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In a data-processing method, first result data may be obtained 
using a plurality of configurable coarse-granular elements, 
the first result data may be written into a memory that includes 
spatially separate first and second memory areas and that is 
connected via a bus to the plurality of configurable coarse 
granular elements, the first result data may be Subsequently 
read out from the memory, and the first result data may be 
Subsequently processed using the plurality of configurable 
coarse-granular elements. In a first configuration, the first 
memory area may be configured as a write memory, and the 
second memory area may be configured as a read memory. 
Subsequent to writing to and reading from the memory in 
accordance with the first configuration, the first memory area 
may be configured as a read memory, and the second memory 
area may be configured as a write memory. 
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PROCESS FOR AUTOMATIC DYNAMIC 
RELOADING OF DATA FLOW PROCESSORS 

(DFPS) AND UNITS WITH TWO-OR 
THREE-DIMIENSIONAL PROGRAMMABLE 
CELL ARCHITECTURES (FPGAS, DPGAS, 

AND THE LIKE) 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/265,846, filed Oct. 7, 2002, which is 
a continuation of U.S. patent application Ser. No. 09/613,217, 
filed Jul. 10, 2000, now U.S. Pat. No. 6,477,643, which is a 
continuation of U.S. patent application Ser. No. 08/947,002 
filed on Oct. 8, 1997, now U.S. Pat. No. 6,088,795, expressly 
incorporated herein by reference in the entirety. 

FIELD OF THE INVENTION 

0002 The present invention is directed to a process for 
automatic dynamic reloading of data flow processors. 

BACKGROUND INFORMATION 

0003 Programmable units presently used (DFPs, 
FPGAs—Field Programmable Gate Arrays) can be pro 
grammed in two different ways: 
0004 one-time only, i.e., the configuration can no longer 
be changed after programming. All configured elements of 
the unit perform the same function over the entire period 
during which the application takes place. 
0005 on site, i.e., the configuration can be changed after 
the unit has been installed by loading a configuration file 
when the application is started. Most units (in particular 
FPGA units) cannot be reconfigured during operation. For 
reconfigurable units, data usually cannot be further processed 
while the unit is being reconfigured, and the time required is 
very long. 
0006 Configuration data is loaded into programmable 
units through a hardware interface. This process is slow and 
usually requires hundreds of milliseconds due to the limited 
band width accessing the external memory where the con 
figuration data is stored, after which the programmable unit is 
available for the desired/programmed function as described 
in the configuration file. 
0007. A configuration is obtained by entering a special bit 
pattern of any desired length into the configurable elements of 
the unit. Configurable elements can be any type of RAM cells, 
multiplexers, interconnecting elements or ALUs. A configu 
ration string is stored in Such an element, so that the element 
preserves its configuration determined by the configuration 
string during the period of operation. 
0008. The existing methods and options present a series of 
problems, such as: 
0009. If a configuration in a DFP (see German Patent 
Application No. DE 44 16881 A1) or an FPGA is to be 
modified, a complete configuration file must always be trans 
mitted to the unit to be programmed, even if only a very small 
part of the configuration is to be modified. 
0010. As a new configuration is being loaded, the unit can 
only continue to process data to a limited extent or not at all. 
0011. With the increasing number of configurable ele 
ments in each unit (in particular in FPGA units), the configu 
ration files of these units also become increasingly large 
(several hundred Kbytes on average). Therefore it takes a very 
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long time to configure a large unit and often makes it impos 
sible to do it during operation or affects the function of the 
unit. 
0012. When a unit is partially configured during opera 
tion, a central logic entity is always used, through which all 
reconfigurations are managed. This requires considerable 
communication and synchronization resources. 

SUMMARY OF THE INVENTION 

0013 The present invention makes it possible to reconfig 
ure a programmable unit considerably more rapidly. The 
present invention allows different configurations of a pro 
grammable unit to be used in a flexible manner during opera 
tion without affecting or stopping the operability of the pro 
grammable unit. Unit configuration changes are performed 
simultaneously, so they are rapidly available without need for 
additional configuration data to be occasionally transmitted. 
The method can be used with all types of configurable ele 
ments of a configurable unit and with all types of configura 
tion data, regardless of the purpose for which they are pro 
vided within the unit. 
0014. The present invention makes it possible to overcome 
the static limitations of conventional units and to improve the 
utilization of existing configurable elements. By introducing 
a buffer storage device, a plurality of different functions can 
be performed on the same data. 
0015. In a programmable unit, there is a plurality of ring 
memories, i.e., memories with a dedicated address control, 
which, upon reaching the end of the memory, continues at the 
starting point, thus forming a ring. These ring memories have 
read-write access to configuration registers, i.e., the circuits 
that receive the configuration data, of the elements to be 
configured. Such a ring memory has a certain number of 
records, which are loaded with configuration data by a PLU as 
described in German Patent Application No. 44 16881 A1. 
The architecture of the records is selected so that their data 
format corresponds to the configurable element(s) connected 
to the ring memory and allows a valid configuration to be set. 
0016 Furthermore, there is a read position pointer, which 
selects one of the ring memory records as the current read 
record. The read position pointer can be moved to any desired 
position/record within the ring memory using a controller. 
Furthermore there is a write position pointer, which selects 
one of the ring memory records as the current write record. 
The write position pointer can be moved to any desired posi 
tion/record within the ring memory using a controller. 
0017. At run time, to perform reconfiguration, a configu 
ration string can be transmitted into the element to be config 
ured without the data requiring management by a central 
logic or transmission. By using a plurality of ring memories, 
several configurable elements can be configured simulta 
neously. 
0018. Since a ring memory with its complete controller 
can Switch configurable cells between several configuration 
modes, it is referred to as a Switching table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 
memory. 
0020 
memory. 
0021 FIG. 3 illustrates a ring memory with a selectable 
work area. 

FIG. 1 illustrates a schematic architecture of a ring 

FIG. 2 illustrates the internal architecture of a ring 
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0022 FIG. 4 illustrates a ring memory and a controller 
capable of working on different ring memory sections using 
several read and write position pointers. 
0023 FIG. 5 illustrates a ring memory where different 
controllers access different sections. 
0024 FIG. 6 illustrates a ring memory and its connection 
to the configurable elements. 
0025 FIG. 7 illustrates the controller with a logic for 
responding to different trigger signals; a) implementation of 
the trigger pulse mask. 
0026 FIG. 8 illustrates the clock generator for the control 

ler. 
0027 FIG.9 illustrates the wiring of the controller and the 
internal cells allowing the configurable elements to be con 
figured. 
0028 FIG. 10 illustrates the processing by the controller 
of the commands stored in the ring memory. 
0029 FIG. 11 illustrates the processing of the data stored 
in the ring memory. 
0030 FIG. 12 illustrates the connection of a buffer com 
prising two memory arrays to a set of configurable elements. 
0031 FIG. 12a shows a step in the data processing 
Sequence. 
0032 FIG.12b shown another step in the data processing 
Sequence. 
0033 FIG. 12c shown another step in the data processing 
Sequence. 
0034 FIG. 12d shown another step in the data processing 
sequence. 
0035 FIG. 13 illustrates the connection of a buffer with 
separate read/write pointers to a set of configurable elements. 
0036 FIG. 14 illustrates the operation of a buffer with 
separate read/write pointers. 
0037 FIG. 15 illustrates the connection of two buffers 
each comprising two memory arrays to a set of configurable 
elements; Figures a-c show the data processing sequence. 

DETAILED DESCRIPTION OF THE INVENTION 

0038. There is a plurality of ring memories in a program 
mable unit or connected externally to said unit. The one or 
more ring memories have one or more controllers controlling 
the one or more ring memories. These controllers are part of 
the PLU named in German Patent Application No. DE 44 16 
881 A1. The ring memories contain configuration strings for 
the configurable elements of one or a plurality of configurable 
units; the configurable elements can also be expressly used 
for interconnecting function groups and they can be crossbar 
circuits or multiplexers for interconnecting bus architectures, 
which are conventional. 
0039 Ring memories and ring memory controllers can be 
either directly hardware-implemented or first obtained by 
configuring one or more configurable cells of a configurable 
unit (e.g., FPGA). 
0040 Conventional ring memories can be used as ring 
memories, in particular ring memories and/or controllers 
with the following properties: 

0041 where not all records are used, and which have the 
capability of providing a position where the read and/or 
write position pointer of the ring memory is set to the 
beginning or the end of the ring memory. This can be 
implemented, for example, by using command strings 
(STOP, GOTO, etc.), counters, or registers storing the 
start and stop positions; 
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0.042 which make it possible to divide the ring memory 
into independent sections, and the controller of the ring 
memory can be set, for example, via the events listed 
below as examples, so that it works on one of these 
sections; 

0.043 which male it possible to divide the ring memory 
into independent sections and there is a plurality of 
controllers, each one working on one section; a plurality 
of controllers may work on the same section. This can be 
implemented via arbiter Switching, in which case certain 
processing cycles are lost. Registers can also be used 
instead of RAMs; 

0044 each controller has one or more read position 
pointers and/or one or more write position pointers; 

0.045 this position pointer can be moved forward and/or 
backward; 

0046 this position pointer can be set to the start, end, or 
a given position on the basis of one or more events; 

0047 the controller has a mask register with which a 
subset can be selected from the set of all possible events 
by entering a data string. Only this Subset of results is 
relayed to the controller as an event and triggers the 
forwarding of the position pointer(s): 

0.048 controllers working with a multiple of the actual 
system clock rate (oversampling) to allow the process 
ing of several records within a system cycle. 

0049. The switching table controller is implemented using 
a regular state machine. In addition to simple controllers 
required by a conventional ring memory, controllers with the 
following properties are best Suited for performing or possi 
bly expanding the control of the Switching tables of a pro 
grammable unit (in particular also of FPGAs and DPGAs 
(Dynamically Programmable Gate Arrays, a new subgroup of 
FPGAs)) according to the present invention: 

0050 controllers capable of recognizing specific com 
mand strings. A command string is distinguished by the 
fact that it has an identifier, which allows the controller 
to recognize the data of a ring memory record as a 
command string rather than a data string; 

0051 controllers capable of executing specific com 
mand strings; specifically commands that change the 
sequence of the state machine and/or modify records of 
the ring memory through a data processing function; 

0.052 controllers capable of recognizing an identifier 
and of processing additional records of the ring memory 
through the internal, higher-speed cycle (oversampling) 
on the basis of this identifier, until an end identifier is 
reached, or the next cycle of the clock that controls the 
oversampling cycle is reached. 

0053. In particular the following commands or a subset of 
those commands can be used as command strings for the 
appropriate control of a Switching table requiring command 
string control. The command strings concerning position 
pointers can be used on the read position pointer(s) or on the 
write position pointer(s). Possible command strings include: 

0054 a WAIT command. 
0055. The WAIT command causes the controller to wait 
until the next event or (possibly several) events occur. 
During this state, the read/write position pointer(s) is 
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(are) not moved. If the event(s) occur(s), the read/write 
position pointer(s) is (are) positioned on the next record. 

0056 a SKIP command. 
0057 The SKIP command causes a given number of 
ring memory records to be skipped by one of the follow 
ing two methods: 

0058. The SKIP1 command is executed fully in a single 
processing cycle. If, for example, SKIP5 is issued, the pointer 
jumps to the record located five records before (after) the 
current read/write record in a processing cycle. 
0059. The SKIP2 command is only executed after a num 
ber of processing cycles. It is conceivable, for example, that 
the SKIP 5 command is executed only after five processing 
cycles. Here again five records are skipped counting from the 
current record. The parameter (in this case the 5) is thus used 
twice. 

0060. The indication of the direction of jump can end 
either in a forward movement or in a backward movement of 
the position pointer with the use of a positive or negative 
number. 

0061 A SWAP command. 
0062. The SWAP command swaps the data of two given 
records. 

0063 RESET command. 
0064. The RESET command sets the read/write posi 
tion pointer(s) to the start and/or a given record position 
within the ring memory. 

0065. A WAIT-GOTO command. 
0066. The WAITGOTO command waits like the above 
described WAIT command for one or more specific 
events and then positions the read/write position pointer 
to a specific start state within one or more processing 
cycles. 

0067. A NOP command. 
0068. The NOP command executes no action. No data 

is transmitted from the ring memory to the element(s) to 
be configured, neither are the position pointers modified. 
Thus the NOP command identifies a record as non 
relevant. However, this record is addressed and evalu 
ated by the ring memory controller it requires using one 
or more processing cycles. 

0069. A GOTO command. 
0070 The GOTO command positions the read/write p 
position pointer(s) on the given record position. 

(0071 A MASK command. 
0072 The MASK command writes a new data string 
into the multiplexer, which selects the different events. 
Therefore, this command allows the events to which the 
controller responds to be changed. 

0073. An LLBACK command. 
0074 The LLBACK command generates a feedback to 
the PLU (as described in German Patent Application No. 
DE 44 16881 A1). The switching table can cause greater 
regions of the unit to be reloaded, in particular it can 
cause the switching table itself to be reloaded. 

0075. A command triggering a read/modify/write 
cycle. The command triggers the reading of commands 
or data in another record, for example, by the controller, 
the PLU or an element located outside the switching 
table. This data is then processed in any desired fashion 
and written into the same or another position of the 
Switching table ring memory. This can take place during 
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one processing cycle of the Switching table. The 
sequence is then terminated before a position pointer is 
repositioned. 

0076. The ring memory record architecture has the follow 
ing format: 

Data Command RunStop Data 

0077. The first bit identifies a record as a command or a 
data string. The controller of the switching table thus decides 
whether the bit string in the data portion of the record should 
be treated as a command or as configuration data. 
0078. The second bit identifies whether the controller 
should proceed immediately even without the occurrence of 
another event, should proceed with the next record, or wait for 
the next event. If an oversampling process is used and the 
RUN bit is set, the subsequent records will be processed with 
the help of this oversampling cycle. This continues until a 
record without a RUN bit set has been reached or the number 
or records that can be processed at the oversampling cycle rate 
within one system cycle has been reached. 
0079 If an oversampling process is used, the normal sys 
tem cycle and the RUN bit set cause commutation to take 
place. Events occurring during the execution of a command 
sequence marked with the RUN bit are analyzed and the 
trigger signal is stored in a flip-flop. The controller then 
analyzes this flip-flop again when a record without a RUN bit 
set is reached. 
0080. The rest of a record contains, depending on the type 
(data or command), all the necessary information, so that the 
controller can fully perform its function. 
I0081. The size of the ring memory can be implemented 
according to the application; this is true in particular for 
programmable units, where the ring memory is obtained by 
configuring one or more configurable cells. 
I0082. A ring memory is connected to an element to be 
configured (or a group of elements to be configured), so that 
a selected configuration string (in the ring memory) is entered 
in the configuration register of the element to be configured or 
group of elements to be configured. 
I0083. Thus a valid and operational configuration of the 
element or group to be configured is obtained. 
I0084 Each ring memory has one controller or a plurality 
of controllers, which control the positioning of the read posi 
tion pointer and/or the write position pointer. 
I0085. Using the feedback channels described in German 
Patent Application DE 44 16 881 A1, the controller can 
respond to events of other elements of the unit or to external 
events that are transmitted into the unit (e.g., interrupt, IO 
protocols, etc.) and, in response to these internal or external 
events, moves the read position pointer and/or the write posi 
tion pointer to another record. 
I0086. The following events are conceivable, for example: 

I0087 clock signal of a CPU, 
0088 internal or external interrupt signal, 
0089 trigger signal of other elements within the unit, 
0090 comparison of a data stream and/or a command 
stream with a value, 

0.091 input/output events, 
0092 counter run, overrun, reset, 
0.093 evaluation of a comparison. 
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0094. If a unit has several ring memories, the controller of 
each ring memory can respond to different events. 
0095. After each time the pointeris moved to a new record, 
the configuration string in this record is transferred to the 
configurable element(s) connected to the ring memory. 
0096. This transfer takes place so that the operation of the 
unit parts that are not affected by the reconfiguration remains 
unchanged. 
0097. The ring memory(ies) may be located eitherina unit 
or connected to the unit from the outside via an external 
interface. 
0098. Each unit may have a plurality of independent ring 
memories, which can be concentrated in a region of the unit, 
but can also be distributed in a reasonable manner on the 
surface of the unit. 
0099. The configuration data is loaded by a PLU, such as 
described in German Patent Application No. DE 44 16881 
A1, or by otherinternal cells of the unit into the memory of the 
Switching table. The configuration data can also be simulta 
neously transferred by the PLU or other internal cells of the 
unit to several different switching tables in order to allow the 
Switching tables to load simultaneously. 
0100. The configuration data can also be in the main 
memory of a data processing system and be transferred by 
known methods, such as DMA or other processor-controlled 
data transfer, instead of the PLU. 
0101. After the PLU has loaded the ring memory of the 
switching table, the controller of the switching table is set to 
a start status, which establishes a valid configuration of the 
complete unit or parts of the unit. The control of the switching 
table starts now with repositioning of the read position pointer 
and/or the write position pointeras a response to events taking 
place. 
0102. In order to cause new data to be loaded into the 
switching table or a number of switching tables, the controller 
can return a signal to the PLU, as described in German Patent 
Application No. DE 44 16881 A1, or other parts of the unit 
that are responsible for loading new data into the ring memory 
of the switching table. Such a feedback can be triggered by the 
analysis of a special command, a counter status, or from the 
outside (the State-Back UNIT described in Patent Applica 
tion PACT02). 
(0103) The PLU or other internal cells of the unit analyze 
this signal, respond to the signal by executing a program 
possibly in a modified form, and transfer new or different 
configuration data to the ring memory(ies). Only the data of 
each ring memory that is involved in a data transferas deter 
mined by the signal analysis, rather than the configuration 
data of a complete unit, must be transferred. 
0104 Buffer: A memory can be connected to individual 
configurable elements or groups thereof (hereinafter referred 
to as functional elements). Several known procedures can be 
used to configure this memory; FIFOs are well-known, in 
particular. The data generated by the functional elements are 
stored in the memory until a data packet with the same opera 
tion to be performed is processed or until the memory is full. 
Thereafter the configuration elements are reconfigured 
through Switching tables, i.e., the functions of the elements 
are changed. FullFlag showing that the memory is full can be 
used as a trigger signal for the Switching tables. In order to 
freely determine the amount of data, the position of the Full 
Flag is configurable, i.e., the memory can also be configured 
through the Switching table. The data in the memory is sent to 
the input of the configuration elements, and a new operation 

Jun. 4, 2009 

is performed on the data; the data is the operand for the new 
computation. The data can be processed from the memory 
only, or additional data can be requested from the outside 
(outside the unit or other functional elements) for this pur 
pose. As the data is processed, it (the result of the operation) 
can be forwarded to the next configuration elements or writ 
ten into the memory again. In order to provide both read and 
write access to the memory, the memory can have two 
memory arrays, which are processed alternately, or separate 
read and write position pointers can exist in the same memory. 
0105. One particular configuration option is the connec 
tion of a plurality of memories as described above, which 
allows several results to be stored in separate memories; then, 
at a given time, several memory regions are sent to the input 
of a functional element and processed in order to execute a 
given function. 
010.6 Architecture of a ring memory record: One possible 
structure of the records in a Switching table ring memory, 
used in a data processing system as described in German 
Patent Application No. DE 44 16881 A1 is described below. 
The following tables show the command architecture using 
the individual bits of a command string. 

Bit Number Name Description 

O Data Command Identifies a record as a data 
or command string 

1 RunStop Identifies Run or Stop mode 

0.107 Thus, if a record is a data record, bit number 0 has 
the value 0, so the bits from position two have the following 
meanings: 

BitNumber Name Description 

2-6 Cell number Provides the cell numbers within a group 
using the same Switching table 

7-11 Configuration Provides the function that the cell (e.g., an 
data EALU) should execute 

0.108 If the record is a command, bit number 0 has the 
value 1, and the bits from position two have the following 
meanings: 

Bit 
Number Name Description 

2-6 Command Provides the number of the command that is 
number executed by the Switching table controller 

7 ReadWrite Shows whether the command is to be applied 
position pointer to the read position pointer or the write 

position pointer. If the command does not 
change either position pointer, the bit status is 
undefined. 

8-n Data Depending on the command, the data needed 
for the command are stored starting with bit 8. 

0109. In the following table, bits 2-6 and 8-nare shown for 
each of the commands listed. The overall bit length of a data 
string depends on the unit where the Switching table is used. 
The bit length must be chosen so as to code all data needed for 
the commands in the bits starting from position 8. 
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Command Bit 2-6 Description of bit 8-n 

WAIT 00 000 Number indicating how often an event is to be 
waited for 

SKIP1 00001 Number with plus or minus sign showing how 
many records are to be skipped forward 
(backward if negative) 

SKIP2 OOO1 O See SKIP1 
SWAP 00 011 1 record position, 2" record position 
RESET OO 100 Number of the record on which the position 

pointer is to be set 
Number indicating how often an event is to be 
waited for, followed by the number of the 
record on which the position pointer is to be 

WAITGOTO OO 10 

positioned 
NOP OO 11 O No function 
GOTO 00 111 Number of the record on which the position 

pointer is to be positioned 
MASK 01 000 Bit pattern entered into the multiplexerto 

select the events 
A trigger signal is generated for the PLU 
(feedback) 

LLBACK O1 OO 

0110 Reconfiguring ALUs: One or more switching tables 
can be used for controlling an ALU. The present invention can 
be used, for example, to improve on Patent PACT02, where 
the switching table is connected to the M/F PLUREG regis 
ters or the M/F PLUREG registers are fully replaced by a 
Switching table. 
0111 FIG. 1 shows the schematic architecture of a ring 
memory. It comprises a write position pointer 0101 and a read 
position pointer 0102, which access a memory 0103. This 
memory can be configured as a RAM or as a register. Using 
the read/write position pointer, an address of RAM 0104 is 
selected, where input data is written or data is read, depending 
on the type of access. 
0112 FIG. 2 shows the internal architecture of a simple 
ring memory. Read position pointer 0204 has a counter 0201 
and write position pointer 0205 has a counter 0206. Each 
counter 0201,0206 has a global reset input and an up/down 
input, through which the counting direction is defined. A 
multiplexer 0202, whose inputs are connected to the outputs 
of the counters, is used to switch betweenwrite 0205 and read 
0204 position pointers, which point to an address of memory 
0203. Read and write access is performed through signal 
0207. The respective counter is incremented by one position 
for each read or write access. When the read 0204 or write 
0205 position pointerpoints at the last position of the memory 
(last address for an upward counting counter or first address 
for a downward counting counter), the read or write position 
pointer 0204,0205 is set to the first position of memory 0203 
in the next access (first address for an upward counting 
counter or the last address for a downward counting counter). 
This provides the ring memory function. 
0113 FIG. 3 shows an extension of the normal ring 
memory. In this extension, counter 0303 of the write position 
pointer 0311 and counter 0309 of the read position pointer 
0312 can be loaded with a value, so that each address of the 
memory can be set directly. This loading sequence takes 
place, as usual, through the data and load inputs of the 
counters. In addition, the work area of the ring memory can be 
limited to a certain section of internal memory 0306. This is 
accomplished using an internal logic controlled by counters 
0303, 0309 of the write/read position pointers 0311, 0312. 
This logic is designed as follows: The output of one counter 
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0303, 0309 is connected to the input of the respective com 
parator 0302. 0308, where the value of the counter is com 
pared with the value of the respective data register (0301, 
0307) where the jump position, i.e., the end of the ring 
memory section, is stored. If the two values are the same, the 
comparator (0302,0308) sends a signal to the counter (0303, 
0309), which then loads the value from the data register for 
the target address of the jump (0304,0310), i.e., the beginning 
of the ring memory section. The data register for the jump 
position (0301, 0307) and the data register for the target 
address (0304,0310) are loaded by the PLU (see PACT01). 
With this extension, it is possible that the ring memory does 
not use the entire region of the internal memory, but only a 
selected portion. In addition, the memory can be subdivided 
into different sections when several such read/write position 
pointers (0312. 0311) are used. 
0114 FIG. 4 shows the architecture of a ring memory 
divided into several sections with controller 0401 working on 
one of said sections. The controller is described in more detail 
in FIG. 7. In order to allow the ring memory to be divided into 
several sections, several read/write position pointers (0408, 
0402), whose architecture was shown in FIG.3, are used. The 
controller selects the region where it operates through multi 
plexer 0407. Read or write access is selected via multiplexer 
0403. Thus the selected read/write position pointer addresses 
an address of memory 0404. 
0115 FIG. 5 shows the case where each of a plurality of 
controllers 0501 operates in its own region of the ring 
memory via one read- and write-position pointer 0502. 0506 
per controller. Each controller 0501 has a write position 
pointer 0506 and a read position pointer 0502. Using multi 
plexer 0503, which of the read and write position pointers 
0502. 0506 accesses memory 0504 is selected. Either a read 
access or a write access is selected via multiplexer 0503. The 
read/write signal of controllers 0501 is sent to memory 0504 
via multiplexer 0507. The control signal of multiplexers 
0507, 0505, 0503 goes from controllers 0501 via an arbiter 
0508 to the multiplexers. Arbiter 0508 prevents several con 
trollers from accessing multiplexers 0507, 0505, 0503 simul 
taneously. 
0116 FIG. 6 shows a ring memory 0601 and its connec 
tion with configuration elements 0602. Ring memory 0601 is 
connected via lines 0604,0605,0606. The addresses of the 
addressed cells 0607 are transmitted via 0604. Line 0605 
transmits the configuration data from the ring memory. Via 
line 0606, cells 0607 transmit the feedback whether recon 
figuration is possible. The data stored in the ring memory is 
entered in configuration element 0602. This configuration 
element 0602 determines the configuration of configurable 
elements 0603. Configurable elements 0603 may comprise 
logical units, ALUs, for example. 
0117 FIG. 7 shows a controller that may respond to dif 
ferent triggering events. The individual triggering events can 
be masked, so that only one triggering event is accepted at any 
time. This is achieved using multiplexer 0701. The trigger 
signal is stored with flip-flop 0704. Multiplexer 0702, which 
can be configured as a mask via AND gates (see FIG. 7a), is 
used to process low active and high active triggering signals. 
The triggering signal stored in the flip-flop is relayed via line 
0705 to obtain a clock signal, which is described in FIG. 8. 
The state machine 0703 receives its clock signal from the 
logic that generates the clock signal and, depending on its 
input signals, delivers an output signal and a reset signal to 
reset flip-flop 0704 and stop processing until the next trigger 
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signal. The advantage of this implementation is the power 
savings when the clock is turned off, since state machine 0703 
is then idle. An implementation where the clock is perma 
nently applied and the state machine is controlled by the 
status of the command decoder and the run bit is also con 
ceivable. 
0118 FIG. 7a shows the masking of the trigger signals. 
The trigger signals and lines from A are connected to the 
inputs of AND gate 0706. The outputs of AND gate 0706 are 
OR-linked with 0707 to generate the output signal. 
0119 FIG. 8 shows the logic for generating the clock 
signal for the State machine. Another clock signal is generated 
in 0801 with the help of a PLL. Using multiplexer 0802, the 
normal chip clock or the clock of PLL 0801 can be selected. 
Signals C and B are sent to OR gate 0804. Signal C is gener 
ated as a result of a trigger event in the controller (see FIG. 7, 
0705). Signal B originates from bit 1 of the command string 
(see FIG. 10, 1012). This bit has the function of a run flag, so 
that the controller continues to operate, independently of a 
trigger pulse, if the run flag is set. The output of OR gate 0804 
is AND-linked with the output of multiplexer 0802 to gener 
ate the clock signal for the state machine. 
0120 FIG. 9 shows the connection between controller 
0907, PLU 0902 with memory 0901, ring memory 0906, 
configurable elements 0905, and configuration elements 
0908, as well as the internal cells 0903 used for the configu 
ration. The internal cell 0903 used for configuration is shown 
here as a normal cell with configurable elements 0905 and 
configuration elements 0908. Ring memory 0906 is con 
nected to configuration elements 0908 and is in turn con 
trolled by controller 0907. Controller 0907 responds to dif 
ferent trigger pulses, which may also originate from the 
internal cell 0903 used for configuration. Controller 0907 
informs PLU 0902, via feedback channel 0909, if new data is 
to be loaded into ring memory 0906 due to a trigger event. In 
addition to sending this feedback, controller 0907 also sends 
a signal to multiplexer 0904 and selects whether data is sent 
from PLU 0902 or internal cell 0903 used for configuration to 
the ring memory. 
0121. In addition to the configuration of the ring memory 
by the PLU, the ring memory can also be set as follows: 
Configurable element 0903 is wired so that it generates, alone 
or as the last element of a group of elements, records for ring 
memory 0906. It generates a trigger pulse, which advances 
the write position pointer in the ring memory. In this mode, 
multiplexer 0904 switches the data from 0903 through to the 
ring memory, while with a configuration by the PLU the data 
are switched through by the PLU. It would, of course, be 
conceivable that additional permanently implemented func 
tional units might serve as sources of the configuration sig 
nals. 

0122 FIG. 10 shows the processing by the controller of 
the commands stored in the ring memories. 1001 represents 
the memory of the ring memory with the following bit assign 
ment. Bit 0 identifies the record as a data or command string. 
Bit 1 identifies the run and stop modes. Bits 2-6 identify the 
command number coding the commands. Bit 7 tells whether 
the command is to be applied to the read or write position 
pointer. If the command affects no position pointer, bit 7 is 
undefined. The data needed for a command is stored in bits 
8-n. Counters 1004, 1005 form the write and read position 
pointers of the ring memory. If the controller receives a trig 
ger pulse, the state machine sends a pulse to the read position 
pointer. The write position pointer is not needed to read a 

Jun. 4, 2009 

command, but is only used for entering data in the ring 
memory. The selected read position pointer moves forward 
one position, and a new command is selected (bit 0–0). Now 
bits 2-6 and bit 7 are sent to command decoder 1002, are 
decoded, and the result is relayed to the state machine (1024), 
which recognizes the type of command and Switches accord 
ingly. 
(0123. If it is a SKIP command, state machine 1011 sends 
a pulse to adder/subtractor 1006 so it can add/subtract the bit 
8-n command string data to/from the data sent by counters 
1004, 1005 via multiplexer 1003. Depending on bit 7, multi 
plexer 1003 selects the counter of write position pointer 1004 
or the counter of read position pointer 1005. After the data has 
been added/subtracted, state machine 1011 activates gate 
1010 and sends a receive signal to counter 1004, 1005. Thus 
the selected position pointerpoints as many positions forward 
or backward as set forth in the data of the SKIP command. 
0.124 Upon a GOTO command, gate 1007 is activated by 
state machine 1011 so that the data goes to read position 
pointer 1005 or write position pointer 1004 and is received 
there. 
0.125. Upon a MASK command, the data is received in a 
latch1008 and stored there. This data is then available to the 
controller described in FIGS. 7/7a via line A (1013) where it 
masks all the trigger inputs which should receive no trigger 
pulse. 
0.126 Upon a WAIT command, an event is waited for as 
often as set forth in the data bits. If this command is registered 
by state machine 1011, it sends a pulse to wait cycle counter 
1009 which receives the data. The wait cycle counter then 
counts one position downward for each event relayed by State 
machine 1011. As soon as it has counted to Zero, the carry flag 
is set and sent to state machine 1011 (1023). The state 
machine then continues to operate due to the carry flag. 
I0127. Upon a WAIT-GOTO command, the data providing 
the number of wait events is received in the wait cycle 
counters. After receipt of the number of events given in the 
data, the state machine activates gate 1007 and relays the 
jump position data to the selected counter. 
I0128. The SWAP command is used for swapping two 
records between two positions of the ring memory. The 
address of the first record to be swapped is stored in latch 
1017; the address of the second record is stored in latch 1018. 
The addresses are sent to multiplexers 1015 and 1016 of the 
read/write pointer. Initially, record 1 is selected via 1016 and 
stored in latch 1019; then record 2 is selected via 1016 and 
stored in 1020. The write pointer is first positioned on the first 
record via 1015, and the data formerly of the second record is 
stored via gate 1022. Then the write pointer is positioned on 
the second record via 1015 and the data formerly of the first 
record is stored via gate 1021. 
0129. State machine 1011 sends feedback to the PLU via 
1014 (e.g., via a State-Back UNIT, see PACT02). The state 
machine sends a signal via this connection as soon as an 
LLBack command is registered. 
0.130 Bit 1, used as a run flag, is sent to the controller for 
generating a clock signal, which is described in FIG. 8. 
I0131 The NOP command is registered in the state 
machine, but no operation is performed. 
I0132 FIG. 11 shows the processing of a data string stored 
in the ring memory. 1101 corresponds to 1001 in FIG. 10. 
Since this is a data string, bit 0 is set to one. Command 
decoder 1107 recognizes the data string as such and sends a 
query 1106 to the cell addressed in bits 2-6 to verify if recon 
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figuration is possible. The query is sent at the same time gate 
1102 is activated, which causes the address of the cell to be 
transmitted. The cell shows via 1105 whether reconfiguration 
is possible. If so, the configuration data is transmitted to the 
cell via gate 1103. If no reconfiguration is possible, process 
ing continues, and reconfiguration is attempted again in the 
next cycle in the ring memory. Another possible sequence 
would be the following: The state machine activates gates 
1102 and 1103 and transmits the data to the cell addressed. If 
the cell can be reconfigured, the cell acknowledges receipt of 
the data via 1105. If no configuration is possible, the cell does 
not send a receive signal, and reconfiguration is attempted 
again in the next cycle of the ring memory. 
0.133 FIG. 12 shows a group (functional element) 1202 of 
configurable elements 1201. The data is sent to the functional 
element via input bus 1204, and the results are sent forth via 
output bus 1205. Output bus 1205 is also connected to two 
memory arrays 1203, which operate alternately as a read or 
write memory. Their outputs are connected to input bus 1204. 
The entire circuit can be configured via a bus leading to 
Switching tables 1206; the trigger signals are transmitted to 
the Switching table and the configuration data is transmitted 
from the switching table via this bus. In addition to the func 
tion of the functional element, the write/read memory active 
at that time and the depth of the respective memory are set. 
0134 FIG.12a shows how external data 1204, i.e., data of 
another functional unit or from outside the unit, is computed 
in the functional element 1202 and then written into write 
memory 1210. 
0135 FIG.12b shows the next step after FIG. 12a. Func 
tional element 1202 and memories 1220, 1221 are reconfig 
ured upon a trigger generated by the functional element or the 
memories or another unit and transmitted over 1206. Write 
memory 1210 is now configured as a read memory 1220 and 
delivers the data for the functional element. The results are 
stored in write memory 1221. 
0.136 FIG. 12c shows the step following FIG. 12b. Func 
tional element 1202 and memories 1230, 1231 were recon 
figured upon a trigger generated by the functional element or 
the memories or another unit and transmitted over 1206. 
Write memory 1221 is now configured as a read memory 
1230 and delivers the data to the functional element. The 
results are stored in write memory 1231. In this example, 
additional external operands 1204, i.e., from another func 
tional unit or from outside the unit, are also processed. 
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I0137 FIG. 12d shows the next step after FIG. 12c. Func 
tional element 1202 and memories 1203, 1240 were recon 
figured upon a trigger generated by the functional element or 
the memories or another unit and transmitted over 1206. 
Write memory 1231 is now configured as a read memory 
1240 and delivers the data to the functional element. The 
results are forwarded via output bus 1205. 
0.138 FIG. 13 shows a circuit according to FIG. 12, where 
a memory with separate read and write pointers 1301 is used 
instead of the two memory arrays. 
I0139 FIG. 14 shows memory 1401 according to FIG. 13. 
The record in front of read pointer 1402 has already been read 
or is free 1405. The pointer points to a free record. Data 1406 
still to be read are located behind the read position pointer. A 
free area 1404 and data already re-written 1407 follow. Write 
position pointer 1403 points at a free record, which is either 
empty or already has been read. The memory can be config 
ured as a ring memory, as described previously. 
0140 FIG. 15 shows a circuit according to FIG. 12, where 
both memory banks 1203 are present in duplicate. This makes 
it possible to store and then simultaneously process a plurality 
of results. 
0.141 FIG. 15a shows how external data 1204, i.e., from 
another functional unit or from outside the unit, is computed 
in functional element 1202 and then written in write memory 
1510 via buS 1511. 
0142 FIG. 15b shows the next step after FIG. 15a. Func 
tional element 1202 and memories 1203, 1510, 1520 have 
been reconfigured following a trigger generated by the func 
tional element or the memories or another unit and transmit 
ted over 1206. External data 1204, i.e., from another func 
tional unit or from outside the unit, is computed in functional 
element 1202 and then written in write memory 1520 via bus 
1521. 
0143 FIG. 15c shows the next step after FIG. 15b, Func 
tional element 1202 and memories 1203, 1530, 1531, 1532 
have been reconfigured following a trigger generated by the 
functional element or the memories or another unit and trans 
mitted over 1206. Write memories 1510, 1520 are now con 
figured as read memories 1531, 1532 and deliver several 
operands simultaneously to functional elements 1202. Each 
read memory 1531, 1532 is connected to 1202 via an inde 
pendent bus system 1534, 1535. The results are either stored 
in write memory 1530 via 1533 or forwarded via 1205. 
0144 Glossary 

Arithmetic Logic Unit. Basic unit for data processing. The unit can 
perform arithmetic operations such as addition, Subtraction, and 
occasionally also multiplication, division, expansions of series, etc. The 
unit can be configured as an integer unit of a floating-point unit. The unit 
can also perform logic operations such as AND, OR, as well as 
comparisons. 
A data string is a series of bits, of any length. This series of bits represents 
a processing unit for a system. Both commands for processors or similar 
components and data can be coded in a data string. 
Data flow processor according to German Patent No. DE 44 16881. 
Dynamically Configurable FPGAs. Related art. 
Memory element, which stores a signal at the rising edge of a cycle. 
Expanded Arithmetic Logic Unit, ALU which has been expanded to 
perform special functions needed or convenient for the operation of a data 
processing device according to German Patent Application No. DE 
4.41 16881 A1. These are, in particular, counters. 
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-continued 

Elements Generic concept for all enclosed units used as a part in an electronic unit. 
Thus, the following are defined as elements: 
configurable cells of all types 
clusters 
RAM blocks 
logics 
arithmetic units 
registers 
multiplexers 
I/O pins of a chip 

Event An event can be analyzed by a hardware element in any manner Suitable 
for the application and trigger an action as a response to this analysis. 
Thus, for example, the following are defined as events: 
clock pulse of a CPU 
internal or external interrupt signal 
trigger signal from other elements within the unit 
comparison of a data stream and/or a command stream with a value 
input/output events 
run, overrun, reset of a counter 
analysis of a comparison 

flag Status bit in a register showing a status. 
FPGA Programmable logic unit. Related art. 
gate Group of transistors that performs a basic logic function. Basic functions 

include NAND, NOR. Transmission gates. 
configurable A configurable element represents a component of a logic unit, which can 
element be set for a special function using a configuration string. Configurable 

elements are therefore all types of RAM cells, multiplexers, arithmetic 
logic units, registers, and all types of internal and external interconnecting 
units, etc. 

configure Setting the function and interconnections of a logic unit, an FPGA cell or a 
PAE (see reconfigure). 

configuration Any set of configuration strings. 
data 
configuration The configuration memory contains one or more configuration strings. 
memory 
configuration A configuration string consists of a series of bits, of any length. This bit 
string Series represents a valid setting for the element to be configured, so that an 

operable unit is obtained. 
PLU Unit for configuring and reconfiguring the PAE. Constituted by a 

microcontroller designed specifically for this purpose. 
latch Memory element that usually relays a signal transparently during the H 

level and stores it during the L level. Latches where the level function is 
reversed are used in some PAEs. Here an inverter is normally connected 
before the cycle of a normal latch. 

read position Address of the current record for read access within a FIFO or a ring 
pointer memory. 
logic cells Cells used in DFPs, FPGAs, and DPGAs, performing simple logic and 

arithmetic functions, depending on their configuration. 
oversampling A clock runs with a frequency that is a multiple of the base clock, 

synchronously with the same. The faster clock is usually generated by a 
PLL. 

PLL Phase Locked Loop. Unit for generating a multiple of a clock frequency on 
the basis of a base clock. 

PLU Units for configuring and reconfiguring the PAE. Constituted by a 
microcontroller specifically designed for this purpose. 

ring memory Memory with its own read/write position pointer, which-upon reaching the 
end of the memory-is positioned at the beginning of the memory. An 
endless ring-shaped memory is thus obtained. 

RS flip-flop Reset Set flip-flop. Memory element that can be switched by two signals. 
write position Address of the current record for write access within a FIFO or ring 
pointer memory. 
State-Back Unit that controls the feedback of status signals to the PLU, comprising a 
unit multiplexer and an open-collector bus driver element. 
Switching A Switching table is a ring memory, which is addressed by a controller. 
table The records of a Switching table may contain any configuration strings. 

The controller can execute commands. The Switching table responds to 
trigger signals and reconfigures configurable elements using a record in a 
ring memory. 

gate Switch that forwards or blocks a signal. Simple comparison: relay. 
reconfigure New configuration of any number of PAES, while any remaining number 

of PAES continue their functions (see configure). 
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-continued 

processing A processing cycle describes the time required by a unit to go from a 
cycle specific and/or valid state into the next specific and/or valid state. 
state machine Logic that can assume different states. The transition between the states 

depends on different input parameters. These machines are used for 
controlling complex functions and correspond to the related art. 

(0145 Conventions 
0146 Naming Conventions 

GATE functionG 

EN D Q 

unit UNIT 

mode MODE 

multiplexer MUX 

negated signal not 

register visible to PLU PLUREG What is claimed: 

internal register REG 1. A field programmable gate array (FPGA) device, com 
shift register Sft prising 

configurable elements; 
a unit for configuring the configurable elements; and 

0147 Function Conventions at least two memory units: 
wherein: 

at least some of the configurable elements are config 
urable logic elements; 

at least some of the configurable elements are config 
urable ALU elements comprise an ALU unit; 

the at least two memories store data processed by at least 
some of the configurable ALU elements. 

2. The field programmable gate array according to claim 1, 
wherein each of the at least some of the configurable elements 

AND function & receives its configuration data during operation. 
o 3. The field programmable gate array according to claim 1, 

A. B Q wherein each of the at least some of the configurable elements 
receives its configuration data during operation from other 
configurable elements. 

4. The field programmable gate array according to any one 
of claims 1, 2, and 3, wherein at least one of the memory units 
supports a FIFO mode. 

5. The field programmable gate array according to any one 
of claims 1, 2, and 3, wherein at least one of the memory units 
Supports simultaneous write and read access. 

6. The field programmable gate array according to any one 
OR functionii of claims 1, 2, and 3, wherein at least one of the memory units 

Supports separate write pointers and read pointers. 
7. The field programmable gate array according to claim 6. 

wherein at least one of the memory units Supports simulta 
neous write and read access. 

8. The field programmable gate array according to claim 6. 
wherein at least one of the memory units is configurable as 
read memory. 

9. The field programmable gate array according to claim 6. 
wherein at least one of the memory units is configurable as 
write memory. 

10. The field programmable gate array according to claim 
A. Q 6, wherein at least one of the memory units is alternatively 

configured as read or write memory. 
1 O 11. The field programmable gate array according to any 

one of claims 1, 2, and 3, wherein at least one of the memory 
units Supports double buffering. 

shift registersft 

B 

NOT function 
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12. The field programmable gate array according to any 
one of claims 1, 2, and 3, wherein at least one of the memory 
units is configurable as read memory. 

13. The field programmable gate array according to any 
one of claims 1, 2, and 3, wherein at least one of the memory 
units is configurable as write memory. 

14. The field programmable gate array according to any 
one of claims 1, 2, and 3, wherein at least one of the memory 
units is alternatively configured as read or write memory. 

15. A runtime programmable data processing device, com 
prising: 

configurable elements; 
a unit for configuring the configurable elements; and 
at least two memory units: 
wherein: 

at least Some of the configurable elements are config 
urable ALU elements comprising an ALU unit; 

the at least two memory units store data processed by at 
least some of the configurable ALU elements; and 

at least some of the configurable elements receive con 
figuration data during operation from other config 
urable elements. 

16. The runtime programmable data processing device 
according to claim 15, wherein at least one of the configurable 
elements is configured as a controller providing configuration 
data during the operation to at least Some others of the con 
figurable elements. 

17. The runtime programmable data processing device 
according to claim 15, wherein at least one of the configurable 
elements is configured as a sequencer providing configura 
tion data during operation to at least some others of the 
configurable elements. 

18. The runtime programmable data processing device 
according to claim 15, wherein a configurable memory inte 
grated in the runtime programmable data processing device is 
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configured to provide configuration data during the operation 
to at least Some others of the configurable elements. 

19. The runtime programmable data processing device 
according to claim 18, wherein the configurable memory is 
addressable. 

20. The runtime programmable data processing device 
according to claim 19, wherein the configurable memory is 
cyclically addressed. 

21. The runtime programmable data processing device 
according to any one of claims 15, 16, 17, 18, 19, and 20, 
wherein the runtime programmable processing device is a 
Field Programmable Gate Array (FPGA). 

22. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units supports a FIFO mode. 

23. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units Supports separate write pointers and read pointers. 

24. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units Supports simultaneous write and read access. 

25. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units Supports double buffering. 

26. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units is configurable as read memory. 

27. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units is configurable as write memory. 

28. The runtime programmable data processing device 
according to claim 15, wherein at least one of the memory 
units is alternatively configured as read or write memory. 
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