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(57) 

In a How control device performing a credit-based control, 
in order to eliminate a deadlock state With an opposed device 
due to a discard of data or a credit, a How management table 
of a transmitting side ?oW control device stores a number of 
data transmitted to an opposed device and a number of 
credits received from the opposed device, and a management 
portion transmits a request for correction information to the 
opposed device and corrects the data transmission number 
and the credit reception number based on the correction 
information received. Alternatively, a management portion 
of a receiving side ?oW control device noti?es the correction 
information (e. g. difference betWeen data transmission num 
ber and data reception number, and credit transmission 
number) for the data transmission number and the credit 
reception number of the opposed device in response to the 
correction information request from the opposed device. 
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FLOW CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a How control 
device, and in particular to a How control device performing 
a credit-based control. 

[0003] Together With a recent development of communi 
cation technologies, communication rates have been increas 
ingly enhanced, in Which high-speed communication a How 
control for communications Without discarding data has 
become increasingly important. 

[0004] 2. Description of the Related Art 

[0005] As a How control system used for a data transfer 
betWeen tWo devices, there are (1) XON/XOFF system, (2) 
Credit-based ?oW control system and the like. 

[0006] (1) XON/XOFF system: A How control device 
on a receiving side noti?es XON (transmission start) or 
XOFF (transmission stop) to a How control device on 
a transmitting side. A How control device on the trans 
mitting side starts/stops transmitting data based on the 
noti?cation. In the XON/XOFF system, there is a 
possibility that an over?oW due to a time lag betWeen 
a transmission and a reception occurs. 

[0007] (2) Credit-based ?oW control system: FIG. 10 
shoWs a general credit-based ?oW control system 1002, 
Which is composed of a transmitting side ?oW control device 
102, a receiving side ?oW control device 202, and transmis 
sion lines 200_1 and 200_2 connecting the How control 
devices 102 and 202. 

[0008] The transmitting side ?oW control device 102 is 
composed of queues 11_1-11in (hereinafter, occasionally 
represented by a reference numeral 11), and a How manage 
ment table 122. The How management table 122 is composed 
of a data transmission number 12a, a credit reception 
number 12b, and a threshold 12c corresponding to each 
queue 11. 

[0009] The receiving side ?oW control device 202 is 
provided With queues 21_1-21in (hereinafter, occasionally 
represented by a reference numeral 21). These queues 21_1 
21in respectively correspond to the queues 11_1-11in on 
the transmitting side. 

[0010] Data 71 temporarily stored in eg the queue 11_1 
on the transmitting side are transmitted to the receiving side 
?oW control device 202 through the transmission line 200_1, 
so that the data transmission number 12a of the How 
management table 122 on the transmitting side is incre 
mented by “1”. 

[0011] In the receiving side ?oW control device 202, the 
data 71 are temporarily stored in the queue 21_1 and then 
transferred to a subsequent device. Every time the data are 
transferred, the receiving side ?oW control device 202 trans 
mits a credit 82 including an identi?er 82h2 of the queue 
21_1 Which has transferred the data and a credit update bit 
82h1=“1” indicating the credit to the transmitting side ?oW 
control device 102. 

[0012] In the transmitting side ?oW control device 102, the 
credit reception number 12b corresponding to the queue 
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11_1 of the How management table 122 is incremented by 
“1”. The “difference” betWeen the data transmission number 
12a and the credit reception number 12b corresponds to a 
data number held in the queue 21_1 on the receiving side, if 
a time lag betWeen a transmission and a reception is 
neglected. 
[0013] In case of the above-mentioned 
“difference”<threshold 12c, the transmitting side ?oW con 
trol device 102 transmits the data 71 held in the queue 11_1. 
In case of the above-mentioned “difference” Zthreshold 12c, 
the transmitting side ?oW control device 102 does not 
transmit the data 71. Thus, an over?oW of the queue 21_1 is 
eliminated. 

[0014] Such a credit-based ?oW control system has the 
folloWing problems, Which Will be described referring to 
operation examples (1)-(3) shoWn in FIGS. 11-13: 

[0015] FIG. 11 shoWs an operation eXample (1) of the 
credit-based ?oW control system. This operation eXample 
(1) speci?cally shoWs only a case Where the data 71 are 
transmitted from the queue 11_1 on the transmitting side to 
the queue 21_1 on the receiving side, and the How manage 
ment table 122 only shoWs numerical values corresponding 
to the queue 11_1 and does not shoW the numerical values 
corresponding to the queues 11_2-11in. 

[0016] Also, in FIG. 11, the queues 11 and 21 are not 
shoWn for simplifying the ?gure. The operation eXample (1) 
Will noW be described. 

[0017] Timing T61: The transmitting side ?oW control 
device 102 transmits data 71_1-71_3 from the queue 
11_1. The data 71_2 thereamong are discarded (T61a) 
on the outWard transmission line 200_1 (see FIG. 10), 
and the remaining data 71_1 and 71_3 reach the 
receiving side ?oW control device 202. 

[0018] Timing T62: The receiving side ?oW control 
device 202, after preliminarily storing the data 71_1 
and 71_3 in the queue 21_1, transfers the data (D301 
and D302) to eg another subsequent device. The 
receiving side ?oW control device 202 transmits credits 
82_1 and 82_2 respectively corresponding to the trans 
ferred data 71_1 and 71_3 to the transmitting side ?oW 
control device 102. 

[0019] Timing T63: As a result, the data stored in the 
queue 21_1 are eliminated. 

[0020] Timing T64: The transmitting side ?oW control 
device 102 receives the credits 82_1 and 82_2. 

[0021] Timing T65: As a result, it is rendered in the How 
management table 122 that the data transmission num 
ber 12a=“3”, the credit reception number 12b=“2” and 
the threshold 12c=“5 (preset value)”. 

[0022] Namely, the How management table 122 indicates 
that “1” piece of data (3 (data transmission number 12a)—2 
(credit reception number 12b)) is stored and remains in the 
queue 21_1 on the receiving side. 

[0023] Thus, When the data 71_2 are discarded in the 
outWard transmission line 200_1, the credit corresponding to 
the data 71_2 is not returned. Therefore, it is not possible to 
estimate an accurate data number stored in the queue 21_1 
based on the How management table 122. 
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[0024] FIG. 12 shows an operation example (2) of the 
credit-based ?oW control system. The operation example (2) 
shoWs, in the same Way as the operation example (1), only 
a case Where the data 71 are transmitted from the queue 11_1 
to the queue 21_1, and the How management table 122 only 
shoWs the numerical values corresponding to the queue 
11_1, not shoWing the queues 11 and 21 themselves. The 
operation example (2) Will noW be described. 

[0025] Timing T71: The transmitting side ?oW control 
device 102 transmits the data 71_1-71_3 from the 
queue 11_1. The data 71_1-71_3 reach the receiving 
side ?oW control device 202. 

[0026] Timings T72 and T73: The receiving side ?oW 
control device 202, after having temporarily stored the 
data 71_1-71_3 in the queue 21_1, transfers the data 
(D401-D403) to the subsequent device. As a result, the 
data stored in the queue 21_1 are eliminated. 

[0027] Also, the receiving side ?oW control device 202 
transmits the credits 82_1-82_3 respectively corresponding 
to the transferred data 71_1-71_3 to the transmitting side 
?oW control device 102. The credit 82_2 among the credits 
82_1-82_3 is discarded (T72a) in the homeWard transmis 
sion line 200_2. 

[0028] Timing T74: The transmitting side ?oW control 
device 102 receives the credits 82_1 and 82_3. 

[0029] Timing T75: As a result, it is rendered in the How 
management table 122 that the data transmission num 
ber 12a=“3”, the credit reception number 12b=“2” and 
the threshold 12c=“5 (preset value)”. Namely, the How 
management table 122 indicates that “1” piece of data 
(3 (data transmission number 12a)—2 (credit reception 
number 12b)) is stored and remains in the queue 21_1 
on the receiving side. 

[0030] Thus, When the credit 82_2 is discarded in the 
homeWard transmission line 200_2, it is also not possible to 
estimate an accurate data number stored in the queue 21_1 
based on the How management table 122. 

[0031] FIG. 13 shoWs an operation example (3) of the 
credit-based ?oW control system. This operation example 
(3) shoWs, in the same Way as the operation example (1), 
only a case Where the data 71 are transmitted from the queue 
11_1 to the queue 21_1, and the How management table 122 
only shoWs the numerical values corresponding to the queue 
11_1, not shoWing the queues 11 and 21. The operation 
example (3) Will noW be described. 

[0032] Timing T81: The transmitting side ?oW control 
device 102 sequentially transmits the data 71_1-71_5 
from the queue 11_1. The data 71_2 and 71_4 among 
the data 71_1-71_5 are discarded (T81a and T81b) on 
the outWard transmission line 200_1, and only the data 
71_1, 71_3 and 71_5 reach the receiving side ?oW 
control device 202. 

[0033] Timing T82: The receiving side ?oW control 
device 202, after having temporarily stored the data 
71_1 in the queue 21_1, transfers the data (D501) to the 
subsequent device. The receiving side ?oW control 
device 202 transmits the credit 82_1 corresponding to 
the data 71_1 to the transmitting side ?oW control 
device 102. 
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[0034] Timing T83: The transmitting side ?oW control 
device 102 receives the credit 82_1. At this time, it is 
rendered in the How management table 122 that the data 
transmission number=“5”, the credit reception num 
ber=“1” and the threshold=“5 (preset value)”. 

[0035] Timing T84: The transmitting side ?oW control 
device 102 calculates “5 (data transmission number)” 
“1 (credit reception number)”=“4”, recogniZes the data 
number=“4” as temporarily stored in the queue 21_1 of 
the receiving side ?oW control device 202, determines 
that it is possible to transmit “1” piece of data (5 
(threshold)—4 (data number)) and transmits data 71_6. 

[0036] As a result, it is rendered in the How management 
table 122 that the data transmission number=“6”, the credit 
reception number=“1”, and “5 (threshold)”=(6 (data trans 
mission number)—1 (credit reception number)), Which leads 
to a transmission disabled state (not deadlock state) of data. 

[0037] Timing T85: The queue 21_1 on the receiving 
side transfers the data (D502) to the subsequent stage 
after having temporarily stored the data 71_3. The 
credit 82_2 corresponding to the transfer D502 is 
returned to the transmitting side. 

[0038] Timing T86: Since it is rendered in the How 
management table 122 after the reception of the credit 
82_2 that the data transmission number=“6”, the credit 
reception number=“2”, and “4” (6 (data transmission 
number)—2 (credit reception number))<“5 (threshold)”, 
the transmitting side ?oW control device 102 deter 
mines that the transmission of a single piece of data is 
possible (the transmission disabled state is resolved). 
Accordingly, the queue 11_1 transmits data 71_7. 

[0039] As a result, it is rendered in the How management 
table 122 that the data transmission number=“7”, the credit 
reception number=“2”, and “5 (threshold)”=(7 (data trans 
mission number)—2 (credit reception number)), Which leads 
to the transmission disabled state of data. 

[0040] Timing T87: The queue 21_1 on the receiving 
side sequentially and temporarily stores the received 
data 71_5-71_7 to be transferred (D503-D505) to the 
subsequent stage. The credits 82_3-82_5 corresponding 
to the data transfer are sequentially returned to the 
transmitting side. 

[0041] Timing T88: At this time, the queue 21_1 on the 
receiving side enters a state Where no data are stored. 

[0042] Timing T89: When the credits 82_3-82_5 are 
discarded (T87a-T87c) on the transmission line 200_2, 
the How management table 122 indicates, in the same 
Way as the timing T86, the state Where the transmission 
of the data is disabled. 

[0043] Since the total of the discarded data number “2” 
and the discarded credit number “3” equals the threshold 
“5”, this transmission disabled state is never resolved. 
Namely, if the total of the data discard occurring on the 
outWard line and the credit discard occurring on the home 
Ward line becomes equal to or more than the threshold 
despite of the fact that no residual data of the queue 21_1 on 
the receiving side remain, the credit-based ?oW control 
betWeen the transmission and the reception falls into a 
deadlock state T90, Which leads to the transmission disabled 
state of data. 
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[0044] Namely, the deadlock state is a state Where the 
transmission disabled state and a transfer completion of all 
of the data in the queue 21 in the opposed device occur at the 
same time. 

[0045] Also, there is a digital traf?c sWitch With credit 
based ?oW control (buffer control). This sWitch is a type 
having multiple input ports, multiple output ports and a 
sWitch fabric for sWitching protocol data units received at 
any of the input ports to any of the output ports, and includes 
an input buffer associated With each input port and having 
one or more transmission queues; an output buffer having 
one or more reception queues; means for receiving protocol 
data units for speci?c output ports respectively at the input 
ports, means for assigning the protocol data units to the 
reception queues arranged so that the protocol data units for 
speci?c output ports respectively may be stored; means for 
assigning the protocol data units to the transmission queues 
arranged so that the protocol data units for speci?c output 
ports respectively may be stored; means for polling, in a 
predetermined order, the reception queues arranged so that 
the protocol data units for the speci?c output ports respec 
tively may be stored; means for assigning a credit to each 
transmission queue associated With the same output port as 
a polled reception queue having a sufficiently light load; 
means for polling the transmission queues in a predeter 
mined order; means for transmitting the protocol data unit 
from a polled transmission queue having suf?cient amounts 
of credits to the reception queue associated With the same 
output port as the polled transmission queue and for reduc 
ing the amount of credits assigned to the polled transmission 
queue in relation to the length of the transmitted protocol 
data unit; and means for further transmitting the protocol 
data unit transmitted from the reception queue to a destina 
tion output port (see eg Patent Document 1). 

[0046] The above-mentioned ?oW control is for determin 
ing a transmission priority order by a service quality and for 
preventing a priority order blocking, and suppresses the 
blocking by controlling a credit returned per service quality. 
The above-mentioned ?oW control does not resolve a dead 
lock state due to a discard of data or a credit. 

[0047] <Patent Document 1> 

[0048] Japanese Translation of PCT International Appli 
cation No. 2002-518937 

[0049] Thus, in the prior art ?oW control device, if data or 
a credit is discarded in the middle of the transmission, the 
How management table of the transmitting side ?oW control 
device does not re?ect the data number stored in the queue 
on the receiving side, Which leads to a deadlock state at the 
Worst. 

SUMMARY OF THE INVENTION 

[0050] It is accordingly an object of the present invention 
to provide a How control device performing a credit-based 
control, Which eliminates a deadlock state With an opposed 
device due to a discard of data or a credit. 

[0051] In order to achieve the above-mentioned object, a 
How control device on a transmitting side according to the 
present invention comprises: a How management table stor 
ing a number of data transmitted to an opposed device and 
a number of credits received from the opposed device; and 
a management portion transmitting a request for correction 
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information to the opposed device and correcting the data 
transmission number and the credit reception number in the 
How management table based on the correction information 
responded by the opposed device. 

[0052] Namely, a How management table stores a data 
transmission number obtained by counting data transmitted 
to an opposed device and a credit reception number obtained 
by counting credits received from the opposed device. 

[0053] A management portion requests, from the opposed 
device, information (namely, information concerning a dis 
card number of data on an outWard line from the transmitting 
side ?oW control device to the opposed device, and infor 
mation concerning a discard number of credits on a home 
Ward line) for correcting eg the data transmission number 
and the credit reception number. 

[0054] The management portion corrects the data trans 
mission number and the credit reception number Within the 
How management table based on the correction information 
responded by the opposed device. 

[0055] Thus, even if the discard of data or credits occurs 
betWeen the transmitting side ?oW control device and the 
opposed device, the transmitting side ?oW control device 
can grasp a data reception state and a transfer state at the 
opposed device. Accordingly, it becomes possible to elimi 
nate the deadlock state betWeen the both devices. 

[0056] Also, in the above-mentioned present invention, 
the correction information request may include the data 
transmission number, and the correction information may 
comprise a difference betWeen the data transmission number 
and a data reception number of the opposed device, and a 
credit transmission number of the opposed device. 

[0057] Namely, the management portion transmits the 
correction information request including the data transmis 
sion number, and receives a difference betWeen the data 
transmission number and the data reception number of the 
opposed device, and the credit transmission number from 
the opposed the device as the correction information. 

[0058] Thus, it becomes possible to correct the data trans 
mission number of the How management device With a 
difference=“data discard number on the outWard line”, and 
to correct the credit reception number With the credit trans 
mission number. 

[0059] Also, in the above-mentioned present invention, 
the management portion may store the data transmission 
number at a time of transmitting the correction information 
request, and the correction information may comprise a data 
reception number and a credit transmission number of the 
opposed device. 

[0060] Thus, it becomes possible to correct the data trans 
mission number based on the difference=“data discard num 
ber on the outWard line” betWeen the data transmission 
number stored and the data reception number, and to correct 
the credit reception number based on the credit transmission 
number. 

[0061] Also, in the above-mentioned present invention, 
the management portion may transmit the correction infor 
mation request in a predetermined format at predetermined 
intervals. 
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[0062] Thus, it becomes possible to correct the data trans 
mission number and the credit reception number at time 
intervals corresponding to eg the data discard number on 
the outWard line or the credit discard number on the home 
Ward line, i.e. the time intervals at Which a deadlock state 
does not occur on the opposed device side. 

[0063] Also, in the above-mentioned present invention, 
unless the correction information is received Within a pre 
determined time after having transmitted the correction 
information request, the management portion may retrans 
mit the correction information request. 

[0064] Thus, a case can be addressed Where the correction 
information request is discarded Without being delivered to 
the opposed device, or a case Where although the correction 
information request is delivered to the opposed device, the 
correction information is not delivered to the transmitting 
side device but discarded. 

[0065] Furthermore, the above-mentioned present inven 
tion may further comprise one or more queues temporarily 
storing the data; the flow management table may manage the 
data transmission number and the credit reception number 
corresponding to each queue, and the management portion 
may transmit the correction information request for each 
queue. 

[0066] Namely, the transmitting side flow control device is 
further provided With one or more queues. The How man 
agement table manages the data transmission number and 
the credit reception number corresponding to each queue. 
The management portion transmits the correction informa 
tion request for each queue, and receives the correction 
information corresponding to each queue. 

[0067] Thus, it becomes possible to manage data trans 
mitted for a single queue or a plurality of queues, and to 
correct the data transmission number and the credit recep 
tion number corresponding to each queue. 

[0068] Also, in order to achieve the above-mentioned 
object, a flow control device on a receiving side according 
to the present invention comprises: a queue temporarily 
storing data received from an opposed device; a How man 
agement table storing a number of the data received from 
and a number of credits transmitted to the opposed device; 
and a management portion responding correction informa 
tion for a correction information request from the opposed 
device. 

[0069] Namely, a queue temporarily stores data received 
from an opposed device. A flow management table stores a 
number of the data received by the queue (data reception 
number), and a number of credits transmitted to the opposed 
device (credit transmission number). Amanagement portion 
responds correction information for eg a data transmission 
number and a credit reception number of the opposed 
device, for a correction information request from the 
opposed device. 

[0070] Thus, it becomes possible for the opposed device to 
estimate the discarded data number and the discarded credit 
number based on the correction information, namely, to 
correct the data transmission number and the credit recep 
tion number, so that the deadlock state betWeen both devices 
can be eliminated. 
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[0071] Also, in the above-mentioned present invention, 
the correction information request may include a data trans 
mission number, and the correction information may com 
prise a difference betWeen a data transmission number of the 
opposed device and the data reception number, and a credit 
transmission number. 

[0072] Also, in the above-mentioned present invention, 
the correction information may comprise the data reception 
number and the credit transmission number. 

[0073] Furthermore, the queue may comprise a plurality of 
queues and the flow management table may manage the data 
reception number and the credit transmission number for 
each of the queues, and the management portion may 
transmit the correction information for correction informa 
tion request for each of the queues. 

[0074] Namely, it becomes possible to correct the data 
transmission number and the credit reception number cor 
responding to each of the queues. Thus, it becomes possible 
to manage the data received by a plurality of queues per 
queue, and to correct the data transmission number and the 
credit reception number in the opposed device correspond 
ing to each of the queues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0075] The above and other objects and advantages of the 
invention Will be apparent upon consideration of the fol 
loWing detailed description, taken in conjunction With the 
accompanying draWings, in Which the reference numerals 
refer to like parts throughout and in Which: 

[0076] FIG. 1 is a block diagram shoWing an embodiment 
of a flow control system composed of a transmitting side and 
receiving side flow control devices according to the present 
invention; 
[0077] FIG. 2 is a diagram shoWing a transmission and 
reception examples of data cells and an outWard and home 
Ward management cells exchanged betWeen a transmitting 
side and receiving side flow control devices according to the 
present invention; 

[0078] FIGS. 3A and 3B are diagrams shoWing arrange 
ments of an outWard and homeWard management cells 
exchanged betWeen a transmitting side and receiving side 
flow control devices according to the present invention; 

[0079] FIG. 4 is a ?oWchart shoWing an operation proce 
dure example in a transmitting side flow control device 
according to the present invention; 

[0080] FIG. 5 is a ?oWchart shoWing an operation proce 
dure example in a receiving side flow control device accord 
ing to the present invention; 

[0081] FIG. 6 is a time chart shoWing an operation pro 
cedure example (1) of a transmitting side and receiving side 
flow control devices according to the present invention; 

[0082] FIG. 7 is a diagram indicating values set in an 
outWard and homeWard management cells in an operation 
example (1) of a transmitting side and receiving side flow 
control devices according to the present invention; 

[0083] FIG. 8 is a time chart shoWing an operation pro 
cedure example (2) of a transmitting side and receiving side 
flow control devices according to the present invention; 
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[0084] FIGS. 9A and 9B are time charts showing an 
operation procedure example (3) of a transmitting side and 
receiving side ?oW control devices according to the present 
invention; 

[0085] FIG. 10 is a block diagram shoWing an arrange 
ment of a general credit-based ?oW control system; 

[0086] FIG. 11 is a time chart shoWing an operation 
procedure eXample (1) of a general credit-based ?oW control 
system; 

[0087] FIG. 12 is a time chart shoWing an operation 
procedure eXample (2) of a general credit-based ?oW control 
system; and 

[0088] FIG. 13 is a time chart shoWing an operation 
procedure eXample (3) of a general credit-based ?oW control 
system. 

DESCRIPTION OF THE EMBODIMENTS 

[0089] FIG. 1 shoWs an embodiment of a transmitting side 
?oW control device 10 and a receiving side ?oW control 
device 20 according to the present invention. In FIG. 1, a 
How control system 100 is arranged by connecting the 
transmitting side ?oW control device 10 and the receiving 
side ?oW control device 20 With transmission lines 200_1 
and 200_2. 

[0090] The transmitting side ?oW control device 10 is 
provided With queues 11_1-11in (not shoWn; hereinafter, 
occasionally represented by a reference numeral 11) and a 
transmitting side ?oW management table 12. This table 12 is 
composed of a data transmission number 12a, a credit 
reception number 12b, a threshold 12c and an MC reception 
Waiting bit 12d corresponding to each queue 11. 

[0091] The receiving side ?oW control device 20 is pro 
vided With queues 21_1-21in (not shoWn; hereinafter, 
occasionally represented by a reference numeral 21) and a 
receiving side ?oW management table 22. This table 22 is 
composed of a data reception number 22a and a credit 
transmission number 22b corresponding to each queue 21. 

[0092] In the same Way as the queues 11 and 21 shoWn in 
FIG. 10, the queues 11_1-11in on the transmitting side 
respectively correspond to the queues 21_1-21in on the 
receiving side such that the data held in the queue 11_1 are 
transmitted to the queue 21_1 corresponding to the queue 
11 1. 

[0093] FIG. 2 shoWs user data and management data 
transmitted through the transmission lines 200_1 and 200_2 
connecting the transmitting side ?oW control device 10 and 
the receiving side ?oW control device 20. 

[0094] The user data are mounted on data cells 71_1-71_9 
(hereinafter, occasionally represented by a reference 
numeral 71; or occasionally simply referred to as data 71), 
and transmitted to the How control device 20 from the How 
control device 10 through the transmission line 200_1. A 
management cell (hereinafter, occasionally abbreviated as 
MC) 70 on Which the management data are mounted is 
transmitted in the midst of the data 71. 

[0095] Similarly, data cells 81_1-81_9 (hereinafter, occa 
sionally represented by a reference numeral 81) are trans 
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mitted from the How control device 20 to the How control 
device 10, and a management cell 80 is transmitted in the 
midst of the data cell 81. 

[0096] In this embodiment, by noticing the data 71, it is 
supposed that the How control device 10 is a transmitting 
side, and the How control device 20 is a receiving side. The 
MC 70 is referred to as an outWard MC 70 (correction 
information request), and the MC 80 is referred to as a 

homeWard MC 80 (correction information). 

[0097] It is to be noted that While the user data and the 
management data are mounted on the cell to be transmitted 
in this embodiment, a packet, a frame or the like may be 
substituted for the cell to be transmitted. 

[0098] FIGS. 3A and 3B shoW arrangements of the man 
agement cell (MC). FIG. 3A shoWs the outWard MC 70, 
Which is composed of a header 70a, a queue identi?er 70b, 
a data transmission number 70c, a reserve 70d, a padding 
70c and a CRC 70f. FIG. 3B shoWs the homeWard MC 80, 
Which is composed of a header 80a, a queue identi?er 80b, 
a data discard number 80c, a credit transmission number 
80d, a padding 80c and a CRC 80]”. 

[0099] FIG. 4 shoWs an operation eXample of the trans 
mitting side ?oW control device 10. This operation eXample 
Will noW be described by speci?cally noticing only the MCs 
70 and 80 concerning the queue 21_1 on the receiving side, 
based on the settings of the queue No.=“11_1” in the How 
management table 12 shoWn in FIG. 1. It is to be noted that 
as for the queue identi?er 70b of the outWard MC 70 and the 
queue identi?er 80b of the homeWard MC 80, the settings 
are the same respectively, so that the description thereof Will 
be omitted. 

[0100] Step S11[initial setting]: The MC reception Wait 
ing (queuing) bit 12d of the How management table 12 
(see FIG. 1) is set to “0”. The MC reception Waiting bit 
12d=“0” in this description means that the outWard MC 
70 is not transmitted. The MC reception Waiting bit 
12d=“1” means that the outWard MC 70 has been 
already transmitted, and the transmitting side ?oW 
control device 10 is in a Waiting state of the homeWard 
MC 80 from the opposed device (receiving side ?oW 
control device) 20. 

[0101] Step S12: Since the MC reception Waiting bit 
12d=“0 (outWard MC 70 has not been transmitted)”, the 
process proceeds to step S13. 

[0102] Step S13[timer 1 processing]: The transmitting 
side ?oW control device 10 Waits for a predetermined 
time t1. The time t1 is a transmission time interval of 
the outWard MC 70. 

[0103] Step S14[outWard MC 70 transmission process 
ing]: The outWard MC 70 (see FIGS. 2 and 3A) is 
transmitted. Namely, the queue identi?er 70b=“11_1”, 
the data transmission number 70c=“7”, the reserve 
70d=all “0”, the padding 70c and the CRC 70f of the 
outWard MC 70 are set, Whereby the outWard MC 70 is 
transmitted to the receiving side ?oW control device 20. 
Furthermore, the MC reception Waiting bit 12d is set to 
“1”. 

[0104] Step S15[timer 2 processing]: The transmitting 
side ?oW control device 10 Waits for a predetermined 
time t2. The time t2 is a time at Which the homeWard 
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MC 80 (see FIGS. 2 and 3B) that is a response to the 
outward MC 70 has to be returned after the transmis 
sion of the outward MC 70. 

[0105] Step S16: When the homeWard MC 80 is not 
received, either the outWard MC 70 or the homeWard 
MC 80 is supposed to have been discarded midWay. 
Therefore, the process returns to step S14 and retrans 
mits the outWard MC 70. 

[0106] When the homeWard MC 80 is received, the pro 
cess proceeds to subsequent step S17. 

[0107] Step S17: When the CRC 80f of the homeWard 
MC 80 is checked and an error is found, the homeWard 
MC 80 is discarded and the process returns to step S14 
to retransmit the outWard MC 70. 

[0108] Namely, until the homeWard MC 80 for the out 
Ward MC 70 transmitted returns Without an error, the trans 
mission of the outWard MC 70 is repeated. 

[0109] Step S18[homeWard MC 80 reception process 
ing]: Correction or setting of the flow management 
table 12 is performed. Namely, (1) the data discard 
number 80c=“e.g. 2” of the homeWard MC 80 is 
re?ected to the data transmission number 12a, so that 
the data transmission number 12a is changed from “7” 
to “5”. (2) The credit reception number 12b is reWritten 
into the credit transmission number 80d=“4” of the 
homeWard MC 80. (3) The MC reception Waiting bit 
12a’ is released to “0”. The process returns to step S12. 

[0110] Thus, the error of the flow management table 12 
due to the data number discarded on the outWard line and the 
credit discarded on the homeWard line can be corrected. 

[0111] FIG. 5 shoWs an operation eXample of the receiv 
ing side flow control device 20. This operation eXample Will 
noW be described by speci?cally noticing only the MCs 70 
and 80 concerning the queue 21_1 on the receiving side. 
Namely, the operation eXample Will be described based on 
values of the data reception number 22a and the credit 
transmission number 22b corresponding to the queue No. 
“21_1” of the flow management table 22 shoWn in FIG. 1. 

[0112] The flow management table 22 indicates that “as 
for the data number stored in the queue 21_1”, the data 
reception number 22a=“5”, and the “data number trans 
ferred from the queue 21_1” (=“the credit number transmit 
ted to the transmitting side”) is credit transmission number 
22b=“4”. 

[0113] Steps S21 and S22: Whether or not the outWard 
MC 70 (see FIG. 3A) is received is determined. When 
the outWard MC 70 is received, the presence/absence of 
the transmission error of the outWard MC 70 is checked 
With the CRC 70f. In the presence of error, the outWard 
MC 70 is discarded and the process returns to step S21. 
In the absence of error, the process proceeds to step 
S23. 

[0114] Step S23[outWard MC 70 reception processing]: 
A management portion (not shoWn) calculates the CRC 
80f With the difference=“2” betWeen the data transmis 
sion number 70c of the outWard MC 70=“7” and the 
data reception number 22a=“5” being made the data 
discard number 80c, and With the credit transmission 
number 22b=“4” of the flow management table 22 
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being made the credit transmission number 80d=“4”, 
and prepares the homeWard MC 80 to be returned to the 
transmitting side flow control device 10. 

[0115] Thus, it becomes possible for the transmitting side 
flow control device 10 to recogniZe the data discard number 
of the outWard line=“2” and an actual credit transmission 
number 22b=“4”. 

[0116] FIG. 6 shoWs an operation procedure of the trans 
mitting side flow control device 10 and the receiving side 
flow control device 20. This operation procedure Will noW 
be described. In this description, only the data 71 and MCs 
70 and 80 concerning the queues 11_1 and 21_1 in the same 
manner as the case of FIGS. 4 and 5 Will be described. 

[0117] It is to be noted that the data transmission number 
12a corresponding to the queue 11_1 of the How manage 
ment table 12 in the initial state is set to “0”, the credit 
reception number 12b is set to “0”, and the threshold 12c is 
set to “5” and MC reception Waiting bit is set to “0” (not 
shoWn). 

[0118] Timing T11: The transmitting side flow control 
device 10 transmits the data 71_1-71_7 to the receiving 
side flow control device 20. It is supposed that the data 
71_1 and 71_3 among the data 71_1-71_7 are dis 
carded (T11a and T11b) during the transmission. 

[0119] Timing T12: The queue 21_1 in the flow control 
device 20 stores the data 71_2 and 71_4, transfers 
(DT11 and DT102) the data to the subsequent stage and 
returns the credits 82_1 and 82_2 corresponding to the 
transfer to the transmitting side flow control device 10. 

[0120] Timing T13: The flow management table 12 of 
the flow control device 10 counts the data number 
transmitted at the timing T11 and the credit number 
received to obtain data transmission number 12a=“7” 
and the credit reception number 12b=“2” respectively. 

[0121] Timing T14: The flow control device 10 trans 
mits the outWard MC 70_1 to the flow control device 
20, and starts a timer 1 (not shoWn; timeout t1) and a 
timer 2 (not shoWn; timeout t2). 

[0122] FIG. 7 shoWs the data transmission number 70c of 
the outWard MC 70 transmitted/received in FIG. 6, the data 
discard number 80c and the credit transmission number 80d 
of the homeWard MC 80. 

[0123] Namely, the flow control device 10 sets the data 
transmission number 12a=“7” of the flow management table 
12 in the data transmission number 70c of the outWard MC 
70 to be transmitted. 

[0124] Timing T15: The flow control device 20 receives 
the data 71_5-71_7, and returns the credits 82_3 and 
82_4. The credit 82_3 thereamong is discarded (T15a) 
during the transmission. 

[0125] Timing T16: In the flow control device 20, as a 
consequence of the reception and the transmission of 
the timings T12 and T15, it is rendered in the flow 
management table 22 that the data reception number 
22a=“5” and the credit transmission number 22b=“4”. 

[0126] Timing T17: In the flow control device 20, it is 
rendered in the flow management table 22 at this time 
that the data reception number 22a=“5” and the credit 



US 2005/0220025 A1 

transmission number 22b=“4 (data transfer number)”. 
Accordingly, the data number temporarily stored in the 
queue 21_1 is “1 (=5-4)”. 

[0127] The flow control device 20 receives the outWard 
MC 70_1, and recognizes that the data transmission number 
12a transmitted to the queue 21_1=“7”. The flow control 
device 20 returns the homeWard MC 80_1 (see FIG. 7) 
including the data discard number 80c=“2” that is the 
difference betWeen the data transmission number 70c=“7” 
and the data reception number 22a=“5”, and the credit 
transmission number 80d=“4 (=credit transmission number 
22b)” to the flow control device 10, Where it is supposed that 
the homeWard MC 80_1 is discarded (T17a) midWay. 

[0128] Timing T18: In the flow control device 10, the 
data number and the credit number transmitted and 
received after the timing T14 are respectively added, so 
that it is rendered in the table 12 that the data trans 
mission number 12a=“9” and the credit reception num 
ber 12b=“4”. 

[0129] Timing T19: Since the response, i.e. the home 
Ward MC 80_1 for the outWard MC 70_1 is not 
returned Within the time t2, a timeout occurs in the 
timer 2. Therefore, the flow control device 10 transmits 
the outWard MC 70_2 (see FIG. 7) to the flow control 
device 20, and restarts the timer 1 and the timer 2. 

[0130] Timings T20 and T21: In the flow control device 
20, the queue 21_1 further receives the data 71_8 and 
71_9, and the credits 82_5 and 82_6 are returned. 
Therefore, it is rendered in the table 22 that the data 
reception number 22a=“7” and the credit transmission 
number 22b=“6”. 

[0131] Timing T22: The flow control device 20 receives 
the outWard MC 70_2, and returns the homeWard MC 
80_2 (see FIG. 7). 

[0132] Timing T23: In the flow control device 10, it is 
rendered in the table 12 that the data transmission 
number 12a=“10” and the credit reception number 
12b=“5”. 

[0133] Timing T24: The flow control device 10 receives 
the homeWard MC 80_2, stops the timer 2 and resets 
the MC reception Waiting bit 12d in the table 12 to “0”. 

[0134] Timing T25: The flow control device 10 corrects 
the data transmission number 12a in the table 12 to “8” 
and the credit reception number 12b to “6” based on the 
data discard number 80c“2” of the homeWard MC 80_2 
and the credit transmission number 22b“6”. Namely, it 
is rendered that data transmission number 12a=“8” (the 
data transmission number 12a“10”—data discard num 
ber 80c “2”), and that credit transmission number 
80d=“6” credit reception number 12b=“6”. 

[0135] Timing T26: In the flow control device 10, it is 
rendered in the table 12 that the data transmission 
number 12a=“510” and the credit reception number 
12b=“506”. 

[0136] Timing T27: The timeout occurs in the timer 1. 
Therefore, the flow control device 10 transmits the 
outWard MC 70_3 (see FIG. 7) and starts the timer 2, 
and sets the MC reception Waiting bit of the table 12 to 
“1”. 
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[0137] Timing T28: In the flow control device 20, it is 
rendered in the table 22 that the data reception number 
22a=“508” and the credit transmission number 22b= 
“508”. Accordingly, the data number held in the queue 
21 1=“0”. 

[0138] Timing T29: The flow control device 20 receives 
the outWard MC 70_3 and returns the homeWard MC 
80_3 (see FIG. 7). 

[0139] Timing T30: In the flow control device 10, it is 
rendered in the table 12 that the data transmission 
number 12a=“512” and the credit reception number 
12b=“507”. 

[0140] Timing T31: The flow control device 10 receives 
the outWard MC 80_3, stops the timer 2, and resets the 
MC reception Waiting bit 12d of the table 12 to “0”. 

[0141] Timing T32: The flow control device 10 corrects 
the data transmission number 12a to “510” and the 
credit reception number 12b to “508” in the table 12 
based on the data discard number 80c“2” of the home 
Ward MC 80_3 and the credit transmission number 22b 
“508” respectively. 

[0142] Thus, it becomes possible to eliminate the deadlock 
state due to the discard of the data 71 or the credit 82 in the 
flow control devices 10 and 20 performing a credit-based 
control. 

[0143] FIG. 8 shows timings at Which the discarded data 
number and the credit number are re?ected to the data 
transmission number 12a and the credit reception number 
12b in the flow management table 12 to be corrected in the 
transmitting side flow control devices 10 and 20 of the 
present invention. 

[0144] Namely, at a timing T43 When the transmitting side 
flow control device 10 has received the homeWard MC 80_1 
that is a response to the outWard MC 70_1, the data 
transmission number 12a of the flow management table 12 
is corrected (DC1) by the number (“1” of the data 71_3 in 
this example) of the data 71 transmitted at a timing T41 and 
discarded (T41a). The credit reception number 12b is cor 
rected by the number (“0” in this example) of the credit 82 
transmitted at a timing T42 and discarded. 

[0145] At a timing T46 having received the homeWard 
MC 80_2 that is a response to the outWard MC 70_2, the 
data transmission number 12a of the flow management table 
12 is corrected (DC1 and DC2) by the number of the data 71 
transmitted at timings T41 and T44 and discarded (T41a and 
T44a). The credit reception number 12b is corrected (DC3) 
by the number of the credit 82 transmitted at timings T42 
and T45 and discarded (T45a). 

[0146] FIGS. 9A and 9B shoW a case Where the outWard 
MC 70 is retransmitted. In FIG. 9A, When the outWard 
MC70_1 transmitted at a timing T51 is discarded (T51a) 
midWay for some reason, the receiving side flow control 
device 20 does not return the homeWard MC 80. Therefore, 
in the transmitting side flow control device 10, a timeout of 
the timer 2 Which has started at the timing T51 occurs at a 
timing T52 after the time t2, and the outWard MC 70_2 is 
retransmitted. 

[0147] In FIG. 9B, the receiving side flow control device 
20 receives the outWard MC 70_1 transmitted at a timing 
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T53 and returns the homeWard MC 80_1. When the returned 
homeWard MC 80_1 is discarded (T53a) midway for some 
reason, the timeout of the timer 2 Which has started at the 
timing T53 occurs after the time t2 in the transmitting side 
flow control device 10, and the outWard MC 70_2 is 
retransmitted. 

[0148] Also, a transmission/reception of the outWard MC 
70 and the homeWard MC 80 performed at intervals of the 
time t1 by the timer 1 shoWn in FIG. 6 is reliably performed, 
thereby enabling the correction of the data transmission 
number 12a and the credit reception number 12b to be 
performed before the occurrence of the deadlock. 

[0149] It is to be noted that in the embodiment shoWn in 
the above-mentioned FIGS. 2, 3A, 3B, 4, 5, 6, 7, 8, 9A and 
9B, the transmitting side flow control device 10 transmits the 
data transmission number 12a included in the outWard MC 
70 (correction information request), and the receiving side 
flow control device 20 returns the difference betWeen the 
data transmission number 12a and the data reception number 
22a as Well as the credit transmission number 22b included 

in the homeWard MC 80 (correction information). Instead, it 
is possible that the transmitting side flow control device 10 
transmits the correction information request (for eXample, 
requests by a predetermined bit=“1” of the data cell 71), 
stores the data transmission number 12a at the transmission 
time, and the receiving side flow control device 20 returns 
the data reception number 22a and the credit transmission 
number 22b included in the homeWard MC 80 (correction 
information). 
[0150] Thus, it becomes possible for the transmitting side 
flow control device 10 to obtain “data transmission number 
12a”—“data reception number 22a”, and to correct the data 
transmission number 12a. 

[0151] As described above, by a flow control device on a 
transmitting side according to the present invention, a flow 
management table stores a number of data transmitted to an 
opposed device and a number of credits received from the 
opposed device; and a management portion transmits a 
request for correction information to the opposed device and 
corrects the data transmission number and the credit recep 
tion number based on the correction information received. 
Therefore, it becomes possible to eliminate a deadlock state 
With the opposed device due to a discard of data or a credit. 

[0152] Also, by a flow control device on a receiving side 
according to the present invention, a management portion 
noti?es to the opposed device the correction information for 
the data transmission number and the credit reception num 
ber of the opposed device in response to the correction 
information request from the opposed device. Therefore, it 
becomes possible similarly to eliminate a deadlock state due 
to a discard of data or a credit. 

What is claimed is: 
1. A flow control device on a transmitting side compris 

ing: 
a flow management table storing a number of data trans 

mitted to an opposed device and a number of credits 
received from the opposed device; and 

a management portion transmitting a request for correc 
tion information to the opposed device and correcting 
the data transmission number and the credit reception 

Oct. 6, 2005 

number in the flow management table based on the 
correction information responded by the opposed 
device. 

2. The flow control device on the transmitting side as 
claimed in claim 1, Wherein the correction information 
request includes the data transmission number, and the 
correction information comprises a difference betWeen the 
data transmission number and a data reception number of the 
opposed device, and a credit transmission number of the 
opposed device. 

3. The flow control device on the transmitting side as 
claimed in claim 1, Wherein the management portion stores 
the data transmission number at a time of transmitting the 
correction information request, and the correction informa 
tion comprises a data reception number and a credit trans 
mission number of the opposed device. 

4. The flow control device on the transmitting side as 
claimed in claim 1, Wherein the management portion trans 
mits the correction information request in a predetermined 
format at predetermined intervals. 

5. The flow control device on the transmitting side as 
claimed in claim 1, Wherein unless the correction informa 
tion is received Within a predetermined time after transmit 
ting the correction information request, the management 
portion retransmits the correction information request. 

6. The flow control device on the transmitting side as 
claimed in claim 1, further comprising one or more queues 
temporarily storing the data; 

the floW management table managing the data transmis 
sion number and the credit reception number corre 
sponding to each queue, and the management portion 
transmitting the correction information request for each 
queue. 

7. A flow control device on a receiving side comprising: 

a queue temporarily storing data received from an 
opposed device; 

a flow management table storing a number of the data 
received from and a number of credits transmitted to 
the opposed device; and 

a management portion responding correction information 
for a correction information request from the opposed 
device. 

8. The flow control device on the receiving side as 
claimed in claim 7, Wherein the correction information 
request includes a data transmission number, and the cor 
rection information comprises a difference betWeen a data 
transmission number of the opposed device and the data 
reception number, and a credit transmission number. 

9. The flow control device on the receiving side as 
claimed in claim 7, Wherein the correction information 
comprises the data reception number and the credit trans 
mission number. 

10. The ?oW control device on the receiving side as 
claimed in claim 7, Wherein the queue comprises a plurality 
of queues and the flow management table manages the data 
reception number and the credit transmission number for 
each of the queues, and the management portion transmits 
the correction information for correction information 
request for each of the queues. 
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