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(57) ABSTRACT 

A system and method for accelerating Web site access and 
processing utilizing a multiprocessor computer system 
incorporating recon?gurable and standard microprocessors 
as the Web site server. One or more recon?gurable proces 
sors may be utilized, for example, in accelerating site visitor 
demographic data processing, real time Web site content 
updating, database searches and other processing associated 
With e-commerce applications. In a particular embodiment 
disclosed, all of the recon?gurable and standard micropro 
cessors may be controlled by a single system image of the 
operating system, although cluster management softWare 
may be utilized to cause a cluster of microprocessors to 
appear to the user as a single copy of the operating system. 
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SYSTEM AND METHOD FOR ACCELERATING 
WEB SITE ACCESS AND PROCESSING 
UTILIZING A COMPUTER SYSTEM 

INCORPORATING RECONFIGURABLE 
PROCESSORS OPERATING UNDER A SINGLE 

OPERATING SYSTEM IMAGE 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] The present invention is a continuation-in-part 
application of US. patent application Ser. No. 09/563,561 
?led May 3, 2000 Which is a continuation-in-part application 
of US. patent application Ser. No. 09/481,902 ?led Jan. 13, 
2000 Which is a continuation of US. patent application Ser. 
No. 08/992,763 ?led Dec. 17, 1997 for: “Multiprocessor 
Computer Architecture Incorporating a Plurality of Memory 
Algorithm Processors in the Memory Subsystem”, assigned 
to SRC Computers, Inc., Colorado Springs, Colo., assignee 
of the present invention, the disclosures of Which are herein 
speci?cally incorporated by this reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates, in general, to the 
?eld of computer architectures incorporating multiple pro 
cessing elements such as multi-adaptive processors 
(“MAPTM”, is a trademark of SRC Computers, Inc., Colo 
rado Springs, Colo.). More particularly, the present inven 
tion relates to systems and methods for accelerating Web site 
access and processing utiliZing a computer system incorpo 
rating recon?gurable processors operating under a single 
operating system image. 
[0003] Presently, many different forms of electronic busi 
ness and commerce are transacted by means of individual 
computers coupled to the Internet. By virtue of its computer 
based nature, many electronic commerce (“e-commerce” 
Web sites employ various methods to alloW their content to 
be varied based on the demographics of the particular user. 

[0004] This demographic information may be obtained in 
a variety of Ways, With some sites simply requesting the site 
visitor respond to one or more questions While others may 
employ more sophisticated techniques such as “click 
stream” processing. In this latter instance, the prospective 
interests of the site visitor are inferred by determination and 
analysis of, for eXample, the previous sites he has visited. In 
either instance hoWever, this data must be processed by the 
site such that the Web page content may be altered in an 
effort to maXimiZe it appeal to that particular site visitor With 
a vieW toWard ultimately maXimiZing site revenue. 

[0005] Since studies have shoWn that the average Internet 
user Will Wait but a maXimum of tWenty seconds or so for a 
Web page to be updated, it is vitally important that the 
updating of the page contents be completed as rapidly as 
possible. Consequently, a great deal of effort is placed into 
maXimiZing the softWare performance of algorithms that 
process the user demographic data. Currently, all knoWn 
Web servers that accomplish this processing employ industry 
standard microprocessor based servers and, as a result, their 
maXimum performance is thereby limited by the limitations 
inherent in the standard microprocessor “load/store” archi 
tecture. 

SUMMARY OF THE INVENTION 

[0006] SRC Computers, Inc., assignee of the present 
invention, is an industry leader in the design and develop 
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ment of multiprocessor computer systems including those 
employing industry standard processors together With multi 
adaptive processors (“MAPTM”) utiliZing, for eXample, ?eld 
programmable gate arrays functioning as the programmable 
MAP elements. 

[0007] Particularly disclosed herein is a system and 
method for accelerating Web site access and processing 
utiliZing a multiprocessor computer system incorporating 
one or more microprocessors and a number of recon?g 
urable processors operating under a single operating system 
image. In an exemplary embodiment, a Web site may be 
serviced With a hybrid multiprocessor computer system that 
contains both industry standard microprocessors and one or 
more recon?gurable processors that share all the system’s 
resources and operate under a single operating system 
image, (although, in an alternative embodiment, cluster 
management softWare may be used to make a cluster of 
microprocessors appear to the user as a single copy of the 
operating system). In such a system, demographic data 
processing algorithms may be loaded into the recon?gurable 
processors Which may be provided in the form of specially 
adapted ?eld programmable gate arrays (“FPGAs”). In this 
manner, the appropriate algorithm may be implemented in 
hardWare gates (as opposed to softWare) Which can process 
the data up to 1000 times faster than a standard micropro 
cessor based server. 

[0008] As an eXemplary implementation, one particularly 
ef?cacious hybrid computing system is the SRC Computers, 

Inc. SRC-6 incorporating multi-adaptive processors In such a system, the algorithms loaded into the MAP 

elements to process the data can be completely changed in 
under 100 msec. This alloWs for the possibility of quickly 
altering even the processing algorithm Without signi?cantly 
delaying the site visitor. The ability to change the algorithm, 
coupled With highly accelerated processing times alloWs for 
more complex algorithms to be employed leading to even 
more re?ned Web page content adjustment. 

[0009] Through the use of such a hybrid system operating 
under a single operating system image, a standard operating 
system, such as SolarisTM (trademark of Sun Microsystems, 
Inc., Palo Alto, Calif.) may be employed and can be easily 
administered, a feature Which is important in such e-com 
merce based applications. Since the MAP elements are 
inherently tightly-coupled into the system and are not an 
attached processor located, for eXample, on an input/output 
(“I/O”) port, their effectiveness and ease of use is maXi 
miZed. 

[0010] Demographic data processing is merely an 
eXample of hoW the unique capabilities of such recon?g 
urable processing systems can be utiliZed to accelerate 
e-commerce, and “secure socket” operation is yet another 
possible application. In this instance, such operations can 
often consume as much as 80% of the typical, traditional site 
server microprocessor cycles. SRC Computers, Inc. has 
demonstrated that recon?gurable processor based systems, 
such as the SRC-6, can perform decryption algorithms up to 
1000 times faster than a conventional microprocessor 
thereby also alloWing for faster Web site access While 
concomitantly alloWing more robust data encryption tech 
niques to be employed. Similarly signi?cant speed advan 
tages could be realiZed in, for eXample, implementing data 
base searches Wherein the search algorithms can be directly 
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implemented in the hardware of the recon?gurable system 
providing tWo to three orders of magnitude execution time 
improvements over conventional microprocessor based 
solutions. 

[0011] In general, the use of hybrid computer systems With 
a single system image of the operating system for Web site 
hosting alloWs the site to employ user selected hardWare 
accelerated versions of softWare algorithms currently imple 
mented in a Wide array of e-commerce related functions. 
This results in an easy to use system With signi?cantly faster 
processing capability Which translates into shorter site visi 
tor Waiting periods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The aforementioned and other features and objects 
of the present invention and the manner of attaining them 
Will become more apparent and the invention itself Will be 
best understood by reference to the folloWing description of 
a preferred embodiment taken in conjunction With the 
accompanying draWings, Wherein: 

[0013] FIG. 1 is a simpli?ed, high level, functional block 
diagram of a multiprocessor computer architecture employ 
ing multi-adaptive processors (“MAPTM”) in accordance 
With the disclosure of the aforementioned patent applica 
tions in an alternative embodiment Wherein direct memory 
access (“DMA”) techniques may be utiliZed to send com 
mands to the MAP elements in addition to data; 

[0014] FIG. 2 is a simpli?ed logical block diagram of a 
possible computer application program decomposition 
sequence for use in conjunction With a multiprocessor 
computer architecture utiliZing a number of MAP elements 
located, for example, in the computer system memory space, 
in accordance With a particular embodiment of the present 
invention; 
[0015] FIG. 3 is a more detailed functional block diagram 
of an exemplary individual one of the MAP elements of the 
preceding ?gures and illustrating the bank control logic, 
memory array and MAP assembly thereof; 

[0016] FIG. 4 is a more detailed functional block diagram 
of the control block of the MAP assembly of the preceding 
illustration illustrating its interconnection to the user FPGA 
thereof in a particular embodiment; 

[0017] FIG. 5 is a functional block diagram of an alter 
native embodiment of the present invention Wherein indi 
vidual MAP elements are closely associated With individual 
processor boards and each of the MAP elements comprises 
independent chain ports for coupling the MAP elements 
directly to each other; 

[0018] FIG. 6 is a functional block diagram of an indi 
vidual MAP element Wherein each comprises on board 
memory and a control block providing common memory 
DMA capabilities; 

[0019] FIG. 7 is an additional functional block diagram of 
an individual MAP element illustrating the on board 
memory function as an input buffer and output FIFO por 
tions thereof; 

[0020] FIG. 8 is a more detailed functional block diagram 
of an individual MAP element as illustrated in FIGS. 6 and 

7; 
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[0021] FIG. 9 is a user array interconnect diagram illus 
trating, for example, four user FPGAs interconnected 
through horiZontal, vertical and diagonal buses to alloW for 
expansion in designs that exceed the capacity of a single 
FPGA; 
[0022] FIG. 10 is a functional block diagram of another 
alternative embodiment of the present invention Wherein 
individual MAP elements are closely associated With indi 
vidual memory arrays and each of the MAP elements 
comprises independent chain ports for coupling the MAP 
elements directly to each other; 

[0023] FIGS. 11A and 11B are timing diagrams respec 
tively illustrating input and output timing in relationship to 
the system clock (“Sysclk”) signal 

[0024] FIG. 12 is a simpli?ed illustration of a represen 
tative operating environment for the system and method of 
the present invention including a typical Web site server as 
Would be replaced by an SRC-6 recon?gurable server; 

[0025] FIG. 13 is a ?oWchart illustrating a conventional 
data processing sequence in a conventional application of 
the typical Web site server depicted in the preceding ?gure. 
and 

[0026] FIG. 14 is a corresponding ?oWchart illustrating 
the processing of demographic or other data utiliZing a 
recon?gurable server for implementing the system and 
method of the present invention and Which results in sig 
ni?cantly improved access and data processing times. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0027] With reference noW to FIG. 1, a multiprocessor 
computer 10 architecture in accordance With one embodi 
ment of the present invention is shoWn. The multiprocessor 
computer 10 incorporates N processors 120 through 12N 
Which are bi-directionally coupled to a memory interconnect 
fabric 14. The memory interconnect fabric 14 is then also 
coupled to M memory banks comprising memory bank 
subsystems 160 (Bank 0) through 16M (Bank M). N number 
of multi-adaptive processors (“MAPTM”) 1120 through 112N 
are also coupled to the memory interconnect fabric 14 as Will 
be more fully described hereinafter. 

[0028] With reference noW to FIG. 2, a representative 
application program decomposition for a multiprocessor 
computer architecture 100 incorporating a plurality of multi 
adaptive processors in accordance With the present invention 
is shoWn. The computer architecture 100 is operative in 
response to user instructions and data Which, in a coarse 
grained portion of the decomposition, are selectively 
directed to one of (for purposes of example only) four 
parallel regions 1021 through 1024 inclusive. The instruc 
tions and data output from each of the parallel regions 1021 
through 1024 are respectively input to parallel regions seg 
regated into data areas 1041 through 1044 and instruction 
areas 1061 through 1064. Data maintained in the data areas 
1041 through 1044 and instructions maintained in the 
instruction areas 1061 through 1064 are then supplied to, for 
example, corresponding pairs of processors 1081, 10$2 (P1 
and P2); 1083, 108 4 (P3 and P4); 1085, 10$6 (P5 and P6); and 
1087, 10$8 (P7 and P8) as shoWn. At this point, the medium 
grained decomposition of the instructions and data has been 
accomplished. 
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[0029] A ?ne grained decomposition, or parallelism, is 
effectuated by a further algorithmic decomposition Wherein 
the output of each of the processors 1081 through 1088, is 
broken up, for example, into a number of fundamental 
algorithms 1101A, 1101B, 1102A, 1102B through 1108B as 
shoWn. Each of the algorithms is then supplied to a corre 
sponding one of the MAP elements 1121A, 1121B, 1122A, 
1122B, through 1128B Which may be located in the memory 
space of the computer architecture 100 for execution therein 
as Will be more fully described hereinafter. 

[0030] With reference additionally noW to FIG. 3, an 
exemplary implementation of a memory bank 120 in a MAP 
system computer architecture 100 of the present invention is 
shoWn for a representative one of the MAP elements 112 
illustrated in the preceding ?gure. Each memory bank 120 
includes a bank control logic block 122 bi-directionally 
coupled to the computer system trunk lines, for example, a 
72 line bus 124. The bank control logic block 122 is coupled 
to a bi-directional data bus 126 (for example 256 lines) and 
supplies addresses on an address bus 128 (for example 17 
lines) for accessing data at speci?ed locations Within a 
memory array 130. 

[0031] The data bus 126 and address bus 128 are also 
coupled to a MAP element 112. The MAP element 112 
comprises a control block 132 coupled to the address bus 
128. The control block 132 is also bi-directionally coupled 
to a user ?eld programmable gate array (“FPGA”) 134 by 
means of a number of signal lines 136. The user FPGA 134 
is coupled directly to the data bus 126. In a particular 
embodiment, the FPGA 134 may be provided as a Lucent 
Technologies OR3T80 device. 

[0032] The computer architecture 100 comprises a multi 
processor system employing uniform memory access across 
common shared memory With one or more MAP elements 

112 Which may be located in the memory subsystem, or 
memory space. As previously described, each MAP element 
112 contains at least one relatively large FPGA 134 that is 
used as a recon?gurable functional unit. In addition, a 
control block 132 and a preprogrammed or dynamically 
programmable con?guration ROM (as Will be more fully 
described hereinafter) contains the information needed by 
the recon?gurable MAP element 112 to enable it to perform 
a speci?c algorithm. It is also possible for the user to directly 
doWnload a neW con?guration into the FPGA 134 under 
program control, although in some instances this may con 
sume a number of memory accesses and might result in an 
overall decrease in system performance if the algorithm Was 
short-lived. 

[0033] FPGAs have particular advantages in the applica 
tion shoWn for several reasons. First, commercially available 
FPGAs noW contain suf?cient internal logic cells to perform 
meaningful computational functions. Secondly, they can 
operate at speeds comparable to microprocessors, Which 
eliminates the need for speed matching buffers. Still further, 
the internal programmable routing resources of FPGAs are 
noW extensive enough that meaningful algorithms can noW 
be programmed Without the need to reassign the locations of 
the input/output (“l/0”) pins. 

[0034] By, for example, placing the MAP element 112 in 
the memory subsystem or memory space, it can be readily 
accessed through the use of memory read and Write com 
mands, Which alloWs the use of a variety of standard 
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operating systems. In contrast, other conventional imple 
mentations may propose placement of any recon?gurable 
logic in or near the processor, hoWever these conventional 
implementations are generally much less effective in a 
multiprocessor environment because, unlike the system and 
method of the present invention, only one processor has 
rapid access to it. Consequently, recon?gurable logic must 
be placed by every processor in a multiprocessor system, 
Which increases the overall system cost. In addition, MAP 
element 112 can access the memory array 130 itself, referred 
to as Direct Memory Access (“DMA”‘), alloWing it to 
execute tasks independently and asynchronously of the 
processor. In comparison, Were it placed near the processor, 
it Would have to compete With the processors for system 
routing resources in order to access memory, Which delete 
riously impacts processor performance. Because MAP ele 
ment 112 has DMA capability, (alloWing it to Write to 
memory), and because it receives its operands via Writes to 
memory, it is possible to alloW a MAP element 112 to feed 
results to another MAP element 112. This is a very poWerful 
feature that alloWs for very extensive pipelining and paral 
leliZing of large tasks, Which permits them to complete 
faster. 

[0035] Many of the algorithms that may be implemented 
Will receive an operand and require many clock cycles to 
produce a result. One such example may be a multiplication 
that takes 64 clock cycles. This same multiplication may 
also need to be performed on thousands of operands. In this 
situation, the incoming operands Would be presented 
sequentially so that While the ?rst operand requires 64 clock 
cycles to produce results at the output, the second operand, 
arriving one clock cycle later at the input, Will shoW results 
one clock cycle later at the output. Thus, after an initial delay 
of 64 clock cycles, neW output data Will appear on every 
consecutive clock cycle until the results of the last operand 
appears. This is called “pipelining”. 

[0036] In a multiprocessor system, it is quite common for 
the operating system to stop a processor in the middle of a 
task, reassign it to a higher priority task, and then return it, 
or another, to complete the initial task. When this is com 
bined With a pipelined algorithm, a problem arises (if the 
processor stops issuing operands in the middle of a list and 
stops accepting results) With respect to operands already 
issued but not yet through the pipeline. To handle this issue, 
a solution involving the combination of softWare and hard 
Ware is disclosed herein. 

[0037] To make use of any type of conventional recon?g 
urable hardWare, the programmer could embed the neces 
sary commands in his application program code. The draW 
back to this approach is that a program Would then have to 
be tailored to be speci?c to the MAP hardWare. The system 
of the present invention eliminates this problem. Multipro 
cessor computers often use softWare called paralleliZers. The 
purpose of this softWare is to analyZe the user’s application 
code and determine hoW best to split it up among the 
processors. The present invention provides signi?cant 
advantages over a conventional paralleliZer and enables it to 
recogniZe portions of the user code that represent algorithms 
that exist in MAP elements 112 for that system and to then 
treat the MAP element 112 as another computing element. 
The paralleliZer then automatically generates the necessary 
code to utiliZe the MAP element 112. This alloWs the user to 
Write the algorithm directly in his code, alloWing it to be 
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more portable and reducing the knowledge of the system 
hardware that he has to have to utilize the MAP element 112. 

[0038] With reference additionally noW to FIG. 4, a block 
diagram of the MAP control block 132 is shoWn in greater 
detail. The control block 132 is coupled to receive a number 
of command bits (for example, 17) from the address bus 128 
at a command decoder 150. The command decoder 150 then 
supplies a number of register control bits to a group of status 
registers iS2 on an eight bit bus 154. The command decoder 
150 also supplies a single bit last operand ?ag on line 156 
to a pipeline counter 158. The pipeline counter 158 supplies 
an eight bit output to an equality comparitor 160 on bus 162. 
The equality comparitor 160 also receives an eight bit signal 
from the FPGA 134 on bus 136 indicative of the pipeline 
depth. When the equality comparitor 160 determines that the 
pipeline is empty, it provides a single bit pipeline empty ?ag 
on line 164 for input to the status registers 152. The status 
registers 152 are also coupled to receive an eight bit status 
signal from the FPGA 134 on bus 136and it produces a siXty 
four bit status Word output on bus 166 in response to the 
signals on bus 136, 154 and line 164. 

[0039] The command decoder 150 also supplies a ?ve bit 
control signal on line 168 to a con?guration multiplexer 
(“MUX”) 170 as shoWn. The con?guration MUX 170 
receives a single bit output of a 256 bit parallel-serial 
converter 172 on line 176. The inputs of the 256 bit 
parallel-to-serial converter 172 are coupled to a 256 bit user 
con?guration pattern bus 174. The con?guration MUX 170 
also receives siXteen single bit inputs from the con?guration 
ROMs (illustrated as ROM 182) on bus 178 and provides a 
single bit con?guration ?le signal on line 180 to the user 
FPGA 134 as selected by the control signals from the 
command decoder 150 on the bus 168. 

[0040] In operation, When a processor 108 is halted by the 
operating system, the operating system Will issue a last 
operand command to the MAP element 112 through the use 
of command bits embedded in the address ?eld on bus 128. 
This command is recogniZed by the command decoder 150 
of the control block 132 and it initiates a hardWare pipeline 
counter 158. When the algorithm Was initially loaded into 
the FPGA 134, several output bits connected to the control 
block 132 Were con?gured to display a binary representation 
of the number of clock cycles required to get through its 
pipeline (i.e. pipeline “depth”) on bus 136 input to the 
equality comparitor 160. After receiving the last operand 
command, the pipeline counter 158 in the control block 132 
counts clock cycles until its count equals the pipeline depth 
for that particular. algorithm. At that point, the equality 
comparitor 160 in the control block 132 de-asserts a busy bit 
on line 164 in an internal group of status registers 152. After 
issuing the last operand signal, the processor 108 Will 
repeatedly read the status registers 152 and accept any 
output data on bus 166. When the busy ?ag is de-asserted, 
the task can be stopped and the MAP element 112 utiliZed 
for a different task. It should be noted that it is also possible 
to leave the MAP element 112 con?gured, transfer the 
program to a different processor 108 and restart the task 
Where it left off. 

[0041] In order to evaluate the effectiveness of the use of 
the MAP element 112 in a given application, some form of 
feedback to the use is required. Therefore, the MAP element 
112 may be equipped With internal registers in the control 
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block 132 that alloW it to monitor efficiency related factors 
such as the number of input operands versus output data, the 
number of idle cycles over time and the number of system 
monitor interrupts received over time. One of the advantages 
that the MAP element 112 has is that because of its recon 
?gurable nature, the actual function and type of function that 
are monitored can also change as the algorithm changes. 
This provides the user With an almost in?nite number of 
possible monitored factors Without having to monitor all 
factors all of the time. 

[0042] With reference additionally noW to FIG. 5, a 
functional block diagram of a portion of an alternative 
embodiment of a computer system 20 in accordance With the 
of the present invention is shoWn. In the computer system 20 
illustrated, individual MAP elements 112A, 112B etc. are 
each closely associated With individual processor boards 
22 A, 22B respectively. As depicted, each of the MAP ele 
ments 112 comprises independent chain ports 24 for cou 
pling the MAP elements 112 directly to each other. 

[0043] Individual ones of the MAP elements 112 are 
coupled betWeen the processor board 22 Write trunk 26 and 
read trunk 28 of each processor board 22 in addition to their 
coupling to each other by means of the chain ports 24. A 
sWitch couples the Write trunk 26 and read trunk 28 of any 
given processor board to any other memory subsystem bank 
16 A, 16B etc. As generally illustrated, each of the memory 
subsystem banks 16 includes a control-block 122 and one or 
more memory arrays 130. 

[0044] With reference additionally noW to FIG. 6, a 
functional block diagram of an individual MAP element 112 
is shoWn Wherein each MAP element 112 comprises an on 
board memory 40 and a control block 46 providing common 
memory DMA capabilities. Brie?y, the Write trunk 26 and 
read trunk 28 are coupled to the control block 46 from the 
common memory sWitch Which provides addresses to the 
memory 40 and receives addresses from the user array 42 on 
address lines 48. Data supplied on the Write trunk 26 is 
provided by the control block 46 to the memory 40 on data 
lines 44 and data read out of the memory 40 is provided on 
these same lines both to the user array 42 as Well as the 
control block 46 for subsequent presentation on the read 
trunk 28. As indicated, the chain port 24 is coupled to the 
user array 42 for communication of read and Write data 
directly With other MAP elements 112. 

[0045] With reference additionally noW to FIG. 7, an 
additional functional block diagram of an individual MAP 
element 112 is shoWn particularly illustrating the memory 40 
of the preceding ?gure functioning as an input buffer 40 and 
output FIFO 74 portions thereof. In this ?gure, an alternative 
vieW of the MAP element 112 of FIG. 6 is shoWn in Which 
memory input data on line 50 (or the Write trunk 26) is 
supplied to an input buffer (memory 40) as Well as to a 
recon?gurable user array 42 coupled to the chain port 24. 
The output of the recon?gurable array 42 is supplied to an 
output FIFO 74 to provide memory output data on line 94 (or 
the read trunk 28) as Well as to the chain port 24. The input 
buffer 40, recon?gurable array 42 and output FIFO 74 
operate under the control of the control block 46. 

[0046] With respect to the foregoing ?gures, each MAP 
element 112 may consist of a printed circuit board contain 
ing input operand storage (i.e. the memory/input buffer 40), 
user array 42, intelligent address generator control block 46, 
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output result storage FIFO 74 and I/O ports to allow con 
nections to other MAP elements 112 through the chain port 
24 as Well as the host system memory array. 

[0047] Input Operand Storage 

[0048] The input storage consists of memory chips that are 
initially loaded by memory Writes from one of the micro 
processors 12 in the host system or by MAP DMA. The 
buffer 40 may be, in a particular embodiment, 72 bits Wide 
and 2M entries deep. This alloWs for storage of 64 bit 
operands and 8 error correction code (“ECC”) bits for data 
correction if needed. Operands or reference data can be read 
from this buffer 40 by the user array 42. Data is not 
corrupted after use alloWing for operand reuse by the MAP 
elements 112. By reading operands only after the buffer 40 
is loaded, operands do not need to arrive at the MAP 
elements 112 in time order. MAP elements 112 only require 
that store order be maintained thus alloWing for out-of-order 
arrival of operands prior to storage in the input buffer 40. 
This means cache line transfers, Which typically can not be 
performed in a timed order but have four times the band 
Width of un-cached transfers, can be used to load the input 
buffers 40. 

[0049] Intelligent Address Generator 

[0050] The input buffer 40 contents are accessed by pro 
viding address and read enable signals to it from the control 
block 46. These addresses may be generated in one of tWo 
Ways. First the address bits can be provided by the program 
mable user array 42 to the address generator control block 46 
Where it is combined With other control signals and issued to 
the input buffer 40. This alloWs for very random access into 
the buffer 40 such as Would be needed to access reference 
data. Another address mode requires the user to issue a start 
command Which contains a start address, stop address, and 
stride. The address generator control block 46 Will then start 
accessing the input buffer 40 at the start address and con 
tinue accessing it by adding the stride value to the last 
address sent until the stop address is reached. This is 
potentially a very useful technique When performing vector 
processing Where like elements are extracted out of an array. 
Since the stride can be any number less than the delta 
betWeen the start and stop addresses, it is very easy for the 
MAP element 112 to perform a data gather function Which 
is highly valuable in the high performance computing mar 
ket. 

[0051] User Array 

[0052] The array 42 performs the actual computational 
functions of the MAP element 112. It may comprise one or 
more high performance ?eld programmable gate arrays 
(“FPGAs”) interconnected to the other elements of the MAP 
element 112. A particular implementation of the present 
invention disclosed in more detail hereinafter, may use four 
such devices yielding in eXcess of 500,000 usable gates. 
These components are con?gured by user commands that 
load the contents of selected con?guration ROMs into the 
FPGAs. After con?guration, the user array 42 can perform 
Whatever function it Was programmed to do. In order to 
maXimiZe its performance for vector processing, the array 42 
should be able to access tWo streams of operands simulta 
neously. This is accomplished by connecting one 72 bit Wide 
input port to the input operand storage and a second 72 bit 
Wide port to the chain input connector port 24. This con 
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nector alloWs the MAP element 112 to use data provided to 
it by a previous MAP element 112. The chain port 24 alloWs 
functions to be implemented that Would far exceed the 
capability of a single MAP element 112 assembly. In addi 
tion, since in the particular implementation shoWn, only 
operands are transferred over the chain port 24, the band 
Width may eXceed the main memory bandWidth resulting in 
superior performance to that of the ?Xed instruction micro 
processor-based processors 12. 

[0053] The FPGAs may also contain on board phase 
locked loops (“PLLs”) that alloW the user to specify at What 
multiple or sub-multiple of the system clock frequency the 
circuit Will run. This is important because certain compleX 
functions may require clocks that are sloWer than the system 
clock frequency. It may also be that the user desires to 
synthesiZe a function resulting in loWer performance but 
faster time to market. By using PLLs, both of these con 
straints can be accommodated. Another bene?t in the poten 
tial utiliZation of a PLL is that future generation FPGAs that 
can operate faster than the current system clock speeds can 
be retro?tted into sloWer systems and use the PLL frequency 
multiplication feature to alloW the MAP element 112 to run 
faster than the rest of the system. This is turn results in a 
higher performance MAP element 112. 

[0054] Output Result Storage 

[0055] When the user array 42 produces a result, it may be 
sent over a 72 bit Wide path to an output result storage 
element (for eXample, output FIFO 74) Which can then pass 
the data to either a 72 bit Wide read port or a 72 bit Wide 
chain port 24 to the neXt MAP element 112. This storage 
device can made from a number of different memory types. 
The use of a FIFO 74 storage device Will temporarily hold 
results that cannot be immediately read by a host micropro 
cessor or passed over the output chain port 24 to the neXt 
stage. This feature alloWs for MAP elements 112 in a chain 
to run at different frequencies. In this case the output FIFO 
74 functions like a speed matching buffer. In non-chained 
operation, the microprocessor that is reading the results may 
be delayed. In this case the FIFO 74 prevents the MAP 
element 112 from “stalling” While Waiting for results to be 
read. In a particular embodiment of the present invention, a 
FIFO 74 that is 72 bits Wide and 512K entries deep may be 
utiliZed. As disclosed in the aforementioned patent applica 
tions, the output storage may also be a true memory device 
such as those found in common memory. In this case, Write 
addresses must be provided by the user array 42 or address 
generator and read addresses provided by the entity reading 
the results from the memory. While this may be someWhat 
more electrically complicated, it has the advantage that 
results may be accessed in any order. 

[0056] DMA Enhancements 

[0057] In the aforementioned patent applications, the abil 
ity of MAP elements 112 to perform DMA to common 
memory Was disclosed. While this capability Was discussed 
primarily With respect to the movement of operands and 
results, it is also possible to apply the same concept to 
commands. The microprocessor that Would normally Write a 
series of commands directly to the MAP element 112 may 
also Write the same commands into common memory as 

Well. After Writing a series of commands, the microproces 
sor could then send an interrupt to the MAP element 112. 
The MAP element 112 Would then read the commands from 


















