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Today, most personal computer systems operate with one instruction
to produce one result. Performance increases are achieved by increasirig
execution speed of instructions and the processor instruction complexity,
and by performing muitiple instructions in parallel; known as Complex
Instruction Set Computer (CISC). Such pracessors as the Intel 80386™
microprocessor, available from Intel Corp. of Santa Clara, California,
belong to the CISC category of processor. -
Previous computer system architecture has been optimized to take
advantage of the CISC concept. Such systems typically have data buses
thirty-two bits wide. However, applications targeted at computer
supported cooperation (CSC - the integration of teleconferencing with
mixed media data manipulation), 2D/3D graphics, image processing,
video compression/decompression, recognition aigorithms and audio
manipulation increase the need for improved performance. But,
increasing the execution speed and complexlty of instructions is only one
solution. ,
One common aspect of these applications is that they often
manipuiate large amounts of data where only a few bits are important.
That is, data whose relevant bits are represented in much fewer bits than
the size of the data bus. For example, processors execute many
operations on eight bit and sixteen bit data (e.g., pixel color components
in a video image) but have much wider data busses and registers. Thus,
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can'waste up to seventy-five percent of its data

processing, carrying and storage capacity because only the first eight bits

of data are important.

As such, what is desired is a processor that increases performance
by more efficiently using the ditference between the number of bits
requiréd to r_epf_e_sent_the data to be manipulated and the actual data
carrying and storage capacity _of_thé processor.

SUMMARY OF THE INVENTION

A processor having improved data manipulation operations is

described.

A processor. The processor includes a first register for storing a first
* packed data, a decoder, and a functional unit. The decoder has a control
signal input. The control signal input is for receiving a first control signal
and a second oontrol_ signal. The first control signal is for indicating a
pack operation. The second control signal is for indicating an unpack
operation. The functional unit is coupled to the decoder and the register.
The functional unit is for perfdrming the pack operation and the unpack
operation using the first packed data. The processor also supports a

move operation.

Atthough a great deal of detail has been included in the description
and figures, the invention is defined by the scope of the claims. Only
limitations fo_und in those claims apply to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example, and not
limitation, in the figures. Like references indicate similar elements.
Figuré 1 illustrates an embodiment of the computer system using the
methods and apparatus of the present invention.
Figure 2 illustrates an embodiment of the processor of the present

invention.

A

e



Yescri bed.wo 96717291 A processor. The processor includes a4 F/@,q pster

for storing a first packed data, a decoder, and a functlona unit. The
decoder has a control signal input. The contr ol signal input is for
receiving a first control signal and a second control signal. The
first control signal is for indicating a pack operation. The second
control signal is for indicating an unpack operation. The functional
unit is coupled to the decoder and the r&gister. The functional unit
is for perform ng the pack operation and the unpack operation using
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the present invengjon tes an enbodi nent of the
processor of the %qug@ﬁp Figure ﬁﬁ\a@%tﬁgwe 5d illustrate in-register packed data

representations.

Figure 6a illustrates a control signal format used in the computer
system to indicate the use of packed data.

Figure 6b illustrates a second control signal format that can be used
in the computer system to indicate the use of packed data or integer data.

Figure 7 illustrates one embodiment of a method followed by a
processor when performing a pack operation on packed data.

Figure 8a illustrates a circuit capable of implementing a pack
operation on packed byte data. :

Figure 8b illustrates a circuit capable of implementing a pack
operation on packed word data.

Figure 9 illustrates on embodiment of a method followed by a
processor when performing an unpack operation on packed data.

Figure 10 illustrates a circuit capable of implementing an unpack
operation on packed data.

DESCRIPTION OF THE PREFERRED EMBODIMENT -

_ _ l
A processor having move, pack, and unpack operations that operate
on multiple data elements is described. In the fdllowing description,
numerous specific details are set forth such as circuits, etc., in order to
provide a thorough understanding of the present invention. in other
instances, well-known structures and techniques have not been shown in
detail in order not to unnecessarily obscure the present invention.
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Figure 3 is a flowdiagramillustrating the general steps u Igs?)snszﬁ

processor to mani pulate data in-the register file. . Figure 4a

il lustrates nenory data types. Figure 4b, Figure 4c and Figure 4d

illustrate in-register integer data representations. Fi gure

Sa illustrates packed data types. Figure 5b, Figure 5c and Figure

5d illustrate in-register packed data -4- representations.

Figure 6a illustrates a control signal format used in the conputer

. systemto indicate the use of packedgﬁ@m Fi gure 6b illustrates

an t he conputer

a second control signal format that
systemto indi cat-éo 8@"%@@!"‘%@6’8' Hﬁ?@!’s@"q‘ﬂﬂ 31?54’9595930" of the Fi gure

7 illustrates gmbodimums obiNe prosentinvétibr, thé foewiry definitions amer ocessor when

performng a ﬁﬁé.dgaerat I on on packed dat a. Figure 8a illustrates
a circuit cap i npl emrenting a pack operation on packed byte
data. - Figure 8b illustrates a circuit capable of inplenmenting a
pack it Xthrough BitY:

defines a subfield of binary number. For example,
bit six through bit zero of the byte 001110102
(shown in base two) represent the subfield
1110102. The '2' following a binary number
indicates base 2. Therefore, 10002 equals 810,
while F1g equals 1510.

Rx: isa registe_r. A register is any device capable of
- storing and providing data. Further functionality of
a register is described below. A register is not
necessarily part of the processor’s package.

DEST: is adata address.
SRC1: is adataaddress.
SRC2: is adata address.

Result: is the data to be stored in the register addressed
by DEST.
‘Sourcet1: is the data stored in the register addressed by
'- - SRCH. |
. Source2: is the data stored in the regaster addressed by
SRC2.

COMPUTER SYSTEM
Referring to Figure 1, a computer system upon which an embodiment
of the present invention can be implemented is shown as computer
system 100. Computer system 100 comprises a bus 101, or other
communications hardware and software, for corhmunicating information,
and a processor 109 coupled with bus 101 for processing information..
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executed by processor 109. Main memory 104 also may be used for

storing temporary variables or other intermediate information during

execution of instructions by processor 109. Computer system 100 also

comprises a read only memory (ROM) 106, and/or other static storage

device, coupled to bus 101 for storing static information and instructions

for processor 109. Data storage device 107 is coupled to bus 101 for

storing information and instructions.

Furthermore, a data storage device 107, such as a magnetic dnsk or
optical disk, and its corresponding disk drive, can be coupled to computer
system 100. Computer system 100 can aiso be coupled via bus 101 to a
display device 121 for displaying information to a computer user. Display
device 121 can include a frame buffer, specialized graphics rendering
devices, a cathode ray tube (CRT), and/or a flat panel display. An
alphanumeric input device 122, including alphanumeric and other keys, is
typically coupled to bus 101 for communicating information and command
selections to processor 109. Another type of user input-device is cursor
control 123, such as a mouse, a trackball, a pen, a touch screen, or
cursor direction keys for communicating direction information and
command selections to processor 109, and for controlling cursor
movement on display device 121. This input device typically has two
degrees of freedom in two axes, a first axis (e.g., x) and a second axis
(e.g., ¥), which allows the device to specify positions in a plane. However,
this invention should not be limited to input devnces with only two degrees
of freedom. - :

Another device which may be coupled to bus 101 is a hard copy
device 124 which may be used for printing instructions, data, or other
information on a medium such as paper, film, or similar types of media.
Additionally, computer system 100 can be coupled to a device for sound
recording, and/or playback 125, such as an audio digitizer coupled to a
microphone for recording information. Further, the device may inciude a
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Bit X through Bit Y: defines a subfield of binary
nunber. For exanpl e, bit six through bit zero of the
byte 001110102 : (shown in base two) represent the
subfield _ 1 1110102. The ' 2' following a binary nunber
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subsystem of a computer system mcludmg a number of networked -
‘devices. Computer system 100 optlonally includes video digitizing device
126. Video dlgltlzmg device 126 can be. used to capture video images that -
~ can be transmitted to others on the computer network. _
Computer system 100 is u_seful for supporting _c_ompUter supported
cooperation (CSC - the integration of teleconferencing with mixed media (
data manipulation)' 2D/3D graphics, image processing, video
compresslon/decompresslon recogmtlon algonthms and auduo -
manipulation.

| PROCESSOR

Figure 2 illustrates a detailed diagram of processor 109. Processor
109 can be implemented on one or more substrates using any of a
number of process technologies, such as, BICMOS, CMOS, and NMOS.

Processor 109 comprises a decoder 202 for decoding control signals
and data used by processor 109. Data can then be stored in register file
204 via internal bus 205. As a matter of clarity, the registers of an
embodiment should not be limited in meaning to a particular type of
circuit. Rather, a register of an embodiment need only be capable of
_storing and providing data, and performing the functions described
herem

Depending on the type of data, the data may be stored in integer
registers 201, registers 209, status registers 208, or instruction pointer
register 211. Other registers can be included in the register file 204, for
example floating point registers. In one embodiment, integer registers
201 store thirty-two bit integer data. in one embodiment, registers 209
contains eight registers, Rg 212a through R7 212h. Each register in
registers 209 is sixty-four bits in length. R{ 212a, R2 212b and R3 212¢
are examples of individual registers in registers 209. Thirty-two bits of a
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COMPUTER SYSTEM Referring to Figure 1, a conputer system upon

whi ch an enbodi nent of the present invention can be inplenented is
shown as conput er system 100. Conputmr system 100 conprises a bus 101
or ot her connunications har dware and software, for communicating
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PCT/ US95/ 1571 3registers 201 Slmrlarly, an value in an integer register can be mgved into
' thirty-two bits of a register in registers 209.

Status registers 208 indicate the status of processor 109. Instruction
‘pointer register 211 stores the address of the next instruction to be
executed. Integer registers 201, registers 209, status registers 208, and
instruction pointer register 211 all connect to internal bus 205. Any
additional registers would also co_rinee_t to the internal bus 205.

In another embodiment, some of these registers can be used for two
different types of data. For example, registers 209 and integer registers
201 can be combined where each register can store either integer data
or packed data In another embodiment, registers 209 can be used as
floating pornt registers. In this embodnment packed data can be stored in
registers 209 or floating pomt data In one embodrment the combined
registers are sixty-four bits in Iength and mtegers are represented as
srxty-four bits. In this embodiment, in storing packed data and integer
data, the registers do not need to drfferentlate between the two data
types. -

Functional unit 203 performs the operatuons carried out by processor
109. Such operations may include shlft_s addition, subtraction and
multiplication, etc. Functional unit 203 connects to internal bus 205.

Cache 206 is an optional'el'ement of processor 109 and can be used to
cache data and/or control Signals from, for example, main memory 104.
Cache 206 is connected to decoder 202, and is connected to receive
control signal 207.

Figure 3 illustrates the general operatron of processor 109 That is,
Figure 3 ilustrates the steps followed by processor 109 while performing
an operation on packed data, performmg an operation on unpacked data,
or performing some other oberation For eXampIe such operations
include a load operatlon to load a regaster in reg:ster file 204 with data

“ from cache 206, mairn memory 104, read only memory (ROM) 106, or
data storage device 107. _In one embodiment of the present invention,
processor 109 supports most of the instructions supported by the Intel
80486™, available from intel Corporation of Santa Clara, California. In
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ot her dynawipuefibfyage device (referred to as main nenory
coupled to bus 101 for storing information and |nstruct|ons W%gﬂn:’

execut ed by processor 109. Main nenory 104 al so may be used for

storing tenporary variables or other intermediate information during
execution of instructions by processor 109. Conputer system 100 al so
conprises a read only nmenory (ROM) 106, and/or other static storage
device, coupled to bus 101 for storing st8tic information and instructions
for processor 109. Dat a storage device 107 is coupled to bus 101 for
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Santa Clara, Cahforma) Generally, processor 109 can support the
present instruction set for the Pentlum'"‘ processor, but can also be
modified to mcorporate future instructions, as well asthose described
herein. What is important is that general processor 109 can support
prevrously used operatrons in addition to the operatlons described herein.
At step 301, the decoder 202 receives a control signai 207 from
either the cache 206 or bus 101. Decoder 202 decodes the control signal
to determine the operatrons to be performed.
Decoder 202 accesses the register file 204, or a location in memory,
at step 302. Registers in the reguster file 204, or memory locations in the
memory, are accessed depending on the register address specified in the
- control signal 207. For example for an operatlon on packed data, control
signal 207 can include SRC1, SRC2 and DEST reglster addresses
SRC1 is the address of the first source regrster SRC2 is the address of
the seoond source register. In some cases, the SRC2 address is optional
as not all operations require two source addresses If the SRC2 address
is not required for an operation, then only the SRC1 address is used.
DEST is the address of the destination register where the result data is
stored. In one embodiment, SRC1 or SRC2 is also used as DEST. SRCH,
'SRC2 and DEST are described more fully in relation to Figure 6a and
Figure 6b. The data stored in the correspondmg registers is referred to as
Source1, Source2, and Resuit respectively. Each of these data is sixty-
four bits in length.
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references are made to the accesses to the register file 204, however,

these accesses could be made to memory instead.

' In another embodiment of the present invention, the operation code

only includes two addresses, SRC1 and SRC2. In this embodiment, the

result of the operation is stored in the SRC1 or SRC2 register. That is

SRC1 (or SRC2) is used as the DEST. This type of addressing is

compatible with previous CISC instructions having only two addresses.

This reduces the complexity in the decoder 202. Note, in this |

embodiment, if the data contained in the SRC1 register is not to be

destroyed, then that data must first be copied into another register before

the execution of the operation. The copying would require an additional

instruction. To simplify the descnptlon herein, the three address

addressing scheme will be described (i.e. SRC1, SRC2, and DEST).

However, it should be remembered that the control signal, in one

embodiment, may only include SRC1 and SRC2, and that SRC1 (or

SRC2) identifies the destination register.

Where the control signal requires an operation, at step 303,

functional unit 203 will be enabled to perform this operation on accessed

data from register file 204. Once the operation has been performed in

functional unit 203, at step 304, the result is stored back into register file

204 according to requirements of control signal 207.

DATA AND STORAGE FORMATS
Figure 4a illustrates some of the data formats as may be used in the
computer system of Figure 1. These data formats are fixed point.
Processor 109 can m'anipulate' these data formats. Multimedia algorithms
often use these data formats. A byte 401 contains eight bits of
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storing and prauwewordiemmmos\dreomaﬂer anaxauhplef bit &ix threugtebic zefoest

‘teger  redigRBIATS wg@t o} 58 2({Bbfepenf i Qe Br ). o 1
i nstruction poi nt Eigure 4bth! drigarei4d ilustrateringegistarseprasentationsiuseédd i n
the register fil &@%bo&ﬁﬁem of tife& Bradenit invieRfibn. FEoréXaifiplé SENsi§rdcPbyte One
enbodi nent, int er%g regl s

ister presentatlon 410 can represent data stored in a register in
integer registers 201. In one embodiment, a register, in integer reglsters
201, is sixty-four bits in length. in another embodiment, a register, in
integer registers 201, is thirty-two bits in length. For the simplicity o_f the
description, the following describes sixty-four bit integer registers, |
however, thirty-two bit integer registers can be used.

Unsigned byte in-register representation 410 illustrates processor
109 storing a byte 401 in integer registers 201, the first eight bits, bit-
seven through bit zero, in that register are dedicated to the data byte 401.
These bits are shown as {b}. To properly represent this byte, the
remaining 56 bits must be zero. For an signed byte in-register
representation 411, integer registers 201 store the data in the first seven
bits, bit six through bit zero, to be data. The seventh bit represents the
sign bit, shown as an {s}. The remaining bit snxty-three through bit elght
are the continuation of the sign for the byte. '

‘Unsigned word in-register representation 412 is stored in one reg|ster
of_jpteger registers 201. Bit fifteen through bit zero contain an unsigned
word 402. These bits are shown as {w}. To properly represent this word,
the remaining bit sixty-threé through bit sixteen must be zero. A signed
word 402 is stored in bit fourteen through bit zero as shown in the signed
word in-register representation 413. The remaining blt sixty-three through
bit fifteen is the sign field.

A doubleword 403 can be stored as an unssgned doubleword in-
register representation 414 or a signed doubleword in-register '
representation 415. Bit thirty-one through bit zero of an unsigned




201 st or epfddgifzygyt WO bit integer data. In one enbodi nent | 09
contains eight registers, Ro 212a through R7 212h. Each reggg{‘% 52132

registers 209 is sixty- four bits in length. Rlerr] :212a, R2 212b and R3

212c are exanpl es of individual registers in registers 209. Thirty-two
bits of a WD 96/ 17291
PCT/ US95/ 15713 -7-

register in registers 209 can be noved {0 an integer register in integer
registers 201. Simlarly, an value in an integer register can be noved into

thirty-two bi ttﬁ)e S?\ﬁ?lfoelﬂ'rébﬁ'ieorcrggé%s%%@n 1124)%9 the.data. Thesd ﬁlgé'érer egi sters

208 indicate t
register 211 sthown Eecnr@eerlsorenre%eméms UMHQMWHGW@T%@G

~ executed. Int %ﬁ'ialﬁlﬁglb?ltéiit?-tﬁ% thiﬁiﬁl’ﬁﬁlﬂlﬁﬂfﬂﬁo nsﬁs%tu&éregln‘iégars 208, and
i nstruction pal nt r i‘l er nal ? 415Any

Lddi £ onal  ogegiers A1) Aaren & O0RH oUBRMT R eaiBlar aprsettasgs

| n anot her enhndbsrhﬂrthm)sm:mgﬁ bit zer; the rréiaing bit sixtyethree thrbagh tbito

different t ypqﬁ"w_oﬁj@h@e th%oélgﬁ”ﬁaﬂ)l e, registers 209 and integer registers

As indicated by the above Figure 4b through Figure 4d, storage of
some data types in a sixty'-f0uf bit wide register is an inefficient method of

' storage. For ‘example, for storage of an unsighed 'byte in-register
representatlon 410 bit s:xty-three through bit eight must be zero, whlle
only bit seven through bit zero may contain non-zero bits. Thus, a

‘processor storing a byte in a sixty-four bit register uses only 12.5% of the
register's capacity. Similarly, only the first few bits of operations

- performed by functional unit 203 will be important.

Figure 5a illustrates the data formats for packed data. Each packed
data includes more than one lndependent data element. Three packed
data formats are illustrated; packed byte 501, packed word 502, and
packed doubleword 503. Packed byte, in one embodiment of the present
invention, is sixty-four bits long containing etght data elements. Each data
element is one byte long. Generally, a data element is an individual piece
of data that is stored in a single register {(or memory location) with other
data elements of the same length'. In one embodiment of the present
invention, the number of data elements stored in a register is sixty-four
bits divided by the length in bits of a data element.

Packed word 502 is snxty-four bits long and contains four word 402
data elements. Each word 402 data element contains sixteen bits of
information. '

‘Packed doubleword 503 is slxty-four bits Iong and contains two
doubleword 403 data elements. Each doubleword 403 data element
contains thirty-two bits of information.

Figure 5b through Figure 5d illustrate the in-register packed data
storage representation. Unsngned packed byte in-register representation
510 illustrates the storage of packed byte 501 in one of the registers Rg
212a through Rp 212af. Information for each byte data element is stored



201 can be conbi ned where each regi ster can store either integer data

or packed Wplognrdep anot her enbodi nent, registers 209 can b&(ﬁs@%ﬁ%&ed N

fl oati ng point
regi sters 209

registers. In this enbodlnent packed data

or.floating point data. In one enbodi nent, the conbined

registers are sixty-four bits in length and integers are represented as
s. In this enbodinent, in storing packed data and i nteger

sixty-four bit

data, the registers do not need to differentiate between the two data
Functional unit 203 perfiotns the operations carried out by

types.
processor

109. Such operations may include shifts, addition,

Sunt racti on 3Rt severHdidl bE 3bkofbr Kt z0rb oﬁﬁ*‘*‘@?@k%’#ﬂbﬁﬁo‘*ﬁ%@c@@ AL
and can be usebytewpne, bit m@ammrqetruougumrsmm farnbyte two, bit ﬂmtmpne or
{FREBGH bit denty-four f&%‘yi@th?@@ blwm@tﬁfbd@h Bie fw@oz, and

exanpl e, main
i's connected t

illustrates th& mme by Wg&gﬂéﬁ%&

i |1 ustrates t hthrougipbit forty-eight fdrbyte sixcarxbbit $ixty-thireé mrpagh bitififtyesix for

operation on pg@ge&‘gﬂt ‘?‘h%ge%{“f é{}dﬁhﬂﬁ F@{rg é}gﬁjr%b |ﬂ'ih8 f‘hﬁg sflithde

or perform ng

me ot era I-on SUC I oONns

3
top byte five, blté'fty' Figure 3

an

include a | oadatsaewnaehmp@asegdhesmggeaﬁlclqncyrqéghep@cesspe Asowelli t h dat a
from cache 206w.tﬁ@nghtm@blerﬂéms abea@héan lore'Bp@ratior E&Ahowls pérformed

t d 107 d h t
o eaaor 106 -ah A cag BBrgnS SiriStinediahy %&?@‘ﬁé‘é@m gt

80486TNl avai

eeipresantation 61 tis mqadyestored imf régister mregnaters:angf Note a.
that only the elghth bit of every byte data element is the. necessary sign
bit; other bits may or may not be used to mdncate sign.

Unsugned packed word m-reglster representatlon 512 illustrates how
word three through word zero are stored in.one reglster of reglsters 209."
Bit ffteen through bit zero contain the data eelement information for word

| zero, bit thirty-one through bit slxteen contain the information for data

element word one, bit forty-seven through bit thmy-two contain the
information for data element word two and bit sixty-three through bit forty-
esght contain the information for data element word three. Signed packed
word in-register representatlon 513 is similar to the unslgned packed
word m-reglster representation 512. Note that only the sixteenth bit of
each word data element contains the necessary sign mdlcator

Unsigned packed doubleword in-register representation 514 shows
how registers 209 store two doubleword data elements. Doubleword zero
is stored in bit thirty-one through bit zero of the register. Doubleword one
is stored in bit sixty-three through bit thirty-two of the register. Signed
packed doubleword in-register representation 515 is similar to unsigned
packed doubleword in-register representatlon 514, Note that the _
necessary sign bit is the thlrty-second bit of the doubleword data element.

As mentioned prewously, registers 209 may be used for both packed
data and integer data. In this emb_ochme_nt of the present.m_ventlon the
individual programming processor 109 may be required to track whether

~ an addressed register, R1 212a for e_xamp'le; is storing pac_ke_d dataor

simple integer/fixed point data. In an alternative embodiment, processor

dat a

In

(
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Aanot her enbodi nent of the present invention, processor 109 supports al

‘the operations supported by the Intel 80486, available fromlIntel
Corporation of Santa Clara, California. In another enbodi ment of the
present invention, processor 109 supports all the operations supported by
the Pentiunferr] processor, the Intel 86%36[err] processor, the 80386[err]
processor, the Intel 80286[err] processor, and the Intel 8086[err]

processor, 109 Oedldit:‘a%khﬁbtﬁtef émath%t@’edmmumaﬁan*égelten@?ﬂrégvﬁe@% 2 essor

California. | odi nent of ese t,ion
109 supports g?qaélm"és a“emat'Y)?)@ g"%‘fﬂﬂ%h%g?wr? _e'ir%se'r I nt el
Architecture, exampléjapacked additibn operaticBowere aﬁtemptedorSeimmeNEked a,

California (segy; %%%Fésors ‘Intel Data Books volunme 1 and vol une
2, 1992 and 13&!}\4“ r e fromlintel of Santa Clara, California).
General |l y, processor 109 can support the present instruction set for
‘the Pentiunferr] processor, but_can al so be . nodi fied to incorporate

future instructions, as well asCONSBOLSIGNAL EQAMATS

The following describes one embodiment of controi signal formats
used by processor 109 to manipulate packed data. in one embodiment of
the present invention, control signals are represented as thirty-two bits.
Decoder 202 may receive control signal 207 from bus 101. In another
embodiment, decoder 202 can also recenve such control sngnals from
cache 206.

Figure 6a illustrates a general format for a control sngnal operatmg on
packed data. Operation field OP 601, bit thirty-one through bit twenty-six,
provides information about the operation to be performed by processor
109; for example, packed addition, packed subtraction, etc.. SRC1 602,

~ bit twenty-five through twenty, provides the source register address of a

| register in registers 209. This source. register contains the first packed
data, Source1, to be used in the execution of the control signal. Similarly,
SRC2 603, bit nineteen through bit fourteen, contams the address of a
register in registers 209. This second source register contains the packed
data, Source2, to be used durmg execution of the operation. DEST 605,
bit five through bit zero, contains the address of a register in registers
209. This destination register will store the result packed data, Result, of
the packed data operation.

‘Control bits SZ 610, bit twelve and bit thnrteen indicates the length of
the data elements in the first and second packed data source registers. If
SZ 610 equals 012, then the packed data is formatted as packed byte
501. if SZ 610 equals 102, then the packed data is formatted as packed
word 502. SZ 610 equaling 002 or 112 is reserved, however, in another
embodiment, one of these values could be used to indicate packed
doubleword 503. '



herein. What is inportant is that géneral processor 109 can support
previ ousl ymﬁﬁ;ﬁerat ions in addition to the operations described herein.
t he

At step 301, ecoder 202 receives a control signal 207 YCUHISAST13 4 { her
t he cache 206 or bus 101. Decoder 202 decodes the control signal to
determ ne the operations to be perforned. Decoder 202 accesses
the register file 204, or a location in nmenory, at step 302. Registers
in the register file 204, or nenory locations in the nmenory, are
accessed depending on the register addresi#-specified in the control

signal 207. For exanple, for an operation on packed data, control

i | 207 i i Lisdi ; SRCL i
the address of t ﬂ%‘”ﬁﬂ it ¥ 611 Bit o180, iCafeduricthby O B5Ean is to be S 1S
second source FBH! @Ft..w'ﬁms%'é'ﬁed'ﬁg@,lffﬁé1S§Q§§|5aam-é§§"iassﬁﬂéﬁ“69al as

not altl oper at iopefatiotdisipefformedsih T eqlstis 2R thén amsmi@dresz

is not required. for. 0 A s used.

bEST i s the aagpecaiofils PREoRbed; satinaibd Sherehifs ide BeRGTRILRRO0 - | &
stored. In one eniSantrobbitS 61 bittensindicates thesusaetal signedrperatBRCif S

SRC2 and DEST éa@,%g ' i hidtih @ ' ' d

Fi gur-e 6b. Theeggt sto?ﬁ%quﬁ)té%?%&odr?%%%gg ?%ﬁé@éﬁégg‘rgwf‘? ?’gjfazér]red to as

Sour cel, Sour c&8T0,heN R UASIGNedQReratiqLispe dof these data is sixty-
four bits in |engFigure 6b iMdstrRéd axstond general format for a control signal

PCT/US95/ 15713 5parating on packed data. This format corresponds with the general
| integer opcode format described in the “Pentium™ Processor Family

User's Manual,” available from Intel Corporation, Literature Sales, P.O.
Box 7641, Mt. prospect, IL, 60056-7641. Note that OP 601, SZ610, T
611, and S 612 are all combined into one large field. For some control
signals, bits three through five are SRC1 602. In'one embodiment, where
there is a SRC1 602 address, then bits three through five also correspond
to DEST 605. In an alternate embodiment, where there is a SRC2 603
address, then bits zero through two also correspond to DEST 605. For
other control signals, like a packed shift immediate operation, bits three
through five represent an extension to the opcode field. inone
embodiment, this extension allows a programmer to include an immediate
value with the control signal, such as a shift count value. In one
embodiment, the immediate value follows the control signal. This is
described in more detail in the “Pantium™ Processor Family USer’s_
Manual,” in appendix F, pages F-1 through F-3. Bits zero through two
represent SRC2 603. This general format allows register to register,
memory to register, register by memory, register by register, register by
immediate, register to memory addressing. Also, in one embodiment, this
general format can support integer register to register, and register to
integer register addressing.

DESCRIPTION OF SATURATE/UNSATURATE
As mentioned previously, T 611 indicates whether operations
optionally saturate. Where the result of an operation, with saturate
enabled, overflows or underflows the range of the data, the resuit will be



-9- wo%,llﬂglanot her enbodi ment of the present inventi ggyls?ﬁe or
all, of 1, SRC2 and DEST, can define a nenory |ocatron

addressabl e rrermry space of processor 109. Forexanple, SRCL may

identify a nmenory |ocation in main nenory 104 while SRC2 identifies a
first register in integer registers 201, and DEST identifies a second
register in registers 209. For sinplicity of the description herein,
references are nade to the accesses to tHié-register file 204, however,

these accesses coul d be nade:to nenory i nstead. I n anot her .
enbodi nent  of dif(ﬁahlgg?/ﬁiﬁahg%ettmbeth@ﬁééﬁﬁ ta m‘éadmum or mlrﬁﬁiw‘n i ncl udes
" two addresses,

| f th
operation is sf’a oan‘l’q ﬁéewx?ﬁe%apgﬁﬁﬂgmuﬂﬁgf migimum vaﬁlg};{&i (E)r ©

SRC2) is used e case @EﬂTderilbwssatgapatmfcladedhe reguli to the lowestorghaa inbl e wi t h

he. conpl oxi Ly TS ok 1B €538 ot dybriol? \itie st valye, T RigwSbiey °C2

data cont ai nedange fas esrtdata fproatis skownin Tablge!. destroyed, then that
data nmust first be copied into another regi ster before t he execution
of the operation. The copyrmg wourd [equi re anm agqreronar .
I nstruction. To sifgplify t descri er t hree r eds
addr essi ng schene | A ﬁgga?:s % g'mW@QUQF@amWW@L
Unggned Byte 255 '
Signed Byte -128 127
Unsigned Word 0 65535
Signed Word|  -32768 32767
Unsigned Doubleword 0 264.1
Signed Doubleword -263 263.1
Table 1

As mentioned above, T 611 indicates whether saturating operations
are being performed. Therefore, using the unsigned byte data format, if
an operation's result = 258 and saturation was enabled, then the result
would be clamped to 255 before being stored into the operation's
destination register. Similarly, if an operation's result = -32999 and
processor 109 used signed word data format with saturation enabled,
then the result would be clamped to -32768 before being stored into the
operation's destination regnster ' :

In one embodiment of the present invention, the performance of
multimedia appllcatlons is lmproved by not only supporting a standard
CiSC instruction set (unpacked data operatnons) but by supportmg
operations on packed data. Such packed data operations can include an
addition, a subtraction, a multlpllcatlon a compare a shift, an AND, and

~ an XOR. However, to take full advantage of these operations, it has been
determined that data mampulatlon operations should be included. Such
data manipulation operations can ‘include a move, a pack, and an unpack.



However, it should be renenbered that the control signal, in one
enbodi nrenwo searzaan! y i ncl ude SRC1 and SRC2, and t hat SRCl Pet/US 5,157138RC2)

identifies the destination register. Wiere the control §ignal
requires an operation, at step 3083, functional unit 203 will be
enabled to performthis operation on accessed data fromregister file
204. Once the operation has been perforned in _ 203, at
step 304, the result is stored back into registef Tﬁ;l$j$httf (AEOQ cor di ng
to requirenents of control signal 207. -16- REPLAGED DATA
AND STORACGE FORVATS : Figure 4a illustrates sonme of the data
formats as M, (e dnd uriftck facilitafe' i EXectitih INKY oftied GpBrationsikyse dat a
formats are flxed QI nt rﬂﬁ Processor 109 car} mam ﬁ t hese (rj%tsa
formats. Ml tGR88raling RRckedifata in’ '"@F%H!?taﬁewt%%s' 'éi"%e ¥rmats. A byte
401 contains eprqghrﬂmmg of WO 96/ 17291
PCT/US95/ 15713 Eor further background on the other packed operatlons seg K-
Microprocessor Having a Compare Operation,” filedon_______ , serial

number , “A Microprocessor Having a Multiply Operation,” filed
on. , serial.number “A Novel Processor Having Shift
Operations,” filed on __ , seial number _ » “A Method and
'Apparatus Using Packed Data in a Processor,” filed on December 30,
' 1993, serial number 08/176,123, and “A Method and Apparatus Using
Novel Operatlons ina Processor filed on December 30, 1993, serial
number 08/1 75,772, all assugned to the assignee of the present invention.

The move operation transfers data to or from registers 209. In one
embodiment, SRC2 603 is the address containing the source data and
DEST 605 is the address where the data is to be transferred. In this
embaodiment, SRC1 602 would not be used. In another embodiment,
SRC1602 is DEST.605. : :

For the purposes of the explanatlon of the move operatlon a
distinction is drawn between a register and a memory location. Registers
are found in register file 204 while memory can be, for example, in cache
206, main memory 104, ROM 106, data storage device 107.

The move operation can move data from memory to registers 209,
from reglsters 209 to memory, and from a register in registers 209 to a
seeond register in reglsters 209. ln one embodiment, packed data is
stored in different reglsters than those used to store integer data. In this
embodiment, the move operation can move data from integer registers
201 to reglsters 209. For example in processor 109, if packed data is

~ stored in registers 209 and integer data is stored in integer regusters 201,
then a move instruction can be used to move data from integer registers
201 to registers 209, and vice versa. .

. This Sheet Has Been Reﬂ
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i nf or mat i oWo ofyy@jd 402 contains sixteen bits of informatiop ,ﬁr two bytes.
A doubl eword 403 contains thirty-two bits of information, o?q W’%Wes.
Thus, processor 109 executes control signals that nay operate on any

one of these nenory data fornats. In the foll ow ng description,
references to bit, byte, word, and doubl eword subfields are nade. For
exanple, bit six through bit zero of the byte 001110102 (shown in base
2) represent the subfield 1110102. -17- Figure 4b through Figure 4d
illustrate in-register representations used i n one enbodi nent of the

present inventionin 6Aé eMEEEMENt, WHdrtd Rtbriy, E‘aldrﬁiress isﬂpgit'ég{retofﬁrrthe

representation_410 an.bﬁgéﬁ?en data stored I.n a reg I nt eger
registers 201. MAYSHI® & 80 daja aidhedpemory |ocatiea {ae Megioey er s
201, is sixty- focatiobindicating thedésst §ighiﬁc§m1ﬂw?'te)%1‘b¢ﬂﬁd§i% aﬁejﬁﬁi‘ﬁ'lt er, in f
I nt eger regist ' i - ' N ngth: Eor the si |City O
t he descr Fé’pﬁ? ?té %1‘29%§r %’é‘g\#hﬁfh&g E@F‘B&s‘}"g‘ﬁ’aﬁ/’ﬁ%ﬁ?’ B rpglqtﬁn@(ﬁg%
registers, is indigatast, the pontents ofthat registerarer mowed ta or badad flom ased.
Unsi gned byte sécdmpiegister inebRisaIzdY. ' idt8is>50 0 109
storing a byte .éth:L Ilgneg nt e g?g,re is?tygr,gqggﬁegﬁgéﬁ%tst elgﬁfgﬁiﬁ'g‘wﬁit
seven through B inlength, andaninteagsiregisteris gpeitied dnea the eight bytes:ofhyte
401. Thesdatai inthat integer vegister Qe loatiedito @egister innegisters 209 6r byte, the
remai ni ng 56 b'étﬁecfﬂ'ﬁh\ @g ﬁd‘% _For an signed byte in-register
representation , I'n be( gﬁi_sters 201 store the data in the first
seven bits, W enepmbosimentimegersare represeptetbas:ithimyrtws bitsriMheni t
represents thea move 6pératibh is p&feriie jgeir P8ibi
si xty-three thé&{‘qn b‘?t. ej %t}tp , a?nggbg)%ﬁs%a{oﬁgﬁdg{?ﬁgdg?%l for the
byt e. » then only the low thirty-two bits of the packed data are moved to the
. specified integer register. In one embodiment, the high order thirty-two

bits are zeroed. Similarly, only the low thirty-two bits of a register in

registers 209 are loaded when a move is _ex_ecuted'from integer registers

201 to registers 209. In one e_'mbodiment. processor 109 supports a thirty-

two bit move opera_ti_on between a register in registers 209 and memory.

In another embodiment, a move of only thirty-two bits is performed on the

high order thirty-two bits of packed data.

In one embodiment of the present invention, the SRC1 602 register

- _contains data (Source1), the SRC2 603 register contains the data

(Source2), and DEST 605 register will contain the result data (Result) of
the operation. That is, parts of Source1 and parts of Source? will be
packed together to generate Result. . .

In one embodiment, a pack operation converts packed words (or
doublewords) into packed bytes (or words) by packing the low order bytes
(or words) of the source. packed words (or doublewords) into the bytes (or
words) of the Result. In one embodiment, the pack operation converts

- quad packed words into packed ddublewords. This operation can be
optionally performed with signed data. Further, this operation can be
optionally performed with saturate. | |



Unsi gned word in-register representation 412 is stored in one register

of integewgwmanaiiers 201. Bit fifteen through bit zero con{,@.,p z@m gned
word 402. These bits are shown as {w}. To properly represen

the remaining bit sixty-three through bit sixteen nust be zero. A S|gned
word 402 is stored in bit fourteen through bit zero as shown in the signed
word in-register representation 413. The remaining bit sixty-three through

bit fifteen is the sign field. A doubl eword 403 can be stored as
an unsi gned doubl eword i n- regi st erl8-epresentati on 414 or a signed
doubl eword in-register representation 415. Bit thirty-one through bit

zero of an unsi grRigure 7 ilM6tréfe'slohddémbodiment of a method of performing 8
PCT/ US95/ 1571

doubl eword i ni}agﬁ 0995“?‘“%?)'? %%%F%Tﬁﬁeﬁpgdwt&éf‘é’e 'm%'@equs'"ar e
shown as {d}. theppocgssot 09 epFigueeR.t hi s unsi gned doubl eword, the

SITTerd Son 3 AT SRR ol i e B A 1
processor 109 hus, decoder 202 decodes: he operatlon code for the
appropnate pack operatnon SRCH1 602, SRC2 603 and DEST 605
addresses in registers 209; saturate/unsaturate, s:gned/unsngned and
length of the data elements in the packed data. As ment:oned prevnously,
SRC1 602 (or SRC2 603) can be used as DEST 605

. At step 702, via mternal bus 205, decoder 202 accesses reglsters
209 in register file 204 given the SRC1 602 and SRC2 603 addresses
Registers 209 provides. functlonal unit 203 with the packed data stored in
the SRC1 602 register (Sourcet), and the packed data stored i in SRC2
603 register (Source2) That is, registers 209 communicate the packed '
data to functional unit 203 via internal bus 205.

At step 703, decoder 202 enables functlonal unit 203 to perform the
appropriate pack operatuon Decoder 202 further communicates, via
internal bus 205, saturate and the size of the data elements in Source1
and Source2. Saturate is optionally used to maximize the value of the
data in the result data element. If the value of the data elements in
Source1 or Source2 are greater than or less than the range of values that
the data elements of Result can represent, then the corresponding result
data element is set to its highest or lowest value. For example, if signed
values in.the word data elements of Source1 and Source2 are smaller
than 0x80 (or 0x8000 for doublewords) then the result byte (or word)
data elements are clamped to 0x80 (or 0x8000 for doublewords) if
signed values in word data elements of Sourcet and Source 2 are
greater than 0x7F (or 0x7FFF for doublewords) , then the result byte (or
word) data elements are clamped to Ox7F (or Ox7FFF). .

At step 710, the size of the data element determines which step is to
be executed next. If the size of the data elements is sixteen bits (packed
word 502 data), then functional unit 203 performs step 712. However, if
the size of the data elements in the packed data is th'irty-two bits (packed
doubleword 503 data), then functional unit 203 performs step 714.



inits b| %9&/ y; through bit zero; the remaining bit sixt)é,three t hr ough

bi t |r yone are the sign field. As i ndi zﬁrélbs%s"ll?}e
above Figure 4b through Figure 4d, storage of sone data types in a
sixty-four bit wide register is an inefficient nethod:of storage. For
exanple, for storage of an unsigned byte in-register representation
410 bit sixty-three through bit eight nust be zero, while only bit
seven through bit zero may contain non-zggo bits. Thus, a processor

storing a byte in a sixty-four bit register uses only 12.5% of the

regi sters capacit gggisth dtﬁb's‘(zzeogﬁh& ﬁ‘d&gcé hét%teléﬁl‘@nﬁ’é fs%uﬁﬁeﬂ%&lajﬂe ns

performed by funct] ona unit

i | lustrates th&eRA1R If@xeguteds BTSfSE(Z{'@d t'@hf‘!ﬂowﬂlﬂzﬁ periareed. SOUI'CQiat a

:cncl uges nor elblt@?e\fﬂ?ﬁﬂr d b t 5 tﬂses%wnthﬁu éraCSedrce1 bits dat ak |
ormats are | UstLr e e acke
doubl eword 503 %ﬁ%‘%}!& 59? ﬁ@aé Pﬁ&‘f?gﬁﬁepﬁg 5&&& P

Id nvention, i Is Sou[o,e—1fbnsrthblyt-mné¢hll@ugbnhMythmgarel Mumtﬂwme Each

t n

02 Lo . SR oS5 o ARG 57,
mermory | ocat i othjrtywone thyoneh twenty-fouatap@cearbﬁs.s)emn !"FTQUQB#BFO amyth. In one

enbodi nent of RBSUIPBRS Hifty-nine thrét.ﬁbf?ﬂﬁﬂt@ﬂtvo ISsuresoipms thbnffethred! enents
0T 11 o oLt oo Bl ter-Soon BB SO 15
contai ns four ﬂmrtyjnmzmough thirtyatved arecResult bits fiftywfivel tmaghdoay-eigm:e nt
LTy our ERyReE s AR (e are Rosy ERIGLafBMLGYE. T 202
Each doubl eworvemgious: K satwate is set, then the high order bits of each word are ‘
tested to determine whether the Result data element should be clamped.
- Assuming the size of the source data elements is thirty-two bits, then
step 714 is executed. In step 714, the following is performed.Source1 bits
fifteen through 2ero are Result bits fifteen through zero. Source1 bits
forty-seven through thirty-two are Result bits thirty-one through sixteen.
Source2 bits fifteen through zero are Result bits forty-seven through
thirty-two. Source2 bits forty-seven through thirty-two are Result bits
sixty-three through forty-eight. If saturate is set, then the high order bits of
each doubleword are tested to determine whether the Result data
element should be clamped.
In one embodiment, the packing of step 712 is performed
- simultaneously. However, in another embodiment, this packing is
performed serially. In another embodiment, some of the packing is
performed simultaneously and some is performed serially. This
discussion also applies to the. packing of step 714.
At step 720 the Result is stored in the DEST 605 regnster
- Table 2 illustrates the in-register representation of a pack unsigned
word operation with no saturation. The first row of bits is the packed data
representation of Source1. The second row of bits is the data
representation of Source2. The third row of bits is the packed data
representation of the Res;u_lt. The number below each data element bit is



contains thirty-two bits of information. ' Figure 5b through Figure ~

5d i |l ustr@igogfihmyi N-regi ster packed data st orage reprféﬁ&ﬁ{lg@g'

Unsi gned packed byte in-register representation 510 i I1Us t he
storage of packed byte 501 in one of the registers Rerr] 21 2a
through Rn 21 2af. Information for each byte data el enment is stored WO
96/ 17291

PCT/ US95/ 15713 _ -12- in

bit seven through bit zero for byte zeros20it fifteen through bit eight for
byte one, bit twenty-three through bit sixteen for byte two, bit thirty-one
through bi t twmuaifaouénfem nlifioRr. Férafanipie, SGUcbY A BiRR ARt
thirty-two 0 @Qp te four, bit forty-seven through bit forty for byte
five, bit fift)} P / throug_h bit forty-eight for byte six and bit
sixty-three through bit fifty-six for byte seéven. Thus, all avail able
bits are used in the register. ThIS storage arrangerrent gncrases t he

storage effi cij g+
el enent s acce$8E01010 N0 er

00000000, 00000000

Source?

11000000 00000000 | 11110011 00000000 | 10001110 lO(X)lOOOI
- . . 0

, | (

Result

00000000 | 00000000 | 00000000 | 10001000 | 01010101 | 11121111 | 01110000 | 10001000
7 6 5 4 3 -2 1 0

Table 2
Table 3 illustrates the m-reglster representation of pack sngned
doubleword operation with saturation.

[ ¥%
% |

. . . Sourcel
00101010 01010101 01010101 11111111 ] 10000000 01110000 10001111 10001000
z 0
00000000 00000000 11000000 00000000 | 11110011 00000000 10001110 10001002
' 1
: Result
11000000 00000000 | 10000000 00000000 ] 01111111 11111111 10000000 00000000
' 3 2 _ , 0
1
Table 3

In one embodiment of the present invention, to achieve efficient
execution of the pack operation parallelism is used. Figure 8a and 8b



on ei ght dpdae/eh2eent s si nul taneously. Signed packed byte i
representation 511 is simlarly stored in a register in reg&ﬁ,‘g@sﬁﬁﬁé Not e

that only the eighth bit of every byte data elenent is the necessary sign

-bit; other bits may or may not be used to indicate sign. . Unsi gned
packed word in-register representation 512 illustrates how word three
through word zero are stored in one register of registers 209. Bit

fifteen through bit zero contain the dat-2tel enent information for word
zero, bit thirty-one through bit sixteen contain the information for data

el enent word Om@stré’tietorfé)érhboaﬁﬂ@fg df Iﬁr@ﬂ{} tﬁéf Cé'h éﬁdnﬁ ‘é?eébtﬁ W chdrgl t

I nformati on for dat
forty- Mﬂ?ﬁt @Ci'rﬁpﬁrqaﬂtqmwnﬁ GHPHX@F%HEFK Rﬂm Phr ee.
Si gned packed WIth saturation.n-regi ster representation 513 is simlar to the

the Sixt eont n b ¢ The ot of Bra ool S RCRRRY M boRallsh coffibPaldlf. 07 ¥
si gn i ndi cat or 800, a result register 852 @ nesult cepisien B53yeioht sixteerghittoceight
representation §\Ai%srt§ﬁﬁ}?§te circuit8%hd ?&Jrstgﬁl?ﬁm%oat & Siktdeh Wit t@@ﬁ?étﬁzﬁéd dat a

el enent s. Doub e zero is stored bit thirty-one throu bit zero
of the registefll CUSubl ewor d one Is stored in bit sixty-three through

bit thirty-two of Opeeatictotaritrl 808irgogides informatidreffomcahbldacoder 202 tegi st er
et o OCpfdte gt bty SOREARG Lonypl B8 CERLIOL B e,
t he t hirty- secenablgithe saturationitests oneachofthe tast ssturate circuits. If thessizent i oned
previously, regf ﬁlb%oilré’é’ﬁa&éﬁ @&a%%r& h@dﬁa@%@%en ou't;ﬂi’lfe"haaﬂéj i nteger
data. In this ggod bo Lﬁ&%bn n @ i of b nt|V|duaI
pr ogr anmi ng pr 'éﬂ’ rl‘% W eR %QWP&’F Pub
addr essed regi eagister Bﬁﬁrll the2sizé of the smamaeked gatd srdowlmk!emackeda or

data 504, then output enable 832 is set by operation control 800. This

enables the output of output register 853.

Each test saturate circuit can selectively test for saturation. If a test

for saturation is disabled, then each test saturate circuit merely passes

the low order bits through to a corresponding position in a result register.

If a test for saturate is enabled, then each test saturate circuit tests the

high order bits to determine if the resuit should be clamped.

Test saturate 810 through test saturate 817 have sixteen bit inputs

and eight bit outputs. The eight bit outputs are the lower eight bits of the

inputs, or optionally, are a clamped value (0x80, 0x7F, or OxFF). Test

saturate 810 receives Source1 bits fifteen through zero and outputs bits

seven through zero for result register 852. Test saturate 811 receives

Source1 bits thirty-one through sixteen and outputs bits fifteen through

eight for result register 852. Test saturate 812 receives Source1 bits forty- -

seven through thirty-two and outputs bits twenty-three through sixteen for

result register 852. Test saturate 813 receives Source1 bits sixty-three

through forty-eight and outputs bits thirty-one through twenty-four for

result register 852. Test saturate 814 receives Source?2 bits fifteen

through zero and outputs bits thirty-nine through thirty-two for resuit

register 852. Test saturate 815 receives Source2 bits thirty-one through

sixteen and outputs bits forty-seven through forty for result register 852.



sinmple integer/fixed point data. In an alternative enbodi nent, processor
WO 96/ 172g/q 6/17291
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could track the-type of data stored in individual registers of registers
209. This alternative enbodi nent could then generate errors if, for
exanpl e, a packed addition operation were attenpted on sinple/fixed

109

poi nt int eger dat a. CONTROL SI GNAL FORNMATS
The foll ow ng descri bes one errbodl ment gfo.control signal formats used
by processor 109 to mani pul ate packed data. I.n one enbodi nent of t he

ecoder 207 nalys eafge el BEARL Sl BRE RN SR Al it >

enbodi nent, d&Rddutpasbitsdiftysfivethraugh forty<aight foorasultiregister:852. Mestn
cache 206.  saturate 817 receives Source2 bits sixty-three through forty-eight and
outputs bits sixty-three through fifty-six for result register 852.

Test saturate 820 through test saturate 823 have thirty-two bit inputs
and sixteen bit outputs The sixteen bit outputs are the lower sixteen bits
of the inputs, or optlonall_y._ are a clamped value (0x8000, Ox7FFF, or
OxFFFF). Test saturate 820 receives Source1 bits thirty-one through zero
and outputs bits fifteen through zero for result register 853. Test saturate

821 receives Source1 bits sixty-three through thirty-two and outputs bits | |

thirty-one through sixteen for result register 853. Test saturate 822
receives Source2 bits thirty-one through zero and outputs bits forty-seven
through thirty-two for result register 853. Test saturate 823 receives
Source2 bits sixty-three through thirty-two and outputs bits su(ty-three
though forty-eight of result register 853. _

For example, in Table 4, a pack v_vord unsigned with no saturate is
performed. Operation control 800 will enable resuit register 852 to output

result[63:0] 860.

Sourcel
00001110 01110600 | 00001110 00001000
3 2 0

1
. . _Source2
00001110 10000001 § 00001110 10000001

2
1
Result

10000001 | 10000001 | ... 01110000 | 60001000
7 6 . 5 -4 3 2 R 0

Table 4

‘e



Figure 6a Massarzsdtes a general format for a control signal pppgissdis?gs ON
packed data. Operation field OP 601, bit thirty-one through bit twenty-six,
provi des informati on about the operation to be perforned by processor

109; for exanple, packed addition, packed subtraction, etc.. SRCl 602,

bit twenty-five through twenty, provides the source register address of a
register in registers 209. This source register contains the first packed
data, Sourcel, to be used in the executi &8-of the control signal.
Simlarly, SRC2 603, bit nineteen through bit fourteen, contains the

add[ ess OI ha Hovm’grmg @[a@kr?jméwé,@ nequh%g%_ Grafe 1y cet regi s]E e: ]
cont ai ns ep : a, u e use urin ecution o e
oper ati on. DES?’%E@&FGCI’ operaﬁp@cp ﬁe{éﬁwtﬁﬂ ??r ,egb%?ﬁ%%i@ eWeUkddr ess
of a register Tresulig3:0] 866. Table 5 illoGtrat@bithis desult. natj on regi ster will store
the result packed data, Result, of. t he packed data operation.

Control bits SZ 610, bit twelve and bit thirteen, indicates the | ength of
the data elenpnts_in the first apnd second packed data source.r@airellers. |f
SZ 610 equal sjOl[err], then the packed d ' e AL Jyte
501. If Sz 610 equars Iorerr—tiemr e 16,8{0850o! © hofiy ﬁﬂo&; acked
word 502. SZ 610 equaling OO[err] or 11[err] is reserved, however, In

anot her enmbodi ment, one of these val ues could be used to igpdi.sate
packed dpubl ewor d 503~ :

... ] 00001110 00000001 00001110 10000001
1 0

Result
_',"J 00001110 100000012 ...]1 00001110 00001001)J
0
. ; ‘
~ Table5
UNPACK OPERATION

In one embodiment, an unpack operation interleaves the low order
packed bytes, words or doublewords of two source packed data to
generate result packed bytes, words, or doublewords.

Figure 9 illustrates one embodiment of a method of pérforming an

- unpack operation on packed data. This embodiment can be implemented
in the processor 109 of Figure 2. |

Step 701 and step 702 are executed first. At step 903, decoder 202
enables functional unit 203 to perform the unpack operation. Decoder 202
communicates, via internal bus 205, the size of the data elements in
Source1 and Source2. ; :

At step 910, the size of the data element determines which step is to
be executed next. If the size of the data elements is eight bits (packed
byte 501 data), then functional unit 203 performs step 712. However, if
the size of the data elements in the packed data is sixteen bits (packed
word 502 data), then functional unit 203 performs step 714. However, if
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Control bit T 61 1, bit eleven, indicates whether the operation fs to be

carried out with saturate node. If T 611 equals one, then a saturating
operation is perforned. If T 611 equals zero, then a nonsaturating
operation is performed. Saturating operations will be described |ater.
Control bit S 612, bit ten, indicates the use of a signed operation. If S
612 equal s one, then a signed operation-B4-performed. If S612 equals
zero, then an unsigned operation is perforned. Fi gure 6b

LLLEZ?SQ es a sw?ﬂntg\?%a%é efléih ih e a?lﬁ&e!i&@lh :§'t|smyltwo bits (Bﬁgﬁéﬂo :Orclgdgn
format descri b%li?lﬁg sﬁgﬁ[ﬁ?@)m@'ﬂunﬁb &aﬂ?”?fms step[?g&y s Manual ,"
avai |l abl e from | nAg$u nhedzeoof theisoares date éledneats i8.eight bits, trBwstgﬁM M .
pr ospect, nd S 612
are all corrbl ngg)ﬁ ?%B%blﬁlaed %&eot ??%ltégf@g:}wggé Sélgonctﬂeq Sour§311b|t§‘ als, bits
three through seven tarwg_m:ﬂroeale Rasultdils savendhraugh zefpcpource2 bltsher eis a
SRCL 602 addr %eﬁm &rotd?éweédurmqmebhwamﬂgwe R, Iseswmdbns to DEST

B b 2 AR Bosh S Sl UGl s Mbriy e RRr Srjeen.  orresS
control signal Souﬂcazebuts fmeheturmighfmghtrarecﬁwmm bitscthirtyi-one throught hr ee
twenty-four Source1 bits twenty-three through sixteen are Result bits
thirty-nine through thirty-two. Source2 bits twenty-three through sixteen (
are Result bits forty-seven through forty. Source1 bits thirty-one through
“twenty-four are Result bits fifty-five through forty-eight. Source2 bits thirty-
one through twenty-four are Result bits sixty-three through fifty-six.
Assuming the size of the source data elements is sixteen bits, then

step 714 is executed. In step 714, the following is performed. Source1
bits fifteen through zero are Result bits fifteen through zero. Source2 blts
fifteen through zero are Result bits thirty-one through sixteen. Source1
bits thirty-one through sixteen are Result bits forty-seven through thirty-
two. Source2 bits thirty-one through slxteen are Result bits sixty-three
through forty-eight. : :

Assuming the size of the source-data elements is thirty-two bits, then

step 716 is executed. In step 716, the following is performed. Source1

bits thirty-one through zero are Result bits thirty-one through zero.
Source2 bits thirty-one through zero are Result bits snxty-three through
thirty-two :

- In one embodiment, the unpacking of step 712 is performed
simultaneously. However, in another embodimént, this unpacking is
performed serially. In another embodiment, some of the unpacking is
performed simultaneously and some is performed serally. This
discussion also applies to the unpacking of step 714 and step 716.

At step 720, the Result is stored in the DEST 605 re'gister
Table 6 illustrates the in-register representatnon of an unpack byte
operation.



: . . .

through fiwged/PRé£SENt an extension to the opcode field. | ?q.?p

enbodi nment t‘fn S extension allows a programmer to include % '%&7é%e
such as a shift count value. In one

value with the control signal, _
enbodi nent, the imediate value follows the control ~signal. This is
described in nore detail in the "Pentiunferr] Processor Fam |y Users
Manual ," in appendi x F, pages F-1 through F-3. Bits zero through two.

- represent SRC2 603. This general fornat .@bl ows register to register,
menory to register, register by nmenory, register by register, register. by
I medi ate, register to nenory addressing. Also, in one enbodinment, this

general forna

£an QILDD()I’T

i nt eqger

eqi ster

to reqister

and

rSquicet er to

i nteger regis

SATURATE/ UNSA

t(ﬁ)‘imﬁgﬁﬁ&%iﬁé

01010101

1111111 | 10000000 | 01116068

ohiht

oIl |

previ3ousty, 21

whet her operations optionally saturate. Wiere the result of an

operation, with saturate enabl ed, overfl ows or underfl| owssduhe2 r ange of
the data, thefresuliTWIT Qe 967 11291
PCT/ US95/ 1571 0 | 00000000 | 11000000 | 00000000 | 11110011 | 00000000 | 10001110 | 10001000
7 6 S ~ 4 3 2 T 0
Result
| 11120011 | 10000000 | 00000000 | 01110000 | 10001110 | 10001111 | 10001000 | 10001000
7 6 B} 4 ~3 2 1 0
Table 6
Table 7 illustrates the in-register representation of an unpack word
operation.
. Sourcel
00101010 01010101 | 01010101 11111111 | 10000000 01110000 | 10001111 10001000
.3 . 2 _ 0
1
Source2
00000000 00000000 | 11000000 oooooog% 11110011 00000000 | 10001110 10001000
3 o 0
1
Resuit
11110011 00000000 | 10000000 01110000 | 10001110 10001000 { 10001111 10001000
: 3 2 : 0
1
Table 7

Table 8 illustrates the in-register representation of an unpack
doubleword operation. '



- 15- cl anped. d anpi ng neans setting the result to a maxi num or

m ni mum wo gsifdoye should a result exceed the range's maxigayn gggl mum
value. In the case of underflow, saturation clanps the resul o the
| owest value in the range and in the case of overflow, to the highest
val ue. The al |l owabl e range for each data format is shown in Table 1.
Data Format M ni mum Val ue Maxi num Val ue _ Unsi gned Byte
0 255 . : Si gned Byte -128 127
Unsi gned Word 0 65535 -26- Si gned Word

- 32768 32767 Unsi gned Doubl ewor d 0

2[err]-1 : Si gned Doubl eword -2[err] 2[err]-1
Table 1 —As nentiopned above. T611 indicates whether s8eurgeht| ng
operations | oojoRi¢ d16i0i6h RAbI0%6: B 1111 r%ﬁé)i‘ﬁo&ﬁ §061141'S 1 dabfdeo Pyt €
dataforrrat,'r‘flﬂrmmnm anyg_sat ur at om weg

enabl ed, then the result woul d be cl anped to 255 before being stored
into the operation's destination register. Simlarly, ifgsdme2
operation's fesulrt = -32999 and. —prqcessor 109 used Sl WOT d| dat a
format with i 1 11100J1 W00 1000100k t o

-32768 before being stored into the operation S dest{natlonfreglster

_Result
lillOOll 00000000 10001110 10001000' 10000000 01110000 10001111 10001002
=
Table 8
UNPACK CIRCUITS

In one embodiment of the present invention, to achieve efficient
execution of the unpack operatlon parallellsm is used. Figure 10
illustrates one embodiment of a circuit that can perform an unpack
operation on packed data.

The circuit of Figure 10 includes the operation control circuit 800, a
result register 1052, a result register 1053, and a result register 1054.-

Operation control 800 receives information from the decoder 202 to
enable an unpack operation. If the size of the source packed data is byte
packed data 502, then output enable 1032 is set by operation control 800.
This enables the output of result register 1052, If the size of the source
packed data is word packed data 503, then output enable 1033 is set by
operation control 800. This enables the output of output register 1053. If
the size of the source packed data is doubleword packed data 504, then
output enable 1034 is set by operatlon control 800. Th|s enables the
output of output result register 1054,

Result register 1052 has the following inputs. Source1 bits seven
through zero are bits seven through zero for result register 1052. Source2
bits seven through zero are bits fifteen through eight for result register
1052. Source1 bits fifteen through eight are bits twenty-three through
sixteen for result register 1052. Source 2 bits fifteen through eight are bits
thirty-one through twenty-four for result register 1052. Source1 bits



DATA NMANI RypAh 43y OPERATI ONS I'n one enbodi ment of pAgbrLIaAL

I nvention, the. perfornmance of mul ti medi a applications 1s i'nproved by
not only supporting a standard CISC instruction set (unpacked data
operations), but by supporting operations on packed data. Such packed
data operations can include an addition, a subtraction, a

mul tiplication, a conpare, a shift, an AND, and an XOR However, to
take full advantage of these operations,-g7& has been det er mi ned t hat
data mani pul ati on operations should be included. Such dat a

| at
@Cép”chLOQnSBﬁ%@?‘ﬁ@% AL FxtRR steBRS nify-ARG ol iy URAE.
gener ating pacKesy @9!§t$rn Q%2 MJSCQ%@!S twenly-thige thraugly sigeenAre itsgr ammer s.
For further baegy-seveh throldief dnyher rmmheguswefosa SOWCSEBItS fhmy-one

2" e?ir glor ocessor tl'h% bﬂ?wgnthn’ﬁ? are bof) o f?y- ive through ?ortyo GlQR??OI’nBSUH réglétg?
1052. Source?2 bits thirty-one through twenty-four are bits sixty-three
through fifty-six for result register 1052.

Result register 1053 has the following inputs. Source1 bits fifteen
through zero are bits fifteen through zero for result register 1053. Source2
bits fifteen through zero are bits thirty-one through sixteen for result
register 1053. Source1 bits thirty-one through sixteen are bits forty-seven
through thirty-two for result register 1053. Source2 bits thirty-one through

- sixteen are bits sixty-three though forty-eight of resuit register 853.
" Result register 1054 has the following inputs. Source1 bits thirty-one
through zero are bits thirty-one through zero for result register 1054.
Source2 bits thirty-one through zero are bits sixty-three through thirty-two
of result register 1054. =

For example, in Table 9, an unpack word operation is performed.
Operation control 800 will enable result register 1053 to output

result[63:0] 860.
Sourcel
00001110 01110000 j 00001110 00001000
3 2 0
1
Source2
00001110 00000001 | 00001110 { 10000001
3 2 0
1
Result
00001110 00000001 | 00001110 01110000 | 00001110 10000001 | 00001110 § 00001000
3 2 0

1
Table 9



nunber 349, 040, "A M croprocessor Having a Multiply Operation”, filed on
Decenber wo%a9M81 seri al nunber 349,559, "A Novel Processopctiasssngrighi ft
- Qperations", filed on Decenber 1, 1994, serial nunber 349,730, "A Mt hod
and Apparatus Using Packed Data in a Processor”, filed on Decenber 30,
1993, serial nunmber 08/176,123, and "A Method and Apparatus Using Novel
Qperations in a Processor,"” filed on Decenber 30, 1993, serial nunber
08/ 175,772, all assigned to the assi gnee of the present invention.

MOVE OPERATI ON The nove operati ®@8-transfers data to or from .
regi sters 209. In one enbodi nent, SRC2 603 is the address containing the

source data and IPEﬁVe»@ﬁf aad cn%ubmrmﬂ% petibenettaperatisrocdrrol

Lo one oBe W BB el sfSR%Qq%aWh39%8%%@@@@5#@1 ipl anat i on

of the nove oﬂmstralemthlsarenmil nction is drawn betwéen a register and a
menory | ocation. Registers are found in register file 204 while nenory can
be, for exanple, in cache 206, main nenory 104, ROM 106, data storage

.devi ce 107. The nove operation can nmove data from peomrgoureely egisters
209, from re¢i sters 209 to nenory, and_f¥reAid 6 0! dofo1i ROBbIRLS | 209 to
a second regiSTer T TEYTISTETS 209, I'IT pne envod Mt, packed dat adl s

stored in different registers than those used to store integer data. In
this enbodiment, the nove operation can nove data from i nt egesour@gi st ers

201 r egi rs 2 For _ex | n
01 to reg S‘|e S 700 FOTSXAMPT e TN T 50001110 00000001 00001110 10000001 |
Result

00001110 00000001 00001110 .10000001 | 00001110 01000001. 00001110 000010(!:)
1

Table 10 :

Therefore, the move, pack and unpack operatlons can manipulate
muitiple data elements. In prior art processors, to perform these types of
manipulations, multiple separate operations would be needed to perform
a single packed move, pack or unpack operation. The data lines for the
packed data operations, in one embodiment, all carry relevant data. This
leads to a higher performance computer system.



processor 109 packed data is stored in registers 209 ang dat a
Is stored WPQ{GHP(% regi sters 201, then a nove instructi ongggﬂgﬁgﬁzged to
nove data frominteger registers 201 to registers 209, and vice versa.

WO 96/ 17291
PCT/ US95/ 15Ah Sheet Has Been eﬁlabed

I n one enbodi nory address is indicated for }
t he ei ght byt he menory Ioc@glon (the nenory
i ndicating th SI gniticant byte) are |oaded to a regt
regi sters 209 or stored fromthat register. Wien a register in registers

209 I's indicated, the contents of that register aremeﬁ:t:g:m:l%ﬁd?d—
froma second register in regi st the integer registers .201.
are sixty-four bits in length, ger reglster_l—s——s.pee—l—ﬁ-l—ed—
then the ei ght Whatis aldimedis: data in that integer register are Ioaded to a
register in registers 209 or stored fromthat register. = = = I'f
one enbodi nent, integers are represented as thirty-two bits. Wen a
nove operation |s1pAr§rgé§§§d,rﬁﬁdpm|ﬁggl sters. 209 to integer regl sters

a first register for. stonng a first packed data.

a decoder'having a control signa'I input, said control signal input for
receiving a first control signal, and a second control signal, said
first control signal for indicating a pack operation, said second
control signal for indicating an unpack operation;

a functional_uhit being' coupled to said decoder and said first
register, said functional unit for performing said pack operation
and said unpack operation using said first packed data.

2. The processor of claim 1 wherein said first packed data includes a
plurality of data elements, each data element of said plurality of data
elements has a size, and said first control signal further includes an
indicator corresponding to said size.

3. The processor of claim 2 wherein said size is one of packed byte,
_packed word, and packed doubleword.

N The processor of claim 2 where said first packed data is sixty-four
bits. i '

5. The processor of clalm 1 wherein said first control s;gnal includes a
source address.
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201, then only the low thirty-two bits of the packed data are noved to the -
speci fi edwomwsieper Tegi ster. In one enbodi ment, the high orggiydekyissyy-t Wo
bits are zeroed. Si{HidShée Has BeéiReplated | ow thirty-two bits of a register in

regi sters 209 are |lo ' ve is executed frominteger registers
201 to registers 209 I ment, processof 109 supports g thirty-
two bit nove operati en a register intr - Eq—()ﬁ) nory.

| n anot her enbodi ment, a nove of only thirty-two @saﬁEAégng%d on the
high order thirty-two bits of packed da8@-

PACK OPERATI ON I n one enbodi nent of the present invention, the

(?(I?gtlaitsgg [ﬁgi St@;The pro(So r?gglad’ﬂhﬁghDE. gglgg"?ﬁemst er v?a'ap?!c'on;[;éiﬁrt he
result data (Wg@é L'ﬁ'_qi‘}ath' swé’sigmédis%?&r Ior ﬁ?"ﬁ‘ﬂ&g ‘%,etthﬁéﬁf‘d QﬁC?‘Sour cel and
parts of Souroperation is tocbe performexk signed @eunsigned. generate Resul t.

I n one enbodi nent, a pack operation converts packed words (or
doubl ewords) into packed bytes (or words) by. packing the | ow order bytes

(o uore) o L hgowage ot lonits ok tul pal B N o= (o
Guad packed \i5F 858ViPg Safd GaRHB pal, s thife BaR G A anal o Rafcaos'a
optional | y pembue opération)whiepsindaithpmcessor farther includes@esedandn can be
optionally perghfiddaitf ddbond'rBhiletfor storing integer data, and wherein said

move operation causes said processor to move data between said first

register and said second register. | (

8. The processor of claim 1 wherein said processor includes a register
file, said register file includes a register, and wherein said first control
signal and said second control signal inciude a second location and said
second location corresponds to said register, wherein said functional unit
is further for generating a result from an execution of an operation, and
wherein said result is stored at said second location.

9. The processor of claim 1 wherein said processor first control signal
includes a second location and said second location corresponds to a
memory location, wherein said functional unit is further for generating a
result from an execution of an operation, and wherein said resuilt is stored

‘at said second location.

10. A method of manipulating packed data in a processor, said
processor having a decoder, a functional unit, a first register and a
second register, said decoder being coupled to said functional unit, said
first register and said second register, said method comprising the steps
of:

said decoder decoding a control signal;

(g
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. Figure 7 illustrates t of a method of perform ng a pack
operation on packed mﬂ odi ment can be.i npl enented i e t-he

processor 109 of Fig At step 701, decoder |0S SHEETI#HAS BEEN
control signal 207 recel ved by processor 109. Thus, {decodREpiATED
decodes: the operation code for the -31appropri at e pack—ep: o
602, SRC2 603 and DEST 605 addresses in registers 209;

sat ur at e/ unsat ur at g gagy Wek'ﬂ%d&ﬁﬁﬁ’es ﬁ‘i&@'Fald coﬂtﬂ"g{g@ff’@gg%?@é?%&g' ement s

I n the packed dat a. tione revi ous 603)
can be used as DEST élﬁ)@rat'on then saig} tpreﬁeﬁﬁormﬂowmg thedeliowing stepsys

gggOdea %%ézagggssgz r egecessing a first packed ﬂafaEQbﬁéd?Tn édald!ﬂrsl‘ |gteren th'et SZR(%
an addres WA uni
with the packed data. St%&%&smgasﬁ%&ﬁé&%&%a 8& 5%@&?%5‘%2&) and '
t he packed data stored in Ggister, 603 register (Source2). That is,
registers 209 communi Caﬁé‘cﬁ%s&i@?&@%%ckegedﬁ%%w& &%G&%rlﬁﬁ‘eék?% &at%03 via

i nternal bus 205. ?( ena unctional unit
203 to performthe 099“9"393"9311lt packe

- storing said result packed data in sand first register;

if said decoder determines that said control signal indicates an
unpack operation, then said processor performing the following
steps,
accessing said first packed data stored in said first register,
accessing said second packed data stored in said second
register,
unpacking said first packed data and sald second packed
data to generate said result packed data,
storing said result packed data in said first register; and

if said decoder determines that said contro! signal indicates a
move operation, then said processor performing the following
steps, :

accessing said second packed data stored in said second
register;

storing a portion of said second packed data in a third
register, said third register for storing integer data.

11. The method of claim 10 wherein said packing is performed without
saturation and wherein said packing includes accessing the low order bits
of each data element in said first packed data and said second packed
data, and wherein said low order bits are included in said result packed
data.
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appropriate pack operation. Decoder 202 further communicates, via.

i nternal buposgprzepaturate and the size of the data el ements s?ﬁ’li’%ifl
and Source2. Saturate is optionally used to maxim ze the value 0

data in the result data elenent. If the value of the data el ements |n

Sourcel or Source2-are greater than or less than the r n&@ |
the data el ements of Result can represent, then the corfr ﬁ %A{ﬂ
FRLAGED i ang d

L

data elenent is set to its highest or |owest value. Forl_ex
' values in the word data el enents of Source82- and Source2 are smaller
‘than 0x80 (or 0x8000 for doublewords), then the result byte (or word)

data el ements areq@, WBQ'HethB & @fhifnOf %gﬁﬂsﬁﬂfﬂrgf’ Qél@fﬂﬂaglﬁ)inclbéesa

si gned val ues i enents 0 cel an
greater than O(&F}AD{WN gﬂﬁﬁﬂ?%l%ﬁﬁr‘[ﬁ? el e"c‘?ﬁirpfﬁﬁ@e first, B“-'E'a'BX/Pé (or
Wﬁr d) dat 61f el ﬁrmaselomentﬁ baing depresentad Hyoa fifdt prédetérmined numbeitof bitsp 713
the size of the cute
noxt . 11 the o S spriipEaiifio 1AGLARE A ekcator 5 4i7s iicator 'agf‘ca%ﬁw d
502 data), thensaidficstipredeterminedangnber ofditss apd ayherein, sa»@mswtrpa ed t he
size of the dat I | plita r ked
doubl eword 503 gl%ttﬁ%ﬁélﬁﬂﬁ§ ﬁféc%@?l onawgﬁ ?‘?&%gl???ngém$ dald %&Eofl?)t! el]i]lrélﬂi‘ﬁ WO
96/ 17291 ata Iements avmg twice as many data el ments as sald rstp urallty
PCT/ US95/ 15713 of data elements, and each data element of said second plurality of data
elements being represented by a second predetermined number, and
said second predetermined number-of bits being half as much as said

- first predetermined number of bits.

13. The method of claim 10 wherein said first packed data includes a
first set of data elements, and wherein said second packed data includes
a second set of data elements, and wherein said unpacking includes
interleaving low order data elements of said first set of data elements with
low order data elements of said second set of data elements.

14. The method of claim 10 wherein said first register is sixty-four bits
long, and said first packed data includes four packed word data elements.
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-19- WO 96/1881umi ng the size of the source data elenments is sixteen
bits, then step 712 is executed. In step 712, the fol | BGIN§I¥15713
perfornmed. Sourcel bits seven through zero are Result bits seven
t hrough zero. Sourcel bits twenty-three through sixteen are Result
bits fifteen through eight. Sourcel bits thirty-nine through
thirty-two are Result bits twenty-three t hrough si xteen. Sourcel bits
si xty-three through fifty-six are Resul t1/di#t s thirty-one through
twenty-four. Source2 bits seven through zero are Result bits
thirty-nine through thirty-twd. Source2 bits twenty-three t hr ough
sixteen are Result bits forty-seven through forty. Source2 bits
thirty-nine through thirty-two are Result bits fifty-five through
forty-eight. Source2 bits sixty-three through fifty-six are Result
bits thirty-one through twenty-four. |If saturdte is set, then the
hi gh order -bits of each word are tested to determ ne whet her the
Result data el ement should belclManped. — — — = © Assum ng the sizeé of the
5t £ haté $radeS] €XECUL €d.
Devics T t Pen t hrough:
: 1Whr{y- seven
arty-one ftoug n.
ylseven through thggty-two are Res
mwgﬁt | f saturate is set, then theygh
e I l e a a AN O a¥a

through thirty-two are Res Nt! oif
Source2 bits fg '
thirty-two. Sgurcpdt bi t|
si xty-three throQeeefoy
bits of
dat a

4 bits
ng1 or der
e Result
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‘el ement s I cl anped. I n one enbodi nent, th ' f step
8 ouLs TR

712 is perforned si mul t aneousl y. However, in anot her this
packing is- performed serially. In another enbodi ment, sone of the
packing is .~ perfornmed sinmultaneously and sone is perfornmed serially.
Thi s di scussion al so applies to the packing of step 714. At
step 720, the Result is stored in the BF? 605 register. Table 2
illustrates the in-register representa of a pack unsi gned wor d

operation with no saturation. The first row of bits is the packed data
representation of Sourcel. The second row of bits is the data
representation of Source2. The third row of bits is the packed data
representation of the Result. The nunmber bel ow each data elenent bit is
WD 96/ 17291
PCT/ US95/ 15713

nal -~~~ |

Control Si
207 -




‘the dat a wbhogpnb nunber . For exanpl e, Sourcel data el enent_three is

Sour cel 00101010 01010101 01010101 11111111 10000000 01110000
10001111 10001000 ) 2
Sour ce2 000000 00000000 11000000 00000000 11110011 00000000
10001110 10001000 2 '
Resul t 00000000 00000000 08¢b6000 10010000 01010101 11111111
011110000 10001000 7 6 5 4 -3 2
1 0 Table 2 Tabl e 3
illustrates the in-register representati on of pack signed doubl ewor d

operation with saturation.
Sour cel 00101010 01010101
10001111 10001000

01089%01 J11111111 10000000 01110000

Receive and I:éeoc;:de Instruction

Access Register File or Memory
302

Enable Functional Unit with
. Operation
303

Store Result in Register or
Memory
304

Figure 3



0 WO 96/17291

Sour ce2 00000000 00000000 110000 00000000 11110011 OOBPODOSHB/15713
16001110 10001000 1
0 Resul t

11000000 00000000 10000000 00000000 0211112111 11112111 2100000000
3 2 ' Table 3

In one enbodiment of the present inventiddi7 to achieve efficient
execution of the pack operation parallelismis used. Figure 8a and 8b
WD 96/ 17291 '

PCT/ US95/ 15713
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-21- woislsh%irate one enbodi nent of a circuit that can performa pack
operation on packed data. The circuit can optionally ¥WsiHhe pack
Qperation - Wi th saturation. The circuit of Figure 8a and 8b
i ncludes an operation control circuit 800, a result register 852, a
result register 853, eight sixteen bit to eight bit test saturate
circuits, and four thirty-two bit to sixteen bit test saturate

circuits. Qperation control &IP7receives information fromthe
decoder 202 to enabl e a pack operation. Operation control 800 uses
the saturate value to - enable the saturation tests for each of the
test saturate circuits. If the size of the source packed data is word
packed data 503, then output enable 831 is set by operation control
800. This enables the output of output regi ster 852. If the size of

t he source packed data is doubl eword packed dgata 504, then output
enable 832 is set by operation control 800. This enabl es the out put
of out put regi ster 853. - Each test saturate circuit can
selectively test for saturation. If a test for saturation is

di sabl ed, then each test saturate circuit nmerely passes - t he | ow order
bits through to a corresponding position in a result register. If a
test for saturate is enabled, then each test saturate circuit tests the
hi gh order bits to determne if the result should be cl anped.

Test saturate 810 through test saturate 817 have sixteen bit inputs

o

Figure 4b

87

2 :
: §
g [T

87

Unsigned Byts In-egister Representation 410
Signed Byte In-register Represeniation 411




and ei ght biwoedatmet s. The eight bit outputs are the | ower eight bits of

t he i nputs, or optionally, are a clanped val ue (0x80, 6’%?#{595#5703(FF).
Test saturate 810 receives Sourcel bits fifteen through zero and
outputs bits seven through zero for result register 852. Test
saturate 811 receives Sourcel bits thirty-one through sixteen and
outputs bits fifteen through. eight for result register 852. Test
saturate 812 receives. Sourcel bits forty6/17 seven through thirty-two
and outputs bits twenty-three through sixteen for result register
852. Test saturate 813 receives Sourcel bits sixty-three - through
forty-eight and outputs bits thirty-one through twenty-four for

result register 852. Test saturate 814 receives Source2 bits fifteen

t hrough zero and outputs bits thirty-nine through thirty-two for result
regi ster 852. Test saturate 815 receives Source2 bits$ thirty-one through
si xteen and outputs bits forty-seven through forty for result register 852.
WD 96/ 17291

PCT/ US95/ 15713 -22-

Figure 4c
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= Test sat 6 receives Source2 bits forty-seven througprifRbdisyrst Wo
and out pﬁtﬁsgpﬁl fifty-five through forty-eight for result register 852.

Test saturate 817 receives Source2 bits sixty-three through

*forty-eight and outputs bits sixty-three through fifty-six for result
regi ster 852. Test saturate 820 through test saturate 823 have
thirty-two bit inputs and sixteen bit outputs. The sixteen bit outputs
are the lower sixteen bits of th3713puts, or optionally, are a cl anped
val ue (0x8000, Ox7FFF, or OXFFFF). Test saturate 820 receives Sourcel
bits thirty-one through zero . and outputs bits fifteen through zero for
result register 853. Test saturate 821 receives Sourcel bits
sixty-three through thirty-two and outputs bits thirty-one through
sixteen for result register 853. Test saturate 822 recei ves Source2
bits thirty-one through zero and outputs bits forty-seven t hr ough
thirty-two for result register 853. Test saturate 823 receives Sour ce2
bits sixty-three through thirty-two and outputs bits sixty-three
t hough forty-eight of result register 853. : For exanple, in Table
4, a pack word unsigned with no saturate is perfornmed. QOperation
control 800 will enable result register 852 to out put resul t[ 63: 0]
860. ©

Sour cel b - @ 00do11™ 011100001 00001110

00001000 - 2 e

0

Figur

231
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Unsigned Doubleword In-register Representation 414

Signed Doubleword In-fegister Representation 415




Sour ce2 100001110 1000110 10000001

3 WO 96/17291, PCT/US95/15713

Resul t 10000001 10000001 ... Ce 01110000
00001000 7 6 5 4 3 2

1 0 - Table 4 WO 96/ 17291
PCT/ US95/ 15713 - 23- _
However, if a pack doubl eword unsi gned 8/th no saturate is per f or med,

operation control 800 will enable result register 853 to output
result[63:0] 860. Table 5 illustrates this result.
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Sourcel o g619391

00001110 01000001 00001110
0 PCT/US95/15713

00001000

Sour ce2 00001110 00000001 00001110
100001 0 .

Resul t ... 00001110 10000001 00001110
00001000 2 0

Table 5 O/MYPACK OPERATI ON I n one
enbodi ment, an unpack operation interleaves the | ow order packed
bytes, words or doubl ewords of two source packed data to generate
result packed bytes, words, or doubl ewords. Figure 9 illustrates

one enbodi nent of a method of perform ng an
data. This enbodi nent can be inpl enent ed
Figure 2. Step 701 and step 702 are
decoder 202 enabl es functional unit 203
operation. Decoder 202

unpack operation on packed
in the processor 109 of
executed first. At step 903,
to performthe unpack

0
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Unsigned Packed Byte In-register Representation 510

- Signed Packed Byte In-register Representation 511

Figure 5b




Eonnunicatanogmrnginternal bus 205, the size of the data eljyents |n

Sourcel and Source2. At step 910, the size of the datd:

determ nes which step is to be executed next. If the size of the data
el enents is eight bits (packed byte 501 data), then functional unit 203
perforns step 712. However, if the size of the data elenents in the
packed data is sixteen bits (packed word 502 data), then functional
unit 203 perfornms step 714. However, i f10/17 wo 96/ 17291

PCT/ US95/ 15713 . - 24- t he

size of the data elenments in the packed data is thirty-two bits (packed
doubl ed word 503 data), then functional unit 203 perforns step 716.
Assuming the size of the source data elenments is eight bits, then step
712 is executed. In step 712, the follow ng is perforned. Sourcel bits
seven through zero are Result bits seven t hrough zero. Source2 bits
seven through zero are Result bits fifteen through eight. Sourcel bits

Figure 5¢

1514
1514

3130
3130

4746

47 46

Unsigned Packed Word In-register Representation 512
Signed Packed Word In-register Representation 513




fifteen t hWwouwghr®ioght are Result bits twenty-three through gj n,
Source2 bits fifteen through eight are Result bits thi rty-mgﬁg%ﬂdﬁ

twenty-four. Sourcel bits twenty-three through sixteen are Result bits
thirty-nine through thirty-twd. Source2 bits twenty-three through sixteen
are Result bits forty-seven through forty. Sourcel bits thirty-one through
twenty-four are Result bits fifty-five through forty-eight. Source2 bits
thirty- one through twenty-four ald/Résult bits si xty-three through
fifty-six. Assum ng the size of the source data elenents is

si xteen bits, then ~ step 714 is executed. In step 714, the followng is
performed. Sourcel bits fifteen through zero are Result bits fifteen

t hrough zero. Source2 bits fifteen through zero are Result bits,
thirty-one through sixteen. Sourcel bits thirty-one through sixteen
are Result bits forty-seven through thirty- two. Source2 bits
thirty-one through sixteen are Result bits sixty-three t hr ough
forty-eight. Assuming the size of fhe rce data elenments is
thirty-two bits, then step 716 is executfed An step 716, the foll ow ng
is perfornmed. Sourcel its thildtysone throu zero are Result bits
thirty-one through zero Sourcqg2 Rits t irtgsone t hrough zero are

Result bits sixty-three}|thr8ugh grirty-tmo. I n one
enbodi nment, the unpacki pg jof Istep 7 %gis per flor si mul t aneousl y.
However, in another enbpdi , thigq Srnpackingg is perfornmed serially.
I n anot her enbodi nent, ;onE§ f the yrm@qckinglis per f or med
si mul'taneously and some|i g rfornecﬁgerialr . This di scussion al so
applies to the unpackinfy gf¥qtep 714 @nd step 716. At step 720,
the Result is stored in tr%g ST 605 gegister.
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Tabl e 6 i||w§Bg/%§§ the in-register representation of an ungagld¥ifs

oper ati on. 96/ 17291 .
PCT/ US95/ 15713 - ' - 25-
Sour cel 00101010 01010101 01010101 11111111 10000000
01110000 10001111 10001000 7 6 5 4
3 2 1 0 '
Sour ce2 00000000 00000000 11486bHdo 00000000 11110011
0000000010001110 10001000 7 6 5 4
32 10
Resul t 11110011 100000 00000000 01110000 10001110 10001111 10001000
10001000 '
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Table 6  woogny91’@bl e 7 illustrates the in-register repre of an
unpack wor d operati on. BEPL8IRs

Sour cel 100101010 01010101 101010101 11111111 10000000 01110000
10001111 10001000 2
0 _
Sour ce2 00000000 00000000 11000000 00000000 11110011 00000000
10001110 10001000 13/17 3 2
Resul t 11110011 00000000 1100000 01110000 10001110 10001000
10001111 10001000 3 2
0 Table 7 Table 8
illustrates the in-register reprég aty on of an unpack doubl eword
oper ati on.

Decode Conirol Signal

701 _

Access Date atmgﬂm & SRC2

Enable Functional Unit with Pack
Operation (Size, 7%gturation, Signed)

Result{7:0] = Source1[7:0]
or Saturate -
Result[isosls stourtl:e1[23 :16)
aturate
Result[23: 15] = ?J‘r’:t’:“ [39:32) | Result[1 5}0]s=at %«::;:ﬂ [159]
ol ' Result[31:16] = Source1[47:
aesun[mf:]s amrtc:usase] esult; lsmggtfgel 32
Resuit[47:32] = ¥
Resuf39:32] = Sourcaz70] | [oﬁﬁg&u;ceﬂﬁm
R 248] = v
' Resul7: 401.3ource2[23161 esul{e3:48) = Source2(47:32)
Rewll(SSA&]-Soueezlss.az] 74
Result(63:56] = Source2[63:56]
or Saturate
T2 .
. v '

Store Result at DEST
70
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Sour cel 00101010 01010101 01010101 11111111 10000000 01110000 10001111
?10001000 : . 0

Sour ce2 00000000 00000000 11000000 00000000 11110011 00000000

10001110 10001000

Resul t 11110011 00000000 1000111H441001000 10000000 01110000 10001111

10001000 Table 8

UNPACK ClI RCU TS le enbodi ment of the present i@yention, to

achi eve efficient
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=executionvggyéﬁﬁhpnpack operation parallelismis used. Figﬁaﬁﬁ%g%ﬁﬂﬂ3

illustrates one“enbodi nent of a circuit that can performa

operation on packed data. ' The circuit of Figure 10 includes the
‘operation control circuit 800, a result register 1052, a result

regi ster 1053, and a result register 1054. Operation control 800
receives information fromthe decoder 202 to enabl e an unpack
operation. If the size of the source ptbMel data is byte ° gacked data

502, then output enable 1032 is set by operation control 800. Q0 Thi s
enabl es the output of result register 1052. If the size of thegpsource
packed data is word packed data 503, then output enable 1033 @5 set by
operation control 800. This enables the output of output regi oer 1053. |f
the size of the source packed data is doubl eword packed data BR4, then

out put enable 1034 is set- by operation control 800. This enabl es the

out put of output result register 1054. Result register 1052 has
the followi ng inputs. Sourcel bits seven t hrough zero are bits seven
t hrough zero for result Legis 052. Source2 bits seven through zero
are bits fifteen throughgeigh result register 1Q52. Sourcel bits
fifteen through eight ar iﬁﬁ-g ty4t hree through I xteen for result
regi ster 1052. Source 2 Pits |i hrough ei ght are bifs thirty-one
t irough twenty-four for Tesul t—Teyi stf Sourcel bit WO 96/ 17291
PCT/ US95/ 15713 e _

R%lé[)&:ﬂ]

Source1[63:32)
Test
Saturate

Source2[31:0)
Test
Saturate

16

Test
Saturate

 Source?|63:32)

Test

Saturate

Enable
<A> \



-27- woasamy- t hree through sixteen are bits thirty-ni ne t hr ough
thirty-two for result register 1052. Source2 bits tweht¥HV F%flég‘
through sixteen are bits forty-seven through forty for result

regi ster 1052. Sourcel bits thirty-one t hrough twenty-four are bits
fifty-five through forty-eight for result register 1052. Source2 bits
thirty-one through twenty-four are bits_sixty-three through fifty-six
for result register 1052. ' Re%ﬁ!"ﬂregi ster 1053 has the foll ow ng
I nputs. Sourcel bits fifteen- through zero are bits fifteen through
zero for result register 1053. Source2 bits fifteen through zero are
bits thirty-one through sixteen for result regi ster 1053. Sourcel
bits thirty-one through sixteen m forty-seven t hr ough
thirty-two for result register 14 girce2 bits thirty-one through

si xteen are bits sixty-three thoug orty-eight of result register 853.
Result. register 1054 has ] Sourcel bits thirty-one
through zero are bits thi or result register 1054.
Source2 bits thirty-one t 51 Xty-three through
thirty-two of result reglster : For exanple, in Table 9,
an unpack word operation Qperation control 800 w |

enabl e result register 1053 WW%HCHSRCZ

Enable Functional Unit with Unpack
Operatlon {Size)

Doubleword

o
L) !
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~28- - However, if an unpack doubleword is pelywzépsga 1995

contr ol 800 will enable result register 1054 to output result[63:0]

860. Table 10 tllustrates this result.

Sour cel ' 00001110 01000001 00001110

00001000 1

0 TTHIS SHEET HAS BEEN

Sour ce2 | -29- 00001140 00 ED

00001110 10000001 0

Resul t 00001110 00000001 0000111 18%0?8?% 00001110 01000001

00001110 00001000 ECLA This Sheet Has Been Re
What s med i [T

1. A pfocessor comprising:

a storage area configured to contain a first packed data and a
second packed data respectively inclucﬁng a first plurality of data
elements and a second plurality of data elements, wherein each data
element in said first plurality of data elements corresponds to a

‘different data element in said second plurality of data elements;

a decoder configured to decode an unpack instruction; and

a circuit, coupled to said storage area and said decoder,
configured to simultaneously copy selected corresponding data
elements from said first and second plurality of data elements into
said storage area as a third plurality of data elements in a third packed

data in response to the unpack instruction.

2. The processor of claim 1, wherein data elements c0p1ed from
said first plurahty of data elements and data elements copied from said
second plurality of data elements are interleaved into said storage area

as said third plurality of data elements.

3. The processor of Claim 2, wherein said circuit is configured to
simultaneously copy half of the data elements in said first and second

plurality of data elements.
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fabl e 10 Therefore, the nove, pack and unpacl! MS%&S&B ]9 6
m

mani pul at e mal tTpte data elements. In prior art processors, to perfo
t.hese types of - mmﬂéepﬂis%én% Slace | tiple separate operatlons woul d be
needed to perform cked nove, pack or unpg I‘.I BEEN
data lines for the wnH mﬂﬂa operations, in one Sﬂmﬁ ,
carry rel evant data. ds to a h| gher performgnce c& vil
system o - 29 - I N
THE CLAI V5. 1 1. A processor conpri sing: :
4. The processor of Claim 4, wherein said first plurality of data

elements and said second plurality of data elements each includes

either two, four, or eight data elements.

5. The 'processor of claim 2, wherein each of said first plurality of
data elements copied to generate said third plurality of data elements
is stored in the same order as said first plurality of data elements

appears in said first packed data.

6. A processor comprising:

a storage area configured to contain a first packed data and a
second packed data respectively including a first plurality of data
elements and a second plurality of data elements, wherein each data
element in said first plurality of data elements corresponds to a
different data element in said second plurality of data elements;

a decoder configured to decode a pack instruction; and

a circuit, coupled to said storage area and said decoder,
configured to simultaneously copy a part of each data element in said
first and second plurality of data elements into said storage area as a
third plurality of data elements ir a thid packed data in response to

the pack instruction.

7. The processor of Claim 6, wherein said part is half of the bits in

each data element in said first and second plurality of data elements.

* c L M s *
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2 .. - a storage area to store a first packed data a ng c@%
data 3 respectively including a first plurality of d&mas.m :
second pl ural-i+y—of—4—data elenents, wherein each data elenent in said

first pIuraIrt 1 BeEl RpRES S corresponds to a different da_ta
el enment in sar cghequﬁe ty of data elenments, 6 In_a respective

posi ti on; r to decode an unpack i nstr J‘THIS)BHEE‘PHASQEEN
acircuit, coupl rage arear-and sai d decoder, [sal d gypi aBED 9

simul t aneously copies less than all data el enments from satd—fitrsi—puratity
of data 10 el ements and correspondi ng data el enments fromthe second .
plurality of data 11 el ements into said storage area as athird plurality

of separate data el nts in a third packed data .in onse to the
unpacE i nst rucPi on. %ﬁgpfocesgor Of'LEHI"}‘}%'l prwéeg%rsaksir peytds gither Ehﬁelcéﬁ’ ®Tsai d

circuit is con 'equr d t r rruI t aneo a S0 ?sltfanOfsetchgddata el enent s
in said first and secd (HI9%F . rﬁl Qr The
processor of Opﬁhﬁh?y oWﬁﬁfa él@mse?t'téj. circuit sinul taneousl y copi es half

9. The processor of claim 8, wherein the parts copied from data
elements in said first plurality of data elements are stored adjacently

in said third plurality of data elements.

10.  The processor of claim 9, wherein the parts copied from said
first and second plurality of data elements are stored in the same order
as said first and second plurality of data elements appears in said first

and second packed data.

11.  The processor of Claim 10, wherein all data elements in said
first and second plurality of data elements are signed, and wherein all
data elements in said third plurality of data elements are either signed

or unsigned.

12. ' The processor of Claim 11, wherein all data elements of said

third plurality of data elements are either saturated or unsaturated.

Iy
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2 . of the data elenents in said first and second pl uralm% gE] AR :
el enents. 1. 4. The processor of claiml, wher ei ﬁ
el enents copied 2 fromsaid first and second plurality of data el errents
into said storage area as said 3 third plurality of data elenents are
stored adjacent to each other in said third 4 packed dat a.

- 30 - 1 5. The processor of claim2, wherein each—of—said N
plurality of data 2 el ements copixd to generate sai THFrS SHEPETl‘j IﬁEy
data el enents is stored

13.  The processor of Claim 6, wherein said first plurality of data
elements and said second plurality of data elements each includes

either two, four, or eight data elements.
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1 6. A conputer system conprising: 2 a processor; and

3 a storage area coupled to said processor having

4 an unpack instruction for operating on a

and a 5 second packed data respectively including a fi plurallty oT
data el enents and a 6 second plurality of data el enentg, &Yqﬁﬁp
data elenent in said first 7 plurality of data el enents C(rres nds 3|
different data elenment in said second 8 pIurallty of dafja‘etererts—+—8
respective position, 9 sai d processor in respofse to receiving
t he unpack ry t ;0 S|nultaneousl COoles Iess tnan aII daat a

el enments fr ) 5 £ FEFesiBSdi ng

data el ements er@W%OﬂWA@M PAI:KEBIﬂhﬁfTEﬂtS into said
storage area as a t plurality of Separate data ele tsina 13 third
N

packed dat a. BACKGRQUND QF THE INVENT]I

FIFLD OF INVENTION
- The present invention includes an apparatus and method of
performing operations using a single control signal to manipulate multiple
data elements. The present invention allows execution of move, pack and
unpack operations on packed data types.

2.D R A

Today, most personal computer systems operate with one instruction
to produce one result. Performance increases are achieved by increasing
execution speed of instructions and the processor instruction complexity,
and by performing multiple instructions in parallel; known as Complex
Instruction Set Computer (CISC). Such processors as the Intel 80386™
microprocessor, available from Intel Corp. of Santa Clara, California,
belong to the CISC category of processor.

Previous computer system architecture has been optimized to take
advantage of the CISC concept. Such systems typically have data buses
thirty-two bits wide. However, applications targeted at computer
supported cooperation (CSC - the integration of teleconferencing with
mixed media data manipulation), 2D/3D graphics, image processing,
video compression/decompression, recognition algorithms and audio
manipulation increase the need for improved performance. But,
increasing the execution speed and complexity of instructions is only one
solution.

One common aspect of these applications is that they often
manipulate large amounts of data where only a few bits are important.
That is, data whose relevant bits are represented in much fewer bits than
the size of the data bus. For example, processors execute many
operations on eight bit and sixteen bit data (e.g., pixel color components
in a video image) but have much wider data busses and registers. Thus,
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1. 7.

first

second plurality of 3 data el enents areinterl eaved intlo|said storage
area as said third plurality of data 4 el enent s. 1
processor of claim7, wherein said circygt. si mnul taneousl
of the data elements in said first and second plurality ¢f
1 9. The processor of claim®6, wherein said first pllural ity of dat a
el ements a

either two

The processor of claim6, wherein data el enent §3& a T omsa

My is a7 &ET

plurality of data elenents and data el enents 4

2 0 MARe 1998

op| es half
a

I h | udes
’Rﬂwﬁ” pa a'ag] ﬁlﬁgg% ptjaai{%gé tet%gﬁéqcﬁd@ |%neoF qﬁen tgthg? Copérgt?on% %y
generating packed data in formats that allow for easier use by programmers.

For further background on the other packed operations, see “A
Microprocessor Having a Compare Operation”, filed on December 2, 1994, serial

number 349,040, “A Microprocessor Having a Multiply Operation”, filed on
December 1, 1994, serial number 348,559, “A Novel Processor Having Shift
Operations”, filed on December 1, 1994, serial number 349,730, “A Method and
Apparatus Using Packed Data in a Processor”, filed on December 30, 1993, serial
number 08/176,123, and “A Method and Apparatus Using Novel Operations in a
Processor,” filed on December 30, 1993, serial number 08/175,772, all assigned

to the assignee of the present invention.

MOVE OPERATION

The move operation transfers data to or from registers 209. In one
embodiment, SRC2 603 is the address containing the source data and DEST 605
is the address where the data is to be transferred. In this embodiment, SRC1 602
would not be used. In another embodiment, SRC1 602 is DEST 605.

For the purposes of the explanation of the move operation, a distinction is

- drawn between a register and a memory location. Registers are found in register

file 204 while memory can be, for example, in cache 206, main memory 104, ROM
106, data storage device 107.

The move operation can move data from memory to registers 209, from
registers 209 to memory, and from a register in registers 209 to a second register
in registers 209. In one embodiment, packed data is stored in different registers

than those used to store integer data. In this embodiment, the move operation =

can move data from integer registers 201 to registers 209. For example, in
processor 109, if packed data is stored in registers 209 and integer data is stored
in integer registers 201, then a move instruction can be used to move data from
integer registers 201 to registers 209, and vice versa.
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-31- 1 10. The processor of claim8, wherein each of said first
plurality of data 2 el enents copied to generate sai d.thi+ed—pit '
data elenents is stored in the 3 sane order as sai d [REPSALRMIE

data el enents appears in said first packed 4 dat a. An
apparatus for use in a conputer systemconprising: 2 M&gs@g ade
area neans for storing a first packed data and a second| pphc % at
respectively including a first pluraljty of data el enenyslard—a—secormd—4
plurality of data elenments, wherein €ach data elenent ik said first
plurality of 5 data el enents corresponds to a differémt—dara el enent in

sai d secopd pHe abiLAwmgt 6 data elements, in a respective position; 7
a decoder neans for decodi ng an unpack instruction; and 8 a

circuit neans, coupled to said storage area neans and sai d decoder

1 1 A processor comprising:

a storage area to store a first packed data and a second packed data

N

respectively including 4 first plurality of data elements and a second plurality of
data elements, wherein each data element in said first plurality of data elements
corresponds to a different data element in said second plurality of data elements,
in a respective position;

a decoder to decode an unpack instruction; and

a circuit, coupled to said storage area and said decoder, said circuit

simultaneously copies less than all data elements from said first plurality of data

O © o N O O & W

elements and corresponding data elements from the second plurality of data
11 elements into said storage area as a third plurality of separate data elements in a

12 third packed data in response to the unpack instruction.

1 2 The processor of Claim 1, wherein said circuit is configured to simultaneously

2  copy half of the data elements in said first and second plurality of data elements.

1 3 The processor of Claim 2, wherein said circuit simultaneously copies half

2  of the data elements in said first and second plurality of data elements.

1 4 The processor of claim 1, wherein corresponding data elements copied

2 from said first and second plurality of data elements into said storage area as said
3 third plurality of data elements are stored adjacent to each other in said third

4 packed data.

R A -
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9 ‘neans, said circuit nmeans for sinultaneously coping |ess—thapr—ar—data
elements 10 fromsaid first plurality of data el enents LMBI\@%’B 3
data elenents from 11l the second plurality of data elemgnt[s Tnto sard
storage area as a third plurality of 12 separate data e nEQt(fMiA? @%hi r g
packed data in response to the unpack 1 3 instruction.

-32- 13. The processor of Claim®6, wherein said first pju '
el ements and said second plurality of 3ta el ements each | ncl udes either
two, four, or eight data el enents.

1 5. The processor of claim 2, wherein each of said first plurality of data

' o

(‘Dr—F

2 elements copied to generate said third plurality of data elements is stored

-
o

A compufer system comprising:
. a processor; and |
a storage area coupled to said processor having stored therein,
an unpack instruction for operating on a first packed data and a
second packed data ;'espectively including a first plurality of data elements anda -
second plurality of data elements, wherein each data element in said first .
plurality of data elements corresponds to a different data element in said second
plurality of data elements, in a respective position,

said processor, in response to receiving the unpack instruction,

©O © 0 N O O b W N

simultaneously copies less than all data elements from said first plurality of data
11 elements and corresponding data elements from the second plurality of data
12  elements into said storage area as a third plurality of separate data elements in a

13 - third packed data.

1 7. The pro‘ceésor of claim 6, wherein data elements copied from said first

2  plurality of data elements and data elements copied from said second plurality of
3 data elements are.interleaved into said storage area as said third plurality of data
4 elements.

1 8  The processor of claim 7, wherein said circuit simultaneously copies half

2  of the data elements in said first and second plurality of data elements.

1 0. The processor of claim.é, wherein said first plurality of data elements and

2 said second plurality of data elements each includes either two, four, or eight

e L L

3 data elements.
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10.  The processor of claim 8, wherein each of said first plurality of data
elements copied to generate said third plurality of data elements is stored in the
same order as said first plurality of data elements appears in said first packed

data.

11.  An apparatus for use in a computer system comprising:
| a storage. area means for storing a first packed data and a second packed

data respectively including a first plurality of data elements and a second
plurality of data elements, wherein each data element in said first plurality of
data elements corresponds to a different data element in saici second plurality of
data elements, in a respective position; -

a decoder means for decoding an unpack instruction; and

a circuit means, coupled to said storage area means and said decoder
means, said circuit means for simultgneously coping less than all data elements
from said first plurality of data elements and 'corresponding data elements from
the %econd plurality of data elements into said storage area as a third plurality of

separate data elements in a third packed data in response to the unpack

instruction.. :
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