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EFFICIENT UTILIZATION OF 
WRITE-COMBINING BUFFERS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates in general to microprocessor 
systems, and more particularly, to the ef?cient utilization of 
the Write-combining buffers through the implementation of 
intermediate buffers. 

[0003] 2. Description of Related Art 

[0004] The use of a cache memory With a processor 
facilitates the reduction of memory access time. The funda 
mental idea of cache organization is that by keeping the most 
frequently accessed instructions and data in the fast cache 
memory, the average memory access time Will approach the 
access time of the cache. To achieve the maXimum possible 
speed of operation, typical processors implement a cache 
hierarchy, that is, different levels of cache memory. The 
different levels of cache correspond to different distances 
from the processor core. The closer the cache is to the 
processor, the faster the data access. HoWever, the faster the 
data access, the more costly it is to store data. As a result, the 
closer the cache level, the faster and smaller the cache. 

[0005] The performance of cache memory is frequently 
measured in terms of its hit ratio. When the processor refers 
to memory and ?nds the Word in cache, it is said to produce 
a hit. If the Word is not found in cache, then it is in storage 
device and it counts as a miss. If a miss occurs, then an 
allocation is made at the entry indeXed by the access. The 
access can be for loading data to the processor or storing 
data from the processor to memory. The cached information 
is retained by the cache memory until it is no longer needed, 
made invalid or replaced by other data, in Which instances 
the cache entry is de-allocated. 

[0006] When a processor accesses memory for transfer of 
data betWeen the processor and the memory, that access can 
be allocated to the various levels of cache, or not allocated 
to cache memory at all, according to the memory type set up 
by the system or the locality hint associated With the 
instruction. Certain instructions are used infrequently. For 
eXample, some speci?c prefetch instructions can preload 
data Which the processor does not require immediately into 
a dedicated prefetch buffer, but Which are anticipated to be 
required in the near future. Such data is typically used only 
once or Will not be reused in the immediate future, and is 
termed “non-temporal data”. Instructions that load or 
prefetch data stored in the cache Which the processor uses 
frequently, are termed “temporal data”. 

[0007] Non-temporal Write instructions or stores typically 
utiliZe a Write-combining technique Which ?rst combines 
stored data that is being accessed into groups and then sends 
the combined groups to the eXternal bus. Such combining of 
the outgoing data increases utiliZation of the bus bandWidth, 
Which subsequently increases the Write throughput of the 
processor. 

[0008] HoWever, the implementation of such a Write com 
bining technique suffers from a number of draWbacks. First, 
the number of the Write combining buffers is limited. Sec 
ond, the buffers are used for both loads and stores. These 
limitations cause performance reduction in some situations. 
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[0009] Accordingly, there is a need in the technology for 
a Write combining technique that provides ef?cient use of the 
Write combining buffers. 

SUMMARY OF THE INVENTION 

[0010] The present invention discloses a method and appa 
ratus method for ef?cient utiliZation of Write-combining 
buffers for a sequence of non-temporal stores to scattered 
locations. The method comprises: converting the sequence 
of non-temporal stores to stores to intermediate buffers; and 
grouping the stores to intermediate buffers into consecutive 
non-temporal stores. The consecutive non-temporal stores 
correspond to adjacent memory locations in the Write 
combining buffers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description of the present invention in Which: 

[0012] FIG. 1 is a diagram illustrating one embodiment of 
a computer system 100 Which utiliZe the teachings of the 
present invention, according to one embodiment of the 
invention. 

[0013] FIG. 2 is a detailed diagram of one aspect of the 
computer system 100 in accordance With the teachings of the 
present invention, according to one embodiment of the 
invention. 

[0014] FIG. 3 is a diagram illustrating the relationship and 
data paths betWeen the execution core 142 and various 
memory control elements, according to one embodiment of 
the invention. 

[0015] FIG. 4 is a diagram illustrating a sequence of 
non-temporal stores 410 and a sequence of intermediate 
stores 460 that are used in conjunction With the Write 
combining buffer unit 410, according to one embodiment of 
the invention. 

[0016] FIG. 5 is a diagram illustrating details of the 
intermediate stores 460 of FIG. 4, according to one embodi 
ment of the invention. 

[0017] FIG. 6A is a timing diagram illustrating a typical 
eXample of the data transfer Without the use of the Write 
combining technique of the present invention, according to 
one embodiment of the invention. 

[0018] FIG. 6B is a timing diagram of the data transfer 
With the use of the Write combining technique of the present 
invention, according to one embodiment of the invention. 

[0019] FIG. 7 is a ?oWchart illustrating the Write com 
bining process 700 according to one embodiment of the 
present invention. 

[0020] FIG. 8 is a general block diagram illustrating the 
use of the Write combining process of the invention for 
rendering graphical objects in animation according to one 
embodiment of the invention. 

[0021] FIG. 9A illustrates a program section prior to 
implementation of the invention. 

[0022] FIG. 9B illustrates a program section that imple 
ments one embodiment of the invention. 
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DESCRIPTION OF THE PRESENT INVENTION 

[0023] The present invention discloses a method and appa 
ratus for ef?cient utilization of Write-combining buffers 
using non-temporal (NT) stores. The limitations described in 
the background section cause performance reductions in 
some situations. One situation is related to scattering Writes. 
Scattering Writes refer to the situation Where there are 
consecutive non-temporal stores to non-adjacent, or scat 
tered, memory locations. Due to the limited number of 
buffers, some partially ?lled buffers have to be evicted in 
order to make room for neW data. The frequent eviction of 
these buffers increases bus traffic, thereby decreasing system 
performance. Another situation is related to the mixing of 
stores and loads. In a sequence of code having several 
non-temporal stores intermixed statically or dynamically 
With loads, partially ?lled buffers have to be evicted in order 
to service the loads. In either of these situations, eviction of 
partially ?lled buffers reduces the Write throughput and 
signi?cantly impact overall performance. 

[0024] The method of the invention utiliZes an interme 
diate buffer to store data in adjacent memory locations. The 
intermediate buffer is subsequently drained and its contents 
are transferred to the Write-combining buffers and stored in 
adjacent locations. 

[0025] In the folloWing description, for purposes of expla 
nation, numerous details are set forth in order to provide a 
thorough understanding of the present invention. HoWever, 
it Will be apparent to one skilled in the art that these speci?c 
details are not required in order to practice the present 
invention. In other instances, Well knoWn electrical struc 
tures and circuits are shoWn in block diagram form in order 
not to obscure the present invention. 

[0026] FIG. 1 illustrates one embodiment of a computer 
system 100 Which implements the principles of the present 
invention. Computer system 100 comprises a processor 105, 
a storage device 110, and a bus 115. The processor 105 is 
coupled to the storage device 110 by the bus 115. The 
storage device 110 represents one or more mechanisms for 
storing data. For example, the storage device 110 may 
include read only memory (ROM), random access memory 
(RAM), magnetic disk storage mediums, optical storage 
mediums, ?ash memory devices, and/or other machine 
readable mediums. In addition, a number of user input/ 
output devices, such as a keyboard 120 and a display 125, 
are also coupled to the bus 115. The processor 105 represents 
a central processing unit of any type of architecture, such as 
multi-threaded CISC, RISC, VLIW, or hybrid architecture. 
In addition, the processor 105 could be implemented on one 
or more chips. The bus 115 represents one or more buses 

(e.g., AGP, PCI, ISA, X-Bus, VESA, etc.) and bridges (also 
termed as bus controllers). While this embodiment is 
described in relation to a single processor computer system, 
the invention could be implemented in a multiprocessor 
computer system. 

[0027] In addition to other devices, one or more of a 
netWork 130, a TV broadcast signal receiver 131, a fax/ 
modem 132, a digitiZing unit 133, a sound unit 134, and a 
graphics unit 135 may optionally be coupled to bus 115. The 
netWork 130 and fax modem 132 represent one or more 
netWork connections for transmitting data over a machine 
readable media (e.g., carrier Waves). The digitiZing unit 133 
represents one or more devices for digitiZing images (i.e., a 
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scanner, camera, etc.). The sound unit 134 represents one or 
more devices for inputting and/or outputting sound (e.g., 
microphones, speakers, magnetic main memories, etc.). The 
graphics unit 135 represents one or more devices for gen 
erating 3-D images (e.g., graphics card). FIG. 1 also illus 
trates that the storage device 110 has stored therein data 136 
and softWare 137. Data 136 represents data stored in one or 
more of the formats described herein. SoftWare 137 repre 
sents the necessary code for performing any and/or all of the 
techniques described With reference to FIGS. 4-9. Of course, 
the storage device 110 preferably contains additional soft 
Ware (not shoWn), Which is not necessary to understanding 
the invention. 

[0028] FIG. 1 additionally illustrates that the processor 
105 includes decode unit 140, a set of registers 141, an 
execution core 142, and an internal bus 143 for executing 
instructions. The processor 105 further includes tWo internal 
cache memories, a level 0 (L0) cache memory 144 Which is 
coupled to the execution core 142, a level 1 (Li) cache 
memory 145, Which is coupled to the L0 cache and a bus 
controller 170. An external cache memory, i.e., a level 2 (L2) 
cache memory 172, is coupled to bus 115 via the bus 
controller 170. The actual placement of the various cache 
memories is a design choice or may be dictated by the 
processor architecture. Thus, it is appreciated that the Li 
cache could be placed external to the processor 105. In 
alternate embodiments, more or less levels of cache (other 
than L1 and L2) may be implemented. 

[0029] Of course, the processor 105 contains additional 
circuitry, Which is not necessary to understanding the inven 
tion. The decode unit 140, registers 141 and execution core 
142 are coupled together by internal bus 143. The decode 
unit 140 is used for decoding instructions received by 
processor 105 into control signals and/or micro code entry 
points. In response to these control signals and/or micro 
code entry points, the execution core 142 performs the 
appropriate operations. The decode unit 140 may be imple 
mented using any number of different mechanisms (e.g., a 
look-up table, a hardWare implementation, a PLA, etc.). 
While the decoding of the various instructions is represented 
herein by a series of if/then statements, it is understood that 
the execution of an instruction does not require a serial 
processing of these if/then statements. Rather, any mecha 
nism for logically performing this if/then processing is 
considered to be Within the scope of the implementation of 
the invention. 

[0030] The decode unit 140 is shoWn including a fetching 
unit 150 Which fetches instructions, and an instruction set 
160 for performing operations on data. In one embodiment, 
the instruction set 160 includes a move instruction(s) 165 
provided in accordance With the present invention. 

[0031] FIG. 2 is a detailed diagram of certain aspects of 
the computer system 100 according to one embodiment of 
invention. For simplicity, only elements useful in describing 
the invention are shoWn. As described earlier, the computer 
system 100 includes the processor 105, a bus controller 170, 
the L2 cache 172, the processor bus 115, and the storage 
device 110. 

[0032] The processor 105 includes the decode unit 140, 
the execution core 142 (Which includes, for example a 
reservation station 210, a re-order buffer 220, and an execu 
tion unit 225; of course, an in-order or different out-of-order 
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architecture may be used), a memory cluster 230, and a 
Write-back data bus 255. The memory cluster 230 further 
includes a memory ordering unit 240 and an L1 cache 
controller 250. 

[0033] Upon receipt of an instruction, the decode unit 140 
?rst decodes the instruction. The decode unit 140 then issues 
the decoded instructions to the execution core 142. If the 
instruction is a memory-referencing instruction, it Will be 
dispatched to the memory ordering unit 240 Which accesses 
the L1 cache via the L1 cache controller 250. 

[0034] The Write-back bus 255 provides the data path for 
the Li cache controller 250 or the execution core 142 to 
return the data back to the re-order buffer 220 and the 
reservation station 210. 

[0035] The bus controller 170 provides an interface 
betWeen the processor 105 and the L2 cache 172 via bus 115. 
The bus controller 170 includes an external bus controller 
262 and a backside bus controller 266. The external bus 
controller 262 provides the interface betWeen the L2 cache 
172 and the bus 115 (to Which the external storage 110 is 
connected). The backside bus controller 266 provides an 
interface betWeen the L2 cache 172 and the bus 115. 

[0036] FIG. 3 is a diagram illustrating the relationship and 
data paths betWeen the execution core 142 and various 
memory control elements. It is assumed that the decoded 
instructions are memory-referencing instructions. 

[0037] As shoWn in FIG. 3, the execution core 142 
dispatches the instruction to the memory ordering unit 240 
via the Load Bus 312 or the Store Bus 316 if the instruction 
is a load or store instruction, respectively. The memory 
ordering unit 240 includes a load buffer unit 322 and a store 
buffer unit 326. The load buffer unit 322 receives the load 
instructions via the load bus 312. The store buffer unit 326 
receives the store instructions via the store bus 316. 

[0038] Instructions in the load buffer unit 322 and store 
buffer unit 326 are dispatched to the L1 cache controller 250. 
The L1 cache controller 250 includes a hit/miss detection 
logic circuit 340, an L1 cache 360, an L1 cache controller 
buffer 370, and a Write-back selector 380. The hit/miss 
detection logic circuit 340 detects if either the load or store 
instruction is a cacheable request. If the instruction is a 
cacheable request and has a Li hit, the cache access is 
provided via a bus 350A to the L1 cache 360. If the 
instruction is an uncacheable request, a special cycle, or 
cacheable request With a Li miss, the request is routed to the 
L1 cache controller buffer 370 via a bus 350B. For a 
cacheable request With a L1 miss, the missing data is 
transferred to the L1 cache 360 from the L1 cache controller 
buffer unit 370 via path A. This data typically comes from 
the L2 cache or the external memory. 

[0039] The bus controller 170 services the requests from 
the L1 cache controller buffer 370 via path B. For cacheable 
request misses or uncacheable loads, the data How is from 
the bus controller 170 to the L1 cache controller buffer 370. 
For uncacheable stores or Writes, the data How is from the 
L1 cache controller buffer 370 to the bus controller 170. 

[0040] For loads, data are Written back to the execution 
core 142. The Write-back data may come from the L1 cache 
360 (for cache hits) or the L1 cache controller buffer 370 (for 
cacheable misses or uncacheable loads). The selector 380 
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sWitches betWeen these tWo Write-back sources to the Write 
back bus 255. The Write-back data are then Written to the 
re-order buffer in the execution core 142 and the Write-back 
data valid bit, or other status/control information, is Written 
to the reservation station in the execution core 142. 

Use of Intermediate Buffers 

[0041] FIG. 4 is a diagram illustrating a sequence of 
non-temporal stores 410 and a sequence of intermediate 
stores 460 that are used in conjunction With the Write 
combining (WC) buffer unit 470 according to one embodi 
ment of the invention. The non-temporal stores 410 and 
intermediate stores 460 are stored as program or code in 

storage 110 (FIG. 1) or in L1 cache 360 (FIG. 3) In alternate 
embodiments, the non-temporal stores 410 and intermediate 
stores 460 may be stored in L0 cache 144 or L2 cache 172. 
In one embodiment, the sequence 410 represents scattering 
Writes. The consecutive non-temporal stores 4201-N in the 
sequence 410, Write to non-adjacent addresses in various 
buffer locations in the WC buffer unit 470. In one embodi 
ment, the WC buffer unit 470 is represented by the L1 cache 
controller buffers 370. 

[0042] The sequence 410 includes a number of non 
temporal (NT) stores 4201_N, that are intermixed With loads 
and other instructions 4221_M. In the example of FIG. 4, 
N=8 and M=8. The intermediate stores 460 transform each 
non-adjacent NT store 4201_N to a cacheable store and an 
adjacent NT store, as described in detail in the folloWing 
sections. 

[0043] The WC buffer unit 470 includes four ?ll buffers: 
buffers W0, W1, W2, and W3. In one embodiment, each 
buffer W0, W1, W2 and W3 has four storage locations each 
being 8 bytes Wide. In alternate embodiments, a greater or 
lesser number of storage locations may be implemented. In 
addition, in alternate embodiments, each storage location 
may accommodate feWer or a greater number of bytes. In 
one embodiment, the four ?ll buffers W0, W1, W2, and W3 
are located in the L1 cache controller buffers 370. As shoWn 
in FIG. 4, the buffers W0-3 are partially ?lled, Where a “—” 
represents non-valid data, an “x” represents valid data, and 
A0, A1, B0, B1, B2, C0, C1, and D0 represent valid data. 

[0044] The intermediate stores 460 Write non-adjacent 
data A0, C0, D0, B0,A1, C1, B1, and B2, respectively, to the 
buffers W0, W1, W2, and W3. In the example shoWn in FIG. 
4, A0 and A1 are Written to the buffer W0; B0, B1, and B2 
are Written to the buffer W1; C0 and C1 are Written to the 
buffer W2; and D0 is Written to the buffer W3. 

[0045] FIG. 5 is a diagram illustrating details of the 
intermediate stores 460 of FIG. 4, according to one embodi 
ment of the invention. In one embodiment as shoWn, the 
intermediate stores 460 includes tWo code sequences 520 
and 650. 

[0046] The code sequence 520 gathers the non-adjacent 
stored data in an intermediate, softWare-allocated buffer in 
cacheable memory such as the intermediate buffer 362 (FIG. 
3). The intermediate buffer 362 contains E0-E3, F0-F3, 
G0-G3, H0-H3. 

[0047] The code sequence 650 essentially drains the inter 
mediate buffer 362 and dispatches the data to the buffers W0, 
W1, W2 and W3 via bus 255 using back-to-back non 
temporal stores (NT STOREO, NT STOREl, NT STORE2, 
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NT STORE3) 6501_4. The grouping of these non-temporal 
stores (NT STOREO, NT STOREl, NT STORE2, NT 
STORE3) is based on the adjacency of the buffer locations 
as shoWn in FIG. 4. By grouping these NT stores based on 
their adjacent data addresses, the frequency of eviction of 
the ?ll buffers W0, W1, W2 and W3 is signi?cantly reduced, 
resulting in high Write throughput and better overall perfor 
mance. 

[0048] As shoWn in FIG. 5, the intermediate buffer 362 
contains all the data stored in proper consecutive locations. 
When adjacent NT store code sequence 6501_4 operates on 
the intermediate buffer 362 to drain the data from the 
intermediate buffer 362, the data at consecutive addresses 
are transferred to the WC buffers 470. For example, data at 
consecutive locations E0, E1, E2 and E3 are transferred to 
the same buffer, W0, data at consecutive locations F0, F1, F2 
and F3 are transferred to the same buffer, W1; data at 
consecutive locations G0, G1, G2 and G3 are transferred to 
the same buffer, W2 and data at consecutive locations H0, 
H1, H2 and H3 are transferred to the same buffer, W3. Since 
data from adjacent locations in a single group are transferred 
from the intermediate buffer 362 to the same buffer (e.g., any 
one of W0, W1, W2 or W3), the expensive partial WC 
eviction can be completely removed and the transfer of data 
can be performed at a much faster rate. 

[0049] FIG. 6A is a timing diagram illustrating a typical 
example of the data transfer Without the use of the Write 
combining technique of the present invention. The clock 
(CLK) refers to the bus clock. The Address Strobe (ADS#) 
is the signal to indicate that the address is valid. The DATA 
shoWs the chunk as transferred over the bus. As shoWn in 
FIG. 6A, the data transfer occurs at a rate of 3 clock cycles 
per chunk, or 12 clocks to transfer 1 cache line. The effective 
bandWidth is approximately 266 MB/sec. 

[0050] FIG. 6B is a timing diagram of the data transfer 
With the use of the Write combining technique of the present 
invention. NoW, since the data transfers are for adjacent 
locations, each chunk of instructions can be transferred in 
one clock cycle, resulting in an improvement of 3 times in 
transfer rate. The effective bandWidth is approximately 800 
MB/s at a rate of 4 clocks for each cache line. 

[0051] FIG. 7 is a ?oWchart illustrating the Write com 
bining process 700 of the present invention. Beginning from 
a START state, the process 700 proceeds to process block 
B720 to determine if the instructions received by the reser 
vation station 210 include NT stores. If not, the process 700 
is terminated. If the instructions include NT stores, the 
process 700 advances to process block B730 to determine if 
the NT stores are scattered Writes. If not, the process 700 is 
terminated since the processing of non-scattered Writes 
typically Will not result in performance degradation. HoW 
ever, in an alternate embodiment, the invention may be 
applied to non-scattered Writes. If the instructions include 
scattered Writes, the process 700 proceeds to process block 
B740 to determine if the NT stores cross any synchroniZa 
tion instruction. A synchroniZation instruction, e.g., a 
STORE FENCE instruction, forces the eviction of the ?ll 
buffers W0, W1, W2 or W3 so that the data is globally 
observable. If there is a synchroniZation instruction, the 
grouping of the NT stores may not be effective; therefore, 
the process 700 is terminated. 

[0052] If there is no synchroniZation instruction, the pro 
cess 700 advances to process block B750 to determine if any 
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data dependency is violated due to the re-arrangement of the 
NT stores. If so, the process 700 is terminated. OtherWise, 
the process 700 proceeds With the transfer of data associated 
With the NT stores, to the softWare allocated intermediate 
buffers 362 as shoWn in process blocks B760 and B770. In 
particular, the process 700 proceeds to process block B760 
to convert all the NT stores to explicit stores to cacheable 
memory such as the intermediate cacheable buffer 362. 
Then, the process 700 advances to block B770 to perform 
NT stores of adjacent locations from the intermediate buffer 
362 in cacheable memory to the Write-combining buffers 
470. The process 700 then terminates. 

[0053] FIG. 8 is a general block diagram illustrating the 
use of the Write combining process of the invention for 
rendering graphical objects in animation according to one 
embodiment of the invention. FIG. 8 shoWs a computer 
system 800 containing digital data 810 representing 3-di 
mensional (3D) graphics. The digital data 810 may be stored 
on a CD ROM or other type of storage device for later use. 
At sometime, the conversion unit 820 performs alteration of 
data using 3D geometry Which includes the use of the Write 
combining technique of the invention to process non-tem 
poral data so as to manipulate (e.g., scale, rotate, etc.) a 3D 
object in providing animation. The resulting graphical object 
830 is then displayed on a screen display 840. The resulting 
graphical object may also be transmitted to a recording 
device (e.g., magnetic storage, such as tape). 

[0054] In one embodiment, the computer system 100 
shoWn in FIG. 1 is used to perform the 3D graphics 
operation 800 from FIG. 8. In this embodiment, the digital 
data 810 from FIG. 8 is any data stored in the storage device 
110 representing 3D graphics. In one embodiment, the 
conversion unit 820 from FIG. 8 is implemented using the 
processor 105 and the softWare 137 to alter data using 3D 
geometry. An example of such alteration of data includes the 
performance of a 3D transformation. In this embodiment, 
the processor 105, executing the softWare 137, performs the 
transformation and stores the transformed data 830 in the 
storage device 110 and/or provide, the transformed data to 
the graphics unit (not shoWn). In this manner, the 3D 
manipulation performed by the host processor of the com 
puter system is provided at an increased speed. 

[0055] The invention therefore provides a method for 
ef?ciently utiliZing the Write-combining buffers through the 
implementation of non-temporal stores and intermediate 
buffers. The Write combining method of the invention 
reduces the frequency of buffer evictions, thus improving the 
Write throughput and overall system performance. 

[0056] In addition, through the application of the inven 
tion, ?exible scheduling of NT stores or Writes is possible. 
Prior to implementation of the invention, the neWly gener 
ated data (resulting from execution of the NT stores) has to 
be immediately inserted into the Write combine (WC) 
memory or buffer. Through the use of the invention, an 
intermediate buffer is used to save the neWly generated data 
in a temporary location. As a result, actual Writes to the WC 
memory can be redirected as rescheduled to a point Within 
a program or code that has the least memory traf?c. For 
example, We can scatter the softWare WC Writes across the 
execution sequence to balance the memory pipeline, as 
shoWn in FIGS. 9A and 9B. In FIG. 9A, code sections (1) 
and (2) are memory hot spots (heavy traf?c areas). By 
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implementing the invention, as represented by code section 
(3) (FIG. 9B), memory accesses are distributed evenly 
across the loop. As a result, the Write throughput and overall 
system performance is increased. 

[0057] While this invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations of the illustrative embodiments, as Well as other 
embodiments of the invention, Which are apparent to per 
sons skilled in the art to Which the invention pertains are 
deemed to lie Within the spirit and scope of the invention. 

What is claimed is: 
1. A method for utiliZing Write-combining buffers for 

storing a sequence of non-temporal stores to scattered loca 
tions, the method comprising: 

converting the sequence of non-temporal stores to stores 
to intermediate buffers; and 

grouping the stores to intermediate buffers into consecu 
tive non-temporal stores, the consecutive non-temporal 
stores corresponding to adjacent memory locations in 
the Write-combining buffers. 

2. The method of claim 1, Wherein the intermediate 
buffers are located in cache memory. 

3. The method of claim 1, Wherein the non-temporal 
stores include move instructions. 

4. The method of claim 1, Wherein said data is packed 
?oating point data. 

5. The method of claim 1, Wherein said data is packed 
integer data. 

6. A computer system comprising: 

a hardWare unit to transmit data representing graphics to 
another computer or a display; 

a processor coupled to the hardWare unit; and 

a storage device coupled to the processor and having 
stored therein a routine, Which When executing by the 
processor, causes the processor to generate said data, 
said routine at least causing said processor to at least, 

convert a sequence of non-temporal stores to stores to 
intermediate buffers; and 
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group the stores to intermediate buffers into consecutive 
non-temporal stores, the consecutive non-temporal 
stores corresponding to adjacent memory locations in a 
plurality of Write-combining buffers. 

7. The computer system of claim 6, further comprising a 
cache memory, Wherein the intermediate buffers are located 
in the cache memory. 

8. The computer system of claim 6, Wherein the non 
temporal stores include move instructions. 

9. The computer system of claim 6, Wherein said data is 
packed ?oating point data. 

10. The computer system of claim 6, Wherein said data is 
packed integer data. 

11. Amethod comprising the computer implemented steps 
of: 

accessing data representative of a ?rst graphical object; 

altering said data using geometrical transformation to 
generate a second graphical object, said step of altering 
at least including, 

converting a sequence of non-temporal stores to stores 
to intermediate buffers; and 

grouping the stores to intermediate buffers into consecu 
tive non-temporal stores, the consecutive non-temporal 
stores corresponding to adjacent memory locations in a 
plurality of Write-combining buffers and displaying 
said second graphical object. 

12. The method of claim 11, Wherein altering said data 
includes the performance of three-dimensional transforma 
tion. 

13. The method of claim 11, Wherein said ?rst and said 
second graphical objects are three-dimensional objects. 

14. The method of claim 11, Wherein the intermediate 
buffers are located in cache memory. 

15. The method of claim 11, Wherein the non-temporal 
stores include move instructions. 

16. The method of claim 11, Wherein said data is packed 
?oating point data. 

17. The method of claim 11, Wherein said data is packed 
integer data. 


