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(57) ABSTRACT 

A traffic shaping control device for an ATM communication 
netWork Which permits downscaling of hardWare and elimi 
nates a delay of cells that is caused by performing a delay 
process on cells Which need not be subjected to the delay 
process. The How rate of cells of each of connections is 
checked With the use of How rate calculating unit; and a cell 
exceeding a predetermined reference ?oW rate is circulated 
through a delay loop; Which is constituted by delay-con 
trolled cell detecting unit; delay-passed cell detecting unit; 
number-of-repetitions monitoring unit and delay unit; a 
number of times corresponding to an initial number of 
repetitions determined for each connection. Such a cell is 
therefore delayed so that the How rate may eventually 
become loWer than or equal to the predetermined reference 
?oW rate. The cell ?oW rate is thereafter again checked by 
the How rate calculating unit; and the above operation is 
repeated until the How rate is reduced to the predetermined 
reference ?oW rate or beloW. 
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TRAFFIC SHAPING DEVICE FOR ATM 
COMMUNICATION NETWORK 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a traffic shaping 
control device for an ATM (Asynchronous Transfer Mode) 
communication network, and more particularly, to a traf?c 
shaping control device used in an ATM communication 
netWork for keeping the time interval betWeen adj acent ATM 
cells of each of connections at a prescribed value or more. 

[0003] (2) Description of the Related Art 

[0004] FIG. 10 shoWs the con?guration of a conventional 
traf?c shaping control device. As a cell sorting section 200 
successively receives a plurality of ATM cells of different 
connections, that is, ATM cells With different VPI (Virtual 
Path Identi?er)/VCI (Virtual Channel Identi?er) values, it 
distributes the cells to respective different cell memories 210 
to 212 according to VPI/VCI values. Each of the cell 
memories 210 to 212 stores cells distributed thereto and, in 
response to a read signal supplied from a read timing 
generating section 220, reads out the cells stored therein and 
outputs same to a cell ?oW creating section 230. The read 
timing generating section 220 has a cell output time interval 
set for each VPI/VCI value and supplies the read signal to 
each of the cell memories 210 to 212 at corresponding 
intervals of time. The cell output time interval is set in 
accordance With the data transmission rate prescribed by an 
agreement previously made betWeen a subscriber and the 
carrier. 

[0005] The cell ?oW creating section 230 creates a single 
cell ?oW from the cells supplied thereto from the individual 
cell memories 210 to 212. Speci?cally, individual cells are 
carried by a sequence of time slots econstituting a single 
signal and are sent out onto a line. 

[0006] Thus, restrictions are placed on cells Which are 
transmitted from a subscriber at a rate higher than that 
prescribed by the agreement. 

[0007] The conventional device, hoWever, requires cell 
memories equal in number to the connections, giving rise to 
a problem that large-scale hardWare is needed. 

[0008] Also, the conventional device is constructed such 
that every cell is once stored in the cell memory. Accord 
ingly, even those cells Which are transmitted in conformity 
With the subscription agreement are unavoidably delayed at 
the cell memory, and thus there is a demand for a means of 
eliminating such a delay of cells. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
traf?c shaping device for an ATM communication netWork 
Which permits doWnscaling of the hardWare and can elimi 
nate a delay of cells that is caused by performing a delay 
process on cells Which need not be subjected to the delay 
process. 

[0010] To achieve the above object, there is provided a 
traf?c shaping control device used in an ATM communica 
tion netWork for keeping a time interval betWeen adjacent 
ATM cells of each of connections at a prescribed value or 
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more. The traf?c shaping control device for an ATM com 
munication netWork comprises repetition number af?Xing 
means for af?Xing a repetition number of “0” to an input cell, 
delay-controlled cell detecting means for determining based 
on a VPI/VCI value of the input cell or a delayed cell 
Whether or not the cell concerned is a ?rst type cell Which, 
inclusive of another cell of an identical connection, is not 
currently present in a delay loop, delay-passed cell detecting 
means for determining, based on the VPI/VCI value of the 
input cell or the delayed cell and the repetition number 
af?Xed thereto, Whether the cell concerned is a second type 
cell Which has passed through the delay loop With another 
cell of an identical connection currently present in the delay 
loop, or a third type cell Which has not yet passed through 
the delay loop but With another cell of an identical connec 
tion currently present in the delay loop, and for outputting 
the third type cell With an initial number of repetitions set as 
the repetition number af?Xed thereto, number-of-repetitions 
monitoring means for receiving the second type cell from 
the delay-passed cell detecting means, checking the repeti 
tion number af?Xed to the received cell to determine Whether 
or not the cell has passed through the delay loop a number 
of times corresponding to the initial number of repetitions 
thereof, and for outputting the cell With the repetition 
number thereof decremented by “1” if the cell has not yet 
passed through the delay loop a number of times corre 
sponding to the initial number of repetitions thereof, ?oW 
rate calculating means for receiving the ?rst type cell from 
the delay-controlled cell detecting means and a cell Which, 
among second type cells, has passed through the delay loop 
a number of times corresponding to the initial number of 
repetitions thereof, from the number-of-repetitions monitor 
ing means, calculating a How rate of the received cell to 
determine Whether or not a predetermined reference ?oW 
rate is exceeded by the calculated ?oW rate, and for output 
ting a cell of Which the calculated ?oW rate is higher than the 
predetermined reference ?oW rate With the initial number of 
repetitions set as the repetition number af?Xed thereto, 
repetition number deleting means for deleting the repetition 
number from a cell of Which the calculated ?oW rate is 
judged to be not exceeding the predetermined reference ?oW 
rate by the How rate calculating means, and delay means for 
subjecting the third type cell output from the delay-passed 
cell detecting means, the second type cell Which is output 
from the number-of-repetitions monitoring means and of 
Which the repetition number has been decremented, and the 
?rst or second type cell Which is output from the How rate 
calculating means and of Which the repetition number has 
been decremented, to a delay process for a predetermined 
time and outputting the delayed cell. 

[0011] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagram illustrating the principles of the 
present invention; 
[0013] FIG. 2 is a block diagram shoWing the con?gura 
tion of a traf?c shaping device according to the present 
invention; 
[0014] FIG. 3 is the ?rst half of a ?oWchart illustrating the 
operation of the traf?c shaping device; 
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[0015] FIG. 4 is the latter half of the ?owchart illustrating 
the operation of the traffic shaping device; 

[0016] FIG. 5 is a diagram shoWing the arrangement of a 
storage area in a control memory; 

[0017] FIG. 6 is a block diagram shoWing the internal 
arrangement of a delay section; 

[0018] FIG. 7 is a timing chart shoWing operation timings 
of individual parts of the delay section; 

[0019] FIG. 8 is a block diagram shoWing the internal 
arrangement of a cell ?oW creating section; 

[0020] FIG. 9 is a ?oWchart illustrating the operation of 
the cell ?oW creating section; and 

[0021] FIG. 10 is a block diagram shoWing the con?gu 
ration of a conventional traf?c shaping control device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] An embodiment of the present invention Will be 
hereinafter described With reference to the draWings. 

[0023] Referring ?rst to FIG. 1, a theoretical con?gura 
tion according to the embodiment of the present invention 
Will be described. The embodiment of the present invention 
comprises repetition number affixing means 10a for af?Xing 
a repetition number of “0” to an input cell, delay-controlled 
cell detecting means 50a for determining based on a VPI/ 
VCI value of the input cell or a delayed cell Whether or not 
the cell concerned is a ?rst type cell Which, inclusive of 
another cell of an identical connection, is not currently 
present in a delay loop, delay-passed cell detecting means 
60a for determining, based on the VPI/VCI value of the 
input cell or the delayed cell and the repetition number 
af?Xed thereto, Whether the cell concerned is a second type 
cell Which has passed through the delay loop With another 
cell of an identical connection currently present in the delay 
loop, or a third type cell Which has not yet passed through 
the delay loop but With another cell of an identical connec 
tion currently present in the delay loop, and for outputting 
the third type cell With an initial number of repetitions set as 
the repetition number af?Xed thereto, number-of-repetitions 
monitoring means 70a for receiving the second type cell 
from the delay-passed cell detecting means 60a, checking 
the repetition number af?Xed to the received cell to deter 
mine Whether or not the cell has passed through the delay 
loop a number of times corresponding to the initial number 
of repetitions thereof, and for outputting the cell With the 
repetition number thereof decremented by “1” if the cell has 
not yet passed through the delay loop a number of times 
corresponding to the initial number of repetitions thereof, 
?oW rate calculating means 80a for receiving the ?rst type 
cell from the delay-controlled cell detecting means 50a and 
a cell Which, among second type cells, has passed through 
the delay loop a number of times corresponding to the initial 
number of repetitions thereof, from the number-of-repeti 
tions monitoring means 70a, calculating a How rate of the 
received cell to determine Whether or not a predetermined 
reference ?oW rate is exceeded by the calculated ?oW rate, 
and for outputting a cell of Which the calculated ?oW rate is 
higher than the predetermined reference ?oW rate With the 
initial number of repetitions set as the repetition number 
af?Xed thereto, repetition number deleting means 90a for 
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deleting the repetition number from a cell of Which the 
calculated ?oW rate is judged to be not exceeding the 
predetermined reference ?oW rate by the How rate calculat 
ing means 80a, and delay means 100a for subjecting the 
third type cell output from the delay-passed cell detecting 
means 60a, the second type cell Which is output from the 
number-of-repetitions monitoring means 70a and of Which 
the repetition number has been decremented, and the ?rst or 
second type cell Which is output from the How rate calcu 
lating means 80a and of Which the repetition number has 
been decremented, to a delay process for a predetermined 
time and outputting the delayed cell. 

[0024] In the con?guration described above, usually the 
How rate of cells of each of connections is checked by means 
of the How rate calculating means 80a Which is used for cell 
policing (monitoring), and a cell eXceeding the predeter 
mined reference ?oW rate is caused to circulate through the 
delay loop constituted by the delay-controlled cell detecting 
means 50a, the delay-passed cell detecting means 60a, the 
number-of-repetitions monitoring means 70a and the delay 
means 100a, a number of times corresponding to the initial 
number of repetitions determined for each connection. Con 
sequently, the cell in question is delayed so that the How rate 
may be limited to the predetermined reference ?oW rate or 
beloW. Controlling the How rate in this case means control 
ling the interval betWeen cells. The How rate calculating 
means 80a thereafter again checks the cell ?oW rate and the 
above operation is repeated until the How rate becomes 
loWer than or equal to the predetermined reference ?oW rate. 

[0025] As seen from the con?guration shoWn in FIG. 1, 
the present invention makes it unnecessary to provide a cell 
memory for each of connections. Also, those cells With no 
problem of cell ?oW rate are not subjected to the delay 
process, and thus the present invention can eliminate a delay 
of cells that occurs in the conventional device due to a delay 
process performed on cells Which need not be subjected to 
the delay process. 

[0026] The embodiment of the present invention Will be 
noW described in more detail. In the folloWing description of 
the embodiment, the repetition number affixing means 10a 
shoWn in FIG. 1 corresponds to a repetition number af?Xing 
section 10 in FIG. 2. Similarly, the delay-controlled cell 
detecting means 50a corresponds to a delay-controlled cell 
detecting section 50, the delay-passed cell detecting means 
60a corresponds to a delay-passed cell detecting section 60 
and an initial number-of-repetitions af?Xing section 61, the 
number-of-repetitions monitoring means 70a corresponds to 
a number-of-repetitions monitoring section 70 and a repeti 
tion number subtracting section 71, the How rate calculating 
means 80a corresponds to a How rate calculating section 80 
and an initial number-of-repetitions af?Xing section 81, the 
repetition number deleting means 90a corresponds to a 
repetition number deleting section 90, and the delay means 
100a corresponds to a delay section 100. 

[0027] FIG. 2 shoWs the con?guration of a traf?c shaping 
device according to the present invention. 

[0028] To the repetition number affixing section 10 are 
successively input ATM cells sent from different connec 
tions. The repetition number af?Xing section 10 af?Xes a 
repetition number K to each of the input cells. Speci?cally, 
the HEC byte of an ATM cell is used to hold the repetition 
number K, or one byte for the repetition number K is added 
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to a 53-byte ATM cell. In the repetition number af?xing 
section 10, the value “0” is set as the repetition number K. 
The repetition number K thus set remains affixed to the cell 
While the cell is circulated through the delay loop, until it is 
deleted at the repetition number deleting section 90, 
described later. 

[0029] A cell ?oW creating section 20 receives input cells 
from the repetition number af?xing section 10 and delayed 
cells from the delay section 100, described later, and creates 
a cell ?oW, Which is then supplied to a control memory 
access section 30. The cell How is a signal created by 
alloWing input cells or delayed cell to be successively 
carried by time slots. The internal arrangement of the cell 
?oW creating section 20 Will be described later With refer 
ence to FIGS. 8 and 9. 

[0030] The control memory access section 30 successively 
extracts cells from the cell How and, based on a VPI/VCI 
value retained by each of the extracted cells, makes refer 
ence to a control memory 110. 

[0031] FIG. 5 illustrates the arrangement of a storage area 
in the control memory 110. Speci?cally, With respect to each 
VPI/VCI value, an A value, a B value, a C value and a flow 
rate calculation parameter value are stored. The A value is 
data indicating Whether or not the cell sent from a connec 
tion corresponding to the VPI/VCI value concerned is a cell 
of Which the flow rate is to be monitored, and is externally 
set beforehand. The B value is data indicative of the number 
of cells Which are present in the delay loop, among a 
plurality of cells sent from a connection corresponding to the 
VPI/VCI value concerned, and is set by a number-of 
delayed cells control section 120, described later. The C 
value indicates an initial number of repetitions externally set 
beforehand for each of connections. The flow rate calcula 
tion parameter value is a parameter value necessary for the 
flow rate calculating section 80, described later, in calculat 
ing the flow rate and making a How rate-related determina 
tion, and is externally set beforehand for each of connec 
tions. The flow rate calculation parameter value also 
includes a predetermined reference flow rate. The Avalue is 
represented, for example, by 2 bits, the B and C values are 
each represented by 3 bits, the flow rate calculation param 
eter value is represented by 8 bits, and the VPI/VCI value is 
represented by 9 bits (VPI: 1 bit; VCI: 8 bits). 

[0032] The control memory access section 30 reads, from 
the control memory 110, the Avalue, B value, C value and 
flow rate calculation parameter value corresponding to the 
VPI/VCI value retained by the extracted cell, sends the A 
value to a How rate-monitored cell detecting section 40, 
sends the B value to the delay-controlled cell detecting 
section 50, sends the C value to the initial number-of 
repetitions affixing section 61 via the delay-passed cell 
detecting section 60 as Well as to the initial number-of 
repetitions af?xing section 81 via the flow rate calculating 
section 80, and sends the flow rate calculation parameter 
value to the flow rate calculating section 80. The control 
memory access section 30 sends the cells supplied thereto 
from the cell ?oW creating section 20 to the flow rate 
monitored cell detecting section 40. 

[0033] The How rate-monitored cell detecting section 40 
determines based on the A value Whether or not the corre 
sponding cell supplied thereto is a cell of Which the flow rate 
is to be monitored. Cells of Which the flow rate need not be 

Jun. 20, 2002 

monitored are sent to the repetition number deleting section 
90, and cells of Which the flow rate is to be monitored are 
sent to the delay-controlled cell detecting section 50. 

[0034] The repetition number deleting section 90 deletes 
the repetition number K affixed to the cell to restore the cell 
to its original state, and outputs the cell. 

[0035] The delay-controlled cell detecting section 50 
determines Whether or not the B value associated With each 
of the cells supplied thereto equals “0”, and if the B value 
equals “0”, the corresponding cell is sent to the flow rate 
calculating section 80 as a ?rst type cell. If the B value is not 
equal to “0”, the corresponding cell is sent to the delay 
passed cell detecting section 60. Namely, if there are no cells 
from an identical connection, inclusive of the cell in ques 
tion, currently present in the delay loop (B value=0), the cell 
is sent to the flow rate calculating section 80 for a flow rate 
check. 

[0036] The delay-passed cell detecting section 60 deter 
mines Whether or not the repetition number K affixed to each 
of the cells supplied thereto equals “0”, and if the repetition 
number K equals “0”, the corresponding cell is sent to the 
initial number-of-repetitions affixing section 61 as a third 
type cell. If the repetition number K is not equal to “0”, the 
corresponding cell is sent to the number-of-repetitions moni 
toring section 70 as a second type cell. Namely, the cell 
Whose B value is not “0” and Whose repetition number K is 
“0” is a cell Which has neWly been input from a certain 
connection but other cell(s) from the same connection is(are) 
currently under the delay process. For such a cell, the initial 
number-of-repetitions af?xing section 61 sets an initial num 
ber of repetitions (C value) in the cell as the repetition 
number K af?xed thereto, and the cell is sent to the delay 
section 100 to be delayed for a predetermined time Td. 

[0037] The second type cell Whose B value is not “0” and 
Whose repetition number K is not “0” is a cell Which has 
been sent from the delay loop and thus delayed. The 
number-of-repetitions monitoring section 70 determines 
Whether or not the repetition number K equals “1”, and if the 
repetition number K equals “1”, the monitoring section 70 
judges that the corresponding cell has circulated through the 
delay loop a number of times corresponding to the initial 
number of repetitions thereof, and therefore, sends the cell 
to the flow rate calculating section 80. If the repetition 
number K has not yet decreased to “1”, the corresponding 
cell is sent to the repetition number subtracting section 71 in 
Which the repetition number K is decremented by “1”, and 
the cell is then sent to the delay section 100 to be delayed for 
the predetermined time Td. 

[0038] Thus, in cases Where a plurality of cells of an 
identical connection coexist in the delay loop, the repetition 
number K serves to prevent a cell input at a later time from 
being sent to the flow rate calculating section 80 earlier than 
a previously input cell is. 

[0039] The flow rate calculating section 80 obtains a flow 
rate of the cells supplied thereto With respect to each of 
connections, and determines Whether or not the predeter 
mined reference ?oW rate is exceeded by the obtained flow 
rate. A cell exceeding the predetermined reference flow rate 
is judged to be unconformable to the subscriber agreement. 
In practice, the time interval betWeen the cell in question and 
an immediately preceding cell is obtained by a conventional 
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?oW rate calculation method, and it is determined Whether or 
not the obtained cell interval is smaller than a predetermined 
reference interval value. A cell With an interval smaller than 
the predetermined reference interval value is judged to be in 
unconformity. 

[0040] Acell Which has been judged to be in unconformity 
is sent to the initial number-of-repetitions affixing section 81 
in Which the initial number of repetitions (C value) is 
substituted for the repetition number K af?xed to the cell, 
Whereby the cell is again circulated through the delay loop 
a number of times corresponding to the initial number of 
repetitions. 

[0041] The same process as above is also performed on the 
?rst type cell in the How rate calculating section 80. 

[0042] When a cell enters the delay loop for the ?rst time, 
the number-of-delayed cells control section 120 increments 
the B value of the corresponding connection in the control 
memory 110 by “1”, and When the cell leaves the delay loop, 
the control section 120 decrements the B value by “1”. 

[0043] The delay section 100 Will be described later With 
reference to FIGS. 6 and 7. 

[0044] FIGS. 3 and 4 are the ?rst and second halves, 
respectively, of a ?oWchart illustrating the operation of the 
traf?c shaping device described above. Referring to the 
?oWchart, the process/operation of the traf?c shaping device 
Will be described. 

[0045] First, With respect to each VPI/VCI, the A value, 
the C value and the How rate calculation parameter value are 
set in advance in the control memory 110, and the B value 
is set to “0” at the time of initialiZation (S1). 

[0046] When a cell is input, the repetition number af?xing 
section 10 af?xes the repetition number K to the input cell, 
thereby setting the value of the repetition number to “0” (S2, 
S3). 
[0047] The control memory access section 30 extracts the 
VPI/VCI value from the input cell, and based on the 
VPI/VCI value thus extracted, refers to the control memory 
110 to read out the Avalue, B value, C value and How rate 
calculation parameter value corresponding to the extracted 
VPI/VCI value (S4). 

[0048] Based on the A value, the How rate-monitored cell 
detecting section 40 determines Whether or not the input cell 
is a cell of Which the How rate is to be monitored; if the input 
cell is a cell of Which the How rate is to be monitored, the 
How proceeds to Step S7, and if not, the How proceeds to 
Step S21 (S5, S6). 

[0049] Based on the B value, the delay-controlled cell 
detecting section 50 determines Whether the B value equals 
“0” or not. If the B value equals “0”, the How proceeds to 
Step S14, and if the B value is “1” or more, the How 
proceeds to Step S9 (S7, S8). 

[0050] The delay-passed cell detecting section 60 looks up 
the repetition number K af?xed to the cell to determine 
Whether or not the repetition number K equals “0”. If K=0, 
the How proceeds to Step S10, and if K is “1” or more, the 
How proceeds to Step S12 (S9). 

[0051] The initial number-of-repetitions af?xing section 
61 sets the C value (initial number of repetitions) of the 
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corresponding connection, read from the control memory 
110, as the repetition number K affixed to the cell (S10). 

[0052] The number-of-delayed cells control section 120 
increments the B value of the corresponding connection in 
the control memory 110 by “1” (S1). 

[0053] The number-of-repetitions monitoring section 70 
looks up the repetition number K af?xed to the cell to 
determine Whether or not the repetition number K equals 
“1”. If K=1, the How proceeds to Step S14, and if K is “2” 
or more, the How proceeds to Step S13 (S12). 

[0054] The repetition number subtracting section 71 dec 
rements the repetition number K affixed to the cell by “1” 
(S13). 
[0055] Using the How rate calculation parameter value, the 
How rate calculating section 80 calculates the How rate of the 
corresponding cell supplied thereto, and determines Whether 
or not the How rate is conformable to the subscriber agree 
ment. If the calculated ?oW rate is conformable to the 
agreement, the How proceeds to Step S20, and if not, the 
How proceeds to Step S16 (S14, S15). 

[0056] The number-of-delayed cells control section 120 
determines Whether or not the repetition number K of the 
cell supplied thereto equals “0” (S16). In this case, B 
value=0 holds for a cell With a repetition number K of “0”, 
and such a cell is a cell Which enters the delay loop for the 
?rst time With no other cells of the same connection present 
in the delay loop. Accordingly, the number-of-delayed cells 
control section 120 sets the B value of the corresponding 
connection in the control memory 110 to “1” (S17). If the 
repetition number K of the cell supplied thereto is “1” or 
more, then the cell has already been circulated through the 
delay loop, and therefore, the B value is left unchanged. 

[0057] The initial number-of-repetitions af?xing section 
81 sets the C value (initial number of repetitions) of the 
corresponding connection, read from the control memory 
110, as the repetition number K affixed to the cell (S18). 

[0058] The delay section 100 subjects the cells output 
from the initial number-of-repetitions af?xing sections 61 
and 81 and the repetition number subtracting section 71 to 
a delay process for the predetermined time Td (S19). 

[0059] The number-of-delayed cells control section 120 
decrements the B value of the connection in the control 
memory 110, Which corresponds to the cell conformable to 
the subscriber agreement, by “1” (S20). 

[0060] The repetition number deleting section 90 deletes 
the repetition number K af?xed to the cell and then sends out 
the cell (S21, S22). 

[0061] Thus, a cell conformable to the subscriber agree 
ment is not subjected to the delay process from the outset, 
but a cell unconformable to the subscriber agreement is 
caused to circulate through the delay loop a number of times 
corresponding to the initial number of repetitions so as to be 
delayed for a time period corresponding to (predetermined 
time Td delayed at the delay section 100><initial number of 
repetitions). If, as a result of the delay process, a delayed cell 
is judged to be conformable to the subscriber agreement by 
the How rate calculating section 80, it is output from the 
traffic shaping device; on the other hand, a delayed cell 
Which is judged to be still not conformable to the subscriber 
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agreement by the flow rate calculating section 80 is again 
made to enter the delay loop. 

[0062] FIG. 6 shows the internal arrangement of the delay 
section 100, and FIG. 7 shows the operation timings of 
individual parts of the delay section 100. 

[0063] The delay section 100 comprises a timing generator 
101, a cell counter 102, an n-stage shift register 103, a doWn 
counter 104, an OR circuit 105, a TP generator 106, and a 
FIFO 107. To the delay section 100 are input a TP signal and 
a clock signal, in addition to cell data. The TP signal 
indicates the head of data. It is here assumed that the TP 
signal TPi and the clock signal CLK are input, together With 
cell data a, b and c, for example, to the delay section 100, as 
shoWn in FIG. 7. 

[0064] The FIFO 107 is a ?rst-in, ?rst-out memory, in 
Which input data is Written in response to the input-side TP 
signal TPi and from Which the Written data is read out in 
response to an output-side TP signal TPo, described later. 
The timing generator 101 generates pulses at predetermined 
intervals of time T1 based on the input-side clock signal 
CLK. The cell counter 102 is an up counter Which counts the 
number of pulses of the input-side TP signal TPi and Which 
is reset by a pulse output from the timing generator 101. In 
the example shoWn in FIG. 7, the count value of the cell 
counter 102 immediately before it is reset is “3”. 

[0065] The n-stage shift register 103 comprises n shift 
registers 103a to 10311 and shifts the count value of the cell 
counter 102 held thereby immediately before resetting n 
times during the predetermined interval T1. The doWn 
counter 104 loads the output of the n-stage shift register 103 
as a load value, and counts the load value doWn each time 
a pulse of the output-side TPo signal is input. The OR circuit 
105 has inputs thereof supplied With respective digits of a 
binary count value from the doWn counter 104, and an 
output signal thereof is sent to the cell ?oW creating section 
20 as a send request. In the example shoWn in FIG. 7, the 
output of the OR circuit 105 turns to “1” only While the 
count value of the doWn counter 104 is “3”, “2” or “1”. 

[0066] On receiving the send request, the cell ?oW creat 
ing section 20 sends back a permit signal to permit data read 
from the FIFO 107, Whereupon the TP generator 106 gen 
erates the output-side TP signal TPo by subjecting a read 
clock (READ CLK) supplied thereto from the cell ?oW 
creating section 20 to frequency division. The TP signal TPo 
is generated only for the duration of the permit signal, as 
shoWn in FIG. 7, and is output to the doWn counter 104, the 
FIFO 107, and the cell ?oW creating section 20. 

[0067] When the FIFO 107 is fully occupied With Written 
data because of arrears of data read, it outputs a FIFO full 
alarm to the cell ?oW creating section 20. 

[0068] As a result of the delay process performed at the 
delay section 100, the predetermined time Td falls Within a 
range of nT1<Td<(n+1)T1. 

[0069] FIG. 8 shoWs the internal arrangement of the cell 
?oW creating section 20. The cell ?oW creating section 20 
comprises a selector 21, a FIFO 22, an arbiter 23, a read 
clock 24, and a Write clock 25. The selector 21 is supplied 
With an input cell from the repetition number affixing section 
10 as Well as With a delayed cell (output data) from the delay 
section 100. The selector 21 selects one of the input cell and 
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the delayed cell in accordance With a selection signal 
supplied from the arbiter 23, and outputs the selected cell. 
The arbiter 23 generates the selection signal based on a send 
request supplied from the repetition number affixing section 
10 and the send request and FIFO full alarm supplied from 
the delay section 100, and outputs the signal to the selector 
21. The cell output from the selector 21 is Written in the 
FIFO 22 in response to a clock signal from the Write clock 
25, and the Written cells are successively read out in 
response to a clock signal from the read clock 24. The clock 
frequency f1 of the Write clock 25 is set to a value smaller 
than the clock frequency f2 of the read clock 24, in order to 
prevent over?oW of cells in the cell ?oW creating section 20. 

[0070] FIG. 9 is a ?oWchart illustrating the operation of 
the cell ?oW creating section 20. Referring to the ?oWchart, 
the process/operation of the cell ?oW creating section 20 Will 
be described. 

[0071] The arbiter 23 determines Whether or not a FIFO 
full alarm has been input from the delay section 100, and if 
a FIFO full alarm has been input, the How proceeds to Step 
S37 (S31) because data read from the FIFO 107 of the delay 
section 100 needs to be expedited. If no FIFO full alarm has 
been input, it is determined Whether or not a send request has 
been input from the repetition number af?xing section 10. If 
no such send request has been input, then no cell is input 
from the repetition number af?xing section 10, and there 
fore, the How proceeds to Step S36 (S32). If a send request 
has been input from the repetition number af?xing section 
10, a selection signal to select an input cell from the 
repetition number af?xing section 10 is sent to the selector 
21 (S33), thereby giving the input cell priority over a 
delayed cell. Also, the arbiter 23 sends a permit signal to the 
repetition number af?xing section 10 to permit same to send 
the cell (S34). The FIFO 22 stores the cell supplied from the 
selector 21 (S35). 

[0072] Subsequently, the arbiter 23 determines Whether or 
not a send request has been input from the delay section 100 
(S36). If such a send request has been input, a selection 
signal to select a delayed cell from the delay section 100 is 
sent to the selector 21 (S37). Also, the arbiter 23 sends a 
permit signal to the delay section 100 to permit same to send 
the cell (S38). The FIFO 22 stores the cell supplied from the 
selector 21 (S39). 
[0073] The above sequence of operations is repeated 
(S40). 
[0074] Although the traffic shaping device of the forego 
ing embodiment has a hardWare-based con?guration, it may 
alternatively be implemented by a data processor. 

[0075] As described above, according to the present 
invention, the flow rate of cells of each of connections is 
checked With the use of the flow rate calculating means, and 
a cell exceeding the predetermined reference flow rate is 
circulated through the delay loop a number of times corre 
sponding to the initial number of repetitions determined for 
each connection. Such a cell is therefore delayed so that the 
flow rate may eventually become loWer than or equal to the 
predetermined reference flow rate. The cell flow rate is 
thereafter again checked by the flow rate calculating means, 
and the above operation is repeated until the flow rate is 
reduced to the predetermined reference flow rate or beloW. 

[0076] It is, therefore, unnecessary to provide a cell 
memory for each of connections, thus permitting the hard 
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Ware to be doWnscaled. Also, those cells With no problem of 
cell ?oW rate are not subjected to the delay process, and thus 
the present invention can eliminate a delay of cells that 
occurs in the conventional device due to a delay process 
performed on cells Which need not be subjected to the delay 
process. 

[0077] The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since numer 
ous modi?cations and changes Will readily occur to those 
skilled in the art, it is not desired to limit the invention to the 
eXact construction and applications shoWn and described, 
and accordingly, all suitable modi?cations and equivalents 
may be resorted to, falling Within the scope of the invention 
in the appended claims and their equivalents. 

What is claimed is: 
1. A traf?c shaping control device used in an ATM 

communication netWork for keeping a time interval betWeen 
adjacent ATM cells of each of connections at a prescribed 
value or more, comprising: 

repetition number af?Xing means for affixing a repetition 
number of “0” to an input cell; 

delay-controlled cell detecting means for determining 
based on a VPI/VCI value of the input cell or a delayed 
cell Whether or not the cell concerned is a ?rst type cell 
Which, inclusive of another cell of an identical connec 
tion, is not currently present in a delay loop; 

delay-passed cell detecting means for determining, based 
on the VPI/VCI value of the input cell or the delayed 
cell and the repetition number af?Xed thereto, Whether 
the cell concerned is a second type cell Which has 
passed through the delay loop With another cell of an 
identical connection currently present in the delay loop, 
or a third type cell Which has not yet passed through the 
delay loop but With another cell of an identical con 
nection currently present in the delay loop, and for 
outputting the third type cell With an initial number of 
repetitions set as the repetition number af?Xed thereto; 

number-of-repetitions monitoring means for receiving the 
second type cell from said delay-passed cell detecting 
means, checking the repetition number af?Xed to the 
received cell to determine Whether or not the cell has 
passed through the delay loop a number of times 
corresponding to the initial number of repetitions 
thereof, and for outputting the cell With the repetition 
number thereof decremented by “1” if the cell has not 
yet passed through the delay loop a number of times 
corresponding to the initial number of repetitions 
thereof; 

?oW rate calculating means for receiving the ?rst type cell 
from said delay-controlled cell detecting means and a 
cell Which, among second type cells, has passed 
through the delay loop a number of times correspond 
ing to the initial number of repetitions thereof, from 
said number-of-repetitions monitoring means, calculat 
ing a How rate of the received cell to determine Whether 
or not a predetermined reference ?oW rate is exceeded 
by the calculated ?oW rate, and for outputting a cell of 
Which the calculated ?oW rate is higher than the pre 
determined reference ?oW rate With the initial number 
of repetitions set as the repetition number af?Xed 
thereto; 
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repetition number deleting means for deleting the repeti 
tion number from a cell of Which the calculated ?oW 
rate is judged to be not exceeding the predetermined 
reference ?oW rate by said How rate calculating means; 
and 

delay means for subjecting the third type cell output from 
said delay-passed cell detecting means, the second type 
cell Which is output from said number-of-repetitions 
monitoring means and of Which the repetition number 
has been decremented, and the ?rst or second type cell 
Which is output from said How rate calculating means 
and of Which the repetition number has been decre 
mented, to a delay process for a predetermined time and 
outputting the delayed cell. 

2. The traffic shaping control device according to claim 1, 
Wherein the initial number of repetitions is set beforehand 
With respect to each VPI/VCI value. 

3. The traffic shaping control device according to claim 1, 
Wherein the predetermined reference ?oW rate is set before 
hand With respect to each VPI/V CI value. 

4. The traffic shaping control device according to claim 1, 
further comprising ?oW rate-monitored cell detecting means 
arranged betWeen said repetition number af?Xing means and 
said delay-controlled cell detecting means, for determining 
based on the VPI/VCI value of the input cell Whether or not 
the input cell is a cell of Which the How rate is to be 
monitored, sending the cell to said delay-controlled cell 
detecting means if the How rate of the cell is to be monitored, 
and sending the cell to said repetition number deleting 
means if the How rate of the cell need not be monitored. 

5. The traffic shaping control device according to claim 1, 
further comprising control memory means for storing a 
number of cells of an identical connection present in the 
delay loop, the initial number of repetitions and the prede 
termined reference ?oW rate in association With each of the 
VPI/VCI values, 

control memory access means arranged betWeen said 
repetition number affixing means and said delay-con 
trolled cell detecting means, for accessing said control 
memory means by means of the VPI/V CI value of the 
input cell or the delayed cell to read out information 
stored in said control memory means, and 

number-of-delayed cells control means for storing in said 
control memory means a number of cells of an identical 
connection present in the delay loop. 

6. The traffic shaping control device according to claim 1, 
Wherein said delay means includes a memory in Which input 
data is Written in response to an input-side TP signal and 
from Which the Written data is read out in response to an 
output-side TP signal, 

a timing generator for generating pulses at predetermined 
intervals of time based on an input-side clock signal, 

a cell counter for counting a number of pulses of the 
input-side TP signal, said cell counter being reset in 
response to a pulse output from said timing generator, 

an n-stage shift register for shifting a count value of said 
cell counter held thereby immediately before resetting 
n times during the predetermined time interval, 

a doWn counter for loading an output of said n-stage shift 
register as a load value and counting the load value 
doWn each time a pulse of the output-side TP signal is 
input thereto, 
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an OR circuit for outputting a send request signal only selecting one of an input cell and a delayed cell in accor 
When an Output Of Said dOWn COllIlter indicates a Value dance With a selection signal and outputting the selected cell, 
other than “0”, and 

an arbiter for generating the selection signal based on a 

When a permit Signal is Sent back from a Component send request from a component from WhlCh the input 
Which has received the send request signal output from Cell 15 Sent’ and a Send request slgnal and a memory f_un 
Said OR Circuit alarrn from said delay means, and sending the selection 

7. The traf?c shaping control device according to claim 1, Signal to Said Selector, and 
further comprising cell ?oW creating rneans arranged _ _ _ 
betWeen said repetition number af?Xing means and said a memory In Whlch Gems Output f_rom Sald Selector are 
delay-controlled cell detecting means, for creating a single Wmten and from Whlch the Wntten Cells are Succes' 
cell ?oW from input cells and delayed cells. slvely read Out 

8. The traf?c shaping control device according to claim 7, 
Wherein said cell ?oW creating means includes a selector for * * * * * 

a TP generator for generating the output-side TP signal 


