 143, a first average calculation portion 
144, a VCXO information accumulation portion 145, a sec 
ond average calculation portion 146, a clock characteristics 
comparison portion 147, a link break detection portion 148, 
and a clock phase comparison portion 149. This structure 
enables a process for measuring the sender clock frequency 
FY1 and controlling the VCXO1 k so that the clock signal in 
synchronization with the sender clock frequency FY1 can be 
delivered. 
0074 The first average calculation portion 144 measures 
the sender clock frequency FY1 in accordance with the recep 
tion period of the synchronization frame FRS from the first 
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communication device 11. In parallel with this, the second 
average calculation portion 146 measures a frequency of the 
clock signal delivered by the VCXO1 k. The clock character 
istics comparison portion 147 determines a differential 
between the measured sender clock frequency FY1 and the 
clock frequency of the VCXO1 k. Then, if there is the differ 
ential, the VCXO control portion 142 controls the VCXO1k 
by adjusting the Voltage so that the clock frequency of the 
VCXO 1R becomes identical to the sender clock frequency 
FY1. 
(0075. After starting the relay of the ATM cell 70 from the 
first ATM device 51 to the second ATM device 52, the process 
is performed in the procedure as shown in FIG. 7 for a while. 
Every time when receiving a new synchronization frame FRS 
(except for a first frame), the synchronization frame informa 
tion accumulation portion 143 shown in FIG. 4 calculates a 
difference between the time when the synchronization frame 
FRS is received this time and the time when the synchroni 
zation frame FRS was received last time, so as to calculate the 
time interval of reception of both the synchronization frames 
FRS. Then, it accumulates time interval values a predeter 
mined number (hereinafter referred to as a “reference num 
ber) (#101 in FIG. 7). 
0076 For example, the first communication device 11 
sends the synchronization frame FRS in accordance with the 
clock frequency of 8 kHz. If the reference number is “512. 
the synchronization frame FRS is received approximately 
every 125 microseconds, so it takes approximately 64 milli 
seconds to accumulate the time interval values of the refer 
ence number. 
0077. The first average calculation portion 144 calculates 
a total sum value SUM of the values accumulated this time 
every time when the time interval values of the reference 
number are accumulated (#102), and it calculates the first 
average time AVF in accordance with the total sum value 
SUM and the first average time AVF that was calculated last 
time. However, there is not the first average time AVF of last 
time in a first time, so the total sum value SUM obtained in 
Step #102 is regarded as the first average time AVF of this 
time (#103). 
0078. After a second time until a predetermined number of 
times pass, the synchronization frame information accumu 
lation portion 143 erases the time interval values of the ref 
erence number that were accumulated last time and accumu 
lates new time interval values of the reference number in 
accordance with the reception time of the synchronization 
frame FRS that was received after that successively (#104). 
The first average calculation portion 144 calculates the total 
sum value SUM of these time interval values (#105) and 
calculates the first average time AVF of this time (n-th time) 
by substituting the total sum value SUM and the first average 
time AVF that was calculated last time ((n-1)th time) into the 
following equation (1) (#106). 

The first average time AVF of this time=((total sum 
value SUM)+(first average time AVF of last time)x(n- 
1)) in (1) 

007.9 Here, a quotient of division in the equation (1) is 
calculated to a predetermined place, and lower places are 
rounded off. 
0080. After calculation of the first average time AVF is 
repeated a predetermined number of times (for example, after 
32768 times of calculation) a process of calculating the first 
average time AVF is repeated in a procedure as shown in FIG. 
8. 
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I0081. In FIG. 8, the process in Steps #201 and #202 is 
basically the same as the case of Steps #104 and #105 shown 
in FIG. 7. Namely, the synchronization frame information 
accumulation portion 143 accumulates new time interval Val 
ues of the reference number (#201). The first average calcu 
lation portion 144 calculates the total sum value SUM of these 
time interval values (#202). 
0082. The first average calculation portion 144 calculates 
the first average time AVF of this time by substituting the total 
sum value SUM and the first average time AVF calculated last 
time into the following equation (2) (#203). 

The first average time AVF of this time=((total sum 
value SUM)+(first average time AVF of last time)x 
(m-1))/m (2) 

0083. Here, m in the equation (2) represents a predeter 
mined natural number (for example, 32768). 
0084. In the case shown in FIG. 7, a quotient of division in 
the equation (1) was calculated to a predetermined place, and 
lower places were rounded off. However, in the case of FIG. 
8, a quotient of division in the equation (2) is calculated to a 
predetermined place, and the remainder is accumulated in the 
differential counter CT1 so that accuracy of calculation of the 
first average time AVF is further improved (#204). However, 
if the first average time AVF of this time is more than or equal 
to the first average time AVF of last time, the remainder of a 
positive value is accumulated in the differential counter CT1. 
If the first average time AVF of this time is less than the first 
average time AVF of last time, the remainder of a negative 
value is accumulated in the differential counter CT1. Namely, 
it can be said that the remainder means a differential under a 
predetermined place between the first average time AVF of 
this time and the first average time AVF of last time. Since a 
positive value is accumulated or a negative value is accumu 
lated in the differential counter CT1, the value of the differ 
ential counter CT1 increases or decreases as shown in FIG.9. 
0085. Such differentials are accumulated, and the first 
average time AVF determined by the equation (2) is corrected 
as follows (#205). As shown by a dotted line frame W1 in FIG. 
9, if a value of the differential counter CT1 becomes more 
than or equal to a positive threshold level C.1 that is a positive 
value, the value determined by the equation (2) is corrected so 
that the first average time AVF becomes large by adding a 
predetermined value (a positive value) to the value deter 
mined by the equation (2). After the correction, as shown by 
a dotted line frame W2, the positive threshold level C.1 is 
subtracted from the accumulated value of the differential 
counter CT1. 
I0086 On the other hand, as shown by a dotted line frame 
W3 in FIG. 9, if a value of the differential counter CT1 
becomes lower than or equal to a negative threshold level C.2 
that is a negative value, the value determined by the equation 
(2) is corrected so that the first average time AVF becomes 
Small by Subtracting a predetermined value (a positive value) 
from the value determined by the equation (2). After the 
correction, as shown by a dotted line frame W4, the negative 
threshold level C2 is subtracted from the accumulated value 
of the differential counter CT1. Namely, an absolute value of 
the negative threshold level C.2 is added. 
I0087. The positive threshold level O.1 is “32768”, for 
example, while the negative threshold level C2 is “-32768. 
for example. 
I0088. If (negative threshold level C.2)<(differential 
counter CT1)<(positive threshold level C.1), the correction is 
not performed, and the first average time AVF determined by 
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the equation (2) is used as the calculation result of this time by 
the first average calculation portion 144. 
I0089. The VCXO information accumulation portion 145 
and the second average calculation portion 146 shown in FIG. 
4 perform the process for determining the second average 
time AVS about the output period of the clock signal of 
VCXO 1 k for comparing with the latest first average time 
AVF determined by the first average calculation portion 144 
in the procedure as shown in FIG. 10 in parallel with the 
process by the synchronization frame information accumula 
tion portion 143 and the first average calculation portion 144. 
(0090. The VCXO information accumulation portion 145 
checks the clock signal produced by the VCXO 1 k at an 
interval of a predetermined time (for example, every four 
milliseconds) and accumulates a length (time) corresponding 
to the predetermined period of the clock signal (for example, 
a period corresponding to approximately four milliseconds) 
(#301). Note that when determining the first average time 
AVF, a lot of data are accumulated and used considering 
fluctuations of the synchronization frame FRS as described 
before. However, the clock signal produced by the VCXO1 k 
can be checked directly, so credibility of each data is high. 
Therefore, it is not necessary to accumulate for use so much 
data. 
0091. When a predetermined number (for example, 64) of 
values are accumulated, the second average calculation por 
tion 146 determines an average value of these values, which is 
regarded as the second average time AVS (#302). 
0092. However, the average value is determined to a pre 
determined place, and the remainder is accumulated in the 
differential counter CT2 for correcting the second average 
time AVS in the same manner as the case of measuring the first 
average time AVF as described with reference to FIG. 8 
(#303). This remainder is also accumulated in the same man 
ner as the case of the first average time AVF. Namely, if the 
second average time AVS obtained in Step #302 is more than 
or equal to the second average time AVS of last time, it is 
accumulated as a positive value in the differential counter 
CT2. If the second average time AVS obtained in Step #302 is 
less than the second average time AVS of last time, it is 
accumulated as a negative value in the differential counter 
CT2. Therefore, it can be said that this remainder means a 
differential under a predetermined place between the second 
average time AVS of this time and the second average time 
AVS of last time. Since a positive value is accumulated or a 
negative value is accumulated in the differential counter CT2, 
the value of the differential counter CT2 increases or 
decreases as shown in FIG. 11. 

0093. In accordance with a value of the differential 
counter CT2, the second average time AVS is corrected 
(#304). If a value of the differential counter CT2 becomes 
more than or equal to a positive threshold level O.3 (for 
example, "+4') that is a positive value, correction is per 
formed so that the second average time AVS determined in 
Step #302 becomes large by adding a predetermined value (a 
positive value). For example, the correction is performed in 
the case of a dotted line frame W5 shown in FIG. 11. After the 
correction, as shown by a dotted line frame W6, the positive 
threshold level C3 is subtracted from the accumulated value 
of the differential counter CT2. 

0094. On the other hand, if a value of the differential 
counter CT2 becomes lower than or equal to a negative 
threshold level C4 (for example, “-4) that is a negative value, 
the correction is performed so that the second average time 
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AVS becomes small by subtracting a predetermined value (a 
positive value). For example, the correction is performed in 
the case of a dotted line frame W7. After the correction, as 
shown by a dotted line frame W8, the negative threshold level 
O4 is subtracted from the accumulated value of the differen 
tial counter CT2. Namely, the absolute value of the negative 
threshold level C4 is added. 
0095. If (negative threshold level C4)<(differential 
counter CT2)<(positive threshold level C.3), the correction is 
not performed, and the second average time AVS determined 
in Step #302 is regarded as the result of this time calculated by 
the second average calculation portion 146. 
0096. After the second time, the leading (the oldest) value 
of the accumulated values is erased, and remaining (as shown 
in Step #305, for example, 63) values and a newly accumu 
lated value are used for the same process as in Steps #302 
#304, so as to determine the second average time AVS (#305 
and Subsequent steps). 
0097. The first average time AVF and the second average 
time AVS determined in this way indicate characteristics of 
the clock frequency (the sender clock frequency FY1) of the 
first ATM device 51 and characteristics of the clock frequency 
of the VCXO 1k of the second communication device 12, 
respectively. Therefore, the first average time AVF is com 
pared with the second average time AVS so that a difference 
between the sender clock frequency FY1 and the clock fre 
quency of the VCXO1 k of the second communication device 
12 can be detected. 

0098. Note that constants and threshold levels that are 
used in FIGS. 7, 8 and 10, the equation (1), and the equation 
(2) are set so that the differential between the first average 
time AVF and the second average time AVS indicates the 
difference between the sender clock frequency FY1 and the 
clock frequency of the VCXO1 k of the second communica 
tion device 12. 
0099. The clock characteristics comparison portion 147 
shown in FIG. 4 compares the latest first average time AVF 
calculated by the first average calculation portion 144 with 
the latest second average time AVS calculated by the second 
average calculation portion 146, so as to determine the dif 
ference between them. Then, the VCXO control portion 142 
controls the VCXO 1k so that the difference becomes Small. 
Namely, if a value of the second average time AVS is larger 
than a value of the first average time AVF, it can be considered 
that a clock frequency of the VCXO 1k of the second com 
munication device 12 is higher than a sender clock frequency 
FY1, so the clock frequency of the VCXO1 k is controlled to 
be lowered. On the contrary, if a value of the second average 
time AVS is smaller than a value of the first average time AVF, 
the clock frequency of the VCXO1 kis controlled to be raised. 
0100. The link break detection portion 148 detects occur 
rence of a failure Such as an upper network's failure, a physi 
cal interface's failure, or a disconnection of a cable (herein 
after, the failure is referred to as a “link break failure'). Then, 
after detecting that the link break failure is resolved so that the 
link state is recovered, the processes for synchronizing the 
clock frequencies are started again. 
0101. When the link break failure occurs, reception of the 
synchronization frame FRS from the upper network, i.e., 
from the first communication device 11 is stopped, so the 
calculation process of the sender clock frequency FY1 by the 
synchronization frame information accumulation portion 143 
and the first average calculation portion 144 is stopped. How 
ever, the clock delivered by the VCXO 1k of the second 
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communication device 12 continues to run by itself. How 
ever, after the link state is recovered, if the first average 
calculation portion 144 restarts the calculation using the cal 
culation result before stopping, a large deviation can occur 
between the real sender clock frequency FY1 and the calcu 
lation result. Then, it may take a long time to adjust the clock 
frequency of the VCXO 1 k to the sender clock frequency 
FY1. 

0102 Therefore, when the link break failure is detected, 
calculation and accumulation data in the past Such as data for 
calculating the first average time AVF and the second average 
time AVS accumulated before the occurrence of the link break 
failure are cleared and are reset to an initial value when the 
second communication device 12 was activated. Then, after 
the link state is recovered, the calculation process is restarted 
from the beginning. Namely, since a clock frequency of the 
target of the reconnection is not known, the calculation and 
accumulation data in the past are cleared, and the calculation 
process is restarted. Thus, a time necessary for resynchroni 
Zation can be shortened. 
0103) The clock phase comparison portion 149 compares 
a phase of the clock component CW1 reproduced by the 
synchronization frame FRS received from the first commu 
nication device 11 with a phase of the clock component CW2 
of the VCXO1k so as to determine a deviation between them. 
The phase difference is determined from a deviation between 
edges of both the clock components CW1 and CW2 (clock 
edges) as shown in FIGS. 12(a)-12(d), for example. The 
VCXO control portion 142 controls the VCXO 1k in accor 
dance with the deviation so that the phase difference becomes 
as Small as possible. 
0104. If the deviation between a phase of the clock com 
ponent CW1 and a phase of the clock component CW2 is less 
thana threshold level Lip as shown in the relationship between 
FIGS. 12(a) and 12(b), the control for adjusting phases is not 
performed. Here, 0<(threshold level Lp)<!/2 period. 
0105. If a phase of the clock component CW2 is delayed 
by threshold level Lp or more from a phase of the clock 
component CW1 as shown in the relationship between FIGS. 
12(a) and 12(c), the VCXO control portion 142 controls the 
clock frequency of the VCXO 1 k to rise instantaneously so 
that the phase difference becomes small. On the other hand, if 
the relationship is opposite as shown in the relationship 
between FIGS. 12(a) and 12(d), the VCXO control portion 
142 controls the clock frequency of the VCXO1 k to drop so 
that the phase difference becomes small. 
0106 The synchronization state display LED 1p shown in 
FIG. 4 is lighted to inform the user when it is detected that the 
deviation between the phase of the clock component CW1 
and the phase of the clock component CW2 is more than or 
equal to the threshold level Lp. When a predetermined time 
has passed since the deviation becomes less than the threshold 
level Lp thanks to the control process by the VCXO control 
portion 142 (namely, a predetermined time has passed since 
returning to synchronization state), the synchronization state 
display LED 1p goes out. 
0107. By the process described above, the clock frequency 
of the VCXO 1k of the second communication device 12 is 
adjusted to the sender clock frequency FY1. Then, the second 
communication device 12 performs the communication with 
the second ATM device 52 via the ATM interface 1e in accor 
dance with the clock signal received from the VCXO1 k, so 
that the clock information of the first ATM device 51 is sent to 
the second ATM device 52. Thus, the second ATM device 52 
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can synchronize the clock of the own device with the sender 
clock frequency FY1. As a result, it is possible to receive the 
ATM cell 70 sent from the first ATM device 51 via the first 
communication device 11, the wide area Ethernet 4 and the 
second communication device 12. 

0108. In addition, when the first communication device 11 
sends the synchronization frame FRS continuously, an aging 
maintaining function of the MAC address can be realized in 
each relay device on the wide area Ethernet 4. 
0109 Namely, the synchronization frame FRS is sent 
from the first communication device 11 to the wide area 
Ethernet 4 with a fixed MAC address and is relayed by the 
relay devices successively. Then, each of the relay devices 
receives the synchronization frame FRS and every time refers 
to the MAC address table for checking the next relay device 
and resets an expiration limit timer of the MAC address in the 
MAC address table to an original MAX value. 
0110. In this way, the synchronization frame FRS is 
relayed by the relay devices successively from the first com 
munication device 11 to the second communication device 
12, so that the MAC address of the synchronization frame 
FRS remains without being forgotten from the MAC address 
table of the relay devices. Namely, the MAC address can be 
maintained without being aged out. Thus, a route of the Syn 
chronization frame FRS can be constant, and the fluctuations 
of the time interval for receiving the synchronization frame 
FRS in the second communication device 12 can be reduced. 
In addition, the destination MAC address and the sender 
MAC address of the Ethernet frame can be set fixedly for each 
relay device, so a unicast communication can be realized 
between the first communication device 11 and the second 
communication device 12. 

0111 Function for Improving Accuracy of Measurement 
of Clock Frequency and Other Various Functions 
0112 Next, a function for measuring the sender clock 
frequency FY1 with higher accuracy and other various func 
tions will be described in turn. 

0113 Interpolation Function of Data by Sequence Num 
ber and Function of Detecting State of Network 
0114 FIGS. 13(a) and 13(b) show an example of a method 
for interpolation of data frames FRD. As described above, the 
sequence number that indicates an issued order in the first 
communication device 11 is encapsulated in the synchroni 
zation frame FRS. The second communication device 12 
performs a data interpolation process and a process of detect 
ing a state of the wide area Ethernet 4 for synchronizing in 
accordance with the received plural Synchronization frames 
FRS. 

0115 For example, as shown in FIG. 13(a), it is supposed 
that a missing synchronization frame FRS that did not reach 
the second communication device 12 is found as a result of 
checking the sequence number of the received synchroniza 
tion frame FRS. However, if the calculation process of the 
first average time AVF that was described with reference to 
FIGS. 7 and 8 was performed in this state, data such as 
“Time2O3’ that are not defined would be used. 

0116. Therefore, as shown in FIG. 13(b), an intermediate 
value of reception times of the synchronization frames FRS of 
the sequence numbers before and after the missing synchro 
nization frame FRS is calculated and is regarded as a recep 
tion time of the missing synchronization frame FRS in the 
interpolation process. Thus, even if there is a synchronization 
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frame FRS that did not reach correctly, deterioration of accu 
racy in calculation of the first average time AVF can be sup 
pressed. 
0117. In addition, there is a case where synchronization 
frame FRS is not received in the order of the sequence number 
or where there is a missing synchronization frame FRS as 
described above. In this case, it is considered that an abnormal 
situation is generated in the wide area Ethernet 4. In addition, 
if a difference between reception times of any two neighbor 
ing synchronization frames FRS (a time interval) is substan 
tially far from another difference between reception times of 
other two neighboring synchronization frames FRS (a time 
interval), it is considered that irregular transmission of the 
synchronization frame FRS has occurred. 
0118. Therefore, the second communication device 12 can 
monitor an abnormal condition of the wide area Ethernet 4 or 
a delay in transmission of the synchronization frame FRS by 
checking the sequence number and the reception time of the 
received synchronization frame FRS. Furthermore, in accor 
dance with the monitoring result, the ATM device connection 
system 3 and the wide area Ethernet 4 can be administrated. 
0119 Priority Transmission Function of Synchronization 
Frame FRS 
0.120. As described above, the first communication device 
11 sends the data frame FRD and the synchronization frame 
FRS via the wide area Ethernet 4 in accordance with a pro 
tocol such as IEEE802.3X or the like. Therefore, transmission 
of the frames can be stopped or a transmission speed can be 
decreased by a flow control responding to conditions such as 
traffic of the wide area Ethernet 4, a situation of a relay device 
or a buffer of the second communication device 12. In this 
case, a frame before the transmission is accumulated in a 
buffer of the first communication device 11. 
I0121. However, transmission of the synchronization 
frame FRS may also be delayed as a result, and it may be 
difficult to adjust the output frequency of the VCXO1 k to the 
senderclock frequency FY1 appropriately in the second com 
munication device 12. Therefore, the flow control portion 135 
of the first communication device 11 sets not to use the flow 
control for the synchronization frame FRS regardless of the 
conditions such as the buffer of the second communication 
device 12, and sends the synchronization frame FRS at a 
predetermined interval. Thus, the second communication 
device 12 can perform the synchronization with the first com 
munication device 11 appropriately. 
I0122. In addition, it is possible to realize a function of 
sending the synchronization frame FRS with a higher priority 
by using a format of a protocol such as IEEE802.1Q having a 
specification of priority control as the frame format. In this 
case, the first communication device 11 sets the user priority 
of the synchronization frame FRS so that the synchronization 
frame FRS becomes a priority frame. In addition, the LAN 
switch 1g (see FIG. 2) of the second communication device 
12 is set that a frame of the highest priority is the synchroni 
zation frame FRS. 
I0123 Thus, a delay of transmission of the synchronization 
frame FRS in the wide area Ethernet 4 can be reduced, and the 
synchronization frame FRS can be sent from the first com 
munication device 11 to the second communication device 12 
under a stable condition. 
0.124 Function of Transmitting Synchronization Frame 
FRS when Traffic is Heavy 
(0.125. If traffic of the wide area Ethernet 4 is heavy, the 
synchronization frame FRS sent from the first communica 
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tion device 11 may arrive at the second communication 
device 12 with a delay. Therefore, when the first communi 
cation device 11 detects that traffic of the wide area Ethernet 
4 is heavy, it increases a degree of the division so that the 
transmission clock frequency of the synchronization frame 
FRS is lowered within the range that enables synchronization 
with the second communication device 12. For example, the 
clock frequency is divided into 8 kHz, 4 kHz, 2 kHz. . . . . 
corresponding to the traffic. 
0126 Thus, the second communication device 12 can per 
form the process for synchronizing while reducing traffic by 
decreasing frequency of sending the synchronization frame 
FRS. 
0127 Buffer Control Function of Second Communica 
tion Device 
0128 FIG. 14 shows an example of a structure of a second 
communication device 12 for realizing a buffer control func 
tion. As described above, in the second communication 
device 12, the synchronization frame FRS and the data frame 
FRD sent from the first communication device 11 are accu 
mulated in the frame data buffer 1n as shown in FIG. 14. 
Then, the synchronization frame FRS is used for synchroni 
zation with the first communication device 11, and the ATM 
cell 70 stored in the data frame FRD is sent to the second ATM 
device 52 inaccordance with a clock signal delivered from the 
VCXO 1 k. 
0129. However, these frames are sent via the wide area 
Ethernet 4. Therefore, reception of frames is concentrated so 
that there is a case where the number of reception of frames is 
larger than the number of transmission of the ATM cells 70. In 
this case, the number of frames accumulated in the frame data 
buffer 1n increases, so some frames may be abandoned 
because of overflow of the frame data buffer 1n. 
0130. Therefore, in order to secure sufficient available 
capacity of the frame data buffer 1n, a threshold level is set in 
advance, and the buffer monitor portion 1q monitors whether 
or not quantity of data accumulated in the frame data buffer 1n 
has exceeded this threshold level. When the buffer monitor 
portion 1q detects that quantity of the accumulated data has 
exceeded this threshold level, the DSP 1j raises a clock fre 
quency of the VCXO1 k temporarily so that the transmission 
quantity of the ATM cells 70 is increased and quantity of data 
accumulated in the frame data buffer 1n is reduced. 
0131 Thus, discard of data in the frame data buffer in can 
be prevented. When quantity of data accumulated in the frame 
data buffer 1n goes back to the threshold level or less, the DSP 
1j puts the clock frequency of the VCXO 1 k back to the 
original state. 
0132 Communication Function of OAM Cell 
0.133 FIG. 15 shows an example of a communication 
function of an OAM cell. The first ATM device 51 and the 
second ATM device 52 usually send and receive not only the 
ATM cell 70 but also OAM (Operation Administration and 
Maintenance) cell that is a cell for maintaining and adminis 
trating the network via the ATM network 9. The ATM device 
connection system 3 in this embodiment can also send the 
OAM cell in the same way as the case of the ATM cell 70 from 
the first ATM device 51 to the second ATM device 52 via the 
wide area Ethernet 4. 
0134. In FIG. 15, when the first communication device 11 
receives the OAM cell 7M from the first ATM device 51, it 
encapsulates the OAM cell 7M to a frame conforming to a 
protocol of the wide area Ethernet 4 in the same manner as the 
case of the ATM cell 70. Hereinafter, the frame generated in 
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this way is referred to as an “OAM frame FRO”. Then, this 
OAM frame FRO is sent to the second communication device 
12 via the wide area Ethernet 4 in the same manner as the case 
of the data frame FRD or the synchronization frame FRS. 
0.135 When the second communication device 12 receives 
the OAM frame FRO, it decapsulates the OAM frame FRO in 
the same manner as the case of the data frame FRD so that the 
OAM cell 7M is extracted. Then, it sends the OAM cell 7M to 
the second ATM device 52 in accordance with a clock signal 
delivered from the VCXO1 k. 
0.136. In this way, a special cell such as the OAM cell 7M 
can also be sent and received between the first ATM device 51 
and the second ATM device 52 via the wide area Ethernet 4 by 
using the ATM device connection system 3. 
I0137 ATM Shaping Function 
0.138 FIG.16 shows an example of a structure of a second 
communication device 12 for realizing an ATM shaping func 
tion. As shown in FIG. 16, the ATM switch 1h is provided 
with a scheduler processing portion 1h1, a shaping adminis 
trating portion 1 h2 and the like. 
0.139. It is desirable to consider influence of the second 
communication device 12 on the second ATM device 52 and 
other devices on the lower network and a load thereof when 
the ATM cell 70 is sent to the second ATM device 52. Con 
sidering this point, the ATM switch 1h of this embodiment 
performs the shaping of transmission of the ATM cell 70 as 
follows. 
0140. The shaping administrating portion 1 h2 sets a rate of 
a shaping value. Namely, a transmission interval of the ATM 
cell 70 is set, and administration is performed so that an 
interval of transmitting cells is maintained at constant accu 
racy. Then, the scheduler processing portion 1h1 sends the 
ATM cell 70 to the second ATM device 52 responding to 
permission of sending cells that is performed in accordance 
with a rate of the shaping value. 
(0.141. Setting Function of VLAN-TAG Priority Informa 
tion in Accordance with CLP Value 
0.142 FIG. 17 shows an example of a structure of a first 
communication device 11 for realizing a setting function of 
VLAN-TAG priority information in accordance with a CLP 
value. The first communication device 11 is provided with a 
function for setting priority information in VLAN-TAG of a 
frame in an Ethernet in accordance with set information of a 
CLP (Cell Loss Priority) of the ATM cell (hereinafter referred 
to as a “CLP value'). 
0143. In general, a priority order for abandoning when 
congestions or the like occurs in the ATM network is set in the 
CLP of the ATM cell. On the other hand, a priority order for 
sending (priority information) can be set in the VLAN-TAG 
of a frame. 
0144. When the first communication device 11 encapsu 
lates the ATM cell 70 sent from the first ATM device 51 to the 
data frame FRD, it sets the priority information inaccordance 
with the CLP value of the ATM cell 70 as follows, for 
example. 
0145. In FIG. 17, a relationship table TL that indicates a 
relationship between the CLP value and the priority informa 
tion in which the priority order of transmission becomes 
higher as the priority for abandoning is lower is set in the first 
communication device 11 in advance. 
0146 When the ATM cell 70 is received, the CPU 1a 
checks the CLP value that is set in the ATM cell 70 and 
informs the CLP conversion portion 1y. The CLP conversion 
portion 1 y Searches a value of the priority order of transmis 
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sion corresponding to the informed CLP value from the rela 
tionship table TL. The encapsulating processing portion 134 
sets the searched value in the priority information and encap 
sulates the ATM cell 70 in the data frame FRD. Then, the data 
frame FRD is transmitted to the second communication 
device 12. 
0147 In this way, a function of priority control can be 
realized for determining the priority order of the frame of the 
Ethernet in accordance with the CLP value of the ATM cell 
T0. 
0148 Data Communication Function of One to Plural 
014.9 FIG. 18 shows an example of a method for sending 
data from a first communication device 11 to plural second 
communication devices 12. In each of the examples described 
above, the case is described in which the first communication 
device 11 and the second communication device 12 are con 
nected one to one. The ATM device connection system 3 can 
be applied to the case where they are connected one to plural 
as shown in FIG. 18. 
0150. In this case, the first communication device 11 that 

is a master sends the Synchronization frame FRS as a multi 
cast frame to the second communication devices 12 that are 
slaves. Each of the second communication devices 12 that has 
received the synchronization frame FRS performs synchro 
nization of clock with the first communication device 11 in 
accordance with the method described above. 
0151. The ATM cell 70 is sent to the second ATM device 
52 that is a destination as follows, for example. The second 
communication device 12 that is connected to the second 
ATM device 52 that is a destination of the ATM cell 70 is 
discriminated, and route information to the second commu 
nication device 12 on the wide area Ethernet 4 is obtained. 
The ATM cell 70 is encapsulated to the data frame FRD. The 
data frame FRD is sent to the wide area Ethernet 4 in accor 
dance with the obtained route information. 
0152. In this way, the ATM device connection system 3 
can be used also in the multiconnection structure of one to 
plural, so that data communication can be performed between 
the first ATM device 51 and the Second ATM device 52 via the 
wide area Ethernet 4. 
0153 VPI Reassigning Function 
0154 FIG. 19 shows an example of a structure of a com 
munication device 1 for realizing a VPI reassigning function. 
In general, a VPI (Virtual Path Identifier) of the ATM cell 70 
is reassigned every time when being relayed by the ATM 
exchange. The communication device 1 of this embodiment is 
also provided with a function for reassigning the VPI of the 
ATM cell 70 in the same manner as the conventional ATM 
exchange. 
(O155 The VPI processing portion 1r includes a VPI reas 
signing portion 171 and a VPI table 172 as shown in FIG. 19. 
0156 The VPI table 172 is a table in which reassigning 
information of the VPI is set. When the ATM cell 70 is 
entered, the CPU 1a reads a value that is set in the VPI (VPI 
value) of the ATM cell 70. The VPI reassigning portion 171 
searches the VPI value of a transmission destination corre 
sponding to the read VPI value from the VPI table 172. Then, 
the VPI value of the ATM cell 70 is converted (reassigned) 
into the searched VPI value. For example, if the entered VPI 
value of the ATM cell 70 is 'A' and a VPI value of “B” is 
obtained as a result of searching the VPI table 172, the VPI 
value of the ATM cell 70 is converted into “B”. 
0157 FIG. 20 is a flowchart showing an example of a flow 
of a general process of the first communication device 11, 

Oct. 8, 2009 

FIG. 21 is a flowchart showing an example of a flow of a 
general process of the second communication device 12, and 
FIG. 22 is a flowchart showing an example of a flow of a 
VCXO control process. 
0158 Next, flows of processes of the first communication 
device 11 and the second communication device 12 when 
relaying data transmission from the first ATM device 51 to the 
Second ATM device 52 will be described with reference to the 
flowcharts. 

0159. In FIG. 20, when the first communication device 11 
receives the ATM cell 70 from the first ATM device 51 (Yes in 
#11), the ATM cell 70 is sent to the selector 133 in synchro 
nization with the traffic control signal S1 delivered from the 
traffic control portion 131 (see FIGS.3 and5)(#12). Then, the 
ATM cell 70 is encapsulated to be converted into the data 
frame FRD, which is sent to the wide area Ethernet 4 bound 
for the second communication device 12 (#15). However, if 
there is no ATM cell 70 to be sent to the selector 133 (No in 
#11), the empty cell 7E that is sent from the empty cell output 
portion 136 is selected (#13), and this is encapsulated to be 
converted into the data frame FRD (#14). 
0160. In parallel with the process in Steps #11 through 
#15, the synchronization frame FRS is sent to the wide area 
Ethernet 4 bound for the second communication device 12 
every predetermined time (for example, in Synchronization 
with a clock that is obtained by dividing the sender clock 
frequency FY1 to a predetermined frequency) (#16). Higher 
priority for transmission is given to the synchronization frame 
FRS than the data frame FRD. 

0.161 During a period that communication with the first 
ATM device 51 is continued, the process in Steps #11 through 
#16 is repeated (Yes in #17). 
(0162. In FIG. 21, when the second communication device 
12 receives the data frame FRD or the synchronization frame 
FRS (#21), these frames are accumulated in the frame data 
buffer in (#22). Then, information about the sender clock 
frequency FY1 is obtained in accordance with the time inter 
val of receiving the synchronization frame FRS, and a process 
for synchronizing the clock of the VCXO 1 k with the clock 
measured by the data frame FRD is performed in accordance 
with the information (#23). This process is performed in the 
procedure as shown in FIG. 22, for example. 
0163 Namely, an average time (a first average time AVF) 
per predetermined period of a clock of the first ATM device 51 
is calculated in accordance with the time interval of receiving 
the synchronization frame FRS (#401). As a method of cal 
culating the first average time AVF, the method that was 
described before with reference to FIGS. 7 and 8 can be used, 
for example. It can be said that this first average time AVF 
indicates characteristics of a clock of the first ATM device 51. 

0164. In parallel with this, an average time (a second aver 
age time AVS) per predetermined period of a clock of the 
VCXO 1k of the second communication device 12 is calcu 
lated (#402). As a method of calculating the second average 
time AVS, the method that was described before with refer 
ence to FIG. 10 can be used, for example. It can be said that 
this second average time AVS indicates characteristics of a 
clock of the VCXO 1k of the second communication device 
12. 

0.165 If a value of the first average time AVF is larger than 
a value of the second average time AVS (Yes in #403 and No 
in #404), the clock frequency of the VCXO1 k of the second 
communication device 12 is higher than the clock frequency 
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of the first ATM device 51. Therefore, it is controlled so that 
the clock frequency of the VCXO1 k becomes lower than the 
present value (#406). 
0166 If a value of the first average time AVF is smaller 
than a value of the second average time AVS (No in #403 and 
Yes in #404), the clock frequency of the VCXO 1k of the 
second communication device 12 is lower than the clock 
frequency of the first ATM device 51. Therefore, it is con 
trolled so that the clock frequency of the VCXO1 k becomes 
higher than the present value (#405). 
0167. Note that what degree the clock frequency of the 
VCXO 1 k should be raised or lowered depends on tracking 
ability of the clock of the VCXO1k with the clock of the first 
ATM device 51. For example, in order to increase the tracking 
ability, the clock frequency of the VCXO1 k should be raised 
or lowered largely. In this case, however, a variation of the 
clock of the VCXO 1k also increases. Therefore, in order to 
decrease the variation for securing stability of the clock, the 
clock frequency of the VCXO1 k should be raised or lowered 
by a Small degree. 
0168 A process for adjusting a phase of the clock of the 
VCXO 1k of the second communication device 12 with a 
phase of the clock that is reproduced by the data frame FRD 
is performed (#407 through #410). Namely, as described 
before with reference to FIGS. 12(a)-12(d), if the reproduced 
clock is advanced than the clock of the VCXO 1k by the 
threshold level Lp or more (Yes in #407 and Yes in #408), it is 
controlled so that the clock frequency of the VCXO 1k 
becomes higher than the present value instantaneously 
(#409). If the reproduced clock is delayed by the threshold 
level Lp or more (Yes in #407 and No in #408), it is controlled 
so that the clock frequency of the VCXO1 k becomes lower 
than the present value instantaneously (#410). 
(0169. With reference to FIG. 21, the ATM cell 70 is 
extracted from the data frame FRD that is received from the 
first communication device 11 and is sent to the second ATM 
device 52 (#24). In this case, the transmission is performed in 
accordance with the clock delivered from the VCXO 1k, so 
the information of the reproduced clock of the first ATM 
device 51 is transferred to the second ATM device 52. 
0170 The process in Step #21 through #24 is repeated 
while data are sent from the first ATM device 51 to the second 
ATM device 52 (Yes in #25). 
0171 In this way, the clock information of the first ATM 
device 51 can be given to the second ATM device 52, and it is 
possible to send data from the first ATM device 51 to the 
second ATM device 52 via the wide area Ethernet 4 instead of 
the conventional ATM network 9. 
0172 According to this embodiment, communication 
between the ATM devices 5 can be performed via the wide 
area Ethernet 4 instead of the ATM network 9. Thus, commu 
nication cost can be lower than the conventional method. 
0173 Although in this embodiment the function of the 
communication device 1 is described as separated functions 
of the data transmission side that is the communication device 
1 (the first communication device 11) connected to the ATM 
device 5 (the first ATM device 51) and the reception side that 
is the communication device 1 (the second communication 
device 12) connected to the ATM device 5 (the second ATM 
device 52), it is possible that one communication device 1 
includes both functions of the first communication device 11 
and the second communication device 12. Thus, a bidirec 
tional communication can be realized by plural ATM devices 
5 via the wide area Ethernet 4. 
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0.174 Although only the last first average time AVF among 
the first average times AVF calculated in the past is used in the 
process for calculating the latest first average time AVF 
shown in FIGS. 7 and 8 for reducing a processor's load of 
process in this embodiment, it is possible to use other first 
average times AVF before the last first average time AVF for 
calculating the latest first average time AVF. 
(0175 Although the procedure shown in FIGS. 7, 8, 10 and 
22 is used as the method for synchronizing the clock of the 
VCXO 1k of the second communication device 12 with the 
clock of the first ATM device 51 in this embodiment, it is 
possible to use other methods. Furthermore, the entire or a 
part of the structure of the ATM device connection system 3 
and the communication device 1, the process contents, the 
process order and the like can be modified if necessary in 
accordance with the spirit of the present invention. 
(0176 Furthermore, this embodiment includes the follow 
ing invention. 
0177 1. A system for supporting communication between 
ATM devices when data are sent from the first ATM device to 
the second ATM device by an ATM cell, 
0.178 the system comprising a first connection device and 
a second connection device that can be connected to each 
other via Ethernet, 
0179 

0180 an ATM cell reception portion for receiving an 
ATM cell from the first ATM device via an ATM inter 
face, 

0181 a first conversion portion for converting the 
received ATM cell to a data frame supporting a protocol 
of the Ethernet, 

0182 a data frame transmission portion for sending the 
data frame converted by the first conversion portion to 
the second connection device via the Ethernet, and 

0183 a control frame transmission portion for sending a 
control frame that supports the protocol of the Ethernet 
to the second connection device via the Ethernet at a 
predetermined time interval in accordance with a trans 
mission side clock frequency that is a clock frequency 
for communication of the first ATM device, and 

0184 
0185 a control frame reception portion for receiving 
the control frame from the first connection device, 

0186 a data frame reception portion for receiving the 
data frame from the first connection device, 

0187 a clock reproducing portion for reproducing a 
clock having the same frequency as the transmission 
side clock frequency in accordance with the time inter 
val of receiving the control frame, 

0188 a clock transfer portion for transferring the repro 
duced clock to the second ATM device via an ATM 
interface, 

0189 a second conversion portion for converting the 
received data frame into the ATM cell, and 

0.190 an ATM cell transmission portion for sending the 
ATM cell converted by the second conversion portion to 
the second ATM device via the ATM interface. 

0191) 2. A data transmission method for sending data from 
a first ATM device to a second ATM device by an ATM cell, 
the method comprising the steps of 
0.192 connecting a first connection device to a second 
connection device via Ethernet; 

the first connection device including 

the second connection device including 
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0193 in the first connection device, 
(0194 receiving an ATM cell from the first ATM device 

via an ATM interface, 
0.195 converting the received ATM cell into a data 
frame that supports a protocol of the Ethernet, 

0196) sending the converted data frame to the second 
connection device via the Ethernet, and 

0.197 sending a control frame that supports the protocol 
of the Ethernet to the second connection device via the 
Ethernet at a predetermined time interval in accordance 
with a transmission side clock frequency that is a clock 
frequency for communication of the first ATM device: 
and 

0198 in the second connection device, 
0199 receiving the control frame from the first connec 
tion device, 

0200 receiving the data frame from the first connection 
device, 

0201 reproducing a clock having the same frequency as 
the transmission side clock frequency in accordance 
with the time interval of receiving the control frame, 

0202 transferring the reproduced clock to the second 
ATM device via an ATM interface, 

0203 converting the received data frame into an ATM 
cell, and 

0204 sending the converted ATM cell to the second 
ATM device via an ATM interface. 

0205 The present invention can be used preferably in 
particular in the case where existing ATM devices are newly 
connected to each other or where a wide area Ethernet net 
work is provided instead of the existing ATM network for 
reducing cost such as maintaining cost. 
0206 While example embodiments of the present inven 
tion have been shown and described, it will be understood that 
the present invention is not limited thereto, and that various 
changes and modifications may be made by those skilled in 
the art without departing from the scope of the invention as set 
forth in the appended claims and their equivalents. 

What is claimed is: 
1. A communication device configured to be placed 

between a first communication network and a second com 
munication network to send data received from the first com 
munication network to the second communication network, 
the first communication network using a first protocol and the 
second communication network using a second protocol dif 
ferent from the first protocol, the communication device com 
prising: 

a receiving portion that receives a data cell from the first 
communication network; 

a conversion portion that converts the data cell to a data 
frame Supporting the second protocol; 

a data frame transmission portion that sends the data frame; 
and 

a control frame transmission portion that sends a control 
frame to the second communication network at a time 
interval corresponding to a frequency of a clock of the 
data cell. 

2. A communication device configured to be placed 
between a first communication network and a second com 
munication network to send data received from the second 
communication network to the first communication network, 
the first communication network using a first protocol and the 
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second communication network using a second protocol dif 
ferent from the first protocol, the communication device com 
prising: 

a receiving portion that receives a data frame from the 
second communication network; 

a conversion portion that converts the data frame to a data 
cell Supporting the first protocol; 

a data cell transmission portion that sends the data cell to 
the first communication network; 

a control frame receiving portion that receives, from the 
second communication network, a control frame sent at 
a time interval corresponding to a frequency of a first 
clock; 

a clock reproducing portion that reproduces the first clock 
based on a time interval between when the control frame 
is received and when the Subsequent control frame is 
received; and 

an informing portion that informs the first communication 
network of the first clock thus reproduced. 

3. The communication device according to claim 2, 
wherein the clock reproducing portion reproduces the first 
clock based on plural time intervals between when the control 
frame is received and when the Subsequent control frame is 
received, the first clock having a frequency identical to a 
frequency of a clock of a party that sends the data frame. 

4. The communication device according to claim 2, 
wherein the clock reproducing portion reproduces the first 
clock based on data used when the clock having the frequency 
of the party was reproduced, the first clock having a frequency 
identical to a frequency of a clock of aparty that sends the data 
frame. 

5. The communication device according to claim 2, further 
comprising 

a transmission side clock characteristics measuring portion 
that measures characteristics of a second clock based on 
the time interval between when the control frame is 
received and when the Subsequent control frame is 
received, the second clock being used for communica 
tion of a party that sends the data frame, and 

a reproduced clock measuring portion that measures char 
acteristics of the first clock, 

wherein the clock reproducing portion reproduces the first 
clock based on a differential between the latest charac 
teristics measured by the transmission side clock char 
acteristics measuring portion and the latest characteris 
tics measured by the reproduced clock measuring 
portion. 

6. A communication device configured to be placed 
between a first communication network and a second com 
munication network to send a data cell received from the first 
communication network to the second communication net 
work, the first communication network using a first protocol 
and the second communication network using a second pro 
tocol different from the first protocol, the communication 
device comprising: 

a receiving portion that receives the data cell from the first 
communication network; 

a first conversion portion that converts the data cell to a first 
data frame Supporting the second protocol, and, if there 
are no cells to be converted, converting an empty cell to 
the first data frame; 

a data frame transmission portion that sends the first data 
frame to the second communication network; and 
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a control frame transmission portion that sends a first con 
trol frame to the second communication network at a 
time interval corresponding to a frequency of a first 
clock of the data cell. 

7. The communication device according to claim 6. 
wherein the first control frame includes a sequence number 
indicating an issue order of the first control frame. 

8. The communication device according to claim 6. 
wherein operation of the control frame transmission portion 
takes precedence over operation of the data frame transmis 
sion portion. 

9. The communication device according to claim 6, further 
comprising an accumulation portion that accumulates the 
data cell, 

wherein the data frame transmission portion sends the first 
data frame to the second communication network based 
on a control signal for controlling a transmission period. 

10. The communication device according to claim 6. 
wherein the control frame transmission portion changes a 
time interval between when the first control frame is sent and 
when the subsequent first control frame is sent based on traffic 
on the second communication network. 

11. The communication device according to claim 6, fur 
ther comprising 

a data frame receiving portion that receives a second data 
frame from the second communication network; 

a second conversion portion that converts the second data 
frame to a second data cell Supporting the first protocol; 

a data cell transmission portion that sends the second data 
cell to the first communication network; 

a control frame receiving portion that receives, from the 
second communication network, a second control frame 
sent at a time interval corresponding to a frequency of a 
second clock; 

a clock reproducing portion that reproduces a third clock 
having a frequency based on a time interval between 
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when the second control frame is received and when the 
Subsequent second control frame is received; and 

an informing portion that informs the first communication 
network of the third clock. 

12. The communication device according to claim 11, fur 
ther comprising 

a time information accumulation portion that accumulates 
time information on the received second control frame, 
and 

a clear portion that clears the time information when 
receiving the second control frame is stopped. 

13. The communication device according to claim 6. 
wherein the first communication network is an ATM network 
and the second communication network is an Ethernet net 
work. 

14. A communication device configured to be placed 
between a first communication network using a first protocol 
and a second communication network using a second proto 
col for use, the communication device comprising: 

a receiving portion that receives a data frame from the first 
communication network; 

a transmission portion that sends data corresponding to the 
data frame to the second communication network; 

a frequency obtaining portion that obtains a frequency of a 
clock of the data frame when the first protocol is a 
protocol used to send a data frame at a time interval 
corresponding to a predetermined clock frequency; and 

a control frame transmission portion that sends a control 
frame to the second communication network at a time 
interval corresponding to the frequency of the clock 
obtained by the frequency obtaining portion. 

15. The communication device according to claim 14, 
wherein the data sent by the transmission portion to the sec 
ond communication network is data conforming to the second 
protocol. 


