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(57) ABSTRACT 
Apparatus for use in a computer system comprises a bus 
architecture, a plurality of modules connected to the bus 
architecture, at least one module being latency tolerant and 
at least one module being latency intolerant. The bus archi 
tecture comprises a primary bus (3) having latency intolerant 
modules connected thereto, a secondary bus (4) having 
latency tolerant modules connected thereto, and a primary to 
secondary bus interface module (5) interconnecting the 
primary and secondary buses. 
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APPARATUS FOR USE IN A COMPUTER 
SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/787,353, ?led Jun. 12, 2001, Which Was the 
National Stage of International Application No.PCT/GB99/ 
03089, ?led Sep. 16, 1999. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention relates to apparatus for use in a 
computer system, and in particular, to apparatus utilising a 
bus architecture. 

BACKGROUND TO THE INVENTION 

[0003] FIG. 1 of the accompanying draWings shoWs a 
computer system including a typical communications bus 
architecture. A plurality of modules are connected to a 
combined read and Write bus and to a separate control bus, 
both of Which are Well knoWn tri-state buses. The modules 
may be, for eXample, memory devices, graphics controllers, 
CPU’s, and so on. The control bus and the read/Write bus 
service all the requirements of the system, enabling the 
modules to transfer data betWeen one another or eXternally, 
for eXample to external memory or control devices. 

[0004] With the ever increasing need to integrate more 
compleXity and functionality into computer systems, and in 
particular into systems provided on a single integrated 
circuit, i.e. system-on-chip solutions, bus architectures need 
to be ?exible enough to cope With the differing needs that 
individual modules Will place on the system. 

[0005] One aspect that a system has to take into consid 
eration is “latency”. Latency is the amount of time that a 
module has to Wait in order to transmit or retrieve data. 
Some modules are more sensitive, or intolerant, to this 
Waiting period than others. Therefore, if latency sensitive, or 
latency intolerant, modules are forced to Wait beyond a 
certain time limit, they Will behave in a manner that Will 
adversely affect the system performance and functionality. 

[0006] As more modules are connected to a bus, the siZe 
of the bus inevitably needs to be increased. This in turn can 
lead to an increased module-to-module distance, Which 
increases the time taken to transfer data betWeen modules. 
This can have an adverse effect on latency sensitive, or 
intolerant, modules. 

[0007] In systems Which use a large amount of data that 
must be processed at high speed, for eXample graphics 
systems, it is important to be able to have efficient, high 
speed data transfer betWeen modules of the system. A 
communications bus is therefore desirable Which can enable 
different usage of the bus and is able to support high speed 
and high volume of traffic data transfer. 

SUMMARY OF THE INVENTION 

[0008] The aim of the present invention is to provide an 
improved computer system. 

[0009] According to the present invention, there is pro 
vided apparatus for use in a computer system comprising: 

[0010] 
[0011] a plurality of modules connected to the bus 

architecture, at least one module being latency tol 

a bus architecture; 
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erant and at least one module being latency intoler 
ant, Wherein the bus architecture comprises: 

[0012] a primary bus having latency intolerant mod 
ules connected thereto; 

[0013] a secondary bus having latency tolerant mod 
ules connected thereto; and 

[0014] a primary to secondary bus interface module 
interconnecting the primary and secondary buses. 

[0015] The length of the secondary bus Will usually be 
greater than that of the primary bus. The primary bus is 
preferably less than, or equal to, three pipeline stages in 
length. 

[0016] Latency tolerant modules connected to the second 
ary bus can be arranged such that the least tolerant modules 
are located closer to the primary bus than the more tolerant 
modules. 

[0017] The bus architecture can have tWo or more sec 
ondary buses, each one connected to the primary bus via a 
separate primary to secondary interface module. 

[0018] The primary and/or secondary bus may comprise: 

[0019] a Write data bus for transferring Write data 
betWeen modules; 

[0020] a read data bus for transferring read data 
betWeen modules; 

[0021] a transaction bus for transferring control data 
betWeen modules, 

[0022] the read data bus and the Write data bus being 
physically separate from one another. 

[0023] With such an architecture, a read transaction by a 
master module can typically involve placing read address 
data indicating the location of the required data on the 
transaction bus to Which the master module is connected, 
and the master module receiving the required read data from 
a target module on the read data bus to Which the master 
module is connected at an arbitrary time after the read 
address has been placed on the transaction bus, Wherein the 
Write and transaction buses are available for use during 
reception by the master module of the return read data. 

[0024] The apparatus may further comprise: 

[0025] means for assigning each module in the sys 
tem one of a predetermined number of priority 
levels; 

[0026] means for assigning each module an initial 
position Within a queue; 

[0027] means for receiving respective transaction 
requests from modules; 

[0028] means for ?ltering the transaction requests 
from the modules so as to retain the requests from 
those modules having the highest priority level of the 
modules making such requests, thereby producing a 
set of ?ltered requests; 
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[0029] means for selecting from the set of ?ltered 
requests, the transaction request from the module 
having the highest position Within the queue, and 

[0030] means for sending a request grant message to 
the module from Which the selected transaction 
request Was received. 

[0031] The number of modules Will typically exceed the 
predetermined number of priority levels. 

[0032] The apparatus preferably also includes means to 
place a module receiving a transaction grant message at the 
bottom of the queue. 

[0033] The apparatus can also include a ?rst arbiter means 
for controlling initiating transactions on the bus architecture; 
and a second arbiter means for controlling return transac 
tions on the bus architecture. 

[0034] When the primary and/or secondary bus includes 
separate read, Write and transaction control buses, the ?rst 
arbiter means preferably controls use of the Write and 
transaction buses and the second arbiter means preferably 
controls use of the read bus. 

[0035] In apparatus embodying the invention, each mod 
ule can be assigned an address range in a memory map of the 
apparatus, and the apparatus can then further comprise: 

[0036] reception means for receiving and storing 
availability data indicative of the availability of 
modules; 

[0037] transaction request means for producing a 
transaction request including target address data 
indicating a target location in the memory map for 
the transaction; 

[0038] decoding means for decoding the target 
address 

[0039] data to produce identity data relating to a 
target module, the target module being assigned an 
address range in the memory map Which includes the 
target address data; 

[0040] comparison means for analysing the stored 
availability data corresponding to the target module 
identi?ed by the identity data; and 

[0041] transaction means, responsive to the compari 
son means, for terminating the transaction request if 
the analyZed availability data indicates that the target 
module is unavailable. 

[0042] Such apparatus can further comprise a control 
means for controlling access to the bus architecture by the 
modules and Wherein the transaction means is operable to 
forWard the transaction request to the control means, if the 
analyZed availability data indicates that the target module is 
available. 

[0043] Apparatus embodying the invention can also com 
prise: 

[0044] means for receiving data requests from mod 
ules for respective required data packets, each 
request including address data indicating the location 
of the data packet concerned, and sequence data 
indicating the timing of the request relative to other 
data requests; 
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[0045] means for receiving returned data packets and 
associated sequence data; 

[0046] a storage device for storing the returned data 
packets in respective storage locations therein, in the 
order indicated by the associated sequence data; and 

[0047] retrieval means for retrieving data packets 
from the storage device in the order of the storage 
locations of the storage device. 

[0048] The retrieval means can be operable to cycle 
through the storage locations of the storage device. 

[0049] The storage device can be provided by a dual port 
RAM device. 

[0050] Apparatus embodying the invention can also fur 
ther comprise: 

[0051] 
[0052] means for receiving read transaction requests 

from modules, each request including address data 
indicating the location of the data to be retrieved, and 
identity data indicating the source of the transaction 
message; 

[0053] means for sending the address data to the 
storage device; 

[0054] 
[0055] means for receiving a retrieved data item from 

the storage device; 

[0056] means for matching the retrieved data item 
With the identity data at the front of the queue; and 

[0057] means for returning the retrieved data to the 
module identi?ed by the matched identity data. 

a storage device; 

means for storing the identity data in a queue; 

[0058] Apparatus embodying the invention can also com 
prise: 

[0059] an arbitration unit for granting access to the 
bus in response to requests received from the mod 
ules, the granting of access being in the form of a 
dedicated data packet issued from the arbitration 
unit, Whereby only the module Which has been 
granted access can use that particular dedicated 
packet to gain access to the bus, the arbitration unit 
being operable to issue empty data packets during 
periods When the bus is idle, the empty data packets 
being usable by a module to gain access to the bus 
Without making a speci?c request to the arbitration 
unit for a dedicated packet. 

[0060] In such apparatus the ?rst module to use the empty 
packet gains access to the bus. Each module may have 
means for converting a dedicated packet intended for itself 
into an empty packet. The arbitration unit may be located at 
one end of the bus. 

[0061] In apparatus embodying the invention the or each 
bus may also comprises: 

[0062] a plurality of bus connection units for con 
necting modules to the bus concerned; and 

[0063] a plurality of bus portions arranged in series, 
each bus portion, eXcept the last in the series, being 
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connected to the next portion in the series by Way of 
a bus portion connection unit. 

[0064] Each bus connection unit may include multiplexer 
circuitry for selectively connecting a module to the bus 
concerned. Each bus connection unit may include output 
circuitry connected to the bus portions to Which the unit is 
connected, the output circuitry being optimised for the 
length of the bus portions concerned. Preferably, the bus 
portions are all substantially equal in length. 

[0065] Embodiments of the invention are usefully imple 
mented in a computer system, an integrated circuit, a graph 
ics processing system, or a games console including appa 
ratus as set out above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] For a better understanding of the present invention, 
and to shoW more clearly hoW it may be carried into effect, 
reference Will noW be made, by Way of example, to the 
accompanying draWings, in Which:— 

[0067] FIG. 1 shoWs an apparatus having a knoWn bus 
architecture for use in a computer system; 

[0068] FIG. 2 shoWs an apparatus having a different bus 
architecture for use in a computer system; 

[0069] FIG. 3 illustrates in more detail the apparatus of 
FIG. 2; 

[0070] FIG. 4 shows an apparatus having a further dif 
ferent bus architecture for use in a computer system; 

[0071] FIG. 5 illustrates an apparatus having a further 
different bus architecture for use in a computer system; 

[0072] FIGS. 6 and 7 illustrate data transfer during Write 
transactions in the apparatus of FIG. 5; 

[0073] FIGS. 8, 9 and 10 illustrate data transfers in read 
transactions in the apparatus of FIG. 5; 

[0074] FIG. 11 illustrates an apparatus incorporating an 
arbitration unit for use in a computer system; 

[0075] FIG. 12 is a block diagram illustrating the arbitra 
tion unit of FIG. 11; 

[0076] FIG. 13 is a How chart illustrating a method of bus 
arbitration for the apparatus of FIG. 11; 

[0077] FIG. 14 illustrates priority level assignments used 
in the scheme of FIG. 13; 

[0078] FIGS. 15 to 19 illustrate register entries for the 
method of FIG. 13; 

[0079] FIG. 20 illustrates an arbitration unit for an appa 
ratus for use in a computer system; 

[0080] FIG. 21 illustrates transaction implementation 
using the arbitration unit of FIG. 20; 

[0081] FIG. 22 shoWs an arbitration unit for an apparatus 
for use in a computer system; 

[0082] FIG. 23 illustrates a bus structure for use With the 
arbitration unit of FIG. 22; 

[0083] FIG. 24 illustrates transaction implementation 
using in the arbitration unit of FIG. 22; 

[0084] FIG. 25 illustrates an address decoding apparatus; 
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[0085] 
system; 

[0086] 
[0087] 
[0088] 
[0089] 
[0090] FIG. 31 illustrates an apparatus for use in a com 
puter system, Whereby the apparatus uses idle time slots to 
reduce latency. 

FIG. 26 illustrates a memory map of a computer 

FIG. 27 illustrates an address decoder; 

FIG. 28 illustrates a representative master module; 

FIG. 29 illustrates representative target module; 

FIG. 30 illustrates a modular bus topology; and 

DETAILED DESCRIPTION 

[0091] Apparatus used in computer systems typically use 
a communications bus architecture, or data pipe to intercon 
nect modules of the computer system. In this disclosure, a 
“module” means a functional unit that connects to the bus, 
and that provides a particular function for the computer 
system. Amodule is usually able to transfer data to and from 
other modules in the system, and such a transfer of data is 
knoWn as a “transaction”. A module that initiates a transac 
tion is knoWn as a “master module” and a module Which is 
the subject of a transaction is knoWn as a “target module”. 
In order to initiate a transaction, a master module issues a 
“transaction request” to an arbitration unit (or “arbiter”) 
Which determines hoW access to the bus Will be controlled. 
A “data packet” is de?ned as a predetermined number of 
data bytes, for example 32, Which is used for transferring 
data across the bus architecture. A Write bus is a bus Which 
is used for transferring data packets to be stored at a target 
module, and a read bus is a bus used for transferring so 
called “mature data” to a master module in response to a 
read transaction. “Mature data” is data Which is ready to be 
returned from a target module to a master module in 
response to a read transaction. A “system cycle” is de?ned 
as one clock period of the system clock, and a “pipeline 
stage” is de?ned as the bus length travelled by a data pulse 
in a single system cycle. 

[0092] It Will be readily appreciated that the bus architec 
ture and features described beloW may be used in a computer 
system including individual components connected to one 
another by external interfaces, or in an integrated circuit 
(on-chip) system in Which modules are formed on a single 
integrated circuit, or in a combination of the tWo. Preferably, 
such a system involves the use of an integrated circuit 
(on-chip) system. 
[0093] Primary and Secondary Bus Architecture 

[0094] FIG. 2 illustrates a computer system including an 
improved bus architecture Which comprises a primary bus 3 
and a secondary bus 4. The primary bus 3 has a plurality of 
modules M1 . . . Mn connected thereto. Each module con 

nected to the primary bus 3 is a latency intolerant module. 

[0095] The secondary bus 4 also has a number of modules 
Mn+1 . . . Mn+X connected thereto. HoWever, each module 
connected to the secondary bus 4 is a latency tolerant 
module. The primary bus and secondary bus are intercon 
nected by an interface module 5, knoWn as a primary to 
secondary bus interface module 5. 

[0096] In this manner, modules Which are expected to 
operate at relatively high speed, (i.e. the latency intolerant, 
or sensitive modules), are connected to a dedicated primary 














