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(57) ABSTRACT 

Processor architecture adapts to input data. With each 
incoming data, the processor adapts in real-time. The struc 
ture of the processors is adapted by con?guring a recon?g 
urable logic elernent. Recon?guration occurs based on a 

portion of the input data to select a con?guration map. The 
con?guration rnap parallel loads the recon?gurable logic 
elernent, thus avoiding latency associated With recon?gura 
tion. 
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METHOD AND APPARATUS FOR PROCESSING 
DATA IN A RECONFIGURABLE MANNER 

RELATED APPLICATIONS 

[0001] This present application claims priority to currently 
pending application Ser. No. 10/686,940 ?led on Oct. 15, 
2003 entitled “Signal Processor With Fast Field Recon?g 
urable Data Path, Data Address Unit and Program 
Sequencer”, by Kenneth Garey Which in turn claims priority 
to application Ser. No. 09/408,825 ?led on Sep. 29, 1999 
entitled “Signal Processor With Fast Field Recon?gurable 
Data Path, Data Address Unit and Program Sequencer” by 
Kenneth Garey Which Was pending at the time application 
Ser. No. 10/686,940 Was ?led. 

BACKGROUND OF THE INVENTION 

[0002] Conventional systems that perform data processing 
do not possess the ability to adapt to various data types on 
Which a data processor must operate. Speci?c application 
speci?c integrated circuitry or other processing circuitry 
geared and designed to execute speci?c and limited appli 
cations do provide for extremely fast processing, but at a 
cost of signi?cantly limited functionality. In addition, 
present signal processors do not provide hardWare oriented 
solutions. For each computational operations Within modern 
signal processors, the signal processor performs multiple 
functions including a program random access memory 
(RAM) or a program read only memory (ROM). The con 
ventional signal processor ‘must also employ a data random 
access memory (RAM) or a plurality of data registers, 
several address buses and data buses, a data address unit, and 
a predetermined data path. 

[0003] Conventional signal processors that employ hard 
Ware directed solutions typically provide a limited function 
ality to a plurality of input data and drive that plurality of 
input data to a neXt function. In other Words, conventional 
hardWare solutions are geared primarily to perform a very 
limited number of functions. Limitations of general purpose 
signal processors employing conventional techniques are 
numerous; hoWever, a main limitation is an inability to 
perform a substantially Wide variety of operations to accom 
modate various pluralities of input data. To perform a Wide 
variety of functions, conventional signal processors typi 
cally need to perform a large number of gate toggles With 
each operation. 

SUMMARY OF THE INVENTION 

[0004] The present invention comprises a method for 
processing data in a recon?gurable manner. According to 
one eXample method, data is processed by receiving input 
data, selecting a logic con?guration according to the input 
data to processing the input data using the selected logic 
con?guration. According to one alternative illustrative 
method, input data that is received is subject to a “type” 
determination. A logic selection indicator is then generated 
according to be determined type. The logic selection indi 
cator can then be used to select a con?guration map. 
Accordingly, the con?guration map may then be used to 
con?gure a recon?gurable logic circuit. 

[0005] According to one alternative method, a con?gura 
tion map comprises a con?guration for at least one of an 
addressing unit, and instruction decoder, an instruction 
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sequencer and an arithmetic unit. Accordingly, various func 
tional aspects of processing data may be modi?ed according 
to the type of data being processed a particular instant in 
time. Generally, a ?rst con?guration map is used to create a 
logic function during a ?rst data period. A second logic 
function is created using a second con?guration map during 
a second data period. Accordingly, With each subsequent 
data a different con?guration map may be selected according 
to the input data. 

[0006] According to yet another alternative illustrative 
method, selection of a logic con?guration comprises gen 
eration of a parallel con?guration Word. The parallel con 
?guration Word, Which is based in Whole or in part on the 
input data, is used to con?gure a plurality logic element 
substantially in one data period. 

[0007] According to one illustrative aspect of the present 
method, a ?rst logic element is con?gured according to a 
?rst input data. The ?rst input data is then processed using 
the ?rst logic element. A second logic element is con?gured 
according to the ?rst input data substantially While the ?rst 
logic element is recon?gured according to a subsequent 
input data. The once-processed ?rst input data is then 
processed using the second logic element substantially While 
the subsequent input data is processed by the recon?gured 
?rst logic element. This method provides for “pipelining” of 
data With selective recon?guration of logic elements as data 
moves from one logic element to the neXt. 

[0008] According to yet another alternative method, the 
amount of poWer required to process input data using the 
selected logic con?guration is determined. If the amount of 
poWer required eXceeds a pre-established threshold, a neW 
logic con?guration is selected. 
[0009] The present invention further comprises a data 
processing unit. According to one embodiment that illus 
trates the present invention, a data processing unit comprises 
an input unit that receives data. Arecon?gurable logic circuit 
is also included in the data processing unit. The recon?g 
urable logic circuit processes the input data. The recon?g 
urable logic circuit is con?gured by a con?guration circuit 
that is also included in the data processing unit. The con 
?guration circuit recon?gures a logic circuit according to a 
portion of the input data. 

[0010] According to one alternative eXample embodiment, 
the con?guration circuit comprises a data monitor. The data 
monitor is capable of determining a type for the input data. 
The con?guration circuit of this alternative eXample 
embodiment further comprises a con?guration memory that 
is capable of storing a plurality of con?guration maps. The 
con?guration circuit selects a particular con?guration map 
according to the determined type of the input data. Accord 
ing to yet another alternative eXample embodiment, the data 
monitor is capable of generating a con?guration selection 
signal according to a portion of the input data. The con?gu 
ration map is selected from the con?guration memory using 
the con?guration selection signal. According to yet another 
alternative eXample embodiment, the con?guration memory 
includes a con?guration map for at least one of an address 
ing unit, an instruction decoder, an instruction sequencer and 
an arithmetic unit. According to yet another alternative 
embodiment, the con?guration memory generates a parallel 
con?guration Word. The parallel con?guration Word may be 
used to con?gure a plurality of logic elements substantially 
in one data period. 
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[0011] According to one alternative illustrative embodi 
ment, the con?guration circuit comprises an active con?gu 
ration unit and a loading con?guration unit. According to 
this illustrative embodiment, the active con?guration unit 
con?gures the recon?gurable logic circuit during a ?rst data 
period. The loading con?guration unit typically receives a 
neW con?guration map While the active con?guration unit is 
con?guring the recon?gurable logic circuit. The loading 
con?guration unit is then used to con?gure the recon?g 
urable logic circuit during a second data period. 

[0012] According to yet another alternative example 
embodiment, the recon?gurable logic circuit comprises a 
?rst logic element and a second logic element. According to 
this alternative embodiment, the ?rst logic element pro 
cesses a ?rst input data according to a ?rst con?guration. 
The second logic element processes the output of the ?rst 
logic element (i.e. a once-processed ?rst data) While the ?rst 
logic element processes a subsequent data according to a 
subsequent con?guration. 
[0013] According to one alternative embodiment, a data 
processing unit further comprises a poWer monitor. Accord 
ing to this alternative embodiment, the poWer monitor 
determines the poWer consumed by the recon?gurable logic 
circuit. The con?guration circuit selects a different con?gu 
ration map When the determined poWer exceeds a pre 
established threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention Will hereinafter be described 
in conjunction With the appended draWings and ?gures, 
Wherein like numerals denote like elements, and in Which: 

[0015] FIG. 1 is a system diagram illustrating a signal 
processor built in accordance With the invention having a 
processing circuitry that contains a re-con?gurable circuitry; 

[0016] FIG. 2 is a system diagram illustrating a signal 
processor built in accordance With the invention having a 
re-con?gurable logic circuitry governed by a con?guration 
control circuitry; 

[0017] FIG. 3 is a system diagram illustrating a signal 
processor built in accordance With the invention having a 
plurality of recon?gurable components; 

[0018] FIG. 4 is a system diagram illustrating a signal 
processor built in accordance With the invention that selects 
at least one con?guration option to program a programmable 
logic array circuitry; 

[0019] FIG. 5 is a system diagram illustrating a signal 
processor built in accordance With the invention that selects 
at least one area con?guration to program at least one area 

of a programmable logic array circuitry; 

[0020] FIG. 6 is a system diagram illustrating a signal 
processor built in accordance With the invention that per 
forms recursive updating of a programmable logic con?gu 
ration circuitry and a programmable logic array circuitry; 
and 

[0021] FIG. 7 is a functional block diagram illustrating a 
method performed in accordance With the invention that 
recon?gures a logic array circuitry. 

DETAILED DESCRIPTION 

[0022] The present invention presents a solution that pro 
vides operation Within a signal processor With a signi?cantly 
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reduced number of gate toggles for a given operation. A 
relatively complex data path is generated for a plurality of 
input data to reduce the number of gate toggles required to 
perform operation on the plurality of data. In certain 
embodiments of the invention, the complex data path is a 64 
bit deeply pipelined parallel serial data path With rich 
interconnects betWeen the pipeline levels and the adjacent 
data paths Within the signal processor. In other embodiments 
of the invention, the data path provides interconnects 
capable of alloWing multiple 8 bit, 16 bit, or 32 bit parallel 
operations to occur in parallel. Serial operations including 
up to ‘n’X 16 bit serial multiples With adjacent signal 
summing is also provided Within various embodiments of 
the invention. Control of the depth of the deeply pipelined 
parallel serial data path and a clock signal’s gating is also 
provided Within the invention. 

[0023] Similar programmability is also provided Within a 
data addressing unit in other embodiments of the invention. 
This programmability facilitates content addressable data 
and coordinates re-mapping address support Within the 
signal processor. A program sequencer employs re-con?gu 
ration to alloW ?exible control over the data path and the 
addressing unit. Wide Word access is provided to alloW rapid 
re-con?guration of a programmable logic circuitry. A hard 
Wired, or default, logic con?guration is provided for mul 
tiple components Within the signal processor. In addition, 
re-con?guration is provided for the multiple components 
Within the signal processor using direct memory access 
(DMA) logic having Wide Word read only memory (ROM) 
and random access memory 

[0024] FIG. 1 is a system diagram illustrating a signal 
processor 100 built in accordance With the invention having 
a processing circuitry 140 that contains a re-con?gurable 
circuitry 105. The processing circuitry 140 of the signal 
processor 100 contains the re-con?gurable circuitry 105 to 
perform at least a portion of its total signal processing. The 
re-con?gurable circuitry 105 contains, among other things, 
a programmable logic circuitry 110, a processing poWer 
consumption analysis circuitry 120, and a programmable 
logic con?guration circuitry 130. The programmable logic 
con?guration circuitry 130 itself contains, among other 
things, a default con?guration circuitry 132, an adaptive 
con?guration circuitry 134, an active con?guration circuitry 
136, and a loading con?guration circuitry (buffer) 138. The 
programmable logic con?guration circuitry 130 selects a 
predetermined logic con?guration from among a predeter 
mined plurality of default logic con?gurations contained 
Within the default con?guration circuitry 132. The program 
mable logic con?guration circuitry 130 programs the pro 
grammable logic circuitry 110 to perform at least one 
predetermined function Within the signal processor 100. 

[0025] In certain embodiments of the invention, the pro 
grammable logic con?guration circuitry 130 selects an alter 
native logic con?guration using the adaptive con?guration 
circuitry 134. The adaptive con?guration circuitry 134 
selects the alternative logic con?guration in response to a 
number of factors including, among other things, a plurality 
of input data that is given to the signal processor 100. In 
other embodiments of the invention, the adaptive con?gu 
ration circuitry 134 selects the alternative logic con?gura 
tion in response to the amount of poWer being consumed by 
the signal processor 100. This determination of the amount 
of poWer being consumed is made using the processing 
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power consumption analysis circuitry 120. Regardless of 
What speci?c parameters are used to identify and select an 
appropriate logic con?guration, the programmable logic 
con?guration circuitry 130 programs the programmable 
logic circuitry 110 to perform the predetermined function 
ality of the signal processor 100. 

[0026] The active con?guration circuitry 136 of the pro 
grammable logic con?guration circuitry 130 is the actual 
con?guration that is presently being employed by the signal 
processor 100. That is to say, the active con?guration 
circuitry 136 performs the actual logic con?guration of the 
signal processor 100 during real time operation. If desired in 
certain embodiments of the invention, the loading con?gu 
ration circuitry (buffer) 138 is simultaneously loading 
another logic con?guration into the programmable logic 
con?guration circuitry 130 While the active con?guration 
circuitry 136 is busy con?guring the programmable logic 
con?guration circuitry 130 using either the default con?gu 
ration circuitry 132 or the adaptive con?guration circuitry 
134, depending on the speci?c application. The implemen 
tation of both the active con?guration circuitry 136 and the 
loading con?guration circuitry (buffer) 138 is performed in 
a “ping-pong”style operation knoWn to those having skill in 
the art of logic con?guring, data management, and data 
processing, among other things. 

[0027] In this embodiment, the programmable logic con 
?guration circuitry 130 employs the active con?guration 
circuitry 136 to perform the actual logic con?guration of the 
signal processor 100 While the loading con?guration cir 
cuitry (buffer) 138 is loading a logic con?guration to be used 
neXt. Then, after the present logic con?guration of the 
programmable logic con?guration circuitry 130 has been 
loaded by the active con?guration circuitry 136 to process a 
?rst plurality of input data, the neXt logic con?guration that 
Was just previously contained Within the loading con?gu 
ration circuitry (buffer) 138 is then passed to the active 
con?guration circuitry 136 to perform processing on a neXt 
plurality of input data. If desired, various logic con?gura 
tions are used to perform processing on the same plurality of 
input data, and in such a case, the present and the neXt logic 
con?gurations are used to con?gure the programmable logic 
con?guration circuitry 130 at various phases Within the 
processing of the same plurality of input data. The simul 
taneous operation of the programming of one logic con?gu 
ration to the programmable logic con?guration circuitry 130 
using the active con?guration circuitry 136 While another 
logic con?guration is being loaded into the loading con?gu 
ration circuitry (buffer) 138 provides for faster, overall 
operation of the signal processor 100, given that a neXt logic 
con?guration is immediately ready for the programmable 
logic con?guration circuitry 130 after the processing of the 
plurality of input data. 

[0028] FIG. 2 is a system diagram illustrating a signal 
processor 200 built in accordance With the invention having 
a re-con?gurable logic circuitry 250 governed by a con?gu 
ration control circuitry 210. The signal processor 200 oper 
ates to convert a plurality of input data 220 into a plurality 
of output data 240. The con?guration control circuitry 210 
operates cooperatively With a programmable logic con?gu 
ration circuitry 230 to program the re-con?gurable logic 
circuitry 250. The programmable logic con?guration cir 
cuitry 230 itself contains, among other things, a read only 
memory (ROM) 232 and a random access memory (RAM) 
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234. The re-con?gurable logic circuitry 250 itself contains, 
among other things, an input programmable logic circuitry 
252, a main programmable logic circuitry 254, and an output 
programmable logic circuitry 256. The read only memory 
(ROM) 232 and the random access memory (RAM) 234 
store a predetermined number of logic con?gurations that 
are used to program the re-con?gurable logic circuitry 250. 
If desired, the read only memory (ROM) 232 store a 
predetermined number of ?Xed logic con?gurations for the 
re-con?gurable logic circuitry 250. The ?Xed logic con?gu 
rations includes at least one default logic con?guration for 
the re-con?gurable logic circuitry 250 that is loaded during 
startup of the signal processor 200 or, alternatively, during 
any poWer cycle or reset operations that the signal processor 
200 undergoes. In addition, the random access memory 
(RAM) 234 operates Within the signal processor 200 to 
determine a more appropriate logic con?guration for the 
re-con?gurable logic circuitry 250 through adaptive tech 
niques employed by the programmable logic con?guration 
circuitry 230. The programmable logic con?guration cir 
cuitry 230 analyZes various parameters to determine an 
appropriate logic con?guration for the signal processor 200. 

[0029] The programmable logic con?guration circuitry 
230 provides the proper logic con?guration to the re 
con?gurable logic circuitry 250. Irrespective of Whether the 
programmable logic con?guration circuitry 230 loads a 
predetermined logic con?guration from the read only 
memory (ROM) 232 or an adaptively selected logic con 
?guration from the random access memory (RAM) 234, the 
programmable logic con?guration circuitry 230 performs 
the programming of the re-con?gurable logic circuitry 250 
so that the re-con?gurable logic circuitry 250 operates 
properly on the plurality of input data 220. The program 
ming of the programmable logic con?guration circuitry 230 
operates to program the logic con?guration for at least one 
of the input programmable logic circuitry 252, the main 
programmable logic circuitry 254, and the output program 
mable logic circuitry. 256. In certain embodiments of the 
invention, all of the input programmable logic circuitry 252, 
the main programmable logic circuitry 254, and the output 
programmable logic circuitry 256 are provided With a logic 
con?guration. In other embodiments of the invention, only 
one of the input programmable logic circuitry 252, the main 
programmable logic circuitry 254, and the output program 
mable logic circuitry 256 is provided With a modi?ed logic 
con?guration to perform processing on the plurality of input 
data 220. For eXample, When the signal processor 200 
performs updating of neW logic con?gurations during each 
passing of a clock signal’s cycle of the signal processor 200, 
the logic con?gurations of each of the input programmable 
logic circuitry 252, the main programmable logic circuitry 
254, and the output programmable logic circuitry 256 is 
analyZed to determine if the present logic con?guration is 
appropriate for the particular segment of the plurality of 
input data 220 on Which the signal processor 200 is oper 
ating. If it is determined that eXisting logic con?guration for 
at least one of the input programmable logic circuitry 252, 
the main programmable logic circuitry 254, and the output 
programmable logic circuitry 256 is appropriate for the 
plurality of input data 220 Within the given clock signal’s 
cycle, then that particular logic con?guration is maintained. 
Alternatively, the logic con?gurations of the input program 
mable logic circuitry 252, the main programmable logic 
circuitry 254, and the output programmable logic circuitry 
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256 that need to be modi?ed are indeed modi?ed, as 
required and governed by the plurality of input data 220. The 
signal processor 200 then utiliZes the logic con?gurations to 
generate the plurality of output data 240. 

[0030] Those having skill in the art of data processing Will 
recogniZe that the various portions of the re-con?gurable 
logic circuitry 250 are re-con?gurable to accommodate 
various types of the plurality of input data 220. If desired, 
the signal processor 200 operates into a loW poWer con 
sumption mode Wherein default logic con?gurations are 
loaded into each of the input programmable logic circuitry 
252, the main programmable logic circuitry 254, and the 
output programmable logic circuitry 256. Various intelli 
gence is employed in the programmable logic con?guration 
circuitry 230 to determine, in various loW poWer consump 
tion modes, Whether it is more poWer ef?cient to sWitch to 
a neW logic con?guration for at least one of the input 
programmable logic circuitry 252, the main programmable 
logic circuitry 254, and the output programmable logic 
circuitry 256 Within the re-con?gurable logic circuitry 250 
or to remain With a default logic con?guration. In addition, 
those having skill in the art of data processing Will recogniZe 
that various permutations of the modi?cation of the logic 
con?guration of the recon?gurable logic circuitry 250 is 
performed depending on various operational considerations 
of the signal processor 200. 

[0031] FIG. 3 is a system diagram illustrating a signal 
processor 300 built in accordance With the invention having 
a plurality of recon?gurable components. A programmable 
logic con?guration circuitry 330 is operable to provide 
con?guration to each of a data memory 310, a data address 
ing unit 320, a program memory 340, an arithmetic logic 
unit 350, and an instruction decode & sequencing unit 360; 
the programmable logic con?guration circuitry 330 is oper 
able to provide updated con?guration for each of the above 
mentioned recon?gurable components. The programmable 
logic con?guration circuitry 330 itself contains, among other 
things, a read only memory (ROM) 332 and a random access 
memory (RAM) 334. As described above and similar to the 
various embodiments of the invention including the signal 
processor 100 and the signal processor 200, the signal 
processor 300 is operable using the programmable logic 
con?guration circuitry 330 to perform both default and 
adaptive con?guration of the various recon?gurable com 
ponents contained Within the signal processor 300. 

[0032] The data memory 310 itself contains, among other 
things, a Word Width 312, an addressing logic circuitry 314, 
and a random access memory (RAM) 316. The data address 
ing unit 320 itself contains, among other things, a plurality 
of addressing modes 322 Wherein the plurality of addressing 
modes 322 include, among other addressing modes, an 
indirect addressing mode 323, an indexed addressing mode 
324, a based offset addressing mode 325, a ?rst in/?rst out 
(FIFO) addressing mode 326, and a stack addressing mode 
327. The program memory 340 itself contains, among other 
things, a read only memory (ROM) 346. The program 
memory 340 provides a plurality of immediate data 370 that 
is stored in the program memory 340 to the arithmetic logic 
unit 350, and the instruction decode & sequencing unit 360. 
The arithmetic logic unit 350 itself contains, among other 
things, a Word Width 352 and an addressing logic circuitry 
354. The various data addressing mode functionality of the 
data addressing unit 320 are knoWn to those having skill in 
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the art of data processing. Any appropriate data addressing 
mode is used Within the invention Without departing from 
the scope and spirit thereof. The Word Width 312 of the data 
memory 310 and the Word Width 352 of the arithmetic logic 
unit 350 correspond to a Word Width in Which each of the 
data memory 310 and the arithmetic logic unit 350 is 
con?gured Within one given updating logic con?guration 
step. When the programmable logic con?guration circuitry 
330 operates to modify the logic con?guration of each of the 
data memory 310, the data addressing unit 320, the program 
memory 340, the arithmetic logic unit 350, and the instruc 
tion decode & sequencing unit 360, a Wide Word Width that 
is loaded in parallel is used so that all of the con?guration 
of the above mentioned recon?gurable components are 
re-con?gured simultaneously, if desired. In certain embodi 
ments of the invention, only a subset of the data memory 
310, the data addressing unit 320, the program memory 340, 
the arithmetic logic unit 350, and the instruction decode & 
sequencing unit 360 is updated With a neW logic con?gu 
ration in any given logic con?guration updating performed 
by the programmable logic con?guration circuitry 330 of the 
signal processor 300. The variations of the invention, as 
described above in the embodiments of the signal processor 
100 of FIG. 1 and the signal processor 200 of FIG. 2, 
Wherein only various elements of the signal processor 300 
receive a modi?ed logic con?guration in a clock signal’s 
cycle. 
[0033] The addressing logic circuitry 314 of the data 
memory 310 and the addressing logic circuitry 354 of the 
arithmetic logic unit 350 operate to perform the addressing’ 
of modi?ed and updated logic con?gurations Within the 
signal processor 300 as required by various parameters 
including characteristics of a plurality of input data, similar 
to the embodiment shoWn above and described Within the 
signal processor 200 of FIG. 2. 

[0034] FIG. 4 is a system diagram illustrating a signal 
processor 400 built in accordance With the invention that 
selects at least one con?guration option to program a pro 
grammable logic array circuitry 440. The signal processor 
400 contains, among other things, a memory 410, an ‘n’ bit 
Word Width bus that performs parallel con?guration loading 
420, a logic con?guration selection circuitry 430, and the 
programmable logic array circuitry 440. The memory 410 
contains, among other things, a con?guration option #1412, 
a con?guration option #2414, and a con?guration option 
#‘n’416. The logic con?guration selection circuitry 430, that 
itself contains, among other things, a data monitoring cir 
cuitry 432, provides information to the memory 410 to 
determine Which logic con?guration is appropriate for a 
given portion of data. The given portion of data is a plurality 
of input data, as described above in the various embodiments 
of the invention shoWn in FIGS. 2 and 3. The data moni 
toring circuitry 432 is operable to identify characteristics of 
the plurality of input data and to provide information to the 
logic con?guration selection circuitry 430 so that it operates 
to perform selection of a logic con?guration that is most 
appropriate. The logic con?guration selection circuitry 430 
cooperates With the memory 410, selecting from among the 
con?guration option #1412, the con?guration option #2414, 
and the con?guration option #‘n’416 to identify an appro 
priate logic con?guration for the plurality of input data. As 
described above in various embodiments of the invention, 
the selection of the appropriate logic con?guration is made 
using various indicia in accordance With the invention. 
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Examples of such indicia and parameters include power 
consumption Within the signal processor 400, the character 
istics of the plurality of input data provided to the signal 
processor 400, and other parameters. 

[0035] The selected logic con?guration, selected from 
among the con?guration option #1412, the con?guration 
option #2414, and the con?guration option #‘n’416 con 
tained Within the memory 410, is transported to the pro 
grammable logic array circuitry 440 via the ‘n’ bit Word 
Width bus that performs parallel con?guration loading 420. 
The ‘n’ bit Word Width of the ‘n’ bit Word Width bus that 
performs parallel con?guration loading 420 provides very 
fast loading and con?guration of the programmable logic 
array circuitry 440. For example, for embodiments of the 
invention Where the Width of the programmable logic array 
circuitry 440 is also ‘n’ bits, the entirety of the program 
mable logic array circuitry 440 is programmable With a 
modi?ed logic con?guration Within a given, clock signal’s 
cycle, i.e., all of the logic elements of the programmable 
logic array circuitry 440 are re-programmable in one given 
step. The programmable logic array circuitry 440 itself 
contains, among other things, a plurality of logic elements 
including a logic element #1, 1441, a logic element #1, 2442, 
a logic element #1, ‘n’443, a logic element #2, 1444, a logic 
element #2, 2445, a logic element #2, ‘n’446, a logic 
element #‘n’, 1447, a logic element #‘n’, 2448, and a logic 
element #‘n’, ‘n’449. 

[0036] In other embodiments of the invention, the Width of 
the programmable logic array circuitry 440 is ‘n’ bits that is 
different than the ‘n’ bit Word Width of the ‘n’ bit Word Width 
bus that performs parallel con?guration loading 420 and 
only a predetermined portion of the individual logic ele 
ments of the programmable logic array circuitry 440 is 
programmed With a modi?ed logic con?guration in the 
given clock signal’s cycle. Additional clock signal cycles are 
required to modify the logic con?guration of the remainder 
of the programmable logic array circuitry 440. 

[0037] FIG. 5 is a system diagram illustrating a signal 
processor 500 built in accordance With the invention that 
selects at least one area con?guration to program at least one 
area of a programmable logic array circuitry. The signal 
processor 500 contains, among other things, a memory 510, 
an ‘n’ bit Word Width bus that performs parallel con?gura 
tion loading 520, a logic con?guration selection circuitry 
530, and a programmable logic array circuitry 540. The 
memory 510 contains, among other things, a con?guration 
option #1512, a con?guration option #2514, and a con?gu 
ration option #‘n’516. The logic con?guration selection 
circuitry 530, that itself contains, among other things, a data 
monitoring circuitry 532, provides information to the 
memory 510 to determine Which logic con?guration is 
appropriate for a given portion of data. Similar to the 
embodiment of the invention described above in the signal 
processor 400 of FIG. 4, the given portion of data is a 
plurality of input data, as described above in the various 
embodiments of the invention shoWn in FIGS. 2 and 3. The 
data monitoring circuitry 532 is operable to identify char 
acteristics of the plurality of input data and to provide 
information to the logic con?guration selection circuitry 530 
so that it operates to perform selection of a logic con?gu 
ration that is most appropriate. The logic con?guration 
selection circuitry 530 cooperates With the memory 510, 
selecting from among the con?guration option #1512, the 
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con?guration option #2514, and the con?guration option 
#‘n’516 to identify an appropriate logic con?guration for the 
plurality of input data. As described above in various 
embodiments of the invention, the selection of the appro 
priate logic con?guration is made using various indicia in 
accordance With the invention. Examples of such indicia and 
parameters include poWer consumption Within the signal 
processor 500, the characteristics of the plurality of input 
data provided to the signal processor 500, and other param 
eters. 

[0038] The selected logic con?guration, selected from 
among the con?guration option #1512, the con?guration 
option #2514, and the con?guration option #‘n’516 con 
tained Within the memory 510, is transported to the pro 
grammable logic array circuitry 540 via the ‘n’ bit Word 
Width bus that performs parallel con?guration loading 520. 
The ‘n’ bit Word Width of the ‘n’ bit Word Width bus that 
performs parallel con?guration loading 520 provides very 
fast loading and con?guration of the programmable logic 
array circuitry 540. For example, for embodiments of the 
invention Where the Width of the programmable logic array 
circuitry 540 is also ‘n’ bits, the entirety of the program 
mable logic array circuitry 540 is programmable With a 
modi?ed logic con?guration Within a given clock signal’s 
cycle, i.e., all of the logic elements of the programmable 
logic array circuitry 540 are re-programmable in one given 
step. The programmable logic array circuitry 540 itself 
contains, among other things, a plurality of logic elements 
including a logic element #1,1541, a logic element #1,2542, 
a logic element #l,’n’543, a logic element #2,1544, a logic 
element #2,2545, a logic element #2,’n’546, a logic element 
#‘n’, 1547, a logic element #‘n’, 2548, and a logic element 
#‘n’, ’n’549. 

[0039] In the speci?c embodiment of the signal processor 
500, the programmable logic array circuitry 540 is not only 
partitioned into the logic element #1, 1541, the logic element 
#1, 2542, the logic element #1, ‘n’543, the logic element #2, 
1544, the logic element #2, 2545, the logic element #2, 
‘n’546, the logic element #‘n’, 1547, the logic element #‘n’, 
2548, and the logic element #‘n’, ‘n’549, but the program 
mable logic array circuitry 540 is further organiZed into an 
area #1552, an area #2554, and an area #‘n’556. The area 
#1552 contains the logic element #1,1541, the logic element 
#1,2542, the logic element #2,1544, and the logic element 
#2,2545; the area #2554 contains the logic element #‘n’, 
1547 and the logic element #‘n’, 2548; the area #‘n’556 
contains the logic element #‘n’, ‘n’549. The signal processor 
500 is operable to provide various logic con?gurations to 
each of the area #1552, the area #2554, and the area #‘n’556 
as required by the speci?c application. For example, in a 
given instance, for a given plurality of input data, only the 
area #1552 and the area #2554 need to be provided a 
modi?ed logic con?guration Whereas the logic con?guration 
of the area #‘n’556 is appropriate for the given application. 
Those having skill in the art of data processing Will recog 
niZe that the logic element #1, ‘n’ and the logic element #2, 
‘n’ may be organiZed into another area in certain embodi 
ments of the invention. The logic element #1, 1541, the logic 
element #1, 2542, the logic element #1, ‘n’543, the logic 
element #2, 1544, the logic element #2, 2545, the logic 
element #2, ‘n’546, the logic element #‘n’, 1547, the logic 
element #‘n’, 2548, and the logic element #‘n’, ‘n’549 is 
operable to be organiZed into any number of individual areas 
such that predetermined logic con?gurations are loaded into 
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the various areas of the programmable logic array circuitry 
540 for processing within the signal processor 500. 

[0040] FIG. 6 is a system diagram illustrating a signal 
processor 600 built in accordance with the invention that 
performs recursive updating of a programmable logic con 
?guration circuitry 630 and a programmable logic array 
circuitry 640. The signal processor 600 contains, among 
other things, a logic con?guration selection circuitry 650 
that is coupled to a programmable logic con?guration cir 
cuitry 630, and a programmable logic array circuitry 640. 
The programmable logic con?guration circuitry 630 and the 
programmable logic array circuitry 640 are additionally 
coupled to one another via an ‘n’ bit word width bus that 
performs parallel con?guration loading 620. The logic con 
?guration selection circuitry 650 selects from the program 
mable logic con?guration circuitry 630 a logic con?guration 
that is appropriate for the signal processor 600. In perform 
ing this selection, the signal processor 600 utiliZes informa 
tion of the eXisting logic con?guration programmed in the 
programmable logic array circuitry 640. In addition, in the 
selection of an appropriate logic con?guration, selected 
from the programmable logic con?guration circuitry 630, 
and the updating of the selected logic con?guration into the 
programmable logic array circuitry 640 are each performed 
using a recursive updating circuitry 690 and a recursive 
updating circuitry 692, respectively. That is to say, adaptive 
logic con?guration is supportable within the programmable 
logic con?guration circuitry 630 using the recursive updat 
ing circuitry 690 as required by the speci?c application of 
the signal processor 600. For eXample, a “new” logic 
con?guration is achieved within the programmable logic 
con?guration circuitry 630, even if it is not originally loaded 
into the programmable logic con?guration circuitry 630 at 
the inception of the operation of the signal processor 600. 
That is to say, the “new” logic con?guration is generated in 
real time, operation of the signal processor 600 to accom 
modate an immediate logic con?guration within the pro 
grammable logic array circuitry 640. The “new” logic con 
?guration is adaptively generated speci?cally for the 
plurality of input data that is fed into the signal processor 
600. As required by a number of parameters including a 
plurality of input data, the power consumption of the signal 
processor 600, or other parameters, the “new” logic con 
?guration of the signal processor 600 is appropriately cho 
sen for the present application. 

[0041] In certain embodiments of the invention, the recur 
sive updating circuitry 690 and the recursive updating 
circuitry 692 operate cooperatively to perform recursive 
updating of the programmable logic con?guration circuitry 
630 and the programmable logic array circuitry 640. Alter 
natively, the recursive updating circuitry 690 and the recur 
sive updating circuitry 692 operate independently to perform 
recursive updating of the programmable logic con?guration 
circuitry 630 and the programmable logic array circuitry 640 
based upon various parameters including, among other 
things, the type of incoming data on which the signal 
processor 600 will operate and a most ef?cient logic array 
con?guration that is identi?ed by the logic con?guration 
selection circuitry 650. 

[0042] FIG. 7 is a functional block diagram illustrating a 
method 700 performed in accordance with the invention that 
recon?gures a logic array circuitry. In a block 710, a default 
logic con?guration is selected from among a plurality of 
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predetermined logic con?gurations. In a block 720, a logic 
array circuitry is programmed using the default logic con 
?guration that is selected in the block 710. In a block 730, 
a plurality of input data in analyZed to determine if the 
default logic con?guration that is selected in the block 710 
is appropriate. In an alternative process block 735, a power 
consumption of a signal processor is analyZed to perform the 
determination whether the default logic con?guration that is 
selected in the block 710 is appropriate. Subsequently and 
irrespective of which of the block 730 and the alternative 
process block 735 is performed, an alternative logic con 
?guration is selected in a block 740. In certain applications 
of the invention, the already selected default logic con?gu 
ration selected in the block 710 is appropriate. In such an 
instance, the alternative logic con?guration need not be 
selected in the block 740. 

[0043] However, if the already selected default logic con 
?guration selected in the block 710 is inappropriate or if the 
processing of a signal processor is improved as determined 
by the analysis of the plurality of input data in the block 730 
or the analysis of the power consumption in the alternative 
process block 735, an alternative logic con?guration is 
selected in the block 740 that is more appropriately geared 
for the plurality of input data that is analyZed in the block 
730 or more appropriately geared for the power consump 
tion that is analyZed in the block 735. Finally, in a block 750, 
the logic array circuitry is re-programmed using the alter 
native logic con?guration that is selected in the block 740. 
As described above, if it is determined that an alternative 
logic con?guration is not needed in the block 740, then no 
re-programming is performed in the block 750. However, in 
those instances where re-programming is required as deter 
mined by the selection of an alternative logic con?guration 
in the block 740, the reprogramming of the logic array 
circuitry is performed in the block 750. 

[0044] While this invention has been described in terms of 
several alternative methods and eXemplary embodiments, it 
is contemplated that alternatives, modi?cations, permuta 
tions, and equivalents thereof will become apparent to those 
skilled in the art upon a reading of the speci?cation and 
study of the drawings. It is therefore intended that the true 
spirit and scope of the present invention include all such 
alternatives, modi?cations, permutations, and equivalents. 

What is claimed is: 
1. A method for processing data in a recon?gurable 

manner comprising: 

receiving input data; 

selecting a logic con?guration according to the input data; 
and 

processing the input data using the selected logic con 
?guration. 

2. The method of claim 1 wherein receiving input data 
comprises: 

receiving a plurality of data; 

determining a type of the plurality of data; and 

generating a logic selection indicator according to the 
determined type of the plurality of input data. 
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3. The method of claim 1 wherein selecting a logic 
con?guration comprises: 

selecting a con?guration map according to a portion of the 
input data; and 

creating a logic function in accordance With the selected 
con?guration map. 

4. The method of claim 3 Wherein selecting a con?gura 
tion map comprises selecting a con?guration map for at least 
one of an addressing unit, an instruction decoder, an instruc 
tion sequencer and an arithmetic unit. 

5. The method of claim 1 Wherein selecting a logic 
con?guration comprises: 

creating a logic function in accordance With a ?rst con 
?guration map during a ?rst data period; and 

creating a second logic function in accordance With a 
second con?guration map during a second data period. 

6. The method of claim 1 Wherein selecting a logic 
con?guration comprises: 

generating a parallel con?guration Word according to the 
input data; 

con?guring a plurality of logic elements substantially in 
one data period using the parallel con?guration Word. 

7. The method of claim 1 Wherein processing the input 
data comprises: 

con?guring a ?rst logic element according to a ?rst input 
data; 

processing the ?rst input data using the ?rst logic element; 

con?guring a second logic element according to the ?rst 
input data substantially While recon?guring the ?rst 
logic element according to a subsequent input data; and 

processing the once-processed ?rst input data using the 
second logic element substantially While processing the 
subsequent input data using the recon?gured ?rst logic 
element. 

8. The method of claim 1 further comprising: 

determining the amount of poWer required to process the 
input data using the selected logic con?guration; and 

selecting a neW logic con?guration When the amount of 
poWer required eXceeds a pre-established threshold. 

9. A data processing unit comprising: 

input unit capable of receiving input data; 

recon?gurable logic circuit capable of processing the 
input data; and 

con?guration circuit capable of con?guring the recon?g 
urable logic circuit according to a portion of the input 
data. 

10. The data processing unit of claim 9 Wherein the 
con?guration circuit comprises: 

data monitor capable of determining a type for the input 
data; and 

con?guration memory capable of storing a plurality of 
con?guration maps, Wherein a con?guration map is 
selected according to a portion the determined type. 
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11. The data processing unit of claim 9 Wherein the 
con?guration circuit comprises: 

data monitor capable of generating a con?guration selec 
tion signal according to a portion of the input data; and 

con?guration memory capable of storing a plurality of 
con?guration maps, Wherein a con?guration map is 
selected according to the con?guration selection signal. 

12. The data processing unit of claim 9 Wherein the 
con?guration circuit includes a con?guration map for at 
least one of an addressing unit, an instruction decoder, an 
instruction sequencer and an arithmetic unit. 

13. The data processing unit of claim 9 Wherein the 
con?guration circuit comprises: 

active con?guration unit capable of con?guring recon?g 
urable logic circuit during a ?rst data period; and 

loading con?guration unit capable of receiving a neW 
con?guration map While the active con?guration unit is 
con?guring the recon?gurable logic circuit and is fur 
ther capable of con?guring recon?gurable logic circuit 
during a second data period. 

14. The data processing unit of claim 9 Wherein the 
con?guration circuit comprises a con?guration memory that 
generates a parallel con?guration Word. 

15. The data processing unit of claim 9 Wherein the 
recon?gurable logic circuit comprises: 

?rst logic element capable of processing a ?rst input data 
according to a ?rst con?guration; and 

second logic element capable of processing a once-pro 
cessed ?rst data received from the ?rst logic element 
according to a ?rst con?guration While the ?rst logic 
element processes a subsequent data according to a 
subsequent con?guration. 

16. The data processing unit of claim 9 further comprising 
poWer monitor capable of determining the poWer consumed 
by the recon?gurable logic circuit Wherein the con?guration 
circuit is capable of selecting a different con?guration map 
When the determined poWer eXceeds a pre-established 
threshold. 

17. A data processing unit comprising: 

input unit capable of receiving input data; 

data storage unit capable of storing at least one of the 
input data and an intermediate result; 

recon?gurable logic circuit capable of processing the 
input data and an intermediate result; and 

con?guration circuit capable of con?guring the recon?g 
urable logic circuit according to at least one of a portion 
of the input data and a portion of an intermediate result. 

18. The data processing unit of claim 17 Wherein the 
con?guration circuit comprises: 

data monitor capable of determining a type for the input 
data; and 

con?guration memory capable of storing a plurality of 
con?guration maps, Wherein a con?guration map is 
selected according to a portion the determined type. 

19. The data processing unit of claim 17 Wherein the 
con?guration circuit comprises: 

data monitor capable of generating a con?guration selec 
tion signal according to a portion of the input data; and 
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con?guration memory capable of storing a plurality of 
con?guration maps, Wherein a con?guration map is 
selected according to the con?guration selection signal. 

20. The data processing unit of claim 17 Wherein the 
con?guration circuit includes a recon?gurable logic circuit 
comprising multiple function speci?c sub-circuits Wherein 
each sub-circuit comprises at least one of a general purpose 
speci?c logic element and a function speci?c logic element 
that is optimiZed to con?gure the sub-circuit. 

21. The data processing unit of claim 20 Wherein the 
recon?gurable logic circuit is capable of selecting from one 
or more ?Xed con?gurations as an active circuit con?gura 
tion While one or more programmable con?gurations is 
being loaded. 

22. The data processing unit of claim 17 Wherein the 
con?guration circuit comprises: 

active con?guration unit capable of con?guring recon?g 
urable logic circuit during a ?rst data period; and 

loading con?guration unit capable of receiving a neW 
con?guration map While the active con?guration unit is 
con?guring the recon?gurable logic circuit and is fur 
ther capable of con?guring recon?gurable logic circuit 
during a second data period. 

23. The data processing unit of claim 17 Wherein the 
con?guration circuit comprises a con?guration memory that 
generates a parallel con?guration Word. 
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24. The data processing unit of claim 17 Wherein the 
con?guration circuit comprises: 

process sequencing mechanism capable of choosing a 
sequence of states; 

con?guration circuit capable of con?guring the recon?g 
urable logic circuit according to a chosen state. 

25. The data processing unit of claim 17 Wherein the 
recon?gurable logic circuit comprises: 

?rst logic element capable of processing a ?rst input data 
according to a ?rst con?guration; and 

second logic element capable of processing a once-pro 
cessed ?rst data received from the ?rst logic element 
according to a ?rst con?guration While the ?rst logic 
element processes a subsequent data according to a 
subsequent con?guration. 

26. The data processing unit of claim 17 further compris 
ing poWer monitor capable of determining the poWer con 
sumed by the recon?gurable logic circuit Wherein the con 
?guration circuit is capable of selecting a different 
con?guration map When the determined poWer eXceeds a 
pre-established threshold. 


