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(57) ABSTRACT 

An apparatus includes an instruction decoder, ?rst and 
second source registers and a circuit coupled to the decoder 
to receive packed data from the source registers and to pack 
the packed data responsive to a pack instruction received by 
the decoder. A?rst packed data element and a second packed 
data element are received from the ?rst source register. A 
third packed data element and a fourth packed data element 
are received from the second source register. The circuit 
packs packing a portion of each of the packed data elements 
into a destination register resulting With the portion from 
second packed data element adjacent to the portion from the 
?rst packed data element, and the portion from the fourth 
packed data element adjacent to the portion from the third 
packed data element. 
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METHOD AND APPARATUS FOR PACKING DATA 

RELATED APPLICATIONS 

[0001] Divisional of application Ser. No. 09/657,448, ?led 
Sep. 8, 2000, Which is a Continuation of application Ser. No. 
08/974,435, ?led Nov. 20, 1997, now US. Pat. No. 6,119, 
216, Which is a Divisional of Ser. No. 08/791,003, ?led Jan. 
27, 1997, now US. Pat. No. 5,802,336, Which is a Continu 
ation of Ser. No. 08/349,047, ?led Dec. 2, 1994, abandoned. 

FIELD OF THE DISCLOSURE 

[0002] 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 opera 
tions on packed data types. 

BACKGROUND OF THE DISCLOSURE 

[0003] 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 Com 
plex Instruction Set Computer (CISC). Such processors as 
the Intel 80386.TM. microprocessor, available from Intel 
Corp. of Santa Clara, Calif., belong to the CISC category of 
processor. 

[0004] 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 coop 
eration (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 
complexity of instructions is only one solution. 

[0005] 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, a processor having a thirty-tWo bit data bus and 
registers, and executing one of these algorithms, can Waste 
up to seventy-?ve percent of its data processing, carrying 
and storage capacity because only the ?rst eight bits of data 
are important. 

[0006] As such, What is desired is a processor that 
increases performance by more efficiently using the differ 
ence betWeen the number of bits required to represent the 
data to be manipulated and the actual data carrying and 
storage capacity of the processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by Way of 
example, and not limitation, in the ?gures. Like references 
indicate similar elements. 

[0008] FIG. 1 illustrates an embodiment of the computer 
system using the methods and apparatus of the present 
invention. 
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[0009] FIG. 2 illustrates an embodiment of the processor 
of the present invention. 

[0010] FIG. 3 is a How diagram illustrating the general 
steps used by the processor to manipulate data in the register 
?le. 

[0011] 
[0012] FIG. 4b, FIG. 4c and FIG. 4a' illustrate in-register 
integer data representations. 

[0013] FIG. 5a illustrates packed data types. 

[0014] FIG. 5b, FIG. 5c and FIG. 5a' illustrate in-register 
packed data representations. 

FIG. 4a illustrates memory data types. 

[0015] FIG. 6a illustrates a control signal format used in 
the computer system to indicate the use of packed data. 

[0016] FIG. 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. 

[0017] FIG. 7 illustrates one embodiment of a method 
folloWed by a processor When performing a pack operation 
on packed data. 

[0018] FIG. 8a illustrates a circuit capable of implement 
ing a pack operation on packed byte data. 

[0019] FIG. 8b illustrates a circuit capable of implement 
ing a pack operation on packed Word data. 

[0020] FIG. 9 illustrates on embodiment of a method 
folloWed by a processor When performing an unpack opera 
tion on packed data. 

[0021] FIG. 10 illustrates a circuit capable of implement 
ing an unpack operation on packed data. 

DETAILED DESCRIPTION 

[0022] Aprocessor having move, pack, and unpack opera 
tions that operate on multiple data elements is described. In 
the folloWing description, numerous speci?c 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. 

DEFINITIONS 

[0023] To provide a foundation for understanding the 
description of the embodiments of the present invention, the 
folloWing de?nitions are provided. 

[0024] Bit X through Bit Y: de?nes a sub?eld of 
binary number. For example, bit six through bit Zero 
of the byte 001110102 (shoWn in base tWo) represent 
the sub?eld 1110102. The ‘2’ folloWing a binary 
number indicates base 2. Therefore, 10002 equals 
810, While F16 equals 1510. 

[0025] Rxzis a register. A register is any device 
capable of storing and providing data. Further func 
tionality of a register is described beloW. A register 
is not necessarily part of the processor’s package. 

[0026] DESTzis a data address. 

[0027] SRC1:is a data address. 
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[0028] SRC2:is a data address. 

[0029] Result:is the data to be stored in the register 
addressed by DEST. 

[0030] Sourcelzis the data stored in the register 
addressed by SRC1. 

[0031] Source2:is the data stored in the register 
addressed by SRC2. 

COMPUTER SYSTEM 

[0032] Referring to FIG. 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 communicating information, and 
a processor 109 coupled With bus 101 for processing infor 
mation. Computer system 100 further comprises a random 
access memory (RAM) or other dynamic storage device 
.(referred to as main memory 104), coupled to bus 101 for 
storing information and instructions to be executed by 
processor 109. Main memory 104 also may be used for 
storing temporary variables or other intermediate informa 
tion 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. 

[0033] Furthermore, a data storage device 107, such as a 
magnetic disk or optical disk, and its corresponding disk 
drive, can be coupled to computer system 100. Computer 
system 100 can also 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 ?at 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 communi 
cating 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 ?rst axis (e.g., X) and a 
second axis (e.g., y), Which alloWs the device to specify 
positions in a plane. HoWever, this invention should not be 
limited to input devices With only tWo degrees of freedom. 

[0034] 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, ?lm, or similar types of media. Additionally, com 
puter 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 include a speaker Which is coupled to a 
digital to analog (D/A) converter for playing back the 
digitiZed sounds. 

[0035] Also, computer system 100 can be a terminal in a 
computer netWork (e.g., a LAN). Computer system 100 
Would then be a computer subsystem of a computer system 
including a number of netWorked devices. Computer system 
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100 optionally includes video digitiZing device 126. Video 
digitiZing device 126 can be used to capture video images 
that can be transmitted to others on the computer netWork. 

[0036] Computer system 100 is useful for supporting 
computer supported cooperation (CSC—the integration of 
teleconferencing With mixed media data manipulation), 
2D/3D graphics, image processing, video compression/de 
compression, recognition algorithms and audio manipula 
tion. 

PROCESSOR 

[0037] FIG. 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 ?le 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 provid 
ing data, and performing the functions described herein. 

[0038] 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 ?le 204, for example, ?oating 
point registers. In one embodiment, integer registers 201 
store thirty-tWo bit integer data. In one embodiment, regis 
ters 209 contains eight registers, RO 212a through R7 212h. 
Each register in registers 209 is sixty-four bits in length. RO 
212a, R1 212b and R2 212c are examples of individual 
registers in registers 209. Thirty-tWo bits of a register in 
registers 209 can be moved into an integer register in integer 
registers 201. Similarly, a value in an integer register can be 
moved into thirty-tWo bits of a register in registers 209. 

[0039] 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, reg 
isters 209, status registers 208, and instruction pointer 
register 211 all connect to internal bus 205. Any additional 
registers Would also connect to the internal bus 205. 

[0040] 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 
?oating point registers. In this embodiment, packed data can 
be stored in registers 209 or ?oating point data. In one 
embodiment, the combined registers are sixty-four bits in 
length and integers are represented as sixty-four bits. In this 
embodiment, in storing packed data and integer data, the 
registers do not need to differentiate betWeen the tWo data 
types. 

[0041] Functional unit 203 performs the operations carried 
out by processor 109. Such operations may include shifts, 
addition, subtraction and multiplication, etc. Functional unit 
203 connects to internal bus 205. Cache 206 is an optional 
element 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. 
























