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(57) ABSTRACT 
A delayed transaction method and system to handle multiple 
delayed transactions in a PCI system is disclosed. When the 
responder accepts a ?rst and second request from an initiator 
but can not immediately respond to the ?rst and second 
request, the responder generates a ?rst and a second defer 
identi?er corresponding to the initiator, respectively. When 
data transfer betWeen the responder and the initiator corre 
sponding to the ?rst request is completed and data is ready 
for transfer corresponding to the second request, the 
responder immediately issues a second buffer identi?er 
along With the data requested corresponding to the second 
request. Thus, data transfer betWeen the initiator and the 
responder based on the second buffer identi?er correspond 
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DELAYED TRANSACTION METHOD AND 
DEVICE USED IN A PCI SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 88106505, ?led Apr. 23, 1999. 
The present application is related to copending application 
?led on the same date as this application, entitled “PCI 
SYSTEM CONTROLLER CAPABLE OF DELAYED 
TRANSACTION” by LAI et al., currently pending. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention generally relates to a method 
and device for controlling peripheral devices, and more 
particularly to a method and device for data transfer on a 
peripheral component interconnection (PCI) bus. 

[0004] 2. Description of Related Art 

[0005] FIG. 1 shoW a computer system architecture using 
a peripheral component interconnect (PCI) system, includ 
ing a central processing unit 10, a PCI bus 14, a system 
memory 11, a host bridge 12, and a plurality of PCI 
compatible peripheral masters. The PCI-compatible periph 
eral masters, such as a graphic adapter 16a, expansion bus 
bridge 16b, local area netWork (LAN) adapter 16c, and small 
computer system interface (SCSI) host bus adapter 16d, etc, 
are connected to the PCI bus 14. Every master can send a 
request signal REQ to ask for permission to use the PCI bus 
14. An arbiter located in the host bridge 12 can issue a grant 
signal GNT to alloW the master to use the PCI bus 14. 

[0006] FIG. 2 is a timing diagram of various control 
signals illustrating a read transaction eXecuted on a conven 
tional (standard) PCI bus. Data transfer betWeen the PCI 
compatible devices (such as masters or the north bridge in a 
computer chipset) are controlled by the interface control 
signals. A cycle frame signal FRAME is asserted by an 
initiator (masters or north bridge) to indicate the beginning 
and duration of an access. When the FRAME signal remains 
at the loW level, the data transaction is continuing. At this 
stage, a valid address Will be present on the address/data AD 
bus during the address phase. A valid bus command satis 
fying the PCI speci?cations Will also be present on the 
command/byte enable CBE [3:0] lines, indicating to a target 
that the data transaction requested by the initiator. The 4-bits 
CBE lines are encoded into 16 different commands, Which 
are Well de?ned under the PCI speci?cations. After the valid 
address Was issued, data to be transferred are placed on the 
address/data AD bus, Which is called a data phase. During 
the data phase, the CBE lines are used as Byte Enables, 
Which are valid for the entire data phase and determine 
Which byte lanes carrying meaningful data. When the 
FRAME signal is deasserted, the transaction is in the ?nal 
data phase or has been completed. 

[0007] An initiator ready signal IRDY and a target ready 
signal TRDY are used to indicate Whether the initiator and 
the target are ready for data transfer. During a Write opera 
tion, the IRDY signal indicates that valid data is present on 
the AD lines. During a read operation, it indicates the 
initiator is prepared to accept data. Wait cycles are inserted 
until both the IRDY and TRDY are asserted together. As for 
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the TRDY signal, it indicates that valid data is present on the 
AD lines during a read operation. During a Write operation, 
it indicates that the target is prepared to accept data. A stop 
signal STOP indicates that the current target is requesting the 
initiator to stop the current transaction 

[0008] The duration to proceed and complete a data trans 
fer on a PCI bus is called a bus transaction 20, including an 
address phase 22 folloWed by one or more data phases, for 
eXamples, 24a, 24b, and 24c. Every data phase 24a,/b/c 
further comprises a Wait cycle 26a/b/c and a data transfer 
cycle 28a/b/c. 

[0009] To shoW hoW the PCI system Works, a read trans 
action is illustrated by referencing to the various control 
signals in the timing diagram in FIG. 2. In cycle T1, a 
FRAME signal is asserted by the initiator to indicate that 
data transfer is under Way. AD bus contains a start address 
to specify a target While the CBE contains a valid bus 
command during the address phase. During the data phase, 
the CBE contains valid byte enable information during the 
entire data phase, including 24a, 24b, and 24c. In cycle T2, 
Which is the Wait cycle 26a of the data phase 24a, IRDY is 
asserted by the initiator indicating that the initiator is ready 
to accept data, While the target is not yet ready for data 
transfer. In cycle T3, the target is ready to send data and 
asserts TRDY. When both IRDY and TRDY are asserted in 
data transfer cycle 28a, data is transferred betWeen the 
initiator and the target. The target deasserts TRDY in cycle 
T4, indicating the end of this data transaction, and prepares 
data for the second data transfer cycle, Which is the Wait 
cycle 26bof the data phase 24b. In cycle T5, the target is 
ready for data transfer by asserting TRDY again. When both 
IRDY and TRDY are asserted in data transfer cycle 28b, data 
is transferred betWeen the initiator and the target. When the 
initiator is not ready to complete the last transfer, IRDY is 
deasserted in cycle T6. Since TRDY is still asserted at this 
stage, thus, the Wait cycle 26c is initiated by the initiator. The 
initiator is ready again in cycle T7 by asserting IRDY. When 
both IRDY and TRDY are asserted in data transfer cycle 
28c, data is transferred from the target to the initiator, and an 
entire read transaction is completed. 

[0010] Under the PCI speci?cations, for eXample, version 
2.2, there is a delayed transaction method. The delayed 
transaction is used by targets that cannot complete the initial 
data phase Within the requirements of this speci?cation. 
There are tWo types of devices that Will use the delayed 
transaction: I/O controllers and bridges. In general, I/O 
controllers Will handle only a single delayed transaction at a 
time, While bridges may choose to handle multiple delayed 
transactions to improve system performance. 

[0011] A conventional delayed transaction progresses to 
completion in three phases: 

[0012] 1. Request by the master. 

[0013] 2. Completion of the request by the target. 

[0014] 3. Completion of the transaction by the mas 
ter. 

[0015] During the entire delayed transaction process, the 
master Will repeatedly issue request signals, retain the privi 
lege to use the PCI bus, and continuously send polling 
signals to the target. 
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[0016] For a conventional delayed transaction in a PCI 
system, the master Will repeatedly issue request signals to 
the PCI bus if a transaction is retried. The repeatedly issued 
requests to the PCI bus until data is ready for transfer results 
in loW utiliZation of the PCI bus Without substantial data 
transfer. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides a delayed transac 
tion method for a PCI system, in Which time frame required 
betWeen tWo consecutive data acquisition cycles can be 
reduced in a multiple delayed transaction. The responder in 
the delayed transaction method functions like a master, 
Which can automatically transfer data to the initiator Which 
issues the request. Also, When the responder is not ready for 
data transfer, a defer identi?er can be generated, based on 
Which data can be transferred to the initiator Which issues the 
request When the data is ready. Furthermore, a device Which 
implements the delayed transaction method for the PCI 
system is provided in the present invention. 

[0018] In accordance With the foregoing and other objec 
tives of the present invention, a delayed transaction method 
and system used in a PCI system are provided. The delayed 
transaction method includes an initiator and a responder 
connected to a PCI bus, through Which data is transferred. 
The delayed transaction method comprises the steps as 
folloWs. 

[0019] The initiator issues a ?rst request signal to use the 
PCI bus to access data in the responder; When the responder 
accepts the ?rst request signal but can not immediately 
respond to the ?rst request signal, the responder generates a 
?rst defer identi?er corresponding to the ?rst request signal; 
The responder issues a stop signal and the ?rst defer 
identi?er; The initiator issues a second request signal to use 
the PCI bus to access data in the responder; When the 
responder accepts the second request signal but can not 
immediately respond to the second request signal, the 
responder generates a second defer identi?er corresponding 
to the second request signal; The responder issues a stop 
signal and the second defer identi?er; When the data is 
readily available to respond to the ?rst request signal, the 
responder issues the ?rst defer identi?er to the initiator; The 
initiator prepares to transfer data based on the ?rst defer 
identi?er from the responder corresponding to the ?rst 
request signal; When the initiator is ready, data transfer 
betWeen the initiator and the responder begins correspond 
ing to the ?rst request signal; When data transfer corre 
sponding to the ?rst request signal betWeen the responder 
and the initiator is completed and data is readily available 
corresponding to the second request signal, the responder 
issues only a second buffer identi?er of the second defer 
identi?er; Based on the second buffer identi?er, data transfer 
betWeen the initiator and the responder begins correspond 
ing to the second request signal. 

[0020] The ?rst defer identi?er includes a defer address 
and a ?rst buffer identi?er; the second defer identi?er 
includes the defer address and a second buffer identi?er. The 
defer address corresponds to the initiator, the ?rst buffer 
identi?er corresponds to a ?rst transaction procedure Within 
the responder, and the second buffer identi?er corresponds 
to a second transaction procedure Within the responder. 
When data transfer corresponding to the ?rst request signal 
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is completed, the initiator issues a stop signal to terminate 
the data transfer betWeen the initiator and the responder 
corresponding to the ?rst request signal. 

[0021] In addition, hardWare devices, Which implement 
the delayed transaction method in the PCI system, are also 
disclosed, in Which a FRAME signal is kept asserted While 
the buffer identi?er on the CBE line is changed When data 
is readily available from the target (responder). Thus, time 
frame required betWeen tWo consecutive data acquisition 
cycles in a multiple delayed transaction can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to eXplain the principles 
of the invention. In the draWings, 

[0023] FIG. 1 is a schematic diagram of a computer 
system architecture using a peripheral component intercon 
nect (PCI) system; 

[0024] FIG. 2 is a timing diagram of various control 
signals illustrating a read transaction eXecuted on a conven 
tional PCI bus; 

[0025] FIG. 3 is a schematic block diagram illustrating a 
delayed transaction method for a PCI system according to a 
preferred embodiment of the present invention; 

[0026] FIG. 4 is a timing diagram of various control 
signals illustrating the use of a multiple delayed transaction 
method to access data on a PCI bus; 

[0027] FIG. 5 is a timing diagram of various control 
signals illustrating the use of an enhanced multiple delayed 
transaction method to access data on a PCI bus; 

[0028] FIG. 6 is a schematic block diagram of PCI 
compatible devices implementing the delayed transaction 
method according to a preferred embodiment of the present 
invention; 
[0029] FIG. 7 is a schematic block diagram of PCI 
compatible devices implementing the delayed transaction 
method according to another preferred embodiment of the 
present invention; 

[0030] FIG. 8 is a block diagram shoWing the internal 
structure of a concurrent access arbiter (CAA) in FIG. 7; 
and 

[0031] FIG. 9 is block diagram illustrating the use of a 
data buffer When data requests are issued by multiple func 
tion units. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0033] Refer to FIG. 3, Which shoWs a schematic block 
diagram illustrating the delayed transaction method for a 
PCI system according to a preferred embodiment of the 
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present invention. The block diagram comprises initiators 
30a, 30b, and a responder 32, all connected to a system bus, 
such as a PCI bus 34 that is only used as an example for 
descriptions. The initiator 30a and 30b are PCI-compatible 
masters, for example, LAN adapter, expansion bus bridge, or 
SCSI host bus adapter, etc. The responder 32 is, for example, 
the north bridge in the computer chipset. The initiators 30a 
and 30b Which comprise a plurality of function units can 
issue request signals REQ1 and REQ2, respectively, to ask 
for permission to use the PCI bus 34. On the other hand, the 
responder 32 can issue grant signals GNT1 and GNT2 to the 
initiators 30a and 30b, respectively, to use the PCI bus 34, 
depending on the status of the PCI bus 34. 

[0034] When a system, for example, a computer system, is 
initialiZed, the PCI-compatible peripheral devices connected 
to the PCI bus 34, for example, the initiators 30a and 30b in 
FIG. 3, can request a certain amount of memory, for 
example, 1 MB, Which is allocated by a basic input output 
system (BIOS). The BIOS assigns addresses for the initia 
tors 30a and 30b as their defer addresses and save these 
addresses into the responder 32. 

[0035] When the responder 32 accepts the request issued 
by the initiator 30a, but cannot immediately respond to it, a 
defer identi?er (DID) is generated by the responder 32 and 
saved in the initiator 30a. The defer identi?er (DID) com 
prises a defer address (DfrA) corresponding to the initiator 
30a, and a buffer identi?er (buffer_id) corresponding to a 
transaction procedure Within the responder 32. The buffer 
identi?er (buffer_id) represented by 4 bits can support 16 
function units. 

[0036] When the initiator 30a asserts FRAME and sends 
out address and command on the PCI bus 34, a stop signal 
STOP is asserted if the target, i.e., the responder 32, is not 
ready to transfer data to the initiator 32. Also, a defer 
identi?er DID including a defer address (DfrA) correspond 
ing to the initiator 30a, and a buffer identi?er (buffer_id) 
corresponding to a transaction procedure Within the 
responder 32 is placed on the AD bus. The responder 32 
comprises a transaction queue 42, in Which every transaction 
corresponds to a buffer identi?er buffer_id. The buffer_id 
then corresponds to a data buffer 44, Which stores data to be 
sent to the initiator 30a corresponding to the buffer_id. 
When data in the data buffer 44 Within the responder 32 is 
ready to respond to the request from the initiator 30, the 
responder 32 issues the defer identi?er DID on the AD bus. 
The initiator 30a, according to the defer identi?er DID, 
prepares to accept data from the responder 32. When the 
initiator 30a is ready, data transfer betWeen the initiator 30a 
and the responder 32 begins. 

[0037] From the above-mentioned descriptions, the spirit 
of the present invention is that the target functions act like 
an initiator When transfer data back. During a conventional 
delayed transaction, there is no defer identi?er DID. Con 
sequently, the initiator does not knoW When exactly the 
target is ready for data transfer. The initiator needs to 
continuously issue polling signals to the target, resulting in 
poor utiliZation efficiency of the PCI bus. The target, accord 
ing to the delayed transaction method of the present inven 
tion, can automatically transfer data to the initiator once the 
data is ready. Therefore, the initiator only needs to issue the 
request command once and the target can generate a defer 
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identi?er DID if required. When the target is ready, data can 
be correctly transferred to the initiator Which issued the 
request signal. 
[0038] First Embodiment of the Present Invention 

[0039] Reference is made to FIG. 4, Which shoWs a timing 
diagram of various control signals illustrating the use of a 
multiple delayed transaction method to access data on a PCI 
bus. The initiator 30a in FIG. 3 issues tWo read requests to 
ask for permission to use the PCI bus 34. These tWo requests 
come from tWo different function units, for example, 36a 
and 36b, in the same initiator 30a. 

[0040] In cycle T1, the initiator 30a asserts a request 
signal REQ1st for the function unit 36a to use the PCI bus 34; 
in cycle T8, the initiator 30a asserts a request signal REQ2nd 
for the function unit 36b to use the PCI bus 34. The 
responder 32 asserts a grant signal GNT1 in cycles T2 and 
T9 to alloW the initiator 30a to use the PCI bus 34. 

[0041] In cycle T3, a FRAME signal is asserted by the 
initiator 30a indicating that data transfer can proceed. Also, 
a valid address and a read command and byte enable 
information are also placed on the AD bus and CBE line, 
respectively. The initiator 30a asserts IRDY on the rising 
edge of cycle T4, indicating that the initiator 30a is ready. 
HoWever, at this time TRDY is not asserted by the responder 
32, indicating that the responder 32 is not ready to transfer 
data to the initiator 30a. Instead, a stop signal STOP and a 
defer identi?er DID1 are generated by the responder 32. The 
defer address DID1 includes a defer address DfrA and a 
buffer identi?er buffer_id1. The defer address DfrA and the 
buffer identi?er buffer_id1 are stored in a buffer 40 and a 
transaction queue 42 as shoWn in FIG. 3, respectively. The 
buffer identi?er buffer_id1 indicates that data is to be 
transferred to the function unit 36a of the initiator 30a. In 
cycle T5, the responder 32 asserts a stop signal STOP, 
acknoWledging the initiator 30a to deassert the FRAME 
signal. 
[0042] In cycle T10, a second FRAME signal is asserted 
by the initiator 30a indicating that data transfer correspond 
ing to the function unit 36b is to proceed. Also, a valid 
address and a read command are also placed on the AD bus 
and CBE line, respectively. The initiator 30a asserts IRDY 
on the rising edge of cycle T11, indicating that the initiator 
30a is ready. HoWever, at this time TRDY is not asserted by 
the responder 32, indicating that the responder 32 is not 
ready to transfer data to the function unit 36b of the initiator 
30a. Instead, a stop signal STOP and a defer identi?er DID2 
are generated by the responder 32. The defer address DID1 
includes the defer address DfrA and a buffer identi?er 
buffer_id2. The defer address DfrA and the buffer identi?er 
buffer_id are stored in the buffer 40 and the transaction 
queue 42 as shoWn in FIG. 3, respectively. The buffer 
identi?er buffer_id2 indicates that data is to be transferred to 
the function unit 36b of the initiator 30a. In cycle T12, the 
responder 32 asserts the stop signal STOP, acknoWledging 
the initiator 30a to deassert the FRAME signal. 

[0043] In cycles T5 and T12, STOP is asserted by the 
responder 32, so that FRAME is deasserted in cycles T6 and 
T13 corresponding to function units 36a and 36b, respec 
tively. The initiator 30a deasserts request signal REQ1 in 
cycles T6 and T13. After STOP is deasserted in cycles T6 
and T13, the responder 32 (i.e., target) performs an internal 
access required corresponding to the defer identi?er DID1 
and DID2, respectively. 
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[0044] When the internal access is completed, the 
responder 32 fetch the defer address DfrA and the buffer 
identi?ers buffer_id1 and buffer_id2 from the buffer 40 and 
the transaction queue 42. The responder 32 then places the 
defer address DfrA on the AD bus and a memory Write 
command on the CBE line in cycle T19. At the same time, 
the responder 32 asserts a FRAME for data transfer. In cycle 
T20, the buffer identi?er buffer_id1 is placed on the CBE 
line and the responder 32 asserts IRDY, indicating that the 
responder 32 is ready to send data back to the initiator. In 
cycle T21, the initiator 30a asserts TRDY to begin a data 
acquisition cycle (cycle T22 to cycle T26). Since the initiator 
30a stores the defer identi?er DID1, Which includes the 
buffer identi?er buffer_id1, the initiator 30a knoWs the data 
indicated by the buffer identi?er buffer_id1 are to be trans 
ferred to the function unit 36a. 

[0045] When data transfer to the function unit 36a is 
completed, the initiator 30a issues a stop signal STOP in 
cycle T25, indicating that the data transaction is completed. 
Thus, FRAME and TRDY are deasserted in cycle T26, and 
IRDY is deaserted in cycle T27. 

[0046] In cycle T28, the responder 32 places the defer 
address DfrA on the AD bus and a memory Write command 
on the CBE line. In the same time, the responder 32 asserts 
the FRAME signal for data transfer. In cycle T29, the buffer 
identi?er buffer_id2 is placed on the CBE line, the responder 
32 asserts IRDY, indicating that the responder 32 is ready to 
send data back to the initiator. In cycle T30, the initiator 30a 
asserts TRDY to begin a data acquisition cycle (cycle T31 to 
cycle T38). Since the defer identi?er DID2 is stored in 
initiator 30a, including the buffer identi?er buffer_id2, data 
can be correctly transferred to the function unit 36b accord 
ing to the buffer identi?er buffer_id2. 

[0047] If tWo or more function units request for a passive 
delayed transaction and the responder (acts as target) 32 
returns the data to the initiator 30a With tWo separated Write 
cycles, the above-mentioned method is not an ef?cient Way. 
When the responder 32 returns the Whole cache line While 
the initiator 30a needs only part of the data, then the STOP 
signal (for eXample, cycle T25 in FIG. 4) needs to be 
asserted to terminate the transaction. 

[0048] Note that data is available corresponding to the 
request from the second function unit 36b though the stop 
signal STOP is asserted in cycle T25. HoWever, the acqui 
sition of these data is delayed for another FRAME (cycle 
T28 in FIG. 4) to be asserted, Which causes Wastes in 
utiliZing the PCI bus including the arbitration and the 
address phase of the PCI transaction. Refer to FIG. 4, there 
are at least 4 cycles T26-T30 have been Wasted betWeen tWo 
data acquisition cycles (cycles T22-T26 and cycles T31 
T38). 
[0049] To eliminate the cycle time Wasted betWeen tWo 
data acquisition cycles When the initiator 30a asserts STOP 
to terminate the transaction corresponding to the ?rst func 
tion unit 36a, an enhanced delayed transaction method for 
the PCI system is disclosed, Which can be used to commu 
nicate betWeen devices With similar operation. Typical appli 
cations include the north bridge and the south bridge, Which 
are separated by the PCI bus, in a computer system. 

[0050] Refer to FIG. 5, Which shoWs a timing diagram of 
various control signals illustrating the use of an enhanced 
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multiple delayed transaction method to access data on a PCI 
bus. The initiator 30a as shoWn in FIG. 3 issues tWo requests 
for permission to use the PCI bus 34. These tWo requests 
comes from tWo different function units, for eXample, 36a 
and 36b, of the same initiator 30a. 

[0051] On the rising edge of cycle T1, the initiator 30a 
issues a ?rst request signal REQ11st for the function unit 36a 
to use the PCI bus 34 to access data from the responder 32. 
The responder 32 issues a grant signal GNT1 to the initiator 
30a on the rising edge of cycle T2, indicating that the ?rst 
request signal REQ11st is accepted. HoWever, at this time 
TRDY is not asserted by the responder 32, indicating that the 
responder 32 is not ready to transfer data to the initiator 30a 
corresponding to the ?rst request REQ1 1st. Thus, a ?rst defer 
identi?er DID1, including a defer address DfrA correspond 
ing to the initiator 30a and a ?rst buffer identi?er buffer_id1 
corresponding to a ?rst transaction procedure Within the 
responder 32, is generated by the responder 32 correspond 
ing to the ?rst request REQllst. The ?rst transaction proce 
dure corresponds to the ?rst function unit 36a. 

[0052] In cycle T5, the responder 32 asserts a stop signal 
STOP, and places the ?rst defer identi?er DID1 on the AD 
bus. Then, the responder 32 performs an internal access 
required corresponding to the ?rst request REQllst. 

[0053] In cycle T8, the initiator 30a issues a second 
request signal REQ12nd for the function unit 36b to use the 
PCI bus 34 to access data from the responder 32. The 
responder 32 issues a grant signal GNT1 to the initiator 30a 
in cycle T9, indicating that the second request signal 
REQ12nd is accepted. HoWever, at this time TRDY is not 
asserted by the responder 32, indicating that the responder 
32 is not ready to transfer data to the initiator 30a corre 
sponding to the second request REQ12nd. Thus, a second 
defer identi?er DID2, including the above-mentioned defer 
address DfrA corresponding to the initiator 30a and a second 
buffer identi?er buffer_id2 corresponding to a second trans 
action procedure Within the responder 32, is generated by the 
responder 32 corresponding to the second request REQlznd. 
The second transaction procedure corresponds to the second 
function unit 36b. 

[0054] In cycle T12, the responder 32 asserts a stop signal 
STOP, and places the second defer identi?er DID2 on the 
AD bus. Then, the responder 32 performs an internal access 
required corresponding to the second request REQ12nd. 

[0055] For the function unit 36a, the initiator 30a asserts 
a request signal REQ1 in cycle T1 so as to request a use on 
the PCI bus 34. For the function unit 36b, the initiator 30a 
asserts a request signal REQ1 in cycle T8 to request a use on 
the PCI bus 34. The responder 32 respectively responds a 
grant signal GNT1 at cycles T2 and T9 so as to alloW the 
initiator 30a to use the PCI bus 34. 

[0056] In cycle T3, a FRAME signal is asserted by the 
initiator 30a, indicating that data transfer can proceed. Also, 
a valid address and a read command are also sent to the AD 
bus and CBE line, respectively. The initiator 30a asserts 
IRDY in cycle T4, indicating that the initiator 30a is ready 
to accept data. HoWever, at this time TRDY is not asserted 
by the responder 32, indicating that the responder 32 is not 
ready to transfer data to the initiator 30a. Thus, a defer 
identi?er DID1 is generated by the responder 32, including 
a defer address DfrA and a buffer identi?er buffer_id1. The 
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defer address DfrA and the buffer identi?er buffer_id1 are 
stored in the buffer 40 and the transaction queue 42, respec 
tively. The buffer identi?er buffer_id1 indicates that data is 
to be transferred to the function unit 36a of the initiator 30a. 

[0057] In cycle T10, a second FRAME signal is asserted 
by the initiator 30a indicating that data transfer correspond 
ing to the function unit 36b can proceed. Also, a valid 
address and a read command are also placed on the AD bus 
and CBE line, respectively. The initiator 30a asserts IRDY 
on the rising edge of cycle T11, indicating that the initiator 
30a is ready to accept data. HoWever, at this time TRDY is 
not asserted by the responder 32, indicating that the 
responder 32 is not ready to transfer data to the function unit 
36b of the initiator 30a. Thus, a defer identi?er DID2 is 
generated by the responder 32, including the defer address 
DfrA and a buffer identi?er buffer_id2. The defer address 
DfrA and the buffer identi?er buffer_id2 are stored in the 
buffer 40 and the transaction queue 42, respectively. The 
buffer identi?er buffer_id2 indicates that data is to be 
transferred to the function unit 36b of the initiator 30a. In 
cycle T12, the responder 32 asserts a stop signal STOP, 
acknowledging the initiator 30a to deassert the request 
signal REQ. 

[0058] In cycles T5 and T12, STOP is asserted by the 
responder 32, so that FRAME is deasserted in cycles T6 and 
T13 corresponding to function units 36a and 36b, respec 
tively. Thus, the initiator 30a deasserts the request signal 
REQ in cycles T6 and T13. After STOP is deasserted in 
cycles T6 and T13, the responder 32 (i.e., target) performs 
an internal access required corresponding to the defer iden 
ti?ers DID1 and DID2. 

[0059] When the internal access is completed, the 
responder 32 places the defer address DfrA on the AD bus 
and a memory Write command on the CBE line in cycle T19. 
At the same time, the responder 32 asserts FRAME for data 
transfer. In cycle T20, the responder 32 places buffer_id1 on 
the CBE and asserts IRDY, indicating that the responder 32 
is ready to send data of the ?rst request back. In cycle T21, 
the initiator 30a asserts TRDY to begin a data acquisition 
cycle according to the buffer identi?er buffer_id1. The 
initiator 30a can correctly transfer data to the function unit 
36a With the help of buffer_id1. 

[0060] When data transfer to the function unit 36a is 
completed, the initiator 30a asserts STOP in cycle T25, 
indicating that the data transaction corresponding to the 
function unit 36a is completed. In cycle T26, the buffer 
identi?er buffer_id1 corresponding to the function unit 36a 
on the CBE line is changed to the buffer identi?er buffer_id2 
corresponding to the function unit 36b. Data on the AD bus 
is changed accordingly. Note that FRAME, IRDY signal, 
and TRDY signal remain unchanged When the STOP is 
asserted in cycle T25. This indicates that both the initiator 
30a and the responder 32 are readily available to execute a 
transaction. 

[0061] In cycle T19, the responder 32 asserts FRAME, 
indicating that it is ready for data transfer With the initiator 
30a. In the same time, the defer address DfrA is placed on 
the AD bus and a memory Write command is placed on the 
CBE lines. In cycle T20, the responder 32 asserts IRDY, 
indicating that the responder 32 is ready. Data corresponding 
to the ?rst request signal REQ11st is placed on the AD bus, 
and the ?rst buffer identi?er buffer_id1 is placed on the CBE 
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lines. On the rising edge of cycle T21, the initiator 30a is 
ready and TRDY is asserted to begin a data acquisition cycle 
based on the ?rst buffer identi?er buffer_id1 corresponding 
to the ?rst request signal REQllst. 

[0062] When data transfer betWeen the responder 32 and 
the initiator 30a is completed in cycle T25 corresponding to 
the ?rst request signal REQllst, the initiator 30a asserts the 
STOP signal. The responder 32 immediately places the 
second buffer identi?er buffer_id2 on the CBE lines and 
place data on the AD bus corresponding to the second 
request signal REQlznd. A data acquisition cycle betWeen 
the initiator 30a and the responder 32 based on the second 
buffer identi?er buffer_id2 begins corresponding to the 
second request signal REQlznd. 

[0063] When the initiator 30a completes the last transfer 
of data corresponding to the second request signal REQlznd, 
the initiator 30a asserts a STOP to complete the transaction 
in cycle T34. The initiator 30a deasserts TRDY in cycle 34, 
and the responder 32 deasserts FRAME. In cycle T35, the 
responder deasserts IRDY and the initiator deasserts STOP 
to ?nish the transaction. 

[0064] In comparison With FIG. 4, the cycle time Wasted 
in utiliZing the PCI bus betWeen tWo consecutive data 
acquisition cycles has been avoided according to enhanced 
delayed transaction method as illustrated in FIG. 5. 

[0065] Note that FIG. 5 is for illustrating purpose only. 
There could be several variations based on this protocol. For 
eXample, data in cycle T25 could not be the last data 
requested by the initiator 30a. In this case, the initiator 30a 
Will keep the STOP deasserted, While the responder 32 still 
can sWitch to the neXt delayed transaction With its buffer 
identi?er on the CBE and data on the AD bus changed to 
those of the function unit 36b. By doing so, the responder 32 
can transfer data to the function unit 36b according to the 
buffer identi?er buffer_id2. 

[0066] Another eXample is that if data appears in cycle 
T25 on the AD bus is the last data of the function unit 36a, 
or the function unit 36a doesn’t need the data, then the 
initiator 30a asserts a STOP to terminate the ?rst transaction. 
The defer identi?er DID1 corresponding to the function unit 
36a is changed to DID2 corresponding to the function unit 
36b. Data on the AD bus is also changed to the neXt one. By 
doing so, the responder 32 can transfer data to the function 
unit 36b according to the buffer identi?er buffer_id2. 

[0067] From the above-mentioned descriptions, it is 
understood that FRAME, IRDY, and TRDY remain asserted 
When the responder is ready. By changing the buffer iden 
ti?er on the CBE, time frame required betWeen tWo con 
secutive data acquisition cycles can be reduced. 

[0068] Second Embodiment of the Present Invention 

[0069] Refer to FIG. 6, Which shoWs a schematic block 
diagram of PCI-compatible devices implementing the 
delayed transaction method according to a preferred 
embodiment of the present invention. The function unit, for 
eXample 102a in FIG. 6, in the initiator 100 requests to use 
the PCI bus 250. The address queue 104 and the initiator 
queue manager 106 in the initiator 100 then issue a request 
signal REQ according to the function unit 102a to an arbiter 
located in the responder 200 controlling a central resource 
manager 300. When a grant signal GNT is issued to the 



US 2003/0070018 A1 

initiator 100, the responder (target) 200 accepts the request 
from the initiator 100. The initiator 100 then asserts FRAME 
and issues a read command to begin a data transaction. If the 
responder 200 is not ready after receiving a valid address 
from the AD bus, the bus interface unit (BIU) 208 asserts a 
stop signal STOP to defer the data transaction cycle. 

[0070] In the same time, a defer identi?er (DID) compris 
ing a defer address (DfrA) and a buffer identi?er buffer_id 
along With other control signals shoWn in FIG. 5 are 
generated by a defer identi?er generator 210 of the 
responder 200. When the data queue 212 is full, the defer 
identi?er generator 210 Will inverse the defer address DfrA 
to generate an invalid identi?er corresponding to the initiator 
100. The mentioned BIU 208 operated under the conven 
tional PCI bus protocol (ver. 2.1) is generally a PCI 
compatible master/target. 

[0071] Also, the target queue manager 206 Within the 
responder 200 Will issue a request to the central resource 
manager 300, for eXample, a system memory. When data is 
transferred from the central resource manager 300, the target 
queue manager 206 issues a memory Write cycle With a defer 
address DfrA generated by the defer identi?er generator 210. 
The initiator 100 declares itself the oWner of the target 
address by issuing a device select signal DEVSEL, Which is 
speci?ed in the PCI speci?cations (ver 2.1). Subsequently, a 
passive delayed transaction is eXecuted to complete a data 
acquisition cycle. 

[0072] At this time, the target queue manager 206 and the 
BIU 208 in the responder 200 place data stored in the data 
queue 212 on the AD bus, Which is then transferred to the 
data dispatcher 110 Within the initiator 100 via the PCI bus 
250. The data dispatcher 110 then transfers data, according 
to the buffer identi?er buffer_id on the command/byte 
enable lines CBE, to the correct function unit, for eXample 
102a, 

[0073] According to the preferred embodiment of the 
present invention, the BIU 108 Within the initiator 100 and 
the BIU 208 Within the responder 200 should operate 
according to the conventional PCI speci?cations. HoWever, 
the BIU 108, 208 also need to Work With the queue managers 
106 and 206. There, BIU 108 and 208 also need to use the 
delayed transaction method according to the present inven 
tion to transfer data. 

[0074] The capacity of the address queue 204 in the 
responder 200 does not have to be the same as that of the 
address queue 104 in the initiator 100. HoWever, the capac 
ity of the address queue 204 in the responder 200 is 
generally designed to be larger than that of the address queue 
104 in the initiator 100. The reason for this arrangement is 
that the responder 200 is, for eXample, a north bridge control 
unit in a computer chipset, to control the system memory, 
While there may be a plurality of initiators connected to the 
PCI bus. To ensure a fair access for every initiator (master), 
the address queue 204 in the responder 200 needs to have a 
larger capacity than that of the address queue 104 of the 
initiators. 

[0075] The above-mentioned embodiment is used to illus 
trate an eXemplary hardWare architecture of PCI-compatible 
devices using the delayed transaction method. Implementa 
tion of practical circuits Which apply the delayed transaction 
method depends on the system under consideration. 
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[0076] Third Embodiment of the Present Invention 

[0077] Refer to FIG. 7, Which a schematic block diagram 
of PCI-compatible devices implementing the delayed trans 
action method according to another preferred embodiment 
of the present invention. The PCI bus 420 satis?es the 
speci?cations of the delayed transaction method for a PCI 
system. A plurality of initiators 410, 410‘ are connected to 
the PCI bus 420. Every initiator, for eXample, initiator 410, 
includes a concurrent access arbiter (CAA 400) according to 
the delayed transaction method for a PCI system, Which is, 
for eXample, a PCI-compatible master. Every initiator 410 
can include a plurality of function units 402 Which connect 
to CAA 400, via a conventional PCI bus 430 (for eXample, 
PCI speci?cations ver. 2.1), or other protocol interface 430‘, 
for eXample, ISA, EISA, etc. The concurrent access arbitor 
(CAA) 400 comprises an arbiter, Which handles data trans 
actions for the function units 402, 402‘ in the initiator 410. 

[0078] A responder 440 also connects to the PCI bus 420. 
The responder 440 accepts the request signal REQO from the 
initiator 410 and returns a grant signal GNTO to the initiator 
410. During a delayed transaction, the control module 442 in 
the responder 440 can control the memory controller 444 to 
access memory 450. Also, the control module 442 can 
generate a defer identi?er (DID), including a defer address 
(DfrA) corresponding to the initiator 410, and a buffer 
identi?er buffer_id corresponding to a transaction procedure 
Within the responder 440, if the responder 440 can not 
immediately respond to the request signal from the initiator 
410. 

[0079] Refer to FIG. 8, Which shoWs a block diagram 
shoWing the internal structure of a concurrent access arbiter 
(CAA) 400 in FIG. 7, Which is, for eXample, an initiator (or 
a PCI compatible master). The initiator 410 and the 
responder 440 are connected via the PCI bus 420 according 
to the delayed transaction method of the present invention. 
The responder 440 is, for eXample, a north bridge control 
unit Which controls access to the system memory in the 
computer chipset. The initiator 410 contains a plurality of 
function units 402, Which are connected to the CAA 400 via 
conventional PCI buses 430. 

[0080] As shoWn in FIG. 8, the CAA 400 comprises a 
control unit 470 to control operations of a target state 
machine 404, an address queue 406, an arbiter 408, a state 
machine 412, a defer identi?er register 414, a data dis 
patcher 416, and a data queue 418. If the function unit 402 
is not connected to the CAA 400 via a conventional PCI 
interface, the target state machine 404 is not required. The 
state machine 412 further includes a master state machine 
412a and a target state machine 412b. It is assumed that the 
function unit 402 is connected to the CAA 400 via a 
conventional PCI interface 430. 

[0081] When a request is issued from the function unit 
402, the CAA 400 acts as a target, and the function unit 402 
acts as a master. The target state machine 404 records 
address phase status, data phase status, and other related 
(PCI-speci?ed) information during the data transaction pro 
cess. The address information during the address phase is 
stored in the address queue 406. 

[0082] The initiator 410 issues a request to the responder 
440 according to the request from the function unit 402. At 
this time, the initiator 410 acts as a master in a PCI system, 
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While the responder 440 acts as a target. The master state 
machine 412a of the state machine 412 records address 
phase status, data phase status, and other related (PCI 
speci?ed) information during the data transaction process. 

[0083] An arbiter 408 in the CAA 400 is used to arbitrate 
the access from the function units 402, so that every function 
units 402 or different requests from the same function unit 
can have a fair execution in the initiator 400. The arbitration 
in the arbiter 408 satis?es the conventional PCI speci?ca 
tions, for example, PCI protocol version 2.1. 

[0084] When the arbiter (not shoWn) in the responder 440 
receives the request signal from the initiator 410, the 
responder 440 issues a grant signal to the initiator 410 if the 
PCI bus 420 is not occupied, indicating that the initiator 410 
can utiliZe the PCI bus 420. When the responder 440 can not 
immediately get data ready to respond to the request from 
the initiator 410, the responder 440 generates a defer iden 
ti?er (DID), including a defer address (DfrA) corresponding 
to the initiator 410, and a buffer identi?er buffer_id corre 
sponding to a transaction procedure Within the responder 
440. 

[0085] Once the responder 440 acquires the data needed 
by the initiator 410, it initiates a transaction With the defer 
address as the address. At this moment, the responder 440 
acts as a master in a PCI system, and the initiator 410 acts 
as a target. The target state machine 412b of the state 
machine 412 records address phase status, data phase status, 
and other related (PCI-speci?ed) information during the data 
transaction process. 

[0086] The control unit 470 of the initiator 410 transfers 
data from the responder 440 to the data queue 418 having a 
?rst in ?rst out (FIFO) structure via the data dispatcher 416. 
The data is then transferred to the function unit 402. 

[0087] Refer to FIG. 9, Which shoWs the use of a status 
buffer 460 in the responder 440 When data requests are 
issued by multiple function units. When multiple function 
units request for data transfer, the responder 440 generates 
buffer identi?ers, for eXample, id0, id1, id2, and id3, for each 
function unit issuing the request. The buffer identi?ers 
id0-id3 correspond to different function units connected to 
the same or different initiator, or different requests from the 
same function unit. The data buffer 460 includes a start 
pointer, adsptr, and a ready pointer, rdyptr. The start pointer 
adsptr indicates the location Where the status of the neXt 
identi?er is to be saved into the status buffer 460. The start 
pointer is increased Wherever a neW buffer identi?er status 
is stored in the status buffer 460. When data from the system 
memory 450 in FIG. 7 is ready, the ready pointer rdyptr 
indicates the location having the status of the ready data. The 
ready pointer rdyptr is increased Wherever the data corre 
sponding to the pointed buffer identi?er have been trans 
ferred. By using the start pointer adsptr and the ready pointer 
rdyptr, data can be transferred to the correct function unit. 
Therefore, the PCI system according to the present invention 
can handle multiple delayed transactions even though the 
system memory can only process a single request at one 
time. 

[0088] As a summary, the initiator 410 issues only a single 
request, and the responder 440 can transfer data to the 
function unit 402 Which made the request When data is ready 
according to the defer address DfrA and the buffer identi?er 
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buffer_id. Therefore, the initiator 410 Will not occupy the 
PCI bus 420 all the time, so that system performance can be 
signi?cantly increased. Also, multiple function units can 
request for permission to use the PCI bus at the same time. 
The responder can assign a particular buffer identi?er to 
each function unit so that data can be transferred to the 
function unit if they are readily available. 

[0089] For a conventional delayed transaction used in a 
PCI system, the initiator (master) Will repeatedly issue 
request signals REQ to use the PCI bus if the target 
(responder) is not ready. Thus, the PCI bus is continuously 
occupied Without substantial data transfer, resulting in loW 
utiliZation of the PCI bus. The initiator in the provided 
delayed transaction method, on the other hand, issues a 
single request only. The target acts as a master, Which 
transfers data to the initiator automatically according to the 
defer address and the buffer identi?er When data is ready. 
Therefore, the arbitration time required is reduced and the 
utiliZation of the PCI bus is signi?cantly increased. 

[0090] Therefore, the characteristic of the present inven 
tion is that a single request is issued by the PCI compatible 
master during the delayed transaction process, Without the 
need to repeatedly issuing polling signals to inquire the 
target if data is ready. Thus, the PCI bus is not continuously 
occupied and the ef?ciency to use the PCI bus is increased. 

[0091] Another characteristics of the present invention is 
that the responder immediately changes the buffer identi?er 
and data corresponding to the neXt request after the previous 
data transfer betWeen the responder and the initiator is 
completed in a delayed transaction. When the initiator and 
the responder are both readily available, data transfer cor 
responding to the neXt request can be proceeded, so that time 
frame required betWeen tWo consecutive data acquisition 
cycles can be reduced. 

[0092] Another characteristics of the present invention is 
that a defer identi?er can be generated When the responder 
can not get data ready immediately. When the responder is 
ready, data can be transferred to the correct initiator issuing 
the request. 

[0093] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A delayed transaction method used in a bus system to 

transfer data betWeen an initiator and a responder, Wherein 
the initiator and the responder are connected to a system bus, 
the delayed transaction method comprising the steps of: 

issuing a ?rst request signal from the initiator to use the 
bus to access data from the responder; 

generating a ?rst defer identi?er from the responder 
corresponding to the ?rst request signal When the 
responder accepts the ?rst request signal but can not 
immediately respond to the ?rst request signal; 

issuing a stop signal and the ?rst defer identi?er from the 
responder; 
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issuing a second request signal from the initiator to use the 
bus to access data from the responder; 

generating a second defer identi?er again from the 
responder corresponding to the second request signal 
When the responder accepts the second request signal 
but can not immediately respond to the second request 
signal; 

issuing a stop signal and the second defer identi?er from 
the responder; 

issuing the ?rst defer identi?er from the responder When 
the data in the responder is readily available to respond 
to the ?rst request signal; 

preparing to transfer the data betWeen the initiator and the 
responder based on the ?rst defer identi?er correspond 
ing to the ?rst request signal; 

transferring data betWeen the initiator and the responder 
corresponding to the ?rst request signal When the 
initiator is ready; 

immediately issuing only a second buffer identi?er in the 
second defer identi?er from the responder after the data 
transfer betWeen the responder and the initiator is 
completed corresponding to the ?rst request signal and 
data is readily available corresponding to the second 
request signal; and 

transferring data betWeen the responder and the initiator 
based on the second buffer identi?er corresponding to 
the second request signal issued by the initiator. 

2. The delayed transaction method of claim 1, Wherein the 
bus comprises a peripheral component interconnect (PCI) 
bus. 

3. The delayed transaction method of claim 1, Wherein the 
?rst defer identi?er comprises a defer address and a ?rst 
buffer identi?er, the second defer identi?er comprises the 
defer address and the second buffer identi?er, Wherein the 
defer address corresponds to the initiator, the ?rst buffer 
identi?er corresponds to a ?rst transaction procedure Within 
the responder and the second buffer identi?er corresponds to 
a second transaction procedure Within the responder. 

4. The delayed transaction method of claim 3, Wherein the 
initiator stores the buffer identi?ers When the stop signal and 
the defer identi?ers are issued. 

5. The delayed transaction method of claim 3, Wherein the 
buffer identi?ers respectively correspond to function units of 
the initiator. 

6. The delayed transaction method of claim 1 further 
comprises issuing a stop signal to terminate the data transfer 
betWeen the responder and the initiator corresponding to the 
?rst request signal When the initiator has received the data 
from the responder according to the ?rst request signal. 
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7. The delayed transaction method of claim 1 further 
comprises generating an invalid defer identi?er correspond 
ing to the second request signal When the responder can not 
accept the second request signal, indicating to the initiator 
that the second request signal needs to be issued again. 

8. The delayed transaction method of claim 1, Wherein the 
responder accesses data from a central resource manager 
after the stop signal and the ?rst defer identi?er are issued 
from the responder. 

9. A bus system, comprising. 

a bus; 

a responder connected to the bus; and 

an initiator connected to the bus, Wherein the initiator 
access data of the responder through the bus, Wherein 

When the responder is ready for accepting a ?rst request 
signal and a second request signal both issued by the 
initiator but the responder cannot respond to the 
request signals issued by the initiator immediately, 
the responder correspondingly generates a ?rst defer 
identi?er including a ?rst buffer identi?er and a 
second defer identi?er including a second buffer 
identi?er, Which are saved in the initiator, When the 
responder is ready to respond to the ?rst request 
signal issued by the initiator, the responder issues the 
?rst defer identi?er, based on Which the initiator 
recogniZes the ?rst defer identi?er and accordingly 
access the data of the responder corresponding to the 
?rst request signal, When the responder and the 
initiator have completed accessing data correspond 
ing to the ?rst request signal and the responder is 
ready to have the data corresponding to the second 
buffer identi?er of the second defer identi?er, then 
the responder and the initiator simultaneously start to 
access data corresponding to the second request 
signal, Where the initiator responds actions according 
to the second buffer identi?er. 

10. The bus system of claim 9, Wherein the bus comprises 
a peripheral component interconnect (PCI) bus. 

11. The bus system of claim 9, Wherein the responder 
further comprises a defer identi?er generator to generate the 
defer identi?er. 

12. The bus system of claim 9, Wherein the responder 
further comprises a data queue to store data to be transferred 
to the initiator. 

13. The bus system of claim 12, Wherein the data queue 
is connected to a central resource manager. 

14. The bus system of claim 9, Wherein the initiator 
further comprises a defer address register to compare With 
the defer identi?er generated by the responder. 

* * * * * 


