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(57) ABSTRACT 

In a data processing system, a plurality of modules con 
nected to a system bus thereof are assigned With identi?ers. 
When a source rnodule initiates a split read access to another 
module, the source rnodule sends an address of the access 
destination module and an identi?er of the source rnodule. 
When sending a response to the source module, the desti 
nation rnodule returns response data and the identi?er of the 
source rnodule thereto. Checking the identi?er from the 
destination module, the source rnodule determines the 
response data returned as a response to the initiated access. 
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INFORMATION PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a bus control 
system for use in a data processing apparatuses such as a 
personal computer and a Work station, and in particular, to 
improvement of a bus control system supporting a so-called 
split transfer protocol in Which betWeen a start cycle of an 
access operation of a processor and a response cycle for the 
access operation from an input/output (I/O) device related 
thereto, it is possible to insert on an identical bus a start cycle 
of an access operation of another processor. 

[0002] As a bus like a conventional system bus, there has 
been used in many cases a bus supporting the split transfer 
protocol, for example, as described in “Futurebus+, P8961, 
Logical Layer Speci?cations” (1990, IEEE). This is because 
that the utiliZation ef?ciency and the response time of the 
bus are improved. 

[0003] FIG. 15 shoWs an example of a typical timing of 
the split transfer protocol. In this chart, ADDT[0-63] stands 
for an address/data bus on Which 8-byte (64-bit) addresses 
and data are multiplexed, ADRV denotes an address valid 
signal indicating that an effective address is being outputted 
onto the bus ADDT, and DATAV designates a data valid 
signal indicating that an effective data item is being output 
ted onto the bus ADDT. 

[0004] Referring to FIG. 15, description Will be given of 
a conventional read and access operation to obtain data. 
First, a module (for example, a processor) initiating a read 
access operation acquires a bus mastership of the bus ADDT. 
The module then enables the signal ADRV and outputs an 
address specifying a module to be accessed onto the bus 
ADDT. At the same time, the initiating module noti?es that 
the access being initiated is a split read access to the 
destination module (for example, a bus adapter connected to 
a plurality of I/O devices) via a mode speci?cation control 
signal line CONT (at a timing 1301 of FIG. 15). Thereafter, 
the source module renounces or releases the bus mastership 
to terminate the start cycle. 

[0005] On the other hand, the destination module desig 
nated by the address obtains the mastership of the bus ADDT 
When read data becomes to be ready for the access. The 
destination module then enables the signal ADRV and sends 
an address specifying a module to be accessed onto the bus 
ADDT. That is, it is to be noted that the same address is 
outputted onto the bus ADDT from the source and destina 
tion modules. Simultaneously, the initiating module reports 
the terminating module via the line CONT that the access 
being initiated is a response to the split read access (at a 
timing 1302 of FIG. 15). Subsequently, the data valid signal 
DATAV is enabled and an effective data item is outputted 
onto the bus ADDT[0-63]. The destination module then 
releases the bus mastership and terminates the response 
cycle. 
[0006] The source module checks the contents on the line 
CONT and the access destination address on the bus ADDT 
to determine that the data is sent in response to the initiated 
access operation so as to get the response data. 

[0007] HoWever, as above, in a case Where there is dis 
posed a cycle in Which the access destination address is 
outputted onto the bus ADDT When the response data is 
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transferred in response to a split read access, the ratio of 
busy time of the bus in Which the bus is being occupied for 
operation is increased. Recently, there has been an increase 
in the number of systems in Which, also for minimiZation of 
the siZe and price, the number of signal lines of the bus is 
decreased, particularly, address and data lines are multi 
plexed in the bus. In such a multiplex bus, the increase in the 
busy ratio of bus is an essential problem because of dete 
rioration in the bus utiliZation efficiency and increase in the 
response time. 

[0008] Moreover, due to the recent groWing volume of 
data to be processed, the number of address lines is also 
increased. In consequence, according to the method above, 
there exists a problem that the number of ?ip-?op circuits to 
keep therein addresses specifying access destination items is 
increased and hence the hardWare system of each module 
becomes to be more complex. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a bus control system capable of improving the 
utiliZation ef?ciency of the system bus and decreasing the 
response time to an access. 

[0010] In order to achieve the object above, according to 
the present invention, each module connected to a bus is 
assigned With an identi?er (ID) as identi?cation thereof such 
that a module initiating an access operation outputs in a start 
or initiation cycle an address of the access destination onto 
the bus and an identi?er of the initiating module onto a 
module identi?er transfer line disposed as a separate line 
With respect to the bus, thereby notifying the address and the 
identi?er to the module of the access destination. In response 
thereto, the destination module sends data onto the bus and 
an identi?er of the initiating module onto the module 
identi?er transfer line, thereby transmitting the data and the 
identi?er to the initiating module. 

[0011] Furthermore, even When the system includes a 
plurality of buses con?gured in a hierarchic structure, there 
need only assign an identi?er to each bus adapter (B/A) 
disposed betWeen the buses to establish interface therebe 
tWeen. 

[0012] In addition, if necessary, an identi?er may be 
similarly assigned to each module connected to the bus in 
each hierarchic layer. In this case, even When a plurality of 
modules connected to a hierarchic layer initiate access 
operations to modules connected to buses in other layers in 
a sequential manner With respect to time, the bus adapter 
related to the initiating modules can appropriately distribute 
response data items to the respective modules based on the 
identi?ers thereof. Namely, in a multimedia system, each 
processor can output an I/O access onto an identical system 
bus in a concurrent fashion; consequently, the response time 
is minimiZed for an access request on the system bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other objects and advantages of the 
present invention Will become apparent by reference to the 
folloWing description and accompanying draWings Wherein: 

[0014] FIG. 1 is a signal timing chart for explaining the 
operation of a bus control system according to the present 
invention; 
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[0015] FIG. 2 is a schematic diagram showing the con 
?guration of a data processing system in a ?rst embodiment 
to Which the bus control system is applied according to the 
present invention; 

[0016] FIG. 3 is a diagram useful to eXplain ?oWs of data 
in the data processing system of FIG. 2; 

[0017] FIG. 4 is a diagram schematically shoWing a bus 
adapter in the data processing system of FIG. 3; 

[0018] FIG. 5 is a schematic diagram shoWing the con 
stitution of a data processing system in a second embodi 
ment to Which the bus control system is applied according to 
the present invention; 

[0019] FIGS. 6 to 9 are diagrams for eXplaining ?oWs of 
data in the data processing system of FIG. 5; 

[0020] FIG. 10 is a schematic diagram shoWing an 
eXample of the con?guration of the bus adapter in the data 
processing system of FIG. 5; 

[0021] FIG. 11 is a signal timing chart for explaining the 
bus control operation in the data processing system of FIG. 
5; 
[0022] FIGS. 12A and 12B are timing charts useful to 
eXplain the difference betWeen the periods of response time 
for access requests in the data processing system of FIG. 5; 

[0023] FIGS. 13 and 14 are diagrams respectively shoW 
ing the con?guration and data ?oWs of a data processing 
system in a third embodiment to Which the bus control 
system is applied according to the present invention; and 

[0024] FIG. 15 is a signal timing chart shoWing the 
operation of a conventional bus control system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] FIG. 1 shoWs timings of signals in a split read 
access in the bus control system according to the present 
invention. As can be seen from FIG. 1, according to the 
present invention, there is unnecessitated a cycle in Which an 
address of an access destination outputted from an initiation 
module at an issuance of an access request is returned in 
response to the access initiation from a module of the access 
destination onto the bus ADDT. In place of this operation, 
the destination module outputs an identi?er of the initiating 
module onto a module identi?er transfer line in the response 
operation. 
[0026] Referring noW to FIG. 1, description Will be ?rst 
given of the start or initiation cycle of the source module. 
Like in the case of FIG. 15 shoWing the conventional 
operation, after obtaining the mastership of the bus ADDT, 
the source module enables the address valid signal ADRV 
and outputs the address of the access destination module 
onto the bus ADDT, thereby specifying the destination 
module. At the same time, the initiating module noti?es that 
the access being initiated is a split read access via a mode 
speci?cation control signal line CONT to the destination 
module (at a timing 105 of FIG. 1). Moreover, simulta 
neously, the source module transmits an identi?er thereof via 
a module identi?er transfer line SINKMOD[0-3] to the 
source module (at a timing 103 of FIG. 1). Thereafter, the 
source module releases the mastership of the bus ADDT to 
terminate the start cycle. 
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[0027] On the other hand, the destination module having 
received the split read access issues a request for the bus 
mastership When a read data item to be sent to the source 
module is ready for transmission. On acquiring the master 
ship, the destination module enables the data valid signal 
DATAV and outputs an effective read data item onto the bus 
ADDT[0-63]. Simultaneously, the destination module noti 
?es that the transfer data being returned is a reply to the split 
read access to the source module via the line CONT (at a 
timing 106 of FIG. 1). Moreover, at the same time, the 
destination module outputs the identi?er of source module 
via the line SINKMOD[0-3] to the source module (at a 
timing 104 of FIG. 19). 

[0028] Thereafter, the destination module releases the 
mastership of the bus ADD to ?nish the response cycle. 

[0029] The initiating module checks information sent 
from the destination module, namely, the mode speci?cation 
control signal and the identi?er of the source module on the 
line SINKMOD to determine an ansWer to the access issued 
therefrom. As a result, the initiating module obtains the 
response data. 

[0030] In FIG. 1, since the line SINKMOD[0-3] is con 
stituted With four bits, mutually different identi?ers can be 
assigned up to 16 modules in the data processing system (for 
eXample, an identi?er “3” is represented as “0011” in the 
binary notation). In FIG. 2, there is shoWn an eXample in 
Which the modules of the data processing system are 
assigned With identi?ers. 

[0031] FIG. 2 is a diagram shoWing the construction of a 
data processing system in a ?rst embodiment to Which the 
bus control system is applied according to the present 
invention. In this diagram, the data processing system has a 
plurality of system buses disposed in a hierarchic structure 
and a plurality of bus adapters arranged therebetWeen With 
identi?ers assigned respectively thereto. That is, the system 
includes high-speed processor buses 201 and 202, a system 
bus 205, and I/O buses 209 to 211. In this regard, these buses 
are collectively called a bus in this speci?cation. 

[0032] Reference numerals 203 and 204 respectively des 
ignate bus adapters as interface units betWeen the system bus 
205 and the high-speed processor buses 201 and 202 to 
transfer data therebetWeen. Numerals 206 to 208 respec 
tively denote bus adapters for establishing interface betWeen 
the system bus 205 and the I/O buses 209 to 211 to transfer 
data therebetWeen. In this embodiment, the bus adapters 
203, 204, 206, 207, and 208 are assigned With identi?ers 
“0”, “1”, “2”, “3”, and “4”, respectively. 

[0033] The embodiment shoWn in FIG. 2 is generally 
implemented in many cases in a system con?guration in 
Which a plurality of processors are connected to a single 
high-speed processor bus. FIG. 3 shoWs ?oWs of data in 
Which the bus control system of FIG. 1 according to the 
present invention is applied to the data processing system of 
FIG. 2. In this eXample, a bus adapter 305 is utiliZed as an 
initiating module; Whereas, a bus adapter 308 is employed as 
a destination module. The constitution of FIG. 3 includes 
processors P1301, P2302, and P3303, a processor bus 304 
associated With a multiprocessor, a system bus 307, and I/O 
buses 311 to 313. These buses Will be collectively called a 
bus. There is also included a bus adapter 305 as an interface 
unit betWeen the system bus 307 and the processor bus 304. 
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A reference numeral 308 denotes a bus adapter for conduct 
ing an interface function betWeen the system bus 307 and the 
I/O bus 311. Numeral 309 denotes a bus adapter as an 
interface unit betWeen the system bus and the I/O bus 312. 
Reference numeral 310 designates a bus adapter for estab 
lishing interface betWeen the system bus 307 and the I/O bus 
312. Numerals 314 and 315 indicate I/O buses connected to 
the I/O bus 311, numerals 316 and 167 are I/O devices linked 
With the I/O bus 312, and numerals 318 and 319 designate 
I/O devices coupled With the I/O bus 313. 

[0034] In this construction, in accordance With the idea 
related to FIG. 2, the bus adapters 305, 308, 309, and 310 
are regarded as modules to be assigned With identi?ers “0”, 
“1”, “2”, and “3”, respectively. 

[0035] In FIG. 3, assume that the processor P1 issues a 
read request to the I/O device 314. The bus adapter 305 then 
starts initiating operation of a split read access to output an 
address of the I/O device as the access destination onto the 
system bus 307 corresponding to ADDT[0-63] shoWn in 
FIG. 1. At the same time, an address valid signal ADRV, not 
shoWn in FIG. 3, is enables to output a signal notifying a 
start cycle of the split read access onto a mode speci?cation 
control line CONT, not shoWn in FIG. 3. Simultaneously, 
the bus adapter 305 outputs the identi?er “0” (“0000” in the 
binary representation) of the source module onto an identi 
?er transfer line SINKMOD[0-3], not shoWn in this dia 
gram. 

[0036] The bus adapter 308 as the access destination 
module connected to the system bus 307 transmits the split 
read request from the source module to the I/O device 314. 
On receiving a response thereto from the I/O device 314, the 
bus adapter 308 sends data associated With the split read 
access from the initiating module to the system bus 307 
corresponding to ADDT[0-63] shoWn in FIG. 1. At the same 
time, the bus adapter 308 enables the signal ADRV and 
outputs a signal indicating a response cycle of the split read 
access to the line CONT. Simultaneously, the bus adapter 
308 transmits the identi?er “0” (“0000” in the binary rep 
resentation) of the source module onto the line SINKMOD 
[0-3]. 
[0037] Checking the identi?er on the line SINKMOD[0 
3], the initiating module 305 recogniZes that data on the 
system bus 307 is response data of the split read access 
initiated by the module 305 and then causes the data to be 
sent onto the processor bus 304 so as to pass the data to the 
processor 301 having issued the read request. 

[0038] In the diagram of FIG. 3, a broken line indicates a 
How of data in the start cycle achieved by the source module 
305, Whereas a bold line designates a How of data in the 
response cycle effected by the destination module 308. 

[0039] FIG. 4 shoWs speci?c con?gurations respectively 
of the bus adapters 305 and 308. 

[0040] In FIG. 4, the construction includes a bus adapter 
305 for achieving a protocol conversion betWeen the pro 
cessor bus 304 and the system bus 307 and a bus adapter 308 
to conduct a protocol conversion betWeen the system bus 
307 and the I/O bus 311. 

[0041] The bus adapter 305 includes an oWn ID register 
5006 for keeping therein an identi?er ID (“0” in the case of 
FIG. 3) inherent to the bus adapter 305, a processor bus 
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interface unit 5007, a source ID buffer 5008 for keeping 
therein an identi?er ID of a module initiating a read request, 
an ID comparator 5009 for comparing an identi?er ?oWing 
through the system bus 307 With the oWn identi?er, a system 
bus controller 5010, a system bus interface unit 5011, a 
protocol converter 5012 betWeen the processor bus 304 and 
the system bus 307, a selector 5013, an identi?er signal 
output buffer 5014, and an identi?er signal input buffer 
5015. 

[0042] The bus adapter 308 includes an oWn ID register 
5016 for keeping therein an identi?er ID (“0” in the case of 
FIG. 3) uniquely assigned to the bus adapter 308, a proces 
sor bus interface unit 5017, a source ID buffer 5018 for 
keeping therein an identi?er ID of a module initiating a read 
request, an ID comparator 5019 for comparing an identi?er 
?oWing through the system bus 307 With the oWn identi?er, 
a system bus controller 5020, a system bus interface unit 
5021, a protocol converter 5022 betWeen the system bus 307 
and the I/O bus 311, a selector 5023, an identi?er signal 
output buffer 5024, and an identi?er signal input buffer 
5025. 

[0043] In this regard, reference numerals 5026 to 5029 
stand for control lines, numeral 5030 indicates a control 
signal line of the system bus 307, a numeral 5031 is an 
identi?er transfer line of the system bus 307, and numeral 
5032 is an address/data line of the system bus 307. 

[0044] Next, the operation of the bus adapter 305 Will be 
described. 

[0045] The bus adapter 305 simultaneously outputs an 
address for a read operation to the line 5032 and the value 
of the oWn ID register 5006 to the line 5031. 

[0046] The bus adapter 308 invoked by the bus adapter 
305 acquires the address and then initiates accessing an I/O 
device (the device 314 in the case of FIG. 3) on the side of 
the I/O bus 311 and simultaneously stores, in the buffer 
5018, the source ID on the identi?er transfer line 5031 of the 
system bus. 

[0047] Reading data from the I/O device via the I/O bus 
311, the bus adapter 308 returns the data onto the line 5032 
of the system bus 307. Simultaneously, the adapter 308 
transmits the value of the source ID buffer to the line 5031. 

[0048] After initiating the read operation, the adapter 305 
causes the comparator 5009 to continuously compare the 
identi?er on the line 5031 and the value of the oWn ID 
register 5006. Only in a data cycle When the identi?ers 
match each other, the adapter 305 acquires the response data 
from the interface unit 5011. 

[0049] As above, thanks to the construction shoWn in FIG. 
1, the bus control of FIG. 1 according to the present 
invention can be achieved in the data processing system of 
FIG. 3. 

[0050] In this regard, as can be seen from FIG. 4, each of 
the bus adapters of FIG. 3 may be con?gured in substan 
tially the same manner and hence can be manufactured in a 
large scale integration. 

[0051] In the system of FIG. 3, the processors P1 to P3 
connected to the bus 304 can issue read requests to any I/O 
devices in an independent manner. Consequently, there 
occurs a case Where a plurality of processors issue almost at 
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the same time read requests to the associated access desti 
nation modules via the bus adapter 305. In this case, since 
the access response time varies betWeen the I/O devices, the 
?rst-in-?rst-out logic does not hold, namely, data ?rst 
returned to the adapter 305 is not necessarily associated With 
the processor ?rst issued the read request. If an I/O bus (for 
example, the bus 311) as an access destination supports the 
split transfer, When a response from an I/O device having a 
shorter access response time is returned earlier than a 
response from an I/O device Which is accessed prior to the 
I/O device and Which is connected to the same I/O bus, the 
adapter cannot determine, only from the identi?ers from the 
source modules, Whether or not the response data items are 
returned in accordance With the access order for the folloW 
ing reason. Namely, all of the responses to the split read 
accesses issued from the bus adapter 305 as the source 
module have a source identi?er “0”. In other Words, When a 
bus other than the system bus supports a split transfer 
protocol similar to that of the prior art, in order to guarantee 
the appropriate sequence of response data items from the I/O 
devices, it is necessary for each bus adapter to issue only one 
read request at a time. This leads to a problem of a long 
access response time When read requests are to be issued via 
a single bus adapter to I/O devices. 

[0052] In the second embodiment shoWn in FIG. 5, the 
problem above is solved so that the I/O accesses of the 
respective processors are issued to the system bus. 

[0053] FIG. 5 shoWs a data processing system to Which 
the present invention is applied. The con?guration of FIG. 
5 includes processors P1401, P2402, and P3402, a processor 
bus 404 associated With a multiprocessor, a bus adapter 405 
for establishing interface betWeen the processor bus 404 and 
the system bus 407, a main memory 406, a bus adapter 408 
for establishing interface betWeen the system bus 407 and 
the I/O bus 411, a bus adapter 409 for achieving an interface 
function betWeen the system bus 407 and the I/O bus 412, 
a bus adapter 410 as an interface unit betWeen the system 
bus 407 and the I/O bus 413, I/O devices 414 and 415 
connected to the I/O bus 411, and I/O devices 418 and 419 
linked With the I/O bus 413. 

[0054] In FIG. 5, there are shoWn four bus adapters. In 
this embodiment, an identi?er transfer line, not shoWn, is 
constructed in four-bit structure. Namely, up to 16 modules 
can be logically identi?ed. In this constitution, the proces 
sors P1 to P3, the main memory 406, and the bus adapters 
408 to 410 are assigned With identi?ers “0”, “1”, “2”, “3”, 
“4”, “5”, and “6”, respectively. The bus adapter 405 not 
having any identi?er receives I/O access requests from the 
processors 401 to 403 to issue at most one I/O request onto 
the system bus 407 for each processor. 

[0055] Assume in FIG. 5 that the processors P1, P2, and 
P3 issue in this order via the bus adapter 405 read requests 
to mutually different I/O devices connected to the I/O bus 
411. Moreover, the I/O devices respectively accessed by the 
processors P3, P2, and P1 respectively have access response 
speeds arranged in a descending order thereof. Namely, the 
processors P3 and P1 have the highest and loWest response 
speeds, respectively. 
[0056] In this case, the bus adapter 405 initiates, for the 
bus adapter 408, the split read accesses respectively of the 
processors P1, P2, and P3 in this order and sends at the same 
time the identi?ers “0”, “1”, and “2” via the line SINKMOD 
[0-3] to the bus adapter 408. 
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[0057] The bus module 408 aWaits, after accessing three 
I/O devices related thereto, responses from these I/O 
devices. Since the I/O device associated With the read 
request from the processor P3 sends the ?rst response, the 
bus adapter 408 adds the source identi?er “2” to the response 
data from the I/O device to send the resultant data to the 
system bus 407. Checking the identi?er on the line SINK 
MOD of the system bus 407, the bus adapter 405 detects the 
source identi?er “2” and recogniZes that the identi?er is 
assigned to the processor P3 related to the adapter 405, 
thereby passing the response data to the processor P3. The 
response data is transferred as indicated by a solid arroW 
headed line in FIG. 6. 

[0058] Similarly, the neXt response data is appropriately 
sent to the processor P2 by the bus adapter 405 according to 
the value of the identi?er “1” on the line SINKMOD. The 
How of response data in this case is as denoted by a solid 
arroWheaded line in FIG. 7. 

[0059] In the similar manner, also the last response data is 
appropriately sent to the processor P1 by the bus adapter 405 
according to the value of the identi?er “0” on the line 
SINKMOD. The How of response data in this case is as 
designated by a solid arroWheaded line in FIG. 8. 

[0060] The bus adapter 405 accomplishing the operation 
above can be easily implemented by slightly modifying the 
bus adapter 305 or 308 of FIG. 4. FIG. 10 shoWs an 
eXample of the modi?ed portion of the bus adapter 405. The 
other portions thereof are substantially identical to those of 
the bus adapter 305 of FIG. 4 and hence are not shoWn. In 
FIG. 10, there are disposed a plurality of oWn ID registers 
5051 to 5053 and ID comparators 5054 to 5058 respectively 
associated thereWith. By assigning identi?ers described 
above to the respective processors connected to the proces 
sor bus 404, response data items returned from access 
destination modules to the adapter 405 can be correctly 
passed to the processors having issued read request respec 
tively associated With the response data items. 

[0061] FIG. 11 is a signal timing chart shoWing the access 
operation described by reference to FIGS. 5 to 10. 

[0062] This diagram is draWn on assumption as folloWs. A 
cycle 501 is a start cycle of a read operation, the bus adapter 
405 has the bus mastership, and the initiating module (the 
response destination of the read data) is indicated as “0” (the 
processor 401 as the source module) on the line SINKMOD. 
A cycle 502 is a start cycle of a read operation, the bus 
adapter 405 has the bus mastership, and the initiating 
module is indicated as “1” (the processor 402 as the source 
module) on the line SINKMOD. Acycle 503 is a start cycle 
of a read operation, the bus adapter 405 has the bus 
mastership, and the initiating module is indicated as “2” (the 
processor 403 as the source module) on the line SINKMOD. 

[0063] A cycle 504 is a response cycle of a read operation, 
the bus adapter 408 has the bus mastership, and the initiating 
module is indicated as “2” (the processor 403 as the source 
module) on the line SINKMOD. A cycle 505 is a response 
cycle of a read operation, the bus adapter 408 has the bus 
mastership, and the initiating module is indicated as “1” (the 
processor 402 as the source module) on the line SINKMOD. 
A cycle 506 is a response cycle of a read operation, the bus 
adapter 408 has the bus mastership, and the initiating 
module is indicated as “0” (the processor 401 as the source 
module) on the line SINKMOD. 
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[0064] FIGS. 12A and 12B show the difference between 
the numbers of cycles required at occurrences of con?icts 
betWeen split read requests in the ?rst and second embodi 
ments according to the present invention. 

[0065] There are shoWn in FIGS. 12A and 12B the cycles 
used according to the protocols of the ?rst and second 
embodiments, respectively. 
[0066] Reference numerals 1001 and 1007 denotes start 
cycles of I/O access of the processor P1, numerals 1002 and 
1008 stand for response cycles of I/ O access of the processor 
P1, numerals 1003 and 1009 designate start cycles of I/O 
access of the processor P2, numerals 1004 and 1010 stand 
for response cycles of I/O access of the processor P2, 
numerals 1005 and 1011 denote start cycles of I/O access of 
the processor P3, numerals 1006 and 1012 indicate response 
cycles of I/O access of the processor P3. 

[0067] As can be seen from FIG. 12A, When a plurality of 
read requests are not alloWed to be initiated from an identical 
bus adapter, the read access cycles of the respective requests 
are used in a sequential manner and hence the periods 
thereof are added to each other. Namely, a total of 27 cycles 
are required for the operation. On the other hand, as shoWn 
in FIG. 12B, When a plurality of read initiating operations 
can be effected from an identical bus adapter, only 12 cycles 
are necessary to achieve the operation and hence the 
response feature With respect to the read access is further 
improved. 
[0068] Incidentally, since the main memory 406 is 
assigned With the identi?er “3” as shoWn in FIG. 9, a direct 
memory access (DMA) can be easily speci?ed for the main 
memory. 

[0069] In this regard, according to the ?rst and second 
embodiments, the identi?er of the module initiating the split 
read access is transferred via the identi?er transfer line 
SINKMOD. HoWever, in the third embodiment shoWn in 
FIGS. 13 and 14, there is transferred, in addition to the 
identi?er of the source module, an identi?er of the destina 
tion module of the split read access. With this provision, 
even for an identical identi?er of the source module, the 
response data can be appropriately returned thereto accord 
ing to the difference betWeen the identi?ers of the respective 
destination modules. 

[0070] FIG. 13 is a data How in Which after the processor 
P1 as a source module initiates a split read operation to the 
I/O devices 414 and 415 as destination modules, data is 
returned from the I/O device 414. 

[0071] FIG. 14 shoWs a How of data thereafter returned 
from the I/O device 415 to the processor P1. When the 
identi?ers of the destination modules are speci?ed as above, 
even When access requests are concurrently achieved from 
an identical source module to mutually different destination 
modules, response data can be appropriately sent to the 
source module. 

[0072] While particular embodiments of the invention 
have been shoWn and described, it Will be obvious to those 
skilled in the art that various changes and modi?cations may 
be made Without departing from the present invention in its 
broader aspects. 

1. A bus control method for use in a data processing 
system having a plurality of modules connected to at least 
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one bus and adopting a split transfer protocol in Which a start 
cycle and a response cycle of a read access operation of each 
of the modules is separated from each other With respect to 
time, comprising the steps of: 

assigning identi?ers to said plurality of modules, respec 
tively; 

outputting, When a split read operation is initiated from a 
source module to an access destination module, an 

address specifying the destination module and identi 
?er information representing an identi?er of the source 
module from the source module; and 

outputting, When a response is achieved from the desti 
nation module to the source module, response data of 
the split read operation and said identi?er information 
from the destination module. 

2. A method according to claim 1, Wherein: 

the address outputted from the source module and the 
response data outputted from the destination module 
are transferred via a same address/data bus; and 

said identi?er information is transferred via an identi?er 
transfer line different from the address/data bus. 

3. A method according to claim 2, Wherein said identi?er 
information on the identi?er transfer line is represented by 
a value of a plurality of bits. 

4. A method according to claim 1, Wherein: 

the bus includes a system bus and a processor bus Which 
are arranged in a hierarchic structure; 

the plural modules includes a plurality of bus adapters 
connected to the system bus; and 

the plural processors are connected via the processor bus 
to one of the bus adapters. 

5. A method according to claim 4, Wherein: 

the plural modules include the plural processors; 

the plural processors are respectively assigned With iden 
ti?ers; and 

said identi?er information denoting an identi?er of the 
source module is transferred betWeen a processor 
Which is the source module and the destination module. 

6. A method according to claim 4, Wherein: 

the bus includes and I/O bus; and 

a plurality of I/O devices are connected via the I/O bus to 
one of the bus adapters. 

7. A method according to claim 1, Wherein: 

the plural modules include a main memory of the data 
processing system; and 

the main memory is assigned With an identi?er. 
8. A data processing system adopting a split transfer 

protocol in Which a start cycle and a response cycle of a read 
access operation is separated from each other With respect to 
time, comprising: 

a system bus; 

a plurality of bus adapters connected to the system bus, 
the adapters being assigned With identi?ers, respec 
tively; and 
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an identi?er transfer line for transferring identi?er infor 
rnation representing an identi?er, Wherein: 

When a source bus adapter initiates a split read opera 
tion to an access destination bus adapter, the source 
adapter outputs an address specifying the destination 
adapter onto the system bus and identi?er informa 
tion representing an identi?er of the source adapter 
onto the identi?er transfer line; and 

When the destination adapter achieves a response to the 
source adapter, the destination adapter outputs 
response data of the split read operation onto the 
system bus and said identi?er inforrnation represent 
ing the identi?er of the source adapter onto the 
identi?er transfer line. 

9. A system according to claim 8, Wherein the system bus 
transfers the address and the response data in a rnultipleXed 
form. 

10. A data processing systern-adopting a split transfer 
protocol in Which a start cycle and a response cycle of a read 
access operation is separated from each other With respect to 
time, comprising: 

a system bus and a processor bus Which are arranged in a 
hierarchic structure; 

a plurality of processors connected to the processor bus, 
the processors being assigned With identi?ers, respec 
tively; 

a plurality of bus adapters connected to the system bus, 
the adapters being assigned With identi?ers, respec 
tively; and 

an identi?er transfer line for transferring identi?er infor 
rnation representing an identi?er, Wherein: 

When a processor as a source unit initiates a split read 
operation to an access destination bus adapter, the 
source processor outputs an address specifying the 
destination adapter onto the system bus via at least 
one bus adapter and identi?er inforrnation represent 
ing an identi?er of the source processor onto the 
identi?er transfer line; and 
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When the destination adapter achieves a response to the 
source processor, the destination adapter outputs 
response data of the split read operation onto the 
system bus via at least one bus adapter and said 
identi?er inforrnation representing the identi?er of 
the source processor onto the identi?er transfer line. 

11. A data processing system adopting a split transfer 
protocol in Which a start cycle and a response cycle of a read 
access operation is separated from each other With respect to 
time, comprising: 

a system bus and a processor bus Which are arranged in a 
hierarchic structure; 

a plurality of processors connected to the processor bus, 
the processors being assigned With identi?ers, respec 
tively; 

a plurality of bus adapters connected to the system bus, 
the adapters being assigned With identi?ers, respec 
tively; 

a plurality of I/ O devices connected to the I/O bus, the I/O 
devices being assigned With identi?ers, respectively; 
and 

an identi?er transfer line for transferring identi?er infor 
rnation representing an identi?er, Wherein: 

When a processor as a source unit initiates a split read 
operation to an access destination I/O device, the 
source processor outputs an address specifying the 
destination I/O bus onto the system bus via at least 
one bus adapter and identi?er inforrnation represent 
ing an identi?er of the source processor onto the 
identi?er transfer line; and 

When the destination I/O device achieves a response to 
the source processor, the destination I/O device 
outputs response data of the split read operation onto 
the system bus via at least one bus adapter and and 
said identi?er inforrnation representing the identi?er 
of the source processor onto the identi?er transfer 
line. 


