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(57) 
A recon?gurable processing system executes instructions 
and con?gurations in parallel. Initially, a ?rst instruction 
loads con?gurations into con?guration registers. The con 
?guration ?eld of a subsequently fetched instruction selects 
a con?guration register. The instruction controls and con 
trols of the con?guration in the selected con?guration reg 
ister are decoded and modi?ed as speci?ed by the instruc 
tion. The controls provide data operands to the execution 
units which process the operands and generate results. Scalar 
data, vector data, or a combination of scalar and vector data 
can be processed. The processing is controlled by instruc 
tions executed in parallel with con?gurations invoked by 
con?guration ?elds within the instructions. Vectors are pro 
cessed using a vector register ?le which stores vectors. A 
vector address unit identi?es addresses of vector elements in 
the vector register ?le to be processed. For each vector, 
vector address units provide addresses which stride through 
each element of each vector. 
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RECONFIGURABLE PROCESSING SYSTEM AND 
METHOD 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is a divisional of US. patent 
application Ser. No. 10/004,246, ?led on Nov. 2, 2001, 
Which claims the bene?t of US. Provisional Application 
Nos. 60/246,423 and 60/246,424, both ?led Nov. 6, 2000. 

FIELD OF THE INVENTION 

[0002] This invention relates to a processing system. More 
speci?cally, this invention relates to a processing system that 
executes instructions and con?gurations referenced by the 
instruction in parallel. 

BACKGROUND OF THE INVENTION 

[0003] Conventional processing systems utiliZe parallel 
processing in an inef?cient manner. Example conventional 
processors include scalar, Very Long Instruction Word 
(VLIW), superscalar, and vector processors. 

[0004] Ascalar is a single item or value. Ascalar processor 
performs arithmetic computations on scalars, one at a time. 
For example, on a ?rst clock, an instruction C=A+B is 
fetched. On a second clock, the instruction is decoded. On 
a third clock, the instruction operands A and B are retrieved. 
On a fourth clock, the instruction is executed. On a ?fth 
clock, the result C of the executed instruction is Written to 
memory. This process may proceed in a pipelined manner 
With neW instructions fetched on each subsequent clock and 
processed through the remaining ?ve clock cycles as previ 
ously described. HoWever, a scalar processor uses only 
limited parallelism, limited by the number of pipeline stages. 
Further, although the processor may have multiple execution 
units for different functions such as add, multiply, and shift, 
only one execution unit is used during each clock cycle, 
limited by the scalar instruction. Thus, although pipelined 
processing may be implemented With scalar systems, mul 
tiple scalar elements are not processed in parallel resulting 
in impediments to ef?cient instruction processing. 

[0005] VLIW processors have an architecture that pro 
cesses multiple scalar instructions simultaneously or in 
parallel by including multiple instructions into a Wide single 
instruction, i.e., a very long instruction Word (VLIW) 
includes multiple scalar instructions as previously described. 

[0006] One example VLIW instruction is a 256 bit VLIW. 
Multiple independent instructions can be incorporated into a 
single VLIW instruction. For example, a VLIW instruction 
may include instruction sections for an adder, a shifter, a 
multiplier, or other execution units. Thus, the VLIW instruc 
tion enables an execution unit such as an adder to proceed 
in a pipelined fashion and, in addition, enables other com 
ponents, such as a shifter or multiplier, to proceed in parallel 
With the adder. 

[0007] While a VLIW processing system may reduce 
processing times by executing multiple instructions Within a 
single Wide instruction Word, this system has a number of 
shortcomings. For example, larger amounts of Wider 
memory are used to store a series of Wide instruction Words. 
As a result, additional logic and interconnect Wiring are used 
to manage the Wider memory. These extra logic and Wiring 
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components consume additional area, poWer, and bandWidth 
to fetch these Wider instructions—on each clock, a 256 bit 
instruction is fetched. 

[0008] Also, in response to the limited parallelism of 
scalar processing systems, superscalar processors Were 
developed. Superscalar processors are similar to VLIW 
systems but can execute tWo or more smaller instructions in 
parallel. Multiple smaller instructions are fetched per clock 
cycle, and if there are no con?icts or unmet dependencies, 
multiple instructions can be issued doWn separate pipelines 
in parallel. While superscalar processors may utiliZe nar 
roWer or shorter instructions and process multiple instruc 
tions in parallel, other problems remain in the complexity of 
selecting instructions that can issue in parallel Without 
con?icting demands and in accessing operands in parallel. 
Additionally, concerns about interactions betWeen pipelines 
and permitting other components to be idle until an instruc 
tion is completely executed still remain. 

[0009] Vector processors process vectors or linear arrays 
of data elements or values, e.g., scalar values, arranged in 
one dimension, e.g., a one dimensional array. Example 
vector operations include element-by-element arithmetic, 
dot products, convolution, transforms, matrix multiplica 
tions, and matrix inversions. Vector processors typically 
provide high-level instructions that operate on a vector in a 
pipelined fashion, element by element. A typical instruction 
can add tWo 64-element vectors element by element in a 
pipeline to produce a 64-element vector result, Which Would 
also be generated by a complete loop on a scalar processor 
that computes one element per loop iteration. Vector pro 
cessing units, hoWever, typically provide limited sequential 
control capacity. For example, a separate scalar unit is 
typically used to perform scalar computations using sequen 
tial decisions. 

[0010] For example, a vector processor may pass vector 
operands to a single pipelined functional unit, e.g., an adder. 
If a vector instruction calls for C=A+B, each element of 
vectors A and B are sequentially added With a single 
functional adder and stored element by element to a vector 
C. In pipelined fashion, during a ?rst clock, the ?rst element 
of each vector is processed With an adder, e.g., A1+B1, and 
stored to C1 of vector C. During a second clock, the second 
element of each vector is processed With an adder, e.g., 
A2+B2, and stored to C2 of vector C. During a third clock, 
the third element of each vector is processed With an adder, 
e.g.,A3+B3, and stored to C3 of vector C, and so on for each 
element. 

[0011] Thus, performing an operation on “x” elements 
may require “x” clock cycles and additional clock cycles to 
manage overhead operations. Consequently, conventional 
vector processors are limited in that they utiliZe a complex 
control unit to sequence vector processing element by ele 
ment, one clock per element, resulting in many clock cycles 
to execute one vector instruction. This problem is further 
ampli?ed When more complex instructions are processed. 
Additionally, When processing of one element is completed, 
a control system must move the processing from the element 
just processed to the next element. Further, control of other 
execution units such as a multiplier, shifter, etc. are further 
complicated and use of these units is delayed until the 
instruction is completed and each element of the vector has 
been processed through respective clock cycles. Thus, other 
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instructions relating to other execution units are unneces 
sarily delayed or require complex “vector chaining” controls 
to manage parallel instruction execution With different units. 

[0012] Some processing systems that use co-processors or 
recon?gurable arrays have synchronization problems With 
the execution of the application program. Further, some 
conventional systems utiliZe one processor to execute an 
application program With the assistance of a co-processor or 
a recon?gurable computing array. As a result, such systems 
utiliZe an asynchronous request/acknowledge handshake 
betWeen the separate processor and the co-processor or 
recon?gurable array. These handshakes result in either the 
processor Waiting for the array, or the array Waiting for the 
processor. In both cases, the result is inef?cient use of the 
processor in performing ?ne-grain requests because the 
overhead can exceed the array run time. 

[0013] In summary, shortcomings of conventional pro 
cessing systems relating to the complexity of issuing parallel 
instructions, instructions With many bits, bandWidth and 
poWer used fetching Wide instructions, additional instruction 
memory, logic, and/or area, larger bandWidth, diminished 
processing speeds, and asynchronous processor communi 
cations. 

[0014] Accordingly, there is a need in the art for a pro 
cessing system that executes instructions in a more time, 
cost, and space ef?cient manner by enhancing the control 
and utiliZation of parallel processing. 

SUMMARY OF THE INVENTION 

[0015] In one aspect of the present invention, a recon?g 
urable processor is implemented With an instruction 
appended With a con?guration ?eld. The con?guration ?eld 
selects a con?guration register Which stores a con?guration. 
Controls decoded from the instruction and from the con 
?guration stored in the selected con?guration register are 
executed in parallel. 

DESCRIPTION OF THE DRAWINGS 

[0016] These and other features, aspects, and advantages 
of the present invention Will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying draWings Where: 

[0017] FIG. 1 is a general ?oW diagram illustrating the 
manner in Which instructions and con?gurations are con 
trolled and executed in parallel; 

[0018] FIGS. 2A-B illustrate example instruction formats 
including a con?guration ?eld; 

[0019] FIG. 3 is a schematic of components utiliZed to 
control a recon?gurable processing system; 

[0020] FIG. 4 is a more detailed schematic of components 
utiliZed to control a recon?gurable processing system; 

[0021] FIGS. 5A-B illustrate an example con?guration 
register used in a recon?gurable processing system; 

[0022] FIG. 6 illustrates an example instruction format to 
load con?gurations into a con?guration register; 

[0023] FIGS. 7A-B illustrate the manner in Which con 
?guration controls are modi?ed; 
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[0024] FIG. 8 illustrates an example instruction format for 
implementing loops in a recon?gurable processing system; 

[0025] FIGS. 9A-B are How diagrams illustrating the 
manner in Which instructions and con?gurations are 
executed in parallel; 

[0026] FIG. 10 is a schematic of components utiliZed to 
control a recon?gurable processing system While processing 
data organiZed as a vector; 

[0027] FIG. 11 is a more detailed schematic of a register 
?le, vector address units, and vector register ?le used in a 
recon?gurable vector processing system; 

[0028] FIGS. 12A-B illustrate an example con?guration 
register used in a recon?gurable vector processor; and 

[0029] FIG. 13 illustrates an example instruction format 
implementing a loop function Within a recon?gurable vector 
processor. 

DETAILED DESCRIPTION 

[0030] Referring to FIG. 1, the recon?gurable processor 
executes an instruction 100 and a selected con?guration or 
con?guration context 110a-c (generally con?guration 110) 
stored in a selected con?guration register 120a-c (generally 
con?guration register 120). Con?gurations 110 are loaded 
into one or more con?guration registers 120 from a memory. 
For example, a compiler or programmer de?nes the con 
?guration 110 in memory using, for example, assembler 
syntax. Examples of tWo con?gurations 110 in assembler 
syntax are provided beloW: 

[0031] cfg_addr1: .con?g add r0, r0, r1|] mul r1, r210, 
r310 

[0032] 
r3.hi 

[0033] The example con?gurations 110 specify a multi 
ply-accumulate operation on tWo arrays. A multiplier prod 
uct r1 is added to a value in accumulator register r0. 
Additionally, in parallel With the add operations, tWo array 
elements, r2 and r3, are multiplied together into r1. The “10” 
and “hi” designations refer to a “lo” 16 bits or a “hi” 16 bits 
of a 32 bit operand. 

[0034] An instruction 100 that selects a con?guration 
register 120 causes con?guration 110 stored in the selected 
con?guration register 120 to be executed. The con?guration 
10 execution recon?gures the processor. One example 
instruction 100 that can be utiliZed for this purpose includes 
operation code (op) 102, a con?guration select ?eld or 
con?guration ?eld (cn) 104, and operands 106. When an 
instruction 100 is invoked, the con?guration ?eld cn 104 
selects a con?guration register 120 Which stores a con?gu 
ration 110. The con?guration 110 stored in the selected 
con?guration register 120 and the corresponding instruction 
100 are decoded into respective instruction controls 130 and 
con?guration controls 132. The controls 130 and 132 
dynamically recon?gure the data path such that the instruc 
tion 100 and con?guration 110 are executed in parallel. 

[0035] The controls 132 decoded from the con?guration 
110 provide additional control signals that control one or 
multiple parallel execution units in addition to the execution 
unit controlled by the instruction 100. The role of the 
con?guration 110 in the recon?gurable processor can vary 
































