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(57) ABSTRACT 

A reception buffer, a transmission buffer, a transmission 
reception buffer, a reception ?lter, a transmission ?lter and 
a packet processor are provided. If a response packet paired 
With a request packet has been received during a data 
exchange operation, then the reception ?lter stores the 
response packet received on the transmission-reception 
buffer and informs the packet processor of response 
detected. Alternatively, if a packet that has nothing to do 
With the current data exchange operation has been received, 
then the reception ?lter stores the received packet on the 
reception buffer and issues a suspension instruction to the 
packet processor. And When a transaction being carried out 
at the time of reception is completed, the packet processor 
suspends the data exchange. In this manner, the overheads 
involved With ?rrnWare processing by a central processing 
unit can be reduced and data can be exchanged at higher 
speeds. 
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Fig. 2A 
BWRQ packet 
(write request for data block packet) 
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Fig° 2B 
QWRQ packet 
(write request for data quadlet packet) 
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Fig. 2C 
WRS packet 
(write response packet) 
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Fig. 2D 
BRRQ packet 
(read request ‘for data block packet) 
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Fi go 2E 
BRRS packet 
(read response for data block packet) 
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Fig. 3A. 
internal BWRQ packetv 
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Fig, 3B 
internal QWRQ packet 
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Fig. 3D 
internal BRRQ packet 
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DATA EXCHANGE UNIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data exchange 
unit for transferring data, commands and so on in packets 
from a computer to a peripheral device such as optical disk 
drive, or vice versa, over a transmission line. 

[0002] In recent years, a telecommunications system com 
plying With the IEEE 1394 standard has attracted much 
attention as a digital interface for interconnecting together 
audiovisual (AV) and computer components. The IEEE 1394 
system is applicable to communicating not only betWeen 
computer components, but also betWeen AV components. 
This is because the IEEE 1394 standard de?nes both asyn 
chronous and isochronous communications techniques 
alike. The asynchronous communications technique is 
applied to transferring computer data, for example, Which 
does not alWays have to be transmitted in real time but must 
be highly accurate and reliable. On the other hand, the 
isochronous communications technique is applied to trans 
ferring AV data of a moving picture, for example, from 
Which not so much reliability as real-time transmission is 
demanded more strongly. Thus, generally speaking, the 
asynchronous communications technique is preferred in 
Writing computer data on an optical disk drive or reading 
computer data already recorded from the optical disk drive 
in accordance With the IEEE 1394 standard, for example. As 
for communications protocols de?ned for asynchronous 
communication betWeen an initiator and a target, Serial Bus 
Protocol-2 (SBP-2) is under deliberation at the American 
National Standards Institute (ANSI). The SBP-2 standard 
de?nes various task management commands such as Login, 
QueryIJogin and AbortTask and data exchange techniques 
by indirect addressing using a page table. 

[0003] A conventional data exchange unit on the target 
end includes buffers exclusively used for transmission and 
reception (in this speci?cation, these buffers Will be called 
“transmission buffer” and “reception buffer”, respectively). 
The siZe of each of these buffers is usually equal to the siZe 
of a maximum transferable packet. First-in-?rst-out buffers 
(FIFOs) implemented as these buffers are called “asynchro 
nous transmission FIFO buffer (ATF)” and “asynchronous 
reception FIFO buffer (ARF)”, respectively. In the prior art, 
a single central processing unit (CPU) performs various 
types of processing, including management of the ATF and 
ARF, in accordance With a program. 

[0004] In the conventional data exchange unit, hoWever, 
the CPU often suffers from overload. For example, the CPU 
has to make request and response packets, Write these 
packets on the ATF, read received packets from the ARF and 
analyZe the header ?eld of a received packet. In addition, the 
CPU also has to carry out appropriate processing in response 
to a task management command that has been issued from 
the initiator. Furthermore, if the initiator has issued a task 
management command or a request for accessing a con?gu 
ration read-only memory (con?g_ROM) or control and 
status registers (CSR) on the target While data is being 
transferred, then the CPU must manage suspension or reboo 
ting of the data transfer. Moreover, if the initiator has issued 
a request for transferring data using a page table, then the 
CPU has to control the reception of page table data from the 
initiator and the transmission of the requested data respon 
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sive to the page table data on a page-by-page basis. Accord 
ingly, the conventional data exchange unit is disadvanta 
geous in that heavy overheads are necessary for CPU’s 
?rmWare processing and that it takes a long time to exchange 
data. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is cutting doWn 
the heavy overheads involved With CPU’s ?rmWare pro 
cessing, thereby exchanging data at higher speeds. 

[0006] To achieve this object, an inventive data exchange 
unit is adapted to communicate With a counterpart unit 
through a transmission line using, as a unit, a packet 
including header and data ?elds. The exchange unit 
includes: a transmission buffer; a reception buffer; a trans 
mission-reception buffer; a transmission ?lter for selectively 
storing a packet to be transmitted on either the transmission 
buffer or the transmission-reception buffer depending on the 
contents of the packet to be transmitted; a reception ?lter for 
selectively storing a received packet on either the reception 
buffer or the transmission-reception buffer depending on the 
contents of the received packet; a packet processor for 
making a packet containing information to be transmitted or 
fetching necessary information from the received packet; a 
transceiver for converting the packet that has been stored on 
the transmission buffer or the transmission-reception buffer 
into an electrical signal to be transmitted through the trans 
mission line or converting another electrical signal received 
through the transmission line into the packet that Will be 
stored on the reception buffer or the transmission-reception 
buffer; and a central processing unit (CPU) for activating the 
packet processor. If a response packet paired With a request 
packet has been received, then the reception ?lter stores the 
response packet received on the transmission-reception 
buffer and informs the packet processor of response 
detected. Alternatively, if any other response packet has 
been received in response to the request packet, then the 
reception ?lter stores the received packet on the reception 
buffer and issues a suspension instruction to the packet 
processor. 

[0007] In one embodiment of the present invention, the 
packet processor preferably includes: a request packet 
counter for counting the number of request packets provided 
to the transmission ?lter; a response packet counter for 
counting the number of response packets that have been read 
out from the transmission-reception buffer; and a suspension 
controller for instructing to stop making neW request packets 
and to inform the CPU of completion of suspension When a 
count of the response packet counter matches that of the 
request packet counter in accordance With the suspension 
instruction. In such an embodiment, if a packet received 
during a data exchange operation has nothing to do With the 
operation, then the data exchange Will be suspended once a 
transaction, Which is being performed When the packet is 
received, is completed, and the CPU may use the transmis 
sion, reception and transmission-reception buffers freely. 
More particularly, the packet processor preferably further 
includes means for accepting a data exchange reboot instruc 
tion from the CPU after the CPU has been informed of the 
completion of suspension. 

[0008] Another inventive data exchange unit includes: a 
transmission buffer; a reception buffer; a transmission-re 
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ception buffer; a transmission ?lter for selectively storing a 
packet to be transmitted on either the transmission buffer or 
the transmission-reception buffer depending on the contents 
of the packet to be transmitted; a reception ?lter for selec 
tively storing a received packet on either the reception buffer 
or the transmission-reception buffer depending on the con 
tents of the received packet; a packet processor for making 
a packet containing information to be transmitted or fetching 
necessary information from the received packet; a trans 
ceiver for converting the packet that has been stored on the 
transmission buffer or the transmission-reception buffer into 
an electrical signal to be transmitted through the transmis 
sion line or converting another electrical signal received 
through the transmission line into the packet that Will be 
stored on the reception buffer or the transmission-reception 
buffer; a page table memory for storing page table data, 
Which Will be used for indirectly addressing a memory 
location in the counterpart unit; a packet transmission con 
troller for controlling the packet processor; and a central 
processing unit (CPU) for activating the packet transmission 
controller. If the CPU has received a request for transferring 
data using a page table by Way of the reception buffer and 
has activated the packet transmission controller, then the 
packet transmission controller instructs the packet processor 
to make a request packet for acquiring the page table data 
from the counterpart unit. After the packet processor has 
acquired the page table data by Way of the transmission 
reception buffer, the packet transmission controller stores 
the page table data on the page table memory, and then 
instructs the packet processor to make another request 
packet requesting an access to a memory location in the 
counterpart unit that has been speci?ed by the page table 
data stored on the page table memory. In the data exchange 
unit With such a con?guration, after the packet transmission 
controller has been activated, data exchange using the page 
table is carried out automatically Without CPU’s interven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram illustrating an exemplary 
internal con?guration for an optical disk drive including a 
data exchange unit according to the present invention. 

[0010] FIGS. 2A through 2E illustrate various formats of 
packets to be transferred on the IEEE 1394 bus shoWn in 
FIG. 1. 

[0011] FIGS. 3A through 3E illustrate various formats of 
internal packets in the optical disk drive shoWn in FIG. 1. 

[0012] FIG. 4 is a block diagram illustrating an exemplary 
detailed con?guration of the packet processor shoWn in 
FIG. 1. 

[0013] FIG. 5 illustrates operations to be performed by the 
communications system shoWn in FIG. 1 When a READ 
command is executed. 

[0014] FIGS. 6A through 6C illustrate timing diagram 
shoWing the operations of respective components in FIG. 1. 

[0015] FIG. 7 is a block diagram illustrating another 
exemplary internal con?guration for an optical disk drive 
including a data exchange unit according to the present 
invention. 

[0016] FIG. 8 illustrates operations to be performed by the 
communications system shoWn in FIG. 7 When a READ 
command is executed. 
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[0017] FIGS. 9A and 9B illustrate a timing diagram 
shoWing the operations of respective components in FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Hereinafter, an embodiment of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. It Will be apparent to those skilled in the 
art, hoWever, that the present invention is in no Way limited 
to the folloWing particular embodiment but may assume 
many embodiments other than that speci?cally set out and 
described beloW. 

[0019] FIG. 1 illustrates an exemplary con?guration for a 
communications system including a data exchange unit 
according to an embodiment of the present invention. As 
shoWn in FIG. 1, the communications system includes a 
host personal computer (PC) 1, an optical disk drive 2 and 
an IEEE 1394 serial bus 3, Which couples the host PC 1 and 
the optical disk drive 2 together. The host PC 1 issues a 
command or transmits or receives data to/from the optical 
disk drive 2. In this speci?cation, the host PC 1 and the 
optical disk drive 2 Will sometimes be called “initiator” and 
“target”, respectively. The optical disk drive 2 includes: 
transceiver 4; reception buffer 5; transmission buffer 6; 
transmission-reception buffer 7; reception ?lter 8; transmis 
sion ?lter 9; packet processor 10; CPU 11; register 12; direct 
memory access controller 13; optical disk controller 14; 
analog signal processor 15; and optical head 17. The trans 
ceiver 4 includes a physical layer controller (PHY) 41 and 
a link layer controller (LINK) 42. The PHY 41 initialiZes the 
IEEE 1394 bus 3, encodes or decodes data, conducts arbi 
tration and outputs or senses a bias voltage. The LINK 42 
generates or detects cyclic redundancy codes (CRCS) or 
packets. The reception buffer 5 is implemented as an asyn 
chronous reception FIFO buffer for receiving a 
command, for example. The transmission buffer 6 is imple 
mented as an asynchronous transmission FIFO buffer (ATF) 
for transmitting a status, for instance. The transmission 
reception buffer 7 is implemented as a data transmission and 
reception FIFO buffer (DTRF). The reception ?lter (RFIL) 
8 selectively stores a received packet on either the ARF 5 or 
DTRF 7 depending on the contents thereof. The transmis 
sion ?lter (TFIL) 9 selectively stores a packet to be trans 
mitted on either the ATF 6 or DTRF 7 depending on the 
contents thereof. The packet processor (PPRC) 10 extracts 
only necessary data from a received packet and converts the 
extracted data into data to be transferred to the optical disk 
controller (ODC) 14 through the direct memory access 
controller (DMAC) 13 and a DMA bus. Alternatively, the 
PPRC 10 applies a header to, or packetiZes, the data that has 
been read out from an optical disk 16 by the head 17, 
processed by the analog signal processor 15 in a predeter 
mined manner and then demodulated or error-correction 
coded by the ODC 14. The register 12 is connected to the 
CPU 11. 

[0020] FIGS. 2A through 2E illustrate formats of some of 
asynchronous packets as de?ned by the IEEE 1394 standard. 
The IEEE 1394 standard de?nes a request packet requesting 
an operation to be performed and a response packet return 
ing the result of the operation requested by the request 
packet. No matter Whether the request or response packet 
has been received at a recipient, the recipient alWays returns 
an acknoWledge (ACK) packet, Which represents the recep 



US 2004/0139386 A1 

tion state of the packet, to its sender. The ACK packet may 
represent that processing is completed (ack complete) or that 
the packet has been received certainly but is noW being 
processed (ack_pending) or that the packet should be sent 
again (ack_busy). The request and response packets are 
ordinarily used in pairs. But depending on the contents of the 
ACK packet, processing may be completed just by receiving 
the ACK packet. 

[0021] FIGS. 2A, 2B and 2D illustrate a Write request for 
data block (BWRQ) packet, a Write request for data quadlet 
(QWRQ) packet and a read request for data block (BRRQ) 
packet, respectively. AWrite response (WRS) packet shoWn 
in FIG. 2C is de?ned as a response packet responding to the 
Write request (BWRQ or QWRQ) packet. A read response 
for data block (BRRS) packet shoWn in FIG. 2E is de?ned 
as a response packet responding to the BRRQ packet. In 
each of these packets, a transaction code tcode providing 
identi?cation information of the type of the packet and a 
transaction label t1 representing tag information unique to 
the transaction are contained. Also, in a response packet, a 
response code rcode representing the response state is con 
tained. Accordingly, the type of a transaction is identi?able 
by tcode and a pair of request and response packets is 
recogniZable by t1. For further details, see the IEEE Stan 
dard 1394-1995. 

[0022] FIGS. 3A through 3E illustrate respective formats 
of internal packets in the optical disk drive 2 shoWn in FIG. 
1 and correspond to FIGS. 2A through 2E, respectively. In 
FIGS. 3A through 3E, the hatched portions are reserved 
areas. Any of the internal packets to be transmitted is 
subjected to restructuring by the LINK 42 to compute 
header_CRC and/or data_CRC or to add source_ID. Any of 
the received internal packets represents a result of error 
detection and correction performed by the LINK 42. 

[0023] First, suppose the target 2 should receive data from 
the initiator 1. If a BRRS packet, Which includes, in its data 
?eld, data responding to a BRRQ packet requesting the 
transmission of the data from the initiator 1, has been 
received at the target 2, then the RFIL 8 stores the received 
BRRS packet on the DTRF 7. If a packet of any other type 
has been received, then the RFIL 8 stores the packet on the 
ARF 5. Next, suppose the target 2 should transmit data to the 
initiator 1. If the RFIL 8 has determined based on tcode, 
rcode and t1 of a received packet that a WRS packet, Which 
is paired With a BWRQ packet including, in its data ?eld, 
data to be transmitted, has been received, then the RFIL 8 
stores the received packet on the DTRF 7 and informs the 
PPRC 10 of response detected. If a packet of any other type 
has been received, then the RFIL 8 stores the received packet 
on the ARF 5 and issues a suspension instruction to the 
PPRC 10. In transmitting data, the TFIL 9 selectively 
determines based on tcode of a packet to be transmitted 
Whether the packet should be stored on the ATP 6 or the 
DTRF 7. 

[0024] FIG. 4 illustrates a detailed con?guration of the 
PPRC 10 shoWn in FIG. 1. The PPRC 10 includes header 
?eld Write circuit 20, data ?eld Write circuit (DFW) 
21, header ?eld read circuit (HFR) 22, data ?eld read circuit 
(DFR) 23 and process controller (PRCC) 30. The PRCC 30 
includes request packet counter 31, response packet counter 
32 and suspension controller 33. The HFW 20 makes a 
BRRQ packet requesting transmission of data When the data 

Jul. 15, 2004 

should be received from the initiator 1 or makes a header 
?eld including data for a BWRQ packet When the data 
should be transmitted to the initiator 1. Then, the HFW 20 
passes the BRRQ packet or the header ?eld for the BWRQ 
packet to the TFIL 9 in either case. Also, the HFW 20 
determines the data_length in a packet in accordance With 
the siZe of a payload that has been provided from the CPU 
11 via the register 12. If a large quantity of data should be 
transmitted in multiple packets separately, then the HFW 20 
sets mutually different t1 values for header ?elds in respec 
tive packets and updates destination_offset. When data 
should be transmitted to the initiator 1, the DFW 21 receives 
the data from the DMAC 13 in accordance With the value of 
data_length provided from the HFW 20 and then passes the 
data to the TFIL 9 such that the data succeeds the header of 
the BWRQ packet that has been made and passed to the 
TFIL 9 by the HFW 20. The request packet counter 31 
counts the number of request packets that have been pro 
vided to the TFIL 9. When data should be received from the 
initiator 1, the HFR 22 reads out the header ?eld from a 
BRRS packet responding to a BRRQ packet. On the other 
hand, When data should be transmitted to the initiator 1, the 
HFR 22 reads out the header ?eld from a WRS packet 
responding to a BWRQ packet. Then, the HFR 22 checks its 
rcode in either case. Unless rcode is resp_complete, the CPU 
11 is informed of the activity by Way of the PRCC 30 and 
the register 12. When data should be received from the 
initiator 1, the DFR 23 reads out data from the DTRF 7 in 
accordance With the value of data_length provided from the 
HFR 22 and transfers the data to the DMAC 13 concurrently, 
after the HFR 22 has read out the header ?eld from the 
BRRS packet. The response packet counter 32 counts not 
only the number of response packets that have been read out 
from the DTRF 7 but also a cumulative number of data bytes 
transferred. At a point in time When the count of the request 
packet counter 31 matches that of the response packet 
counter 32 and the number of data bytes to be transferred 
that has been provided from the CPU 11 via the register 12 
matches the cumulative number thereof, the response packet 
counter 32 determines that the data eXchange is completed. 
Then, the response packet counter 32 informs the CPU 11 of 
the completion by Way of the register 12. If the RFIL 8 has 
detected the reception of a packet other than an eXpected 
response packet responding to the request packet issued by 
the PPRC 10 during data eXchange, then the suspension 
controller 33 instructs the HFW 20 to stop making neW 
packet headers. The suspension controller 33 also instructs 
the response packet counter 32 to inform the CPU 11 of the 
completion of suspension by Way of the register 12 When the 
count of the request packet counter 31 matches that of the 
response packet counter 32. 

[0025] FIG. 5 illustrates the basic operations to be per 
formed When data is eXchanged betWeen the initiator 1 and 
the target 2 in accordance With the SBP-2 protocol. Here 
inafter, operations to be performed When the initiator 1 reads 
out data from the target 2, i.e., a situation Where the initiator 
1 has issued a READ command, Will be described With 
reference to FIG. 5. It should be noted that before the data 
is actually exchanged, various data items or commands are 
actually eXchanged betWeen the initiator 1 and the target 2. 
HoWever, the description of these eXchange operations Will 
be omitted herein. 

[0026] (1) When data eXchange is booted, the initiator 1 
issues a BWRQ packet to an ORB_POINTER register 
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de?ned Within the CSR space at the target 2. The BWRQ 
packet includes, in its data ?eld, an address of an operation 
request block (ORB) that has been created in its system 
memory. Then, the initiator 1 Writes the packet on the 
ORB_POINTER register at the target 2. The ORB includes 
a command from the initiator 1. In response, the target 2 
returns a WRS packet, Whose rcode represents completion of 
processing resp_complete. 

[0027] (2) Then, the target 2 issues a BRRQ packet to the 
system memory address of the initiator 1, at Which the ORB 
is stored. On receiving the BRRQ packet, the initiator 1 
stores the ORB in the data ?eld of a BRRS packet, Which is 
the response packet of the BRRQ packet, and sends the 
BRRS packet to the target 2. In this manner, the target 2 
receives the ORB including a command from the initiator 1. 

[0028] (3) In response, the target 2 analyZes the received 
ORB. Supposing the ORB represents a READ command, 
the target 2 prepares data to be transmitted and then issues 
a BWRQ packet, Which includes the data in its data ?eld, to 
the system memory address of the initiator 1 that is speci?ed 
by the ORB in Which the READ command is included. 
Then, the data is stored at the speci?ed memory address in 
the initiator 1. In this case, the siZe of the BWRQ packet 
depends on the transfer rate of the IEEE 1394 bus 3. Thus, 
if a large quantity of data needs to be transferred, then the 
data should be divided into plural data blocks and trans 
ferred in multiple BWRQ packets. In the illustrated embodi 
ment, a data block is transferred While seeing if a transaction 
is completed. That is to say, the data block may be trans 
ferred While checking Whether the target 2 has received an 
ACK packet representing completion of processing (ack 
complete) responsive to a BWRQ packet. Alternatively, the 
data block may be transferred While checking Whether the 
target 2 has received an ACK packet, representing that the 
BWRQ packet has been received by the initiator 1 but is noW 
being processed (ack_pending), and then the target 2 has 
received a WRS packet representing resp_complete paired 
With the BWRQ packet. 

[0029] (4) once the data of the length speci?ed by the ORB 
has been all transferred, the target 2 Writes a status, corre 
sponding to the READ command, onto the address that has 
been speci?ed in advance by the initiator 1 using the BWRQ 
packet. 

[0030] A series of operations concerning the READ com 
mand is completed in this manner. HoWever, if the initiator 
1 cannot receive a BWRQ packet that has been sent out from 
the target 2, then a retry (or retransmission) can be per 
formed by making the initiator 1 return an ACK packet 
requesting the retransmission. 

[0031] Similarly, in executing a WRITE command, the 
target 2 reads out data, Which is stored in the system memory 
of the initiator 1, using BRRQ packets and then Writes the 
data onto the optical disk 16. 

[0032] FIGS. 6A through 6C illustrate a timing diagram 
shoWing a situation Where the initiator 1 issues a BRRQ 
packet requesting an access to a con?g_ROM (not shoWn) 
on the target 2 While a READ command is being eXecuted. 
In the illustrated embodiment, the capacity of the DTRF 7 is 
represented by 2><k quadlets, Where k represents the siZe of 
a maXimum transferable packet. More speci?cally, in this 
embodiment, the transfer rate is supposed to be 200 Mbps 
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(i.e., so-called “S200”) and the length of transferable data 
that can be contained in one packet is supposed to be 1024 
bytes (=256 quadlets). That is to say, the buffer siZe of the 
DTRF. 7 is supposed to be tWice as large as the siZe of a 
packet used in transferring data, e.g., a BWRQ packet for a 
READ command and a BRRS packet for a WRITE com 
mand in accordance With the SBP-2 protocol. It should be 
noted that the maXimum siZe of a data ?eld in a packet is 
de?ned by the IEEE 1394 standard in accordance With the 
transfer rate. 

[0033] In the eXample illustrated in FIGS. 6A through 
6C, the length of data requested from the initiator 1 is 
supposed to be 4096 bytes per READ command. Since the 
siZe of data block in one BWRQ packet is 1024 bytes, four 
BWRQ packets should be transferred in response to the 
READ command. 

[0034] (1) The CPU 11 con?rms the READ command and 
then performs initialiZation to read out requested data from 
the optical disk 16. In this process step, the CPU 11 Writes 
an address in the system memory at the initiator 1, Which 
indicates the destination Where the data should be stored as 
speci?ed by the READ command, and header information 
items such as ID of the initiator 1 onto the HFW 20 by Way 
of the register 12. 

[0035] (2) When the CPU 11 activates the HFW 20 via the 
register 12 to boot data exchange, the HFW 20 makes a 
header for BWRQ packet #1 using the information provided 
from the CPU 11 to transfer the ?rst 1024 byte data, and then 
Writes the BWRQ packet #1 on the DTRF 7 by Way of the 
TFIL 9. As a result, the count of the request packet counter 
31 is increased by one and becomes “1”. 

[0036] (3) Subsequently, the DFW 21 receives 1024 byte 
data sequentially from the DMAC 13, and Writes the data 
onto the DTRF 7 via the TFIL 9. In this case, the HFW 20 
passes t1 of the BWRQ packet #1 to the RFIL 8. In this 
manner, the BWRQ packet #1, including the 1024 byte data, 
is sent out onto the 1394 bus 3 so as to be transmitted to the 
initiator 1. 

[0037] (4) Then, the HFW 20 makes a header for BWRQ 
packet #2 to transfer the neXt 1024 byte data, and then Writes 
the BWRQ packet #2 on the DTRF 7 by Way of the TFIL 9. 
As a result, the count of the request packet counter 31 is 
increased again by one and becomes “2”. In this case, the 
destination_offset in the header ?eld of the BWRQ packet #2 
is equal to the sum of the destination_offset of the BWRQ 
packet #1 transmitted previously and 1024. Also, t1 has been 
increased by one. 

[0038] (5) Subsequently, the DFW 21 receives 1024 byte 
data sequentially from the DMAC 13, and Writes part of the 
data up to 1020 byte onto the DTRF 7 via the TFIL 9. The 
last 4 bytes are not Written to prevent the BWRQ packet #2 
from being sent out onto the 1394 bus 3. In this state, the 
PPRC 10 Waits for response to the BWRQ packet #1. 

[0039] (6) On receiving the BWRQ packet #1, the initiator 
1 sends back a WRS packet responsive to the BWRQ packet 
#1. 

[0040] (7) The WRS packet, Which has been received by 
the target 2, is provided to the RFIL 8. After having 
identi?ed tcode and t1 of the received packet With that of the 
WRS packet and that of the BWRQ packet #1, respectively, 
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and con?rmed that rcode of the received packet is resp 
_complete, the RFIL 8 sends a respon se detection signal to 
the response packet counter 32. Having received this 
response detection signal, the PPRC 10 con?rms that the 
transaction has ended normally. As a result, the count of the 
response packet counter 32 is increased by one and becomes 
“1”. 

[0041] (8) The response packet counter 32, Which has 
received the response detection signal, informs the DFW 21 
of the reception. In response, the DFW 21 Writes the last 4 
bytes of the BWRQ packet #2 onto the DTRF 7 by Way of 
the TFIL 9. At this: time, the HFW 20 passes t1 of the 
BWRQ packet #2 to the RFIL 8. In this manner, the BWRQ 
packet #2, including the 1024 byte data, is sent out onto the 
1394 bus 3 so as to be transmitted to the initiator 1. 

[0042] (9) Then, the HFW 20 makes a header for BWRQ 
packet #3 to transfer the next 1024 byte data, and then Writes 
the BWRQ packet #3 on the DTRF 7 by Way of the TFIL 9. 
As a result, the count of the request packet counter 31 is 
further increased by one and becomes “3”. In this case, the 
destination_offset in the header ?eld of the BWRQ packet #3 
is equal to the sum of the destination_offset of the BWRQ 
packet #2 transmitted last time and 1024. Also, t1 has been 
increased by one. 

[0043] (10) Subsequently, the DFW 21 receives 1024 byte 
data sequentially from the DMAC 13, and Writes part of the 
data up to 1020 byte onto the DTRF 7 via the TFIL 9. The 
last 4 bytes are not Written to prevent the BWRQ packet #3 
from being sent out onto the 1394 bus 3. In such a state, the 
PPRC 10 Waits for response to the BWRQ packet #2. 

[0044] (11) The initiator 1, Which has received the BWRQ 
packet #2, issues a BRRQ packet (as indicated by hatching 
in FIG. 6A) requesting an access to the conf ig ROM (not 
shoWn) and then sends back a WRS packet responsive to the 
BWRQ packet #2. 

[0045] (12) The BRRQ packet that has been received by 
the target 2 is provided to the RFIL 8. Since tcode of the 
received packet is different from that of the expected WRS 
packet, the RFIL 8 informs the CPU 11 that a packet 
addressed to the CPU 11 has been received, and stores the 
packet on the ARF 5. Although the CPU 11 receives this 
information, the CPU 11 has to Wait for the completion of 
suspension because the data is noW being transferred. At the 
same time, the RFIL 8 issues a suspension instruction to the 
suspension controller 33. 

[0046] FolloWing the suspension instruction, the suspen 
sion controller 33 instructs the HFW 20 to stop making neW 
request packets and also instructs the response packet 
counter 32 to inform the CPU 11 of the completion of 
suspension When the count of the response packet counter 32 
matches that of the request packet counter 31. 

[0047] The WRS packet, Which has been received by the 
target 2 subsequently, is provided to the RFIL 8. After 
having identi?ed tcode and t1 of the received packet With 
that of the WRS packet and that of the BWRQ packet #2, 
respectively, and con?rmed that rcode of the received packet 
is resp_complete, the RFIL 8 sends a response detection 
signal to the response packet counter 32. Having received 
this response detection signal, the PPRC 10 con?rms that the 
transaction has ended normally. As a result, the count of the 
response packet counter 32 is increased by one again and 
becomes “2”. 
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[0048] (13) The response packet counter 32, Which has 
received the response detection signal, informs the DFW 21 
that the count of the response packet counter 32 is still 
different from that of the request packet counter 31. In 
response, the DFW 21 Writes the last 4 bytes of the BWRQ 
packet #3 onto the DTRF 7 by Way of the TFIL 9. At this 
time, the HFW 20 passes t1 of the BWRQ packet #3 to the 
RFIL 0.8. In this manner, the BWRQ packet #3, including 
the 1024 byte data, is sent out onto the 1394 bus 3 so as to 
be transmitted to the initiator 1. In this case, the HFW 20 
makes no header for any neW BWRQ packet. 

[0049] (14) On receiving the BWRQ packet #3, the ini 
tiator 1 sends back a WRS packet responsive to the BWRQ 
packet #3. 

[0050] (15) The WRS packet, Which has been received by 
the target 2, is provided to the RFIL 8. After having 
identi?ed tcode and t1 of the received packet With that of the 
WRS packet and that of the BWRQ packet #3, respectively, 
and con?rmed that rcode of the received packet is resp 
_complete, the RFIL 8 sends a response detection signal to 
the response packet counter 32. Having received this 
response detection signal, the PPRC 10 con?rms that the 
transaction has ended normally. As a result, the count of the 
response packet counter 32 is further increased by one and 
becomes “3”. That is to say, noW that the count of the 
response packet counter 32 matches that of the request 
packet counter 31, the response packet counter 32 informs 
the CPU 11 of the completion of suspension by Way of the 
register 12. Also, by this point in time, the ARF 5, AT F 6 and 
DTRF 7 have all been vacated, thus alloWing the CPU 11 to 
transmit or receive packets freely. 

[0051] (16) On receiving the information about the 
completion of suspension, the CPU 11 makes a BRRS 
packet responsive to the BRRQ packet that has already been 
received from the initiator 1, and Writes the BRRS packet on 
the ATP 6. Then, the BRRS packet is sent out onto the 1394 
bus 3 and returned to the initiator 1. 

[0052] (17) The CPU 11 boots another transaction if 
necessary. And When there is no need for the CPU 11 to boot 
any, the CPU 11 instructs the HFW 20 to restart data 
exchange via the register 12. 

[0053] (18) The PPRC 10 ends the data exchange by 
transferring the last 1024 byte data in the same Way as the 
transaction #3 and informs the CPU 11 of the end of data 
exchange. As a result, the data exchange is completed. 

[0054] As is apparent from the foregoing description, not 
only the ARF 5 and ATP 6 but also the DTRF 7 are provided 
and selectively used depending on the situation according to 
the present invention, thus reducing the overheads involved 
With ?rmWare processing and exchanging data at higher 
speeds. In addition, if the target 2 has received a packet that 
has nothing to do With a data exchange operation being 
performed, then the data exchange Will be suspended When 
the transaction being processed at the time of reception is 
completed. As a, result, the CPU 11 is alloWed to carry out 
any other transaction freely until the data exchange is 
restarted. 

[0055] FIG. 7 illustrates an exemplary con?guration for a 
communications system including an alternative data 
exchange unit according to another embodiment of the 
present invention. The data exchange unit shoWn in FIG. 7 








