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METHOD AND APPARATUS FOR MOVING SELECT

NON-CONTIGUOUS BYTES OF PACKED DATA IN A SINGLE INSTRUCTION

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to the field of computer systems and, in particular,
to a method and apparatus for moving select, non-contiguous bytes of packed datain a

single instruction.

2. Background Information

Computer technology continues to evolve at an ever increasing rate. Gone are
the days when the computer was merely a business tool primarily used for word-
processing and spreadsheet applications. Today, with the evolution of multimedia
applications, computer systems have become a common home electronic appliance,
much like the television and home stereo system. Indeed, the line between computer
system and other consumer electronic appliance has become blurred as multimedia
applications executing on an appropriately configured computer system will function as
a television set, a radio, a video playback device, and the like. Consequently, the market
popularity of computer systems are often decided by the amount of memory they
contain and the speed at which they can execute such multimedia applications.

Those skilled in the art will appreciate that multimedia and communications
applications require the manipulation of large amounts of data represented in a small
number of bits to provide the true-to-life renderings of audio and video we have come to
expect. For example, to render a 3D graphic, large amounts of eight-bit data must be
similarly processed. Prior art processors would have to issue a number of time

consuming eight-bit instructions which are identical in order to render such a 3D graphic.
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SIMD architectures take advantage of packing many bytes of data within one
register or memory location, employing a data type known in the art as packed data.
Packed data generally refers to the representation of multiple numbers by a single value.
For example, four eight-bit integer numbers may be represented by a single 32-bit
number having four eight-bit segments. That is, multiple bytes of data may be
embedded within a single operand of a single instruction. Accordingly, a single
instruction may be used to process multiple data elements embedded within a single
operand, resulting in significant performance improvements.

Theoretically, with its ability to process multiple bytes of data with one
instruction, it has been shown that the SIMD processor architecture is capable of
performénce improvements of up to 4x over non-SIMD processor architectures, while
improvements of 1.5x to 2x are more typical. There are a couple of reasons why the
theoretical 4x performance improvement has not been reached. One reason is the
manner in which prior art SIMD processor architectures process packed data. That is,
the 4x performance mark of the SIMD processor architecture can only be achieved when
the entire set of data embedded within packed data are to be similarly processed by the
instruction. In instances where select, non-contiguous bytes of the packed data are to be
processed, inefficiencies result due to the need for multiple instructions and additional
cache management. For example, a prior art move operation (MOVQ SRC1, DEST)
typically moves packed data identified by a first operand (SRC1) to a location identified
by a second operand (DEST). As shown, the entire packed data set identified by SRC1
will be moved to the location identified by DEST. Moving select, non-contiguous bytes
of the packed data identified by SRC1 would require multiple instructions.
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Moreover, in addition to the performance loss incurred with the necessity of

multiple instructions, the cache management associated with these multiple instructions
also results in a performance loss of prior art SIMD processor atchitectures. That is,
those skilled in the art will appreciate that a move instruction is a series of write
instructions at the micro-architecture level and, as such, require a corresponding number
of writes to the local processor cache before updating the desired register or main
memory location. Thus, the prior art move instructions often result in a number of
intermediate writes to the local processor cache, wherein much of the data written to the
cache will never again be accessed by the processor, resulting in wasted cache resources.
Thus, a need exists for an improved SIMD architecture and instruction set which
utilizes the packed data format in a more effective manner. Those skilled in the art will
appreciate that the teachings of the present invention achieves these and other desired

results, as will become apparent from the description to follow.



of the packed data identified by SRO would require nmultiple instructions.
WD 99/ 50757
PCT/ US99/ 04893

3
One exanpl e ior art approach to noving sel ect, non. ' s bytes
of packed agtggul}rgngght be acconplished by the test, brancﬁeg&éés’\?\#%e series

of instructions. In accordance with this prior art approach, each byte of
the packed data is transferred to an integer register, along with a
correspondi ng mask bit. The nmask bit is tested and a branch is used to
either wite or bypass witing the byte to nenory. This approach requires
many nore instructions, and also suffers,a performance penalty for poor
branch predi ction. Anot her exanple of a prior art approach to
novi ng sel ect, non-conti guous bytes of packed data is the conditional
nove. In the conditional nove, each byte of the packed data is
transferred to an integer register, along wth a correspondi ng mask bit.
The mask bit SuMMARYIOFAHBIINVENHENM with a conditional nove instruction to
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instruction are analyzed, wherein select bytes of the plurality of bytes identified by the
first operand are moved to an implicitly defined location based, at least in part, on the
analysis of the individual byte masks identified by the second 6perand of the single
decoded instruction.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described by way of exemplary embodiments, but not
limitations, illustrated in the accompanying drawings in which like references denote similar
eleméms, and in which: .

Figure 1 is a block diagram illustrating an example computer system within which the
teachings of the present invention may be practiced;

Figure 2 illustrates a block diagram of an example processor incorporating the teachings
of the present invention, in accordance with one embodiment of the present invention;

Figure 3 illustrates an example register file of the example processor of Figure 2, in
accordance with one embodiment of the present invention;

Figure 4 illustrates a block diagram of an example store address, store data and load
buffers of the memory ordering unit of the example processor depicted in Figure 2, in

accordance with one embodiment of the present invention; |
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of byte maske tdadifiligsQf thePPesent invention and suitable for use within the example processor of
Figure 2, in accordance with one embodiment_ of the present invention ‘

Figure 7 illustrates packed data-types suitable for use in SIMD processor architectures,
according to one embodiment of the present invention;

Figure 8 is a flow chart illustrating an example method incorporating the teachings of
the present invention for moving select, non-contiguous bytes of packed data, in accordance
with one embodiment of the present invention;

Figure 9 illustrates the result of a byte masked write to a single L1 cache line, in
accordance with the teachings of the present invention;

Figure 10 illustrates the result of a byte masked write requiring a cache Jine split across
two L1 cache lines, in accordance with the teachings of the present invention; and

Figure 11 is a block diagram illustration of a computer readable storage medium
incorporating the teachings of the present invention, in accordance with one embodiment of the
present invention.

CRIP

In the following description, for purposes of explanation, specific numbers,
materials and configurations 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 the
present invention may be practiced without the specific details. In other instances, well
known features have been omitted or simplified for ease of explanation. Furthermore,
for ease of understanding, certain method steps are delineated as separate steps,
however, these separately delineated steps should not be construed as necessarily order
dependent in their performance.
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COMPUTER SYSTEM

Tuming to Figure 1, a block diagram of an example computer system 100
incorporating the teachings of the present invention is depicted, in accordance with one
embodiment of the invention. That is, in accordance with teachings of the present
invention, to be described more fully below, computer system 100 is operative to move
select, non-contiguous bytes of packed data to/from SIMD registers and system
memory in response to execution of a single instruction, a byte masked write instruction
(e.g., MASKMOVQ SRCI, SRC2). More specifically, computer system 100 includes
processor(s) 102a-102n which are operative to decode a byte masked write instruction
(MASKMOVQ) having a first operand (SRC1) and a second operand (SRC2), analyze
individual bits of data identified by the second operand of the decoded byte masked
write instruction (SRC2), and move select, non-contiguous bytes of packed data
identified by the first operand (SRC1) to an implicitly defined location based, at least in
part, on the analysis of the individual bits of data identified by the second operand
(SRC2). Accordingly, those skilled in the art will appreciate from the description to
follow that processor(s) 102a-102n incorporating the innovative micro-architecture and
the enhanced instruction set including the innovative byte masked write instruction of

the present invention, overcomes the prior art limitations of multiple instructions and
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processor, dispensing with the need for the backside bus. As depicted, system memory
110 is coupled to system bus 106 via memoi'y controller 108. Bus bridge 112,
sometimes referred to as the north bridge, interfaces system bus 106 with a first
input/output (I/0) or peripheral bus 116, In one embodiment, the first /O bus 116 isa
high performance Peripheral Component Interconnect (PCI) bus. As depicted, first I/O
bus 116 is operative to support a number of I/O devices cumulatively referenced as 114.
In one embodiment, for example, first I/O bus 116 is operative to support 2 number of
high performance 1/0 devices that require the high performance data rate provided by
the first I/O bus 116. In one embodiment, for éxample, 1/0 devices 114 includes a digital
video camera.

As depicted, first 1/0 bus 116 is coupled to a second I/O bus 120 via bus bridge

118. In one embodiment, second I/0 bus 118 is an Industry Standard Architecture (ISA)
I/0 bus. As depicted, second I/0 bus 120 receives keyboard and cursor control device
122, audio I/O device(s) 124, communication device(s) 126, and data storage device 128
having code 130 stored therein, Those skilled in the art will appreciate that computer

system 100 may well include additional or fewer system components without deviating
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Except for the teachings of the present invention, as described herein, processors
1022-102n are intended to represent any of a number of alternative processor and
micro-architecture implementations. For example, processors 102a-102n may well be
complex instruction set computer (CISC) processors, reduced instruction set computer

(RISC) processors, very long instruction word (VLIW) processors, and any other type

of processor.

PROCESSOR ARCHITECTURE

One example of a processor incorporating the teachings of the present invention
is provided with reference to Figure 2. In accordance with one embodiment of the
present invention, processor 200 may be beneficially integrated in to computer system
100 as any or all of processor(s) 102a-102n. Thus, in accordance with the teachings of
the present invention, to be described below, processor 200 is operative to move select,
non-contiguous bytes of packed data to an implicitly defined location, as a result of
executing a single byte masked write macro-instruction.

In accordance with the teachings of the present invention, processor 200 is

shown comprising decoder 202, reorder buffer and register file 206, execution unit(s)
208, address generation unit 210, memory subsystem 212 and bus controller 218,
cooperatively coupled as depicted to selectively move non-contiguous bytes of packed
data in a single instruction. Additionally, in accordance with the illustrated example




i ndividual bits of data identified by the second operand of the decoded
byt e masked wite instruction (SRC2), and nove sel ect, non-contiguous
byt es of packed data identified by the first operand (SRC) to an
inmplicitly defvipeesggrspcati on based, at least in part, on tecarussedaysi s of
the individual bits of data identified by the second operand ( SRC2).
Accordingly, those skilled in the art will appreciate fromthe description
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processors 102a-102n are_coupled to corresponding | evel 2 (L2) caches
104a and 104n Vhearhmay wel eecpgnize that srogepsor 268 glements 202 through 216 are often

cumulatively referred to as the execution core of a processor. As shown, memory
cluster 212, AGU 210 and execution units 208 are coupled to a writeback bus 230 of the
execution core, which supports the speculative nature of the processor 200. Although a
particular micro-architectural implementation of processor 200 is provided in Figure 2,
those skilled in the art will appreciate that micro-architectural changes may be made
without deviating from the spirit and scope of the present invention. For example, more
or less micro-architectural blocks may well be employed to move select, non-contiguous
bytes of packed data in a single instruction.

As depicted in Figure 2, memory cluster 212 is coupled to bus controlier 218
including extended bus controller 220 and backside bus controller 224, interconnected as
shown. Additionally, extended bus controller 224 and backside bus controller 220 of
bus controller 218 are coupled to system memory 110 via external host bus 106, and to
L2 cache 103 via backside bus 223, as shown.

Those skilled in the art will appreciate that decoder 202 is operative to decode
instructions received by processor 200. For example, in accordance with the teachings
of the present invention, when processor 200 receives a byte masked write instruction
such as, for example, the quadword byte masked move instruction (MASKMOVQ
SRCI1, SRC2), decoder 202 decodes the macro-instruction and causes execution units
208 to perform the required byte masked write. Decoder 202 may be implemented
using any number of alternative mechanisms including, but not limited to, a look-up

table, programmable logic array (PLA), state-tables, and the like.
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enbodi ment, foixewi Wﬁérﬁ)mfsbdlzﬁlan&/of:SMO%&ﬁ'dﬁ Rﬁﬁégﬁiwﬁ; 18 nunber
of hi gh perfg?mance 1/ O devi ces tha r(laquiore the hi 6h zE’)e fog{ﬁrgﬁtg'e dat a

rate provi dednpgdition tolrecoghizing instr@tions typivelly implemmtedrito gehicrab ptirpodeor exanpl e,
' vi deo canera,

I/ O devices 114 includes.a di 5% I ) . . As

depi cted, fi PERCEFOES, B’EF:S“H%“‘?‘% &EFM‘@%‘%M%W@%@M bus
bri dge 11 Pﬁ-&?’d | S: ust r

St angar d Ar cﬁ‘?rtﬂeégt{o&{r@g? SA ngﬁf"f; %%%@m%@&@%?c@?%ﬁc& @gg@ﬁgeqfdl?@so s 120
recei ves key linaprdseatihvertionoto be desctibdd mfiére ifslly belowl, RRMDIAiskGtidd St 269/ ce(s)

124, comuni cation device(s) 126, and data storage device 128 havi ng
code 130 st or@kiudes thecyte masked writejinstugtipns qperptive 4p movy sclech ppn-goitignoust hat

et s w YRS BFbAs B i ilitald DGHIARSn 267 b Sinard fnslrGiEh, S50 SRy
also include other SIMD instructions for manipulating packed data. :

As alluded to above, execution unit(s) 208 are coupled to reorder buffer and
register file 206 by internal writeback bus 230. One example of an architectural register
file according to one embodiment of the present invention is depicted in Figure 3.
Those skilled in the art will appreciate that register file 300 represents a storage area on
processor 200 for storing information, including data. In accordance with one aspect of
the present invention, to be discussed more fully below, register file 300 includes general
purpose registers 310, integer registers 304, floating point registers 312, SIMD registers
314, status registers 308 and instruction pointer register 306. In one embodiment of the
present invention, a general purpose register of general purpose registers 310 is used to
store data identifying target location(s) wherein select, non-contiguous bytes of packed
data will be written upon execution of the byte masked write instruction. More
specifically, in accordance with one embodiment of the present invention, an (E)DI
register 320 within general registers 310 store data identifying the target location(s) for
the byte masked write instructions. In accordance with the illustrated embodiment of
Figure 3, SIMD registers 314, 316, 318, etc. occupy the 64-bit mantissa of floating
point registers 312, 313, 315, etc., respectively. Of course, alternative embodiments
could support more, less and/or different architectural registers and register sizes.
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the spirit and scope of the present invention. For exanple, conputer system
100 may i nwouwese7but one processor 102 incorporating the POFaishsqagps of t he
present invention. Thus, alternate system conponent configurations are
anticipated within the scope of the present invention. Mreover, except
for processor(s) 102a-102n incorporating the t eachi ngs of the present

i nvention, to be described nore fully bel ow, system conponents 106-128
each performtheir respective functions, as commonly known in the art.
Accordingly, they need not be further desdili bed here. Except for
the teachi ngs of "t het ipimscmt t RV Bat &1y regiftertRaitetthethd) Gielli B3 usdBCESSOr S
102a-102n are intended to represent any of a nunber of alternative

processor and acefdrdange with fietcachingseof theprasent invantionn Someeschitegtares) for examplsessor s
102a-102n may wel l.. b nplex instructjop. set conputer ({ SO).
processors, re(ﬂﬁ?:vé%eﬁ%ﬁ%ﬁegeg?"gﬁégw %SEﬁﬁ#gfme?%ﬁ%é)%ﬁ%%%Mﬁ%% | ong

I nstructi on worgew K . . ] ;o
ROCESSOR. ARG a!}céﬁgé@%lm? WREGFSVRleFor F0d1 Fhofeif b PaticlIREgisterPhayHe U EBR G

integer register at one point in time and a SIMD register at another point in time, such as

in a processor that uses a register renaming scheme. It is also important to note that
what is called a register may well be multiple registers treated as a single register. For
example, a i)rocessor may provide multiple 64-bit registers that may be used as two 32-
bit integer registers. Thus, those skilled in the art will appreciate that any of a number
of alternate architectures may well be used without deviating from the spitit or scope of
the present invention.

Continuing with the description of processor 200, address generation unit 210 is
operative to receive the decoded byte masked write instruction from reservation station
204 and analyze the byte mask identified by the second operand of the decoded byte
masked write instruction, in addition to its typical function of address generation. More
specifically, in accordance with one aspect of the present invention, address generation
unit 210 determines whether the incoming byte masked write instruction is aligned, and
whether the access is split across cache lines. If the incoming byte masked write
instruction is to be split across cache lines, address generation unit 210 provide an
indication of such line split to memory ordering unit 214. Additionally, in accordance
the teachings of the present invention, address generation unit 210 performs a check to
determine whether the mask identified by the second operand is all zeroes. In one
embodiment, address generation unit 210 OR's all of the mask bits together and, if the
result is a logic zero, it flags the masked write as a no-operation (N pP), and the
instruction is retired without further processing, More specifically, in one embodiment,
the byte masked write is never dispatched to L1 cache controller 216, thereby freeing up

the store port dispatch for other stores and not unnecessarily occupying the memory



One exanple of a processor incorporating the teachings of the present

I nvention Is provided with reference to Figure 2. In accordance with one
enbodi ment of the present invention, processor 200 nmay be beneficially
integrated_in to conputer system 100 as any or all of &ﬁﬁ&(s)
102a-102n. V*ﬁﬁ?"ﬁ n accordance with the teachings of t he préesent -

I nvention, to be described bel ow, processor 200 is operative to nove

sel ect, non-conti guous bytes of packed data to an inplicitly defined

| ocation, as a result of executing a single byte masked wite

macr o-instruction. I n accordance with the teachings of the present
I nvention, processor 200 is shown c §|S|ng decoder 202, reorder buffer
and register file 20 exec ni t 8, addr eneration unit
210, menory § ‘ﬂ’ﬁ%%‘?’t’ iefs?i#hhqﬂg’s '%‘r:gq ope asp gS‘;@ngeﬁ%l y coupl ed
as depicted memweg%&mwmmm%ﬁmm F&gived gata in a
single instruction. Additionally, In accordance wth the I'l [ustrat’ed

exanpl e - masied SEitSngtmattion is all zeroes and, if so, saves a pipeline stage by discarding the

PCT1US99104893 :
enbodi nent omﬁeﬁmeﬁsaﬁpgcessor 200 is shown conpri sing reservatlon

station 204 coupl I fxEUhL8 l!ﬁiiﬁ raf | It 210
and nmenory cl uster @gf}n\gl a |sp9r1y Lé&ggz}ﬂgg&’@ § @%W
subsyst em 21Buffirs,al16a buEferiiditério B@rd Buifeisye.g. wﬁde&ﬂdtﬁsslbﬁﬂbrﬁli‘ésﬁﬂéiddté cache
controller 216, while bus controller 218 |s shown conpri si ng backsi de bus

control | er 2bufferndceordinglyainemory crdsring ohit 244 inchades Ttwo separit¢ writehuffers, t he art

may well reco n| ze that processor, 200, .el enents 202. t hr.ough 216 are often
curmul ati vel y Hens e Periompeh if gRF RisTosoRsal ;'J‘Ejﬁ’v ¥ 9%s shown,
menory buﬁ'er. In accordance with one embodiment, to be described more fully below, a byte

masked write instruction is a sixteen-byte instruction, which is dispatched as two
separate eight-byte masked write operations. One example of memory ordering unit 214
and its buffers is provided in the block diagram of Figure 4.

As depicted in Figure 4, memory ordering unit 214 comprises load buffer 402,
store address buffer 404 and the store data buffer 408, coupled as shown. In accordance
with one aspect of the present invention, each element of store address buffer 404 of
memory ordering unit 214 includes a mask field 406 for storing the mask of a received
byte masked write instruction. In one embodiment, mask field 406 is eight-bits long.

As will be apparent, from the description to follow, the mask identified by the SRC2
operand of the byte masked write instruction is received unshifted from address
generation unit 210 and stored in the new eight-bit mask field 406 of each store address
buffer 404.

If, memory ordering unit 214 receives an indication from address generation unit
210 that the byte masked write can be accommodated within a single cache line of the L1
cache, e.g., 32 bytes broken into four 8-byte chunks [chunk 3:chunk 0], memory
ordering unit 214 forwards the mask untouched to L1 cache controller 216. If, however,
the masked write will span two cache lines of the L1 cache, memory ordering unit 214




cluster 212, AGU 210 and execution units 208 are coupled to a witeback bus
230 of the execution core, which supports the specul ative nature of the
processor 200. Although a particular mcro-architectural inplenentation
of processor WOOysmwsprovi ded in Figure 2, t hose skill ed PETAUR9/04898 wi | |
appreciate that mcro-architectural changes may be nade w thout deviating
fromthe spirit and scope of the present invention. For exanple, nore or
|l ess micro-architectural blocks may well be enployed to nove select,

non- cont i guous byt es of packed data in a single instruction. As
depicted in Figure 2, nmenory cluster 212 is coupled to bus controller 218

I ncl udi ng ext ended bus controller 220 andipacksi de bus control |l er 224,

i nt er connect ed d&?mheSWOX@médﬂdskémbhﬂm%gs&amgfinbﬂﬁe&%amm 224 and,
(0]

backsi de bus controller bus controller 218 are coupled to system
nmenory 110 vi a cenditiontabe Hoglopedin gidfr detaibelow. L2 cache 103 vi a backsi de

decoder 202 1. oper MEmE SeIRRCBEL4 o b ot yshaed BE G Jorrr BT pr e BeSor
200. For exanplgy ﬁﬂx&%ﬁ&t@%ﬁ%d%@f&%@é&%fnq e lowePihrdebfts Bf fiS €N

I nvention, when processor recelves a te nas Mﬁlte |nstruct|on

such as, for exadfesstre lised todoaty\Ehifindfot enalipaddedeesiy.cThelowerfiveibgrs (MRSKMOVQ
SRC SRCZ) decoder 202 decodes the macro-instruction and causes execution

units 208 t@dmwrmmqad@w@quemw ots!ymeg mtszaé@n\ﬁfspm@hes pEwrparchelflpe may be

ot it ed t o SRt ths L1 e spareler g sl BF PaeeRaTpagony Biogite '

;tc_la_} leJ-StQ S ;)l()ig 03 A alrfifdty'sbdfS the shifted maMQn%%é@Z ofthe upper half line split on a masked
write), Thus, the adjusted length for the upper half of the line split (i.e., the length of
the macro-instruction minus that of the lower split) is also sent by memory ordering
unit 214 to L1 cache controller 216, for reasons to be described more fully below.

Once all of the memory ordering constraints are cleared in memory ordering unit

214, the byte masked write is issued to L1 cache controller 216. In general, L1 cache
controller 216 is used as a memory interface with system memory 110 and L2 cache
103. As will be described in greater detail below, L1 cache controller 216 contains the
L1 cache used to cache data and/or control signals, and a buffer used to service L1 cache
misses and uncacheable requests. Once L1 cache controller 216 accepts the dispatch of
the masked write from memory ordering unit 214, it determines if the mask associated
with the byte masked write is comprised of all zeroes. Thus, in addition to the similar
determination performed by address genération unit 210, L1 cache controller 216 may
also perform such a test in case memory ordering unit 214 dispatch of a masked write is
merely one-half of a split across two cache lines, which presents the opportunity for
one of the two cache lines to have a mask of all zeroes. That is, the mask arriving at L1
cache controller 216 will only be all zeroes if it is one of the two dispatches of a line
split masked write macro-instruction, i.e., if the masked write dispatch is not a line split
and the mask is all zeroes, address generation unit 210 would have canceled the write as
a NOP, and it would have never made it to memory cluster 212, as described above.



10 I n one enbodi ment of the present invention, execution unit(s)
208 may incl ude circuitry to performscal ar and/ or Sl MD operations on

i nteger and/or floating point data. In addition to recogni zi ng

i nstruction %=sal | y i npl emented in general purpose pr,

execution u??%%@?ﬁ208 recogni zes instructions in SIM insf@ﬁ@%@%&iget 209
for perform ng operations of packed data formats. In accordance wth the

t eachi ngs of the present invention, to be described nore fully bel ow,
SIMD instruction set 209 i ncludes the byte masked wite instructions
operative to nove sel ect, non-contiguous byt es of packed data in a single
I nstruction. O course, SIM instructioné:et 209 may al so i ncl ude ot her

SIMD i nstructions I ' Mtk . . | luded to
above, execution ulildl?ta(gg 5 Eﬂ“gﬁdgq’%gﬁg’ﬁésg %E%%saoenrdl%t}?%qeﬁgﬂg&tﬂ? egi st er
file 206 by islieisaillzenyes, suvhdalf williiotd3execes. m&ELEc&ﬁcéBhuﬁﬂ&Qilbﬁﬁﬂur?'

0

regi ster file accordi no(% to one enbodi ment of the present invention is
depicted in that half of thesaperatipn asaiNOR. Inthiscinstangg, the NOPBrsignifics ¢hat that

ister file, . t t . 200 f torin
| formati on, AT RIFRE s Sacfel uAftaa RIS il ponfulbE 2R apa Grrotorcpe. 0
present i nvenidg@ét islseure bel iR 181011 [ byREhAI Wiiidkilndhiil © 300

i ncl udes gener al pur pose registers 310, 1 nteger registers floating

poi nt regi st evetired Mithog futherapdasing o5 tying3ip/of hatdakatevesoattes bBhema98 and

I nstruction pointer ister 306.. Ln gne enbodi ment of the pr esent

i nvention, a ﬁ'@ﬁ@?‘%ﬂE&%r@&i‘@”ﬁ'g@i@fﬁﬁﬁﬁ?%&%Wﬁﬁ%@%—ém—a@itmm 410 is
used to st o, Snfrol LAl D Ghe ' el ., select,
non-contiguouésa%%gt es g%%gg%%gp %J%ﬁ%sl{n%ﬁ;%&h%ﬁ%ﬁ%%@%ﬁﬂg& SHon of the

byt e masked varidtsabsenadntlyyictforns B operRtbRGI ieGadsk Yo cliebk fi GRLEBEC Gigpi t h one
enbodi ment of the present invention, an (E)DI regi ster 320 within general

regi sters 31018 uppe bathmaemaony prdering ynit 314 shifia thyanask ysing thedgwer thires bits afhe byte |

masked write hoghiloty n .1h the. i|llustrated enbodi ment of
Figure 3, Sl I\}Bgregl st%f@?l%?@%g?ig%?g%%&nﬁ& faﬁeﬁg‘c%gl-e VT YRt i ssa of
floating  pobitstoftiegiddtesy for Gpper hadflilneIpfits akiall zerdegspect i vel y. O cour se,
alternative enbodinents  could support nore, |ess and/or different

architectural regil§themask jfallzargps;for the dowas half dispatch of a line split masked write,
L1 cache controller 216 still latches its address, so that data can be rotated and written

into memory correctly upon dispatch of the upper half. This is needed because memory
ordering unit 214 will have sent the data unshifted when issuing the upper half of the
line split.

As shown, Figure S depicts a more detailed block diagram of an example L1
cache controller 500, in accordance with the teachings of the present invention. In one
embodiment, L1 cache controller 500 may be beneficially integrated in processor 200 as
L1 cache controller 216. In accordance with the teachings of the present invention, as
depicted in Figure 5, L1 cache controller 500 is comprised of 2 comparator 502 to
identify L1 cache or buffer hits/misses, L1 cache 504 to store cacheable accesses, L1
cache controller buffer 506 for servicing uncacheable accesses or cache misses, and
multipiexer 508 for selecting between the output of L1 cache 504 or L1 cache buffer 506
on load writebacks to the execution core. In accordance with one aspect of the present
invention, L1 cache controller 216 will treat masked writes differently depending on the
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It is inportant to note that any register architecture may well be used in
accordance wwbebkmst eachi ngs' of the present invention. SoRETASENMENRCt ur es,
for exanpl e, provi de for a predeterm ned nunber of each of the foregoing
registers. Alternatively, an architecture may well provide for a pool
wherein a particular register may be used as a i nteger register at one
point intime and a SIMD regi ster at another point in tinme, such as in a
processor that uses a register renamng schenme. It is also inportant to
not e that what is called a register may1sell be multiple registers

treated as a Simdhdly bfbhuid 6fthe MMuctio TAFRER], IRBHRASHAPbe HRYIRANG Wpee
multiple 64-bit registers that nay be used as two 32- bit integer
regi st ers. Thusachehble er wicadheable. i Howewer, there areial iumbprnf sdi-memoryttyies sithinof a

nunber of alternate architectures y wel |l be used w thout deyiagting from
the spirit or s‘éﬂb‘g‘[ﬂaﬂ“mﬁeﬂg aésaeéﬁg‘%cﬁml'rlcﬁaﬁhe"m‘m ergb%t‘tﬁﬁ?‘?%ﬁg with

t he descriptio c . fd ' ' :
operative Itoo rece vgJa hgﬁgééé%é‘gekgw%‘ggg{h%as em%%&@%g@%ﬁbﬁo&ﬁ

reservation st atdrfafited. 204 and anal yze the byte mask identified by the
second operand of the decoded byte nmasked wite instruction, in addition
to its typical funcinensegbodimentofthedoragoing nrenessonpyeldtecturepfive different| vy, in

e 950° et or ey RHBE fet sHenet inBhing pttshik et R LRSS lE i o
aligned, and GRS B/pe VD), y braerS @ lncholREYIOHRmMEANR (U0) SR unkdchibe

i ncom ng byte masked wite instruction is to be split across cache |ines,
addr ess gener atspesulative wrilOmbining miemay type (USWEY tand the siritsprotected memspt it t o

deri It 214,  Additi | | ' d t he t hi f
the pr esent. i g (GR: TieiEe 0P, SR Gl oot 5es 20 HPelbhNEnds EREK t o
det er mi ne whet hgiih [HindRE 'ind A hbite 2ok ddstifbed RO e BOWRNSa hisaid) | Z€T 0€S.

I n one
ordered (e.g., processor execution does not necessarily follow program ordet), write-

combining (e.g., writes are combined/merged with subsequent writes in a buffer until a
line is fully written, or until an eviction condition (e.g., a fence operation) is received).
In one embodiment, the USWC memory type is never memory aliased and always
writes to or reads from external memory; therefore, USWC access never hit the caches.
USWC masked writes are mergeable, i.e., they combine with other mergeable stores, but
not readable, i.e., they do not forward data to subsequent instructions.

On an L1 cache hit by a cacheable masked write (e.g., WB MASKMOVQ), only
those 64-bit chunks for which at least one bit of the shifted mask is high will be active.
In one embodiment, unaligned eight-byte writes always write to two chunks. The byte
enables denocted by the mask select which bytes to write. Note that WT is also
cacheable, while will also update external memory, so even on a cache it, it allocates an
L1 cache controller buffer.

For an uncacheable masked write (e.g., WP, USWC, or UC MASKMOVQ), or a
L1 cache miss by a cacheable masked write (e.g., WB or WT memory type), L1 cache
controller 500 allocates a buffer in L1 cache buffer 506 and a request is issued to bus



enbodi ment, address generation unit 210 OR s' all of the mask bits together
and, if the result is a logic zero, it flags the masked wite as a
no-operation (NOP), and the instruction is retired without further
processing. “Ngk%.gpeC|f|cally, i n one enbodi nent, t he b “ﬁﬁﬁ wite
I S never dlspatched to LI cache controller 216, thereby frgg 'h&g. t he
store port dispatch for other stores and not unnecessarily occupying the

menory WO 99/ 50757
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subsystem of processor 200 Thus, in accordance w th one aspect of the
pr esent I nvention, address generation | t 210 determ nes whet her the

k of th t d, if
So. saves a L%%E‘I"%‘%?%y %Ew@*%%‘rxﬁgew@ ot 2 e Tpfens shgem nop |
In one enbodi membry IT0)TE] dhe@EBOdimant, sidhdabid hsked viRtED i ﬁﬁgseﬁh%h@%{)@&

of t hree buffers, a |load buffer and two store buffers

addr ess buffemcawaﬂemwwab@ﬂacsysﬁnmeﬁonyglly,em&omdpdat@g uni t !
214 i ncl ude t a WLt e fe wher e | oad instructions are |
perflorrreg |?\ B gﬁ%‘h %‘g ‘?ré‘lgl Gﬂ‘eﬂ‘ﬁ' i“?ﬁ‘ﬁigs thg cpche tafgeﬁél ZtmaskqﬁiWEordance

wi th one enbodifEiall frokL PEcKESR b DG TRER 1 fou',kﬁrep% A &mgfbg&gfgﬂsked

wite instruction is a sixteen- byte instructio Hxéd as two

separat e ei ghtxclugive onshaied dtate; orf veriteindack! tb @iefnory A ifvalidié (e @AchBADI N O deri ng
unit 214 and i ts buffers is provided in the bl ock diagram of Figure 4.

As depi cted iRogifigdstate.4Cacheshle masked writen that miss Ltmheéﬁﬁbﬁexgsé@ ooWd) daf f er
ggcz)wn | ﬁt gccor gar?‘éﬁﬁumg B 2, RO it WhS o B 488 e W hbeRbore apin £LUP! €0 23S _
cache 504. In one embodiment, the mask is sent from L1 cache controller 516 to bus '
controller 218 through byte enables. L1 cache controller 500 includes a buffer control
field in L1 cache controller buffer 506 which, when set for a corresponding byte of data
written from the execution core, becomes the byte enable for that byte in bus controller
~ 218 upon initiating a bus request. In one embodiment, this 32-bit control field is
referred to as byte_written control field (not shown) of L1 cache controller buffer 506,
wherein the byte enables are transmitted to bus controller 218 via control line 509, as
shown in Figure 5. In one embodiment, the size of data bus 508 between L1 cache
controller 500 and bus controller 218 and the data size of dispatch from the execution
core is eight-bytes wide, the byte enables are an eight-bit ficld extracted from the
byte_written control field starting at the byte signaled by the address of the request.
As alluded to above, the function of L1 cache controller 500 is based, at least in
part, on the memory type of the instruction being processed. Cacheable masked writes
(e.2., WB or WT) are non-temporal. They minimize any disturbance in the cache
hierarchy. Upon cache hits, they behave like regular cacheable stores, whereas on cache

misses, they employ ano-write allocate policy and are weakly ordered write combining.
In one embodiment, cache hits do not update the LRU bits, thereby minimizing cache
pollution.




w th one aspect of the present.invention, each elenent of store address

buf fer 404 of menory ordering unit 214 includes a nask field 406 for
storing the nask of a received byte nmasked wite instruction. In one
enbodi ment, nwelsskdrel d 406 is eight-bits |ong. As wi || DPETASYMPAL, from

t he description to follow, the mask identified by the SRC2 oper and of
the byte masked wite instruction is received unshifted from address
generation unit 210 and stored in the new eight-bit nask field 406 of each
store address buf fer 404. |f, menory ordering unit 214
receives an indication from address generation unit 210 that the byte
masked wite can be accommpdated within aigingle cache line of the L1

cache, e.g., 32 byt ¢sof eNRuineRt, for WBIbr WTiidsRedowtitekGat moibd i L Becazhejok O] ,
menory ordering unit 214 forwards the mask untouched to L1 cache
control | er 216.USWC rhaskes\venites, an Lt tagheapteallér buffer 806,is pllocatodim write caphiniag | i nes
ngTT ng Ié(]j 4885 " en’lodr;.e régll;s%qgel;xg %Eitie? o tﬁen ;agne%}:'l'p% merge or cox)n/\g)mg 1911/ bSthZrSgﬂG until it ig
0 S e 0 PRt e MR A QUSEAGL UDpettln, ) coche
Menory orderi ng)éidfiﬁbn, 4. Fonphitidl e., Adtlywitenf Wit combiningevichomsrcadhel f of the
l'ine split and it sends the shifted nmask for the upper half The | ower
three bits of tdeatroller 500 sends the shified mask through byte enables to bus controller 218 via

control line 509. In one embodiment, L1 cache coniroller 500 also sends the address. If

the instruction crosses two cache lines, L1 cache controller 500 issues two separate

requests, each request having its own eight-bit byte enable corresponding to the

byte_written control field in their respective L1 cache controller buffer(s) 506. In

accordance with one aspect of the present invention, for fully-written write combining,

no byte-enables need be sent since bus controiler 218 picks up all 32-bytes of the line

eight-bytes at a time, in accordance with the data size of internal bus 508,

In one embodiment, strictly ordered UC and WP masked writes behave like any

other strictly ordered uncacheable store. Upon sending a bus requeét, the appropriate

cache line of L1 cache 504 and/or L2 cache 104 is flushed. That is, if memory aliasing

occurred and the cache line targeted by the masked write is in L1 cache 504 and/or L2

cache 104, the line is invalidated if in exclusive or shared state, or written back to

memory and invalidate the line if in modified state.

For the write protected (WP) or strongly ordered uncacheable (UC) masked

writes, or WT masked writes hitting L1 cache 504, L1 cache controller 500 sends the

unshifted mask through the byte enables, in addition to sending the address and the

length of the request to bus controller 218 via control line 509 and data bus 507. In

accordance with one embodiment of the present invention, data bus is 64-bits in length.

As will be described more fully below, bus controller 218 uses the lower three bits of

the address to shift and align the byte enables, while the length is used to determine the

endbyte of the mask. In one embodiment, for writes to a lower half of a cache line split,



address are used to do the shifting for unaligned accesses. The |ower five
bytes of the address are zeroed out by nenory ordering unit 214 on

di spat ches of upper half |ine splits, so that the L1 cache controller
will not r e mask again (nmenory ordering unit alg&gamy ds the
shifted rra?t&%gﬁsozéﬁspatch of the upper half line split onlfat mas?(%ﬂ- wite).
Thus, the adjusted length for the upper half of the line split (i.e., the

| engt h of the macro-instruction mnus that of the lower split) is also

sent by nmenory ordering unit 214 to L1 cache controller 216, for reasons
to be described nore fully bel ow Once all of the nenory ordering
constraints are cleared in nenory orderijgg unit 214, the byte masked

wite is i SSUxeﬂrmtésélaa?m&%ﬁa{eﬁ%&;nGasiﬂ e%ﬂe?@%?%tai}sjenﬁﬁl

controller 216 1s us as a nmenory 1ntertace em menory 0 and L2

cache 103 frodxL Meache dontroliz? §00 via dath BuS072 ifénetfibadineBE Fo? Writdsko gmChe
controller 216 contains the L1 cache used to cache data and/or control

si gnal s, andvepeshaif afa ¢ashejlinegplitodata isshifted by,bh eache contgolerdid0 andithgishifieheabl e
requests. Ongce.ll cache.contro hlgr 16 accepts t.he, di spatch of . the.
maked w i (o pr e RTE KRR 15 B fES B FctiuRL o REtony e moi
associ ated ynjtpid) the byte masked wite is conprised of all zeroes. Thus,
in addition to the simlar determ nati on performed by address generation
unit 210, L1 cachRBetumingto tiedHustrated example embicdongpeof pocrs®n260 depictsltini N case

menory ordering upit 214 dispatch of a npsked wijte is nmerely one-half
of a split ahg'ggg’t% érﬁs PWP‘BPF‘%‘F@?&IFFE‘%WH@%HEr%ﬁP@y for

one of the beefddbs tdniiGfer 290, Bakksi 1@}1%5#&13%4 i¢ Gefifve 10 Aflirol 5, 11€ MBSK

arriving at L1 cache controlle zeroes if it is one
of the two daspsiecfrem Ldfcachelconmtfoller 2163912 tachiv $03¥a backside BERQ2S,-as depictedit | on,
i.e., if the_masked wite dispatch is not a line split and the mask is
al | zeroes, Eaﬁn@%isbug@moam%a is pperativelty coprdinate meppeses fiora dil cacheicentipller ¢ as

aNoP, - and i t 0y R\ Secld5Y Plo VIR EGerhds o WP TR, VoS LU o2 Bucefifoalgs o1 1 bed
' controller according to the teachings of the present invention is presented in Figure 6.

Turning to Figure 6, a block diagram depicting the interface between bus
controller 218 and the external host bus 106 is depicted. In one embodiment, for
example, the interfuce is comprised of external bus controller 600. In accordance with
this example embodiment, Figure 6 illustrates a block diagram of example external bus
controller 600, operative to pass the byte enables determined by the execution core, €.g.,
elements 202-216, of byte masked write instructions, and to calculate eight-bit
unaligned, unshifted and contiguous byte enables for all other non-write combining
instructions based, at least in part, on the length of the fransaction. As depicted in the
illustrated example embodiment of Figure 6, external bus controller 600 includes byte
enable (BE) calculator 604, multiplexer 606 and shift and alignment circuitry 602,
cooperatively coupled as shown.

In accordance with one aspect of the present invention, external bus controller
600 includes byte enable (BE) calculator 604, operative to calculate byte enables for
non-write combining instructions. In one embodiment, for example, BE calculator 604
calculates the byte enables for non-byte masked write instructions based on the length
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For a split line masked write whose mask corresponding to elther hal f of
the split iwoabkerzeroes, such half will not be executed. PREUS48B 1 cache

controller 216 w || di scard that half of the operation as a NOP. I'n this
I nstance, the NOP signifies that the I nstruction wll not be cached or
buffered in L1 cache controller 216, and therefore no request is sent to

bus controller 218. That is, the byte nasked wite instruction is retired
Wi t hout further updating or tying up of hardware resources of nenory
subsystem 212. The lower half of the linel8plit us treated as a
non-1ine-split oafe4Shsactoh received ¢1adin€ 61Y fidth bid'comidller? 182 Y5 acebidhics withehe Bk
using the lower three bits of the address, and subsequently, perforns an
OR oper ati on ofteachiogsafshe prcseahmtl@n;muwpleleeﬁﬂée\mpeﬂ@vem seleet e@tbgéheb}’éfrf

he adaress, | intisldcamines hEpE ﬂaﬂﬁw@ %%mv%ana@e“s’f oS ey 8 nce
the | over  thr g o &n0hor bE nAHSE m;ucu S b 1o e 2!

zer oes. zeroes | ower dlspatch of

a line split masafand dlighment cirtultryc602via 10R616. 0$Hlﬁan<12a11§nm5ntlcirclhﬁi 6026s its
address, so that data can be rotated and witten into _rrem)rg}/wcorrectly

upon di spatch @peratie tgplp@ﬁndnwgnthemesena@e&@émvmwm ©8er i ng
uni t 214 W RGeS Sl ddiRss 8t B uls St oS b hetiREa PRE Sct B’ O
byte enables, e.g., eight-bits provided by the execution core or calculated by BE
calculator 604, are then shifted and aligned based on the lower three-bits of the address

of the transaction received via line 608 to generate the sixteen-bit byte enables employed
by system memory 110. In one embodiment of the present invention, shift and
alignment circuitry 602 outputs a sixteen-bit byte enable via line 618 to external bus
106, as shown. The upper or lower eight-bits will be all zeroes for a chunk-aligned

access.

SIMD INSTRUCTION SET/BYTE MASKED WRITE

Given the foregoing architectural description of processor 200 incorporated with
the teachings of the present invention, an enhanced SIMD instruction set will now be
introduced, with reference to Figures 7 through 10. Before delving into the instruction
set, for ease of explanation, the packed data types introduced earlier will be described
with reference to Figure 7.

With reference to Figure 7, a number of alternate packed data types are
depicted, according to one example embodiment of the present invention. In particular,
four packed data formats are illustrated in Figure 7; packed byte 702, packed word 720,
packed doubleword 730 and packed quadword 740. Packed byte 702, in one
embodiment of the invention, is sixty-four bits long [63:0] containing eight one-byte
elements 704-718, respectively. Generally, a data element is an individual piece of data



line split. As shown, Figure 5 depicts a nore detailed bl ock

di agram of an exanple L1 cache controller 500, in accordance with the

t eachi ngs of the present invention. In one enbodi ment, L1 cache

control I er |BQosfy, be beneficially integrated in processop-gdiSoRsses L1
cache controller 16. In accordance wth the teachings of e present

I nvention, as depicted in Figure 5 L1 cache controller 500 is conprised
of a conparator 502 to identify L1 cache or buffer hits m sses, L1 cache
504 to store cacheabl e accesses, L1 cache controller buffer 506 for
servicing uncacheabl e accesses or cache m sses, and mul ti pl exer 508 for
sel ecting between the output of L1 cach 504 or L1 cache buffer 506 on

| oad writeba t exe utlon ore. cqrdan t h, one aspect of the
present |n$l§f1 |g°rlf&{]§fs(,m f%‘F‘P&ﬁyq‘i‘f§°‘§n &“}Cﬂ?%g‘P taglementy offbpr o5 -
differently dapers I:%hetehﬂ: dlment £ Qrfvediti

BCTI LS99/ O pthJ 0 0 p?e%é& on, the number of data elen'fgts enory
attribute of stored ih agsegistertis Ghbitsllongylividedtiy, the length of the bitsof datdederisne Of t wo

types, cacheabl.e or, uncachegbl e. However, there are a nunber of
sub- menory t Y8 YhP‘rPn“@gE‘EFnS'F’ Rackedvord £20;is fé-bits loag andseomprisesdhurc ausi ng

L1 cache CO”‘IB%&'v?st-E’% .hg’ &He 1 #a&eaﬁiﬁbﬁ%&a?m%§ﬁg%&d ar}am;/erw ew of

the nenory types supporte Yy processor _
one enbodi memvo 82-bit deublewsrdoT320mR 734; ecpetively CPAJKSE ikidRord is 68-bith fohg' ent

and contains one 64-bit quadword 740.

WRITE INSTRUCTI

In accordance with one aspect of the present invention; a new instruction is
introduced to SIMD instruction set 209 which enable select, non-contiguous bytes of
packed data to be moved in a single instruction. In particular, SIMD instruction set 209
includes the byte masked quadword move (MASKMOVQ SRC1, SRC2) instruction

As described above, the byte masked quadword move (MASKMOVQ) may be
of any memory type. A cacheable byte masked write hitting the cache (e.g., L1, 12, L3,
etc. cache) minimizes pollution of the cache by not updating the. LRU bits. A cacheable
byte masked write missing the cache is non-temporal and adheres to a weakly-ordered
write-combining paradigm; therefore, the instruction bypasses all processor caches. In
accordance with one embodiment of the present invention, the format of the byte
masked quadword move (MASKMOVQ) instructions is as follows:

MASKMOVQ SRC1, SRC2 (1)
In accordance with one aspect of the present invention, the byte masked quadword
move instruction (MASKMOVQ) is operative to configure processor 200 to move
select bytes of packed data from a first SIMD register 312, 316, 318, etc. ("MM1")
denoted by the first operand SRC1 to a memory location implicitly specified by a
register, using the byte mask located in a second SIMD register 312, 316, 318, etc.
("MM2") denoted by the second operand SRC2. More specifically, in accordance with




menory types are supported including witeback nenmory type (WB), a wite

t hr ough menory type (W), a strongly ordered uncacheabl e nenory type
(UC), an uncacheabl e specul ative wite conbi ning nmenory type (USWC), and
the wite proweshsgsnenory type (WP). The WB, WP, WI' and POT/USSHMdBY t ypes
are all well known to those skilled in the art, and need not be further
descri bed here. The USWC is a weakly ordered (e.g., processor execution
does not necessarily foll ow programorder), wite- conbining (e.g.,
wites are conbi ned/ merged with subsequent wites in a buffer until a

line is fully witten, or until an eviction condition (e.g., a fence
operation) is received). In one enbodi mdht, the USWC nenory type i s never
menory al i ased oneeémbbdimyrt of thetpresam iiventioh, indinidsal byesofdataare etbred domthe

t herefore, USWC access never hit the caches. USWC nasked wites are

mer geabl e, i . e MMlyegisterdathedecatipn speeifindby (RaPLiegister320; by analyzingithe moght

onan L1 caghe SRRy R i ok e 6l et AMER ST B8l Wipls bt

those 64-bit clplsa klfc il hodwiIodss asd O erdy SHpdifB hagBTh ok i gh

n one enbodi nent, unaligned elght-byte wites al ways
wite to two clembedimedit)thelbyteanaskeivmbdvecrd dhomoopethtion istdperatiesstic nwak egl¢ct whi ch
bytes to wite. Note that Is al so cacheable, whjle will]l also dat e
ext ernal menor \Pyte§ Bf%%‘ﬁ“ Bi\‘/fﬂ;ﬁ& i‘%ﬁ&‘sﬁef to apgmpliqt c‘?fﬁé%‘i Igpption. b&““&%ﬂgﬁ
control | er buff R Lte (e.g., W,
USWC, or UC MA ) kS‘riq%adVJSQ{?w%a e ms e;q/”a claﬁgﬁoé%'e masked wite

(e.g., WB or W' nemif @MVg[78) . L1 oseaedi] cont r MME7:(800 al | ocates a buffer
WD 99/ 50757

in L1 cache buffer 506 and a requ?&t“ is issued to bus
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if (MM2[15])

[edi+l] =

M64[edi+2]

MMI1[15:8)

if (MIM2[23]) MM1[23:16]
if (MM2[31]) M64[edi+3] MM1[31:24]
if (MM2[39]) M64{edi+4] MM1(39:32]
if (MM2[47)) M64fedi+5] MM1([47:40]
if (MM2[55]) M64[edi+6) MM1[55:48]
if (MM2[63]) M64[edi+7) MM1(63:56}

Accordingly, where the most significant bit of each byte of the mask identified by
SRC2, e.g., MM2, is active (logic 1), the corresponding byte in the MM1 register

identified by the SRC1 operand will be written to a memory location identified a register
(e.g., one of general registers 310). Moreover, in accordance with the nature of the byte

masked quadword move operation, discussed above, any bytes corresponding to a write

enable mask will minimize pollution of any resident caches (L1, L2, L3, etc.) of

processor 200 incorporating the teachings of the present invention. Thus, in accordance

with the teachings of the present invention, the byte masked write operations described

herein enable processor 200 incorporating the teachings of the present invention to move

select, non-contiguous bytes of data to an implicitly defined memory location, in a single



16 controller 218. Bus controller 218 interfaces with both L2- cache 104
and system nenory 110. In one enbodi ment, cacheabl e nasked wites that
m ssed L1 cache 504 or uncacheabl e masked wites al ways update system
menory 110, { hey do not update either LI cache 5 ache
104. I nstead, tﬁe cache line targeted by a nasked wite 9ém&$¥%éﬁ§d from
L1 cache 504 and/or L2 cache 104, if present, invalidating the line if in
exclusive or shared state, or witten back to nmenory and invalidate the
cache line if in nodi fied state. Cacheable masked wites that mss L1
cache 504 (e.g., WB or WI) do not need to flush the L1 cache, since it

was a mss, and the line is therefore n in L1 cache 504. In one
errbodimant, . t fro L1 cac ntroll.et ,516 to bu
control | er kthﬁ B@ Yk SR gmhirin ’é’?} °¥&H§F%‘Fﬁl%’?lesemnm Yudes a -

buf f er contr@j;socm{euqhd,tha ,l,(;raaache controller buffer 506 which, when set
for a correspondi ng byte of data witten fromthe execution core, becones
the byte enabl e f&vmmﬂmémemnmmmm&Monsazmm@mmm| ng a bus

request. n‘g?ddlrrent this -bit control field.is referred to as
byte wrltten feipptmy f'f&"sg gt inventiop impartieilary 491 exampleuf f er 506,

wherein the Emﬁﬁtﬁﬁﬂneﬁﬂl%% r ‘ﬂfjre g1 | 4 .via control
| ine 509, as i;,shown I'n Fi gurgg g Fédt‘glne gn%lla%l manfl“'t elp%cée%d? data bus
508 bet ween [Figuwra8he controller 500 and bus controller 218 and the data

size of dispatch fromthe execution core is eight-bytes wide, the byte
enabl es are an ei gAwmingtp Figuse 8, adlow chert dlnskatingian exampléypethodincerpertingnt 1 ol

ps el | udod t e BiehirBS ot b Frskinp POtn e il "%@?ﬂi%hé%%@%”&mﬂgeed at
least in  pdafato aﬂmﬂﬁelﬂw@madlédéﬁ&lﬂfas%ﬁxhﬁﬁkﬁé&ldlﬁ&em Ngs @éf’ﬁ%y 1o L

Cacheabl e nasked wites are non-tenpor al

any di st ur batkedll mamm;@bodhnwgﬂlﬂﬂ&mmmdﬂmmgmhmmhave li ke
regul ar cach bIe st ores ereas. o a m sses, .they enpl o no-wite
al ?ocat e pol PCy ana TPwo Wﬁ%@?&@&ﬁ? \R?ﬁ’leé’“'@m‘ﬁf’wﬁ” ez, ngcﬁ’i%”“

enbodi ment , eaﬁmsmw@nﬁgcea%taﬁmoﬂ,eepbw 1RiabSorddnBERRE Ynd Untolingdnfd CacChE

pol | ution.

of the present invention, prbcessor 200 receives the instruction from system memory
110 at decoder 202 and decodes the instruction having a first operand SRC1 identifying
a first register (MM1) and a second operand SRC2 identifying a second register (MM2),
step 804. In accordance with the teachings of the present invention, the MM1 register
contains eight bytes of integer data, while the MM2 register contains eight one-byte
masks corresponding to the eight bytes in the MM register. Once the instruction is
decoded, decoder 202 issues the decoded byte masked move instruction to reservation
station 204, wherein the instruction is issued along dispatch bus 207 to execution unit(s)
208, address generation unit 210 and the memory cluster 212 once all of the data
necessary to execute the decoded instruction is available.

In accordance with one embodiment of the present invention, processor 200
analyzes the eight byte masks in the MM2 register to identify corresponding bytes in
the MM1 register to write toa location defined by (E)DI register 320, step 806. More
specifically, as discussed in detail above, address generation unit 210, memory ordering
unit 214 and L1 cache controller 216 each analyze the data in the byte mask in the
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I n one enbodi nent, for WB or WI masked wites that mss the L1 cache, or
USWC masked vwotersg7san L1 cache controller buffer 506 i s aPCO®89%¢d8%n wite

conbi ni ng mode. Subsequent wites of the sane type nerge or conbine in
buffer 506 until it is fully witten or there is an eviction condition
(e.g., an incom ng UC operation, fence operation, etc.). For partial,
i.e., not fully witten, wite conbining evictions cache control |l er 500
sends the shifted mask through byte enables to bus controller 218 via
control line 509. In one enbodinment, L1 ca%he controller 500 al so sends the
address. |f Mmrégaﬁ&ﬁmhﬁm;pmae&mmmbumpmm indivitieal ®ptes r ol | er
500 i ssues two separate requests, each request having its own eight- bi t
byt e enabl e corwf tepacksideta irothe WVBV1 regbsﬂtdewﬁegbﬁﬂlecs&qlrrwstﬁﬂé‘?ﬂmen their

respective L1 caghe controller buffer h one
aspect of the ﬁPé’al@anP B P En *SFm%ﬁ}’PV’QWngﬁzmalnggge&?%%ﬁ IHOE

byt e-enabl es n %&ﬁ%e&h@gemmqﬁmwméms%&méu 61h|an32 bytes of
the Iine ei g pytes at a , I'n accordance wth the data size of

i nternal bus SQ&emateembodlment,prbtbs@ﬂ&ﬂ(ﬁﬁﬁbdﬂhfﬂxebmmnhnﬂy;emas&mMetmeand WP
masked writes behave |ike any. other strictly ordered. uncacheabl e store.

Upon sendi ng a vBisther thg bt mask is aritgspnabled. Additionally, ea of address generation unit
210, memory ordering unit 214 and L1 cache controller 218 determine whether the byte

' B

masked write will cause a cache line split and, if so, the byte mask is adjusted
accordingly, as described above. One example each of a non-cache line split byte
masked write and a split cache line byte masked write are provided with reference to
Figures 9 and 10.

Turning briefly to Figures 9 and 10, one example each of a byte masked write
accommodated within a single cache line, and one causing a cache line split is depicted.
With reference to Figure 9, examples of the MM register identified by SRC1 900 is
depicted, along with the MM2 register identified by SRC2 902 and the upper eight-byte
chunk (chunk 3) of a cache line before the byte masked write 930 and after the byte
masked write 906 are depicted. Upon issuance of the byte masked write instruction
denoting SRC1 and SRC2, bytes 910 and 914 of MM1 900 are write-enabled by bytes
908 and 912 of the mask stored in MM2 902, respectively. Thus, byte 910 and 914
(X4 and X6) of MM1 900 will be written to cache line 906 at bytes 918 and 920,
respectively., Note that the pre-existing data in byte 936 has not been affected in byte
938.

With reference to Figure 10, an example of a byte masked write causing a cache
line split is illustrated. As above, Figure 10 presents MM1 940, MM2 942, the least
significant chunk (chunk 0) of an upper cache line and the most significant chunk (chunk
3) of a lower cache line both before 972, 970 and after 944, 946 execution of the
innovative byte masked write instruction,. As depicted in Figure 10, bytes 948, 952,



cache line of L1 cache 504 and/or L2 cache 104 is flushed. That-is, if
menory al i asing occurred and the cache line targeted by the masked wite
is in L1 cache 504 and/or L2 cache 104, the line is invalidated Lf in ]
excl usive o state, or witten back to menory ' Ldate the
line if in %ﬁ@??gg state. For the wite prot e?teg,ék{bmﬁpr
strongly ordered uncacheabl e (UC) nmasked wites, or WI masked writes
hitting L1 cache 504, L1 cache controller 500 sends the unshi fted mask

t hrough the byte enables, in addition to sending the address and the

| ength of the request to bus controller 218 via control |ine 509 and data
bus 507. In accordance with one enb;iaﬁ-rent of the p(rjesent :cn?/fant |bo|n,
data bus is ~Di (0 th. As Wi be desgribed more fully bel ow,
bus control | %62’?@%@'@#@ CEINFRAA2 e et°§“6ﬁ"°n‘ﬁn&‘|’yéesa?§8f%5§s95t&ﬁ“§hi ft and
align the byt TRIYay ' <[5 %€ .

endgyt e of {@zgg@k?%ﬁg&g%@@f er%ﬁ"?{o G’F%e?’ %&:ﬁ%?fqegﬁé g’m@rdeh%e%f a
cache |ine sphatithe byte masked®ri@O4ifi@eduire a cache line split. Consequently, in accordance

PCT/ US99/ 04893, ) . . . . o 18 or
for wites tH¥ththsteaghingsof themsessntdavepfion, memerwordering ynit2d4 wilh dispatetwios sent

i . ig.d bus,. 507, |
enbodi ment, 1Spuntp pdRE Vs S Sperflong 4, Sl Aleah e spf o8 The . |
shifted by LIfirsiiidpatch odtrdspérde to e RvthHalf SRhie spBE e.g., BRBK lind H45, 2dj ust ed

| ength and the address are sent as received from nenory ordering uni t
214. Memory ordering unit 214 sends the mask unshifted for the lower half of the line split,

and sends a shifted mask for the upper half of the line split. Thus, in accordance with
one embodiment of the present invention, the first three write-enabled bytes 950 and
954 and 958 of MM 1 register 940 will be written to the lower half of the cache line split
at locations 966, 967 and 968, respectively, in the first byte masked write micro-
operation. In an alternate embodiment, the three most significant write-enabled bytes
962, 958 and 954 of MM register 940 could be selected for the lower half the cache line
split.

As described above, in order to properly align the write to upper cache line 944,
memory ordering unit 214 must shift the mask for the upper half dispatch. The lower
three bits of the address are used to do the shift for the unaligned access. The lower five
bytes of the address are zeroed out by memory ordering unit 214 on dispatches of
upper half line splits, so that L1 cache controller 216 will not rotate the mask again.
That is, memory ordering unit 214 already sent the shifted mask on dispatch of the
upper half line split of the masked write. The adjusted length for the upper half of the
line split, i.e., the length of the macro-instruction minus that of the lower split, is also
sent by the memory ordering unit 214. Accordingly, for the lower half of the line split
access, L1 cache controller 216 shifts the mask using the lower three bits.of the address,
and subsequently performs an OR operation. For the upper half, memory ordering unit
214 shifts the mask using the lower three bits of the address, and L1 cache controller

- 216 ORs the bits of the shifted mask. Subsequently, L1 cache controller 216 is




Returning to the illustrated exanpl e enbodi nent of processor 200 depicted

I n Figure 2, bus controller 218 is shown conprising backsi de bus
controller 224 and ext ended bus controller 220. Backside bus controller
224 i s oper at wosskerszont r ol accesses from L1l cache contr HATAISIP0H893t 0 L2
cache 103 vi a backsi de bus 223, as depi cted. Ext ended bus controller 220
IS operative to coordi nate accesses fromL1l cache controller 216 to
system nmenory 110 via external host bus 106. One exanpl e of an extended bus
controll er according to the teachings of the present invention is presented
in Figure 6. Turning to Figure 6, a block diagramdepicting the

I nterface between bus controller 218 anlf the external host bus 106 is

depi cted. |n orgpeRitao@iplaRe the réfdining Byta 9§ f MV @egiisiir 9 the ledst Sighifitansed of
external bus controller 600. In accordance with t hi s exanpl e enbodi nent,

Figure 6 il usthyta269 of theleasksighifiepntolnuk ofappensache dine 844; avithiag appropriately ol | er
600, operative i&zgasa%t he byte enabl es determ ned by the execution core,
e.g., el enent® D86, of byte nasked wite instructions, and to

cal cul ate eight-bit m@g%ﬂ%@%ﬁﬁ@rﬁk%@ﬁ%ﬁ%&&%ﬁd&m%&% for

all other non-wite conbining ructions based, at least In part, on
the | ength of tstep 8067 precesior 200 mégesdiepiritt eshbled birfegof the pcked dad wdh lecation| e

enbodi nent of Figure 6, external  bus controller 600 inc]udes, byte , _enable
(BE) cal cul at orimphicitly specified b2 mgistnsten $88. Sinione cabpiimentdhslopatiop is spegified, 602,

cooperatively ¢ I as. . . . 98 | ct of
the present i nv‘gn i(gﬁ?l r@%%%\ggpf%e&gralcrgg rr(s):’{bé?ﬁ%% %@8’ [ nﬁ’&%@ga%ﬁ&gnabl e
(BE) cal cul at orcaéiddble R@§sad, pitBeset 200isddtes L € cdolé S04 A¥oLGcheHisses oION-Wr i t €
conbi ning instructions. In one enbodinent, for exanple, BE calculator 604
cal cul at es t he vngpacheabledstessesf processonmbyes dhervaitk enhbled bytes stered indel daches based on
the |l ength 9%4@0%33 . . \
PCT/ US99/ 04893 controller buffer 506 to a location defined by (E)DI register 320. More specifically, as
described in detail above, in response to control information provided by L1 cache
controller 216, and bus controller 218, write combine buffer 600 is operative to write
select, non-contiguous bytes of packed data to an implicitly defined memory location
for byte masked write operations, or calculates write enables for other write
instructions, Thus, in accordance with aspect of the present invention, processor 200
incorporating the teachings of the present invention is operative to write select, non-
contiguous bytes of packed data based, at least in part, on the write-enables obtained

from the byte mask of the MM2 register.

STORAGE MEDIUM
Although certain aspects of the present invention have been described in
significant detail above in association with hardware and instruction set embodiments,
those skilled in the art will appreciate that those aspects of the present invention
described in terms of hardware may well be embodied in software without deviating
from the spirit and scope of the present invention. Accordingly, Figure 11 illustrates
an example storage medium having stored therein machine executable instructions

including the byte masked write instructions of the present invention.



19 of the transaction received via line 612 frombus controller 218. In
accordance with the teachi ngs of the present invention, nmultiplexer 606
is operative to select either the byte enabl es 614 cal cul ated by BE

cal cul at or the byte enables 610 determned by th Y ion core
for byte ngggéﬁﬂ&?ite I nstructions and provi de the selec?gg'bytgﬂgnables
to shift and alignnment circuitry 602 via |ine 616. Shift and al i gnnent
circuitry 602 is operative to shift and align the byte enables 614
received fromnultiplexer 606 based on the byte sel ect address received
frombus controller 218. Mre specifically, the sel ected byt e enabl es,
e.g., eight-bits provided by the executihgn core or calculated by BE

cal cul ator 604, a je | 1 O the. |l ower. three-bits
of the address %‘? d%@cgt&}@?ﬁ@g@ﬁﬁ,ﬁo‘%@&%@ﬁ%lmggx;egéétegoghﬁgvﬁgugﬁ%%te t he
si xteen-bit {netaet willapprecia Mt SivRge meIMmSIMO RIPrd¥BIDANY of AQumbét g¥ne embodi ment
of the present invention, shift and alignnment circuitry 602 outputs a

si xt een- bi t Biereative serage wediums such@s,for examplecs magneticiBoppy 188, awgptisiown. The
upper or lowgr,eight-bits w.ll . b | gzer,aes for chunk-al | gne access.
SIMD | NSTR %EWW%%R@B%\&’T‘E 2ip" disk, an leawww#@tﬁe%m%
architectura}ne%ﬁp(m ' _ ' (oTaTy s W Dﬂmtepe

t eachi ngs of the preser??ﬂf%eentyﬁgﬁn?&gxkégﬁ’adn@%g S| ﬁéﬁ{)}?{"Yon set will

now be i ntypedfisterhge mietia. As tiepieted, storage hiediunek 08 hasstared theicon a Bhiralite
delving into %he I.nstruction .set, faor ease of explanation, the packed
data types i Af machineereauabls istruggions 2. Ja accerdance with qpe embpdimentofithe t o Fi gur e

7. Lih: %}(;f? alef- Ao ' rnate .packed data
types are p%é%ll?é e ,Jnéccoréﬁer’fg %iegﬂ%““ggbé@ng@féﬁ%d@%ﬁf%“%?% resent
i nvention. | insfaétions Y0¥ of the présentinvbafidit dn dedofdah6d With snotePembodinématred in
Figure 7; packed byte 702, packed word 720, packed doubl eword 730 and

packed quadwéedresemt inveation anaghineexpoutable instonetions inelndscptpeessor fupttians 4106
el emont o 704 35004 oeftlor P Wiy ek S eolhe T or 8958 I i ua
pi ece of dat fon-contiguous bytes of packed data to an implicitly defined location, in a single

instruction. Thus, those skilled in the art will appreciate that the teachings of the

present invention may well take any of a number of alternate hardware and software

forms, or ¢combination thereof, without deviating from the spirit and scope of the

present invention.

Thus, in accordance with the foregoing description of certain aspects of the
present invention, those skilled in the art will appreciate that the innovative processor
architecture and instruction set described herein advantageously configures a processor
to move select, non-contignous bytes of data using only two operands, relying on
implicitly defined target address(es) located in a register. Moreover, the present
invention improves performance by reducing time spent on cache management. That is,
the data processed in accordance with the teachings of the present invention is intended
to minimize cache pollution by not updating the LRU bits on a cache hit. It is not
necessary to first write-allocate the cache-line corresponding to the store address, and
then have to manage subsequent requests from other processors for the data contained in
that cache-line.




WD 99/ 50757

PCT/ US99/ 04593 20 that is
stored in a single register (or nenory location) with other data el enents
of the samewbeowgtsz | n one enmbodi ment of the present inv@GT{U§HP04E%e
nunber of data el enents stored in a register is 64-bits |ong divided by
the length of the bits of a data el enent. Accordingly, in one enbodi nent,
packed word 720 is 64-bits |ong and conprises four 16-bit words 722-728,
respectively. Packed doubleword is 64-bits | ong and contains two 32-bit
doubl ewords 732 and 734, respectively. Packed quadword is 64-bits |ong

and contains one 64-bit quadword 740. 27 BYTE
MASKED WRI TE | NSTRUWHileM2 method and appafatusad diedadsent inviehtiontiae beeadeskibaf int he
present invention, a new instruction is introduced to SINMD instruction

set 209 whi ch dermsioftheabeserillusixaied erahodirapmts,thossyskilled irthe arpwillasepenize that o be
noved in a single instruction, Jdn.particular I Lnsiruction set 209

i ncl udes the b%eemﬁ%@%gs %@‘8&%‘#& ﬂ%ﬂé’“ﬁﬁl&%ﬁ&%&@ﬁ&lﬁwt lf‘Yleél.ﬁ?Ib%at"i on
As described ahg\gactitdaavilyihedifi@akeshduadne Wit iR shidPRidNedsdormpy be  of
any nmenory type. A cacheable byte nasked wite hitting the cache (e.g., L1,

L2, L3, et c. appended claimsi Acooedingly|thadesariptiod istdbe regarded als yllustoative prieed ofy t he
LRU bits. A cacheabl e byte masked wite m ssing the cache is non-tenporal
and adheres t o "SSHENR Y MERISPU VNN ¢ o conbi ni ng paradi gm therefore, the

instruction bypassegpal gnﬁmgﬁ‘?%ﬁ’%{; E‘g%?%'é sele&f%[gﬂ%f‘,gy%ﬁ& dghe

enbodi nent of the presént | nventi t of the nmasked
quadword nove (pxKSUNENG) a simglé nsttictiGiitas béenasschibéd. ows:




MASKMOVQ SRC1, SRC2 (1) In accordance with one
aspect of the present invention, the byte masked quadword nove
instruction (MASKMOVQ is operative to configure processor 200 to nove

sel ect byt ewodoispgked data froma first SIMD register 312-34800ddds €L C-
("m") denoted by the first operand SRC1L to a nenory Iocatlon |rrpI|C|tIy
specified by a regi ster, using the byte mask | ocated-in-a—second-SI-MD

regi ster 312, 316, 318, etc. ("MW\2") denoted by th SRC2.
More specifically, in accordance with WO 99/ SO?HiﬂI](“m"nﬂﬂlljﬂIﬂ!I
PCV(US99104893 - * ¢ L M *0ne
enbodi nent of the present invention, indgidual bytes of data are stored
fromthe MMﬁ?ister to the location specified by (E)DI register 320, by
anal yzi ng the nos significant bit in each byte of the mask register MW
on a per- byt eVeelaing 1. A méthed toapeising:above, a mask of all zeroes will issue
as a NOP, thereby saving a pipeli ne stage. In one enbodi nent, the byte
masked quadword né®e mwgemwmmuw@m@mmr,y&emmemﬁ of a

Concept ual |y 2Hepfet t%&ﬁg%f S R ok Vi P %%éc‘éﬂeatemd as

foll | f
(ML 15]) scoond 9 ?3&1] gacom i bl °fhyt°ma?l& MV2[23]) |
MB4[ edi +2] = MZ!L&]mleIdualbytemasks(xﬂéi{nﬂéd)ythe second/bgdrad +3] =

MML[ 31: 24] 39: 32]

i (MVR[47]) correspowlaé g)gip’\%’%ﬂ_l)bytes of WNTB&[?‘?S%; iﬂ:nti:ﬁed by theNfNIrnét[ opei'and of
the decoded single instruction; and

()  moving select bytes of the packed data identified by the first operand to
an implicitly defined location based, at least in part, on the analysis of the individual
byte masks identified by the second operand. |

2. The method of claim 1, wherein the select bytes of packed data moved in
step (c) are non-contiguous bytes of packed data.

3. The method of claim 1, wherein the step of moving select bytes of the
packed data (c) bypasses processor caches.

4, The method of claim 1, wherein an individual bit of each of the byte
masks is analyzed in step (b) to determine whether the corresponding byte of packed
data identified by the first operand is write-enabled.

5. The method of claim 1, wherein bits of each of the byte masks is-
analyzed in step (b) to determine whether the corresponding byte of packed data
identified by the first operand is write-enabled. a

6. The method of claim 1, wherein the analyzing of step (b) comprises:

(b.1) determining whether the entire byte identified by the second
operandis  comprised of logic 0's; and

(b.2) identifying which bits of the byte identified by the second
operandis  comprised of a logic 1, where it is determined that the entire byte is not
comprised of logic 0's.




if (MV55]) . Mb4[ edi +6] = MML[ 55: 48] if (MW2[63])

Me4[ edi +7] = MWVL[ 63: 56] Accordi ngly, where the nost significant
bit of each byte of the mask identified by SRC2, e.g., M\, is active
(logic 1), theoewsamrsrspondi ng byte in the MML register i d@ATAUS9EB%DY t he

SRC1 operand will be witten to a nenory | ocation |deW
(e.g., one of general registers 310). Mreover, in ace nce

nature of the byte masked quadword nove operation m“ﬂim\wm“
bytes corresponding to a wite enable mask wi Il m ni m?\ of* any

resi dent caches (L1, L2, L3, etc.) of processor 200 |nc’brporat| ng the
teachi ngs of the present invention. Thus, 2§n accordance with the
teachings of the prgsentAh ByRidds@Bmpiisifg: byte masked wite operations
descri bed herein enabl e processor 200 incorporating the teachings of the
present invention t@pregessor; amglel ect, non- contlguous bytes of data to an

mplicitly defined pemory | ocati p Sk e insructiony SeShi G
ot R BSOSkt gt i oS 1 1
enhanced SIMD instructi odecsdeta sifpe instrugtionefond the instiudtion set, wherein thadecodedr i t e
O OnS O e etion includes 4 itt operand Jianying a prualfly of bysey of packed
data and a second operand identifying a corresponding plurality of byte masks;
analyze individual byte masks identified by the second operand
corresponding to individual bytes of the packed data identified by the first operand of
the decoded single instruction; and
move select bytes of the packed data identified by the first operand to an
implicitly defined location based, at least in part, on the analysis of the
individual byte masks identified by the second operand.

8. The apparatus of 7, wherein the processor further comprises a plurality
of caches for temporarily storing instructions and data.

9. The apparatus of 8, wherein execution of the single instruction moves
select bytes of packed data identified by the first operand to an implicitly defined
location.

10.  The apparatus of 7, wherein the processor is operative to move select,
non-contiguous bytes of packed data upon execution of the single instruction.

11.  The apparatus of 7, wherein the processor is operative to analyze select
bits of each of the byte masks to determine whether corresponding bytes of the packed
data are write enabled.

12.  The apparatus of 11, wherein individual bytes of the packed data are .
write enabled when the select bits of the corresponding byte mask are binary one (1).

13. A computer readable medium having stored thereon a plurality of

instructions including an instruction having a first operand identifying a plurality of



i mpl enentation will now be described with reference to the flow chart
depicted in Fi gure 8. Turning to Figure 8, a flow chart

illustrating an exanple met hmmjumglﬂnﬂg(um| the t eachi ngs of the present
invention f Mgol,%l ng sel ect bytes of packaGsosligdsss L0 an
inmplicitly etined location ih a si ngle Instruction, is presented. As
depicted in the illustrated exanple enbodi nent of Figure 8, exanple nethod
800 begi ns when a processor, incorporated with the teachings of the
present invention, e.g., processor 200, receives a byte masked wite
instruction, step 802. In accordance with one enbodi nent of the present
invention, processor 200 receives the iggtruction from system nmenory 110

dent Tyi ng. e PP RRS ﬁ?gf‘%eﬁﬁi’ﬁei&& I el BB RERT )i ng

second regi Shfikks( Whﬁhwheﬁ&ﬁﬁu@@ﬂyabﬁc@ﬁ&%@ﬂﬁﬁ@cﬁbhb&xﬁéﬁ& eAhieadp tPf the
present invention, the MML register contains eight bytes of integer data,

while the mﬂmlmmmmmmwwammmomeng to the
ei ght bytes in. t MM regis ce the. i stru tl.on ecoded, decoder
202 i ssues tn%ckagﬁﬂa @wa§e ‘E)nag‘?ég?tﬂé‘l‘i“bn station
204, wherein St F‘RZ ecution
unit(s) 208]&@&;(5&)235 g‘gfr?g%{l:bgsﬁhhmt ﬁh&ggﬂw%ﬁ C (Eer 2 once
al | of the dadagks. necessary to execute the decoded instruction is avail able.
I n accordance with one_enbodi nent of the present |nvent| on, processor 200

anal yzes the ei ght4 byt@%ﬂ%@@@h@%ﬂd@m@gﬁl@éﬁsw réip thedpstyction: r espondi ng

o ater 320 uiesiprolort anihd fleChif of SRR AT bRRAUR defebioe
addr ess generaeihetht Bbrespdriding!BR1E8 b¥'the pitRed Bala areWhité-emabfedand L1 cache

controller 216 each analyze the data in the byte nask in the WO
99/ 50757 15.  The computer readable medium of claim 13, wherein the processor is

PCT1 | J S99/048 93rat1ve to move select, non-contiguous bytes of data to an implicitly defined location

based, at least in part, on the analysis of the byte masks, upon execution of the single
instruction.

16. The computer readable medium of claim 13, wherein the processor is
operative to move select, non-contiguous bytes of data to an implicitly defined location,

upon execution of the single instruction.




23 MW register identified by SRC2 to determ ne whether correspondi ng

I ndi vi dual bytes of the packed data in the MML register identified by the
SRC1 register are wite- enabl ed, e.g., binary one. In one enbodi nent,
processor 200wawnessorzes only the nost significant bit of PEEURHNIN mask
to determne whether it is wite-enabled. In an al ternat e enbodi ment,
processor 200 ANDs all of the bits in the byte mask to determ ne whet her
the byte mask is wite-enabl ed. Additiﬂ |y, each of address generation
uni t 210, menory ordering unit 214 a 1 cache controller 218 determ ne
whet her the byte masked wite wll cause a cache line split and, if so,
the byte mask is adjusted accordingly, as described above. One exanple
each of a non-cache line split byte masked wite and a split cache line

byt e masked MWI are vided with reference to Figures 9 and 10.
Turning briefl o Fig QE%Q and 10, one exanple each of a byte masked
wite accomjodat ed in a single cache |ine, and one causing a cache

line split is depicted. Wth reference to Figure 9, exanples of the MM
register identified by SRCI 900 is depicted, algng with the M yregister

identified b _eight- byte ch of a
cache line b¢ er asked
wite 906 ar¢ sk ruction
denoting SRC] & DO af | ed by
byt es 908 re [hus,
byte 910 and Wi l'ine
906 at bytes nat i ng data
in byte 936 has no
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938. Wth reference to Figure 10, an exanple of a byte nasked
write causing a cache line split is illustrated. As above, Figure 10
presents MML 940, MR 942, the | east significant chunk (chunk 0) of an
upper cachegly d the nost significant chunk (chunk ower
cache line ngtyﬁﬁgg?ore 972, 970 and after 944, 946 execut F‘%%,'Ug%’m?ﬁé_

I nnovative byte masked wite instruction. As depicted in Figure 10, bytes
948, 952, WO 99X50757

PCT/ US99104893 210 24 956
and 960 in MW register 942 wite enabl e correspondi ng bytes 950, 954, 958
and 962 in MML register 940. In this case, however, nenory ordering unit
214 deternLne&_-Jiuu_ihe_byte_aaﬁaaimu44éhx¢LL-LequLLe-a}cache l'ine
split. Condequently, in accordanc | e teachi ngs of t he present
invention,?nennry ordering unit Z?Xqﬁ%$ﬁaggpatch two  segarate masked
wite nicro-operation$ﬂ1§56' e fior each dathe”TIne"922%and 946. The

first dispdtch corresp Y over hallf Bus{gatroliele Ldiit, e.g., cache
line 946. ! Menory or deri ndlé 14 sends ft he méﬂﬁ.unshi[ﬁed for the | ower
hal f of tha line splid, [ he wpper hal f of
the line sglit Thus, iin bf} Bagksideesent

i nvention, the first
regi ster 940 will be

| ocations 466, 967 a
m cr o- oder ati orf.
write-enablied byt€gs

AC
byt
e} niost

Controller
220

™ unt T

Address
<—»{ Generation Unit

210

Execution Unit(s)
TR
Dispatch MaskMOVQ Wriéeback
Bus | 209 238

207
, w

Reservation
[Decoder
202

Station
204

FIG. 2

Reorder Buffer
& Register File
206
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962, 958 and 954 of MMVL register 940 coul d be selected for the | ower half
the cache line split. As descri bed above, in order to properly
align the wite to upper cache |ine 944, menory ordering unit 214 nust
shift the maskW@8¥sofsfe upper half di spatch. The | ower t hr per/bsdofpases t he
address are used to do the shift for the unaligned access. The | ower five
bytes of the address are zeroed out by nmenory ordering unit 214 on

di spat ches of upper half Iine splits,$é?)that L1. .cache controller 216

will not rotate the mask agai n. That menory ordering unit 214 already
sent the shifted mask on di spatch of the upper half line split of the
masked wite. The adjusted | ength for upper half of the line split,
i.e., the length of the macro-instruc 'ﬁ@ini s that of the |ower split, is
al so sent by the r% ordering unit 4. “Accordingly, for the |ower

hal f of the line spli cache

using the | ower 81ed bits ofdldhe fddr ess

OR operati on. Fogﬁ;h,d ; nory |

mask using the |0wer e Db the adidress, a

216 ORs the bits3Wi~tjhe shif @8 ngsk. Sulbseqment|
T [ J

er 216 shiéé t he mask

ubsequently'%erforns an

uq&k 214/shifts the
cache controller

, L1 cache controller 216

is WD 99/ 5075 302
PCT/ US99/ 04893 ' : 25
operative to place tHe renagning te 96 egister 940 in the | east
significant byt e g 4 t signifigant chunk of upper cache |line
944, with an approprilalely -
Instruction
Pointer Register
206

320

)
_ 1,308 [ EpD|
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FIG. 4
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shi fted mask. Havi ng anal yzed each byte of the eight byte nask
| ocated in the M\ register, step 806, processor 200 noves the wite
enabl ed bytes of the packed data to a |ocation inplicitly specified by a
register, s I n one enbodinment, the location is spgei. h? in the
(E)DI regqi s?gg%%?of general registers 310. In one enbodl men Eg%f‘%r cache
hits by cacheabl e accesses, processor 200 updates L1 cache 504, and for
cache m sses or uncacheabl e accesses, processor noves the wite enabl ed
bytes stored in L1 cache control | er 41Qfer 506 to a location defined by
(E)Dl register 320. More specifically, as described in detail above, in
response to control information provided by L1 cache controller 216, and
bus controller 218, wite conbine buffer 600 is operative to wite
sel ect, non-contiguous bytes of packed data to an inplicitly defined nenory
| ocation for byte nmasked wite operations, or calculates wite enables
for other wite instructions. Thus, in ach:tGBEegyﬁth aspect of the

helt

present invention, processor 200 i ncor por afl eachi ngs of the
present invention is operative to wijfe select, non- conti guous bytes of
packed data based, at |lgasi _in part n.the wite.enabl es obtained from
the byte mask of the M\ Regervation Station/Reorder Buffer

STORAGE MEDI UM AIthough(xgguln aspects of the present invention
have been described in n association with

har dware and i nstructi op | = - skilled in the art wll
appreci ate that those aspec : on described in
ternms of hardware may _ ; p Wi t hout devi ating
fromthe spirit and scopE p Accordingly, Figure 11

illustrates an exanp, ed therein machine

execut abl e i nstructions

v

L4 Cache L1 Cache
Controller Buffer

Bus
Controller
218

Writeback Bus
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including.the byte masked wite instructions of the present invention.

WD 99/ 50757

PCT/ US99/ 04893 26

As depicted iwobwgmse 11, storage nedium 1100 is present edpCTusm®489ki | | ed
in the art will appreciate that storage nedium 1100 represents any of  a
nunber of alternative storage nediuns such as, for exanple, a nmagnetic

fl oppy disk, an optical di sk, nagnea$ (fape media, a hard disk, a "zip"

di sk, an erasabl e programuabl e read-o @ menory (EPROV), read-only nmenory
(ROM), a flash nenory device, or any other type of storage nedia. As

depi cted, storage nedium 1100 has stored thereon a plurality of machi ne
executabl e instructions 1102. |In accordance with one enbodi nent of the
present invention, machi ne executable instructions 1102 include the byte
masked wite instructions 1104 of the present invention. In accordance

w t h anot her enbodi nent of the present invention, nachine executable

i nstructions include processor functions 1106 descri bed above for
executing the byte nmasked wite instructions 1104 for witing sel ect,
non-conti guous bytes of packed data to an inplicitly defined location, in a
singl e instruction. Thus, ,those skilled in the art will appreciate that

t he teachings of the pres®nt invention nay well take any of a nunber of

alternate hardware and softyace._.tatos_or conhination thereof, wthout
deviating fromther sgiLi of Jb ' bl . §
Thus, in accordance fwith the f or egofngjdescription o cg;tain dspefts of
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present invention, those skilled in the art will appreciate that the

i nnovati ve processor architecture and instruction set described herein
advant ageously configures a processor to nmove sel ect, non-contiguous
byt es of da%d(d/%bﬁg only two operands, relying on [ rrpl Ipabg%mg@gl ned
target address(es) located in a register. Mreover, the present

i nvention inproves performance by reducing time spent on cache nanagenent

That is, the data processed in accqrdance with the teachings of the
present invention is intended to nbAMOi ze cache pol I uti on by not
updating the LRU bits on a cache hit. It is not necessary to first

write-allocate the cache-line corresponding to the store address, and
t hen have to manage subsequent requests from other processors for the data

contained in t hat cache-11i ne. WO 99/ 50757

PCT/ US99104893 E’JG Z 27

Wil e the nethod and apparatus of t esént invention has been descri bed
in terns of the above illustrated enbodi nents, those skilled in the art
wi || recogni that the invention s not |n1t§g to the enbodi nents so

descri bed. T pr e88nt i ent can actided ¥ and
alteration w i

Accordi ngly, of

restrictive

e

63 47 31 15 0
Words Wordp

128 126 720

63 31 0

Doubleword Doublewordg

134 32 730

63 0

Quadword
740
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Thus, a nethod and apparatus for noving sel ect, non-contiguous bytes of

packed data in a single instruction has been descri bed. WO 99/ 50757
PCTI US99/ 04893 28
CLAINS W clwo#ps50257 A net hod conpri sing: (a) pdrosxdiosnys a
single instruction wthin a processor, wherein the decoded instruction

includes a first operand identifying a plurality of bytes of packed data
and a second operand identifying a cgrmspondi ng plurality of byte
masks; (b) anal yzi ng i ndi vi A | byte nmasks identified by the
second operand correspondi ng to individual bytes of the packed data
identified by the first operand of t he decoded single instruction; and
(c) novi ng sel ect bytes of the packed data identified by the first
operand to an inplicitly defined IoFaItG)n éased, at least in part, on the

anal ysi s of the individual
Start
802

Decode Instruction
804

Analyze data identified by a
second operand to identify corresponding
bytes of packed data of the first operand

that are write enabled
806

Write all of the select non-contiguous
write enabled bytes of packed data
to an implicitly defined location
in one instruction

808
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byte nmasks identified by the second operand. 2. The met hod of
claim1, wherein the select bytes of packed data noved in step (c) are

non-contiguous bytes of packed data. 3. The nethod of claim
1, wherein {hpoomhRP Of noving select bytes of the  packe So0lsfon
bypasses processor caches. 4. The nethod of C a|n1f Wherein

an individual bit of each of the byte masks is analyzed in step (b) to
det er mi ne whet her the correspondi ng béte of packed data identified by the
first operand is wite-enabl ed. / The nethod of .claim 1,
wherein bits of each of the byte masks is anal yzed in step (b) to
determ ne whet her the correspondi ng byte of packed data I dentified by
the first operand is wite-enabled. 6. The nethod of claim1,
wherein the anal yzing of step (b) conprises: (b. 1)

determ ning whether the entire byte identified by the second operand is
conprised of logic Os; and (b.2) identifying which bits
of the byte identified by the second operand is conprised of a logic 1,
where it is determned that the entire byte is not conprised of |ogic
0's. WD 99/ 50757

PCT/ US99/ 04893
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29 s 7.7 An appar atus conpri sing: a processor; and
an instruction set including byte masked wite instructions, accessible by

t he processor which, when executed by the processor configures the
processor to: WO99/50757 decode a singl e instructi onPCT/USH/D4803
instruction set, wherein the decoded instruction includes a first
operand identifying a plurality of bytes of packed data and a second

operand identifying a corresponding pIur? [ty of byte masks;

anal yze individual byte masks i dentified t he second operand

correspondi ng to individual bytes of the packed data identified by the

first operand of t he decoded single instruction; and

nove sel ect bytes of the packed dat ag tified by the first operand to an

inmplicitly defined | ocation based, aFff st1' part, on the analysis of the

I ndi vi dual byte masks identified by e"second oper and. 8.

The appar at us ogaé wherein the processor further conprises a pluralit
i

of caches for arily i hpst
The appar at us G8f & Ei Heffaifter of

N@HET ei h@n

sel ect bytes ofBgfa@led datgh'ﬁﬁg%'?’lge bly 9Ae| 19
inmplicitly defined | ocatioh® : .
wherein the processor is operative to nove se non-conti guous bytes
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11. The apparatus of 7, wherein the processor is operative to:analyze

sel ect bits of each of the byte nasks to determ ne whether correspondi ng
byt es of the packed data are wite enabl ed. 12. The

appar at us ofyobdspreher ei n i ndi vi dual bytes of the packed d?@u@s@ﬁ) g3 Wite
enabl ed when the select bits of the correspondi ng byte nmask are Blnary one
(D). 13. A conput er readabl e nedi um having stored thereon a
plurality of instructions including an instruction having a first
operand identifying a plurality of 10/10 W9/ 50757

PCT/ US99/ 04893 30 byt es
of packed data and a second operand identifying a corresponding plurality
of byte masks, which when executed by a processor, the instruction
configures the processor to analyze each individual byte mask to

det erm ne whet her correspondi ng bytes of the packed data are
write-enabled, and to nove select bytes of wite-enabled data to an
inplicitly defined | ocation based, at least in part, on the analysis of the

i ndi vi dual byte FIG. 11
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masks. i - 14, The conputer readable medium of claim13, whegegi ‘Q“&"’“ N \
the instruction configures the processor to anal yze select _fjts o #
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(57) Abstract

A methed comprises a single instruction (1104) having

a first operand identifying a phurality of bytes of packed

data (701, 720, 730, 740) and second operand identifiying a

conresponding plurality of byte masks. Each of the plurality

.of byte masks identified by the second operand of the single
decoded instruction are analyzed, wherein select bytes of the

plurality of bytes identified by the first operand are moved to

an implicitly defined location based, at least in part, on the

analysis of the individual byte masks identified by the second

operand of the single decoded instruction.
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