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(57) ABSTRACT 

A method and device for translating a program to a system 
including at least one ?rst processor and a recon?gurable unit. 
Code portions of the program Which are suitable for the 
recon?gurable unit are determined. The remaining code of 
the program is extracted and/or separated for processing by 
the ?rst processor. 
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METHOD FOR PROCESSING DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/480,003, ?led on Jun. 18, 2004, Which 
is a national phase of International Application No. PCT/ 
EP02/ 06865, ?led on Jun. 20, 2002, Which claims priority to 
German Patent Application No. DE 101 29 237.6, ?led on 
Jun. 20, 2001, the entire contents of each of Which are 
expressly incorporated herein by reference thereto. 

FIELD OF THE INVENTION 

[0002] The present invention relates to data processing. In 
particular, the present invention relates to traditional, i.e., 
conventional and recon?gurable processor architectures as 
Well as methods therefor, Which permit translation of a clas 
sical high-level language (PROGRAM) such as Pascal, C, 
C++, Java, etc., in particular onto a recon?gurable architec 
ture. The present invention relates in particular to integration 
and/ or close coupling of recon?gurable processors With stan 
dard processors, data exchange, and synchronization of data 
processing. 

BACKGROUND INFORMATION 

[0003] A conventional processor architecture (PROCES 
SOR) is understood in the present case to refer to sequential 
processors having a von Neumann architecture or a Harvard 
architecture, such as controllers or CISC processors, RISC 
processors, VLIW processors, DSP processors, etc. 
[0004] The term “recon?gurable target architecture” is 
understood in the present case to refer to modules (V PUs) 
having a function and/or interconnection that is repeatedly 
con?gurable, in particular con?gurable Without interruption 
during run time, in particular integrated modules having a 
plurality of one-dimensionally or multidimensionally 
arranged arithmetic and/or logic and/or analog and/or 
memory modules, in particular also coarse-grained modules 
(PAEs) Which are interlinked directly or via a bus system. 
[0005] The generic class of such modules includes in par 
ticular systolic arrays, neural networks, multiprocessor sys 
tems, processors having a plurality of arithmetic units and/or 
logic cells, interlinking and netWork modules such as cross 
bar sWitches as Well as knoWn modules of the generic types 
FPGA, DPGA and XPUTER, etc. In this connection, refer 
ence is made in particular to the folloWing patents and patent 
applications: P 4416 8810-53, DE 197 81 412.3, DE 197 81 
483.2, DE 196 54 8462-53, DE 196 54 5935-53, DE 197 04 
0446-53, DE 198 80 129.7, DE 198 61 0882-53, DE 199 80 
312.9, PCT/DE 00/01869, DE 100 36 6279-33, DE 100 28 
397.7, DE 101 10 530.4, DE 101 11014.6,PCT/EP00/10516, 
EP 01 102 674.7, DE 196 51 0759-53, DE 196 54 8462-53, 
DE 196 54 5935-53, DE 197 04 728.9, DE 197 07 872.2, DE 
10139170.6,DE199 26 538.0, DE 101 42 904.5, DE 101 10 
530.4. These are hereWith incorporated to the full extent for 
disclosure purposes. 
[0006] This system may be designed inparticular as a (stan 
dard) processor or module and/or may be integrated into a 
semiconductor (system on chip, SoC). 
[0007] Recon?gurable modules (V PUs) of different 
generic types (such as PACT XPP technology, Morphics, 
Morphosys, Chameleon) are largely incompatible With exist 
ing technical environments and programming methods. 
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[0008] Programs for these modules are typically incompat 
ible With existing programs of CPUs. A considerable devel 
opment expense is thus necessary for programming, e.g., in 
particular for modules of the generic types Morphics, Mor 
phosys. Chameleon already integrates a standard processor 
(ARC) on more or less recon?gurable modules. This makes 
approaches for programming tools available. HoWever, not all 
technical environments are suitable for the use of ARC pro 
cessors; in particular there are often existing programs, code 
libraries, etc. for any indeterminate other CPUs. 
[0009] In internal experiments it has been found that there 
are certain methods and program sequences Which may be 
processed better using a recon?gurable architecture rather 
than a conventional processor architecture. Conversely, there 
are also such methods and program sequences Which are 
better executed using a conventional processor architecture. It 
Would be desirable to provide a sequence partitioning to 
permit appropriate optimiZation. 
[0010] Conventional translation methods for recon?g 
urable architectures do not support any forWarding of codes to 
any standard compilers for generating object codes for any 
desired PROCESSOR. Ordinarily, the PROCESSOR is ?x 
edly de?ned Within the compiler. 
[0011] In addition, there are no scheduling mechanisms for 
recon?guring the individual con?gurations generated for 
VPUs. In particular there are no scheduling mechanisms for 
con?guration of independently extracted portions or for indi 
vidual partitions of extracted portions. Conventional corre 
sponding translation methods are described in the dissertation 
Ubersetzungsmethoden strukturprogrammierbare Rechner 
[Translation Methods for Structure Programmable Comput 
ers], by Dr. Markus Weinhardt, 1997, for example. 
[0012] Several conventional methods are knoWn for parti 
tioning array CODE e.g., 1050 M. P. Cardoso, Compilation of 
JavaTMAlgorithms onto Recon?gurable Computing Systems 
with Exploitation of Operation-Level Parallelism, Ph.D. dis 
sertation, Universidade Técnica de Lisboa (UTL), 2000. 
[0013] HoWever, these methods are not embedded into any 
complete compiler systems. Furthermore, these methods pre 
suppose complete control of the recon?guration by a host 
processor, Which involves considerable complexity. The par 
titioning strategies are designed for FPGA-based systems and 
therefore do not correspond to any actual processor model. 

SUMMARY 

[0014] An object of the present invention is to provide a 
method for a commercial application. 
[0015] A recon?gurable processor (V PU) is thus designed 
into a technical environment Which has a standard processor 
(CPU) such as a DSP, RISC, CISC processor or a (micro) 
controller. The design may be accomplished according to an 
embodiment of the present invention in such a Way that there 
is a simple and e?icient connection. One resulting aspect is 
the simple programmability of the resulting system. Further 
use of existing programs of the CPU as Well as the code 
compatibility and simple integration of the VPU into existing 
programs are taken into account. 

[0016] A VPU (or a plurality of VPUs, although this need 
not be mentioned speci?cally each time) is coupled to a 
preferred CPU (or a plurality of CPUs, although this need not 
be mentioned speci?cally each time) so that it assumes the 
position and function of a coprocessor (or a plurality of copro 
cessors that respond optionally). This function permits a 
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simple tie-in into existing program codes according to the 
pre-existing methods for Working With coprocessors accord 
ing to the related art. 
[0017] The data exchange betWeen the CPU and VPU 
according to the present invention may be accomplished by 
memory coupling and/or IO coupling. The CPU and VPU 
may share all resources; in particular embodiments, it is also 
possible for the CPU and VPU to jointly use only a portion of 
the resources and to make other resources available explicitly 
and/ or exclusively for a CPU or VPU. 
[0018] To perform a data exchange, data records and/or 
con?gurations may be copied and/or Written/read in memory 
areas particularly provided for those purposes and/or corre 
sponding basic addresses may be set in such a Way that these 
point to the particular data areas. 
[0019] To control the coprocessor, preferably a data record 
Which contains the basic settings of a VPU, e. g., certain basic 
addresses are provided, for example. In addition, status vari 
ables may also be provided for triggering and for function 
control of a VPU by a CPU and for acknowledgments from a 
VPU to a CPU. This data record may be exchanged via a 
shared memory (RAM) and/or via a shared peripheral address 
space (IO). 
[0020] For synchronization of the CPU and VPU, unilater 
ally or mutually acting interrupt methods (Which are imple 
mented, for example, by signal transfer over interrupt lines 
and/ or interrupt inputs that are speci?cally dedicated and/or 
designed for this purpose) and/or the synchronization is 
accomplished by polling methods. Furthermore, interrupts 
may also be used for synchronization of data transfers and/or 
DMA transfers. 
[0021] In an example embodiment that is particularly pre 
ferred, a VPU is started by a CPU and thereafter operates 
preferably independently of the application. 
[0022] A preferred design in Which the VPU provides its 
oWn mechanisms for loading and controlling con?gurations 
is particularly e?icient. The generic type of these VPUs 
include, for example, PACT XPP and Chameleon. The cir 
cuits according to the present invention permit a method of 
operation in Which the con?gurations of the VPU are loaded 
into a memory together With the program to be executed by 
the CPU. During execution of the program, the CPU may 
refer the VPU to the memory locations (e.g., by giving the 
addresses or pointers), each containing con?gurations to be 
executed. The VPU may then load the con?gurations inde 
pendently and Without further in?uence by the CPU. The 
execution by the CPU starts immediately or optionally by 
means of additional information (e.g., interrupt and/or start 
instruction). 
[0023] In a particularly preferred expansion, the VPU may 
read and Write data independently Within a memory. 
[0024] In a particularly preferred expansion, the VPU may 
also independently load neW con?gurations out of the 
memory and may perform neW con?gurations as needed 
Without requiring any further in?uence by the CPU. 
[0025] These embodiments permit extensive operation of 
VPUs independently of CPUs. Only a synchronization 
exchange betWeen CPU and VPU, Which may preferably take 
place bidirectionally, is provided in addition to coordinate 
data processing operations and/or executions of con?gura 
tions. 
[0026] It has also been recognized that methods of data 
processing may and/ or should preferably be designed so that 
particularly suitable portions (V PU code) of the program to 
be translated are identi?ed and extracted for the recon?g 
urable target architecture (VPU) to permit particularly e?i 
cient data processing. These portions are to be partitioned 
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accordingly and the time sequence con?guration of the indi 
vidual partitions is to be controlled. 
[0027] The remaining portions of the program may be 
translated onto a conventional processor architecture (PRO 
CESSOR). This is preferably accomplished in such a Way that 
these portions are output as high-level language code in a 
standard high-level language (e.g., ANSI C) so that an ordi 
nary high-level language compiler (optionally pre-existing) 
is able to process it Without di?iculty. 
[0028] It should also be pointed out that these methods may 
also be used for groups of a plurality of modules. 
[0029] In particular a type of “double buffering” may be 
used for a particularly simple and at the same time rapid 
recon?guration in Which a plurality of VPUs are provided, so 
that a portion of the VPUs may be recon?gured at a time When 
another portion is computing and perhaps yet another may be 
inactive, for example. Data links, trigger links, status links, 
etc. are exchanged among a plurality of VPUs in a suitable 
Way, and are optionally Wired through addressed buses and/ or 
multiplexers/demultiplexers according to the VPUs that are 
currently active and/or to be recon?gured. 
[0030] One advantage of this method is that existing code 
Which has been Written for any processor, may continue to be 
used by involving a VPU, and no modi?cations or only com 
paratively minor modi?cations need be made. The modi?ca 
tions may also be performed incrementally, With more code 
being transferred gradually from the processor to the VPU. 
The project risk drops, and there is a signi?cant increase in 
clarity. It should be pointed out that such a successive transfer 
of more and more tasks to the VPU, i.e., to the integral, 
multidimensional, partially recon?gurable and in particular 
coarse-grained ?eld of elements, has a special meaning on its 
oWn and is regarded as being inventive per se because of its 
major advantages in system porting. 
[0031] In addition, the programmer is able to Work in his/ 
her accustomed development environment and need not 
become adjusted to a novel and possibly foreign development 
environment. 
[0032] A ?rst aspect of the present invention may be seen in 
the fact that a PROCESSOR is connected to one or more 
VPUs so that an e?icient exchange of information is possible, 
in particular in the form of data information and status infor 
mation. 
[0033] Importance may also be attributed to the con?gura 
tion of a conventional processor and a recon?gurable proces 
sor so that exchange of data information and/or status infor 
mation betWeen same is possible during running of one or 
more programs and/ or Without having to signi?cantly inter 
rupt data processing on the recon?gurable processor and/or 
the conventional processor inparticular; importance may also 
be attributed to the design of such a system. 
[0034] For example, one or all of the folloWing linking 
methods and/ or means may be used: 

[0035] a) shared memory, 
[0036] b) netWork (e.g., bus systems such as PCI bus, serial 

buses such as Ethernet, for example), 
[0037] c) connection to an internal register set or a plurality 

of internal register sets, 
[0038] d) other memory media (hard drive, ?ash ROM, 

etc.). 
[0039] In principle, the VPU and/or the CPU may also 
independently access the memory Without the assistance of a 
DMA. The shared memory may also be designed as a dual 
port memory or a multiport memory in particular. Additional 
modules may be assigned to the system, and in particular 
recon?gurable FPGAs may be used to permit ?ne-grained 
processing of individual signals or data bits and/ or to make it 
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possible to establish ?exible adaptable interfaces (e.g., vari 
ous serial interfaces (V24, USB, etc.), various parallel inter 
faces, hard drive interfaces, Ethernet, telecommunications 
interfaces (a/b, TO, ISDN, DSL, etc.)). 
[0040] The structure of aVPU is knoWn, for example, from 
the patents and patent applications described above. Attempts 
to arrive at alternative module de?nitions have become 
knoWn under the name Chameleon, for example. VPUs may 
be integrated into a system in various Ways. For example, a 
connection to a host processor is possible. Depending on the 
method, the host processor may assume the con?guration 
control (HOSTRECONF) (e. g., Chameleon) or there may be, 
for example, a dedicated unit (CT) for controlling the (re) 
con?guration. 
[0041] Accordingly, the translator according to the method 
described here generates the control information for the 
recon?guration for a CT and/ or a HOSTRECONF. 
[0042] The translation principle may be embodied in such a 
Way that by using a preprocessor, the portions that may be 
mapped ef?ciently and/ or reasonably on the particular certain 
VPU(s) may be extracted from a PROGRAM via a PREPRO 
CESSOR. These portions are transformed into a format suit 
able for VPUs (NML) and are then translated further into an 
object code. 
[0043] The remaining code and/or the extracted code is 
expanded according to experience at or With respect to the 
location of the code portions that are missing due to the 
extraction, by adding an interface code Which controls com 
munication betWeen PROCESSOR(s) and VPU(s) according 
to the architecture of the target system. The remaining code 
Which has been optionally expanded may preferably be 
extracted. This may take place as folloWs, for example: 

Code 

# STARTLEXTRACTION 
Code to be extracted 
# ENDiEXTRACTION 

Code 

“// STARTiEXTRACTION” denotes the start of a code to be extracted. 
“// ENDLEXTRACTION” denotes the end of a code to be extracted. 

[0044] In such a case, the unit for implementation of the 
program in con?guration codes is designed to recogniZe the 
hints and/ or implementation instructions. 
[0045] It is also possible for portions of the PROGRAM to 
be implemented directly in NML for extraction by calling 
NML routines and to jump to the NML routines using calls. 
This may take place as folloWs, for example: 

a) NML code 

procedure EXAMPLE 
begin 

end 

b) PROGRAM code 

Code 
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-continued 

call EXAMPLE // call of the NML code 

Code 

[0046] In this case, the unit for implementation is designed 
to tie NML program portions, i.e., program portions for 
execution in and/or on a recon?gurable array, into a larger 
program. 
[0047] Alternatively and/or additionally, extraction from 
an object-oriented class is also possible. 
[0048] Macros suitable for a VPU are de?ned as a class in 
the class hierarchy of an object-oriented programming lan 
guage. The macros may be characterized by annotation so 
that they are recogniZed as codes intended for a VPU and are 
processed further accordinglyieven in higher hierarchies of 
the language. 
[0049] Within a macro, a certain networking and/or map 
ping is preferably predetermined by the macro Which then 
determines the mapping of the macro onto the VPU. 
[0050] Instantiation and chaining of the class results in 
implementation of the function Which includes a plurality of 
macros on the VPU. In other Words, instantiation and chain 
ing of macros de?ne the mapping and interconnection of the 
individual operations of all macros on the VPU and/or the 
interconnection and/or data exchange betWeen the VPU and 
CPU, if necessary. 
[0051] The interface codes are added in instantiation. 
Chaining describes the detailed mapping of the class on the 
VPU. 
[0052] A class may also be formed as a call of one or more 
NML routines, for example. 

a) Class code 

class EXAMPLE 
begin 

end 

b) PROGRAM code 

Code 

EXAMPLE var( ) // instantiation of the class 

Code 

[0053] Extraction by analysis is also possible. Portions 
Within the PROGRAM Which may be mapped e?iciently 
and/or appropriately on the VPU are recognized using the 
analytical methods adapted to the particular VPU. 
[0054] These portions are extracted from the PROGRAM. 
[0055] An analytical method suitable for many VPUs, for 
example, is to create data How graphs and/or control How 
graphs from the PROGRAM. These graphs may then be 
analyZed automatically With regard to their possible partition 
ing and/or mapping onto the target VPU. In this case, the 
portions of the graphs generated and/or the corresponding 
PROGRAM PORTIONS, Which may be partitioned and/or 
mapped suf?ciently Well, are extracted. To do so, a partition 
ability and/or mappability analysis may be performed, evalu 
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ating the particular property. Partitioning and extraction of 
the program portions on the VPU as Well as the introduction 
of the interfaces provided are then performed according to 
this evaluation. 
[0056] Reference is made here explicitly to the analytical 
methods described in German Patent Application DE 101 39 
170.6 Which may be used, for example. The aforementioned 
patent application is hereWith incorporated to full extent for 
disclosure purposes. 
[0057] One possible analytical method is also provided by 
recognition of certain data types. 
[0058] Different data types are more or less suitable for 
processing on a VPU. For example, complex pointer arith 
metics, i.e., pointer-based data addressing (pointer) is di?i 
cult to map onto a VPU, Whereas arrays are very easily map 
pable. 
[0059] Therefore, the particular suitable data types and at 
least essential portions of their data processing may be trans 
ferred largely automatically or manually to a VPU according 
to the present invention and extracted accordingly. The 
extraction is performed in response to the occurrence of cer 
tain data types and/or data operations. 
[0060] It should be pointed out here that additional param 
eters assigned to the data types may provide additional infor 
mation for determining the executability and/ or execution 
performance on a VPU and therefore may also be used to a 
signi?cant extent for extraction. For example, the size of the 
arrays to be computed plays a signi?cant role. It is usually not 
Worthwhile to perform computations for small arrays on a 
VPU because the resources needed for synchronization and 
data exchange betWeen the CPU and VPU may be excessive. 
HoWever, it should again be pointed out that small arrays for 
Which computations are performed particularly frequently 
Within a loop are nevertheless very suitable for VPUs if the 
loop is computed almost completely on the VPU. Large 
arrays, hoWever, may usually be computed particularly e?i 
ciently on a VPU. 

[0061] In addition, it should be pointed out that certain data 
types may be created by a specially adapted compiler or, 
optionally, by a user (e.g., by using TYPE in Pascal), these 
being particularly suitable for VPUs and data processing of 
Which is then executed on a VPU. 

[0062] For example, there may be the folloWing data types: 

TYPE strearnl ofbyte [ ]; 
TYPE strearnZ ofbyte [0..255; 

[0063] The term “stream” de?nes a data stream usually of a 
great, possibly not previously known, and/ or in?nite, length. 
Stream1 here had a length that Was not previously knoWn. For 
example, an FIR ?lter programmed With this type of data (or, 
for example, an FFT or DCT) could be mapped automatically 
onto a VPUiand optionally rolled out. The recon?guration 
is then typically and preferably performed in response to 
other mechanisms than the data stream, e.g., by counters, 
comparators, CT-controlled and/ or by timeout. For example, 
if Wave con?guration or some other recon?guration is to be 
triggered here, then this characterization of a data packet, in 
particular data bytes, prompted via conventional methods 
may be the last to take place to trigger the recon?guration 
after and/or With the run-through of this data packet, Which is 
characterized as the last data packet. 
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[0064] stream2 de?nes a data stream having the length of 
256 bytes here, Which may be treated like stream1, but has the 
property of ending after 256 bytes and thus possibly trigger 
ing a recon?guration after the end in the sense of the patents 
cited above by the same applicant. In particular a Wave recon 
?guration, e.g., according to DE 197 04 728.9, DE 199 26 
538.0, DE 102 06 857.7, DE 100 28 397.7 may be triggered 
With the occurrence of the last data byte and the particular 
PAE processing the byte may be recon?gured With the pro 
cessing of this last data byte. 
[0065] A translation of the extracted code according to 
NML Which is suitable for the implemented VPU may pref 
erably be performed. 
[0066] For data ?oW-oriented VPUs, a data How graph and/ 
or a control How graph may be created automatically, for 
example. The graphs are then translated into NML code. 
[0067] Corresponding code portions such as loops may 
then be translated via a database (lookup) or ordinary trans 
formations may be performed. For code portions, macros 
may also be provided and are then used further according to 
the IKR disclosed in the aforementioned patent applications. 
[0068] Modularization according to PACT13 (PCT/DE00/ 
01869), FIG. 28 may also be supported. 
[0069] Optionally, the mapping and/or its preparation may 
already take place on the VPU, e. g., by performing the place 
ment of the required resources and routing the connections 
(place and route). This may be done, for example, according 
to the conventional rules of placement and routing. 
[0070] It is also possible to analyze the extracted code 
and/or the translated NML code for its processing e?iciency 
by using an automatic analytical method. The analytical 
method is preferably selected so that the interface code and 
the performance in?uences derived from it are also included 
in the analysis at a suitable point. Suitable analytical methods 
are described, for example, in the patent applications by the 
present patent applicant as cited above. 
[0071] The analysis is optionally performed via complete 
translation and implementation on the hardWare system by 
executing the PROGRAM and performing measurements 
using suitable conventional methods. 
[0072] It is also possible that, based on the analyses per 
formed, various portions that have been selected for a VPU by 
extraction might be identi?ed as unsuitable. Conversely, the 
analysis may reveal that certain portions that have been 
extracted for a PROCESSOR Would be suitable for execution 
on a VPU. 

[0073] An optional loop Which leads back to the extraction 
portion after analysis based on suitable decision criteria to 
execute this loop With extraction speci?cations according to 
the analysis permits optimization of the translation results. 
This is thus an iteration. This procedure is preferred. 
[0074] A loop may be introduced into the compiler run at 
various points. 
[0075] The resulting NML code is to be partitioned accord 
ing to the properties of the VPU used as needed, i.e., broken 
doWn into individual portions Which may be mapped into the 
particular resources available. 
[0076] A plurality of such mechanisms, in particular those 
based on graphic analysis, are knoWn per se according to the 
related art. HoWever, a preferred variant is based on analysis 
of the program sources and is knoWn by the term temporal 
partitioning. This method is described in the aforementioned 
Ph.D. thesis by Cardoso, Which is hereWith incorporated to 
the full extent for disclosure purposes. 
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[0077] Partitioning methods, regardless of the type, are to 
be adapted according to the type of VPU used. When using 
VPUs Which allow storage of intermediate results in registers 
and/or memories, the tie-in of the memories for storage of 
data and/or states is to be taken into account through the 
partitioning. The partitioning algorithms (e.g., the temporal 
partitioning) are to be adapted accordingly. Usually the actual 
partitioning and scheduling are greatly simpli?ed and made 
possible in a reasonable manner for the ?rst time through 
these patents. 
[0078] Many VPUs offer the possibility of differential 
recon?guration. This may be used When only relatively feW 
changes Within the con?guration of PAEs are necessary in a 
recon?guration. In other Words, only the changes in a con 
?guration in comparison With the present con?guration are 
recon?gured. The partitioning in this case may be done so that 
the possibly differential con?guration folloWing a con?gura 
tion contains only the required con?guration data and does 
not constitute a complete con?guration. It is possible to also 
take into account the con?guration data overhead for analyti 
cal purposes in evaluating the partitioning e?iciency. 
[0079] The scheduling mechanisms for the partitioned 
codes may be expanded so that scheduling is controlled by 
acknowledgment messages of the VPU to the particular unit 
being recon?gured (CT and/ or HOSTRECONF). In particu 
lar, the resulting possibility of a conditional execution, i.e., 
explicit determination of the subsequent partition by the state 
of the instantaneous partition, is utiliZed in partitioning. In 
other Words, it is possible to optimiZe the partitioning so that 
conditional executions such as IF, CASE, etc. are taken into 
account. 

[0080] If VPUs Which have the ability to transmit status 
signals betWeen PAEs are used, the PAEs responding to the 
particular states transmitted and/ or cooperating in their pro 
cessing, then Within the partitioning and the scheduling, the 
additional execution may also be taken into account Within 
the con?guration of PAEs, i.e., Without the necessity of com 
plete or partial recon?guration due to an altered conditional 
program run. 

[0081] In addition, scheduling may support the possibility 
of preloading con?gurations during the run time of another 
con?guration. A plurality of con?gurations may also be pre 
loaded speculatively, i.e., Without being certain that the con 
?gurations are needed at all. Through selection mechanisms, 
the con?gurations that are used may then be selected at run 
time (see also the example NLS in DE 100 50 442.6, EP 01 
102 674.7). 
[0082] According to an additional or alternative variant, 
data processing Within the VPU connected to the CPU 
requires exactly the same number of cycles as data processing 
Within the computation pipeline of the CPU. In the case of 
today’s high-performance CPUs having a plurality of pipe 
line stages (>20) in particular, this concept may be used 
ideally. The special advantage is that no separate synchroni 
Zation measures such as RDY/ACK are necessary and/ or no 

adaptation of opcodes to the register control is necessary. In 
this method, the compiler must ensure that the VPU maintains 
the required number of cycles and that data processing may be 
balanced by the insertion of delay stages such as a fall 
through FIFO, such as that described in other patent applica 
tions cited above. 
[0083] The code that is output is usually completely pro 
cessable on the particular doWnstream compilers, preferably 
Without any additional measures. If necessary, compiler ?ags 
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and constraints may be generated for controlling doWnstream 
compilers, in Which case the user may optionally add his or 
her oWn speci?cations and/or may modify the speci?cations 
generated. The doWnstream compilers do not require any 
signi?cant modi?cations, so that standard conventional tools 
may in principle be used. 
[0084] The method proposed here is thus suitable in par 
ticular as a preprocessor and/or as a processor method, for 
example, upstream from compilers and development sys 
tems. HoWever, it should be pointed out explicitly that instead 
of and/or together With the translator described previously, 
compilers according to PACTll (DE 101 39 1706; US 2003/ 
0056202) may also be involved in principle. 
[0085] An FPGA may be connected to the architecture 
described here, in particular directly to the VPU, to permit 
?ne-grained data processing and/ or to permit a ?exibly adapt 
able interface (e.g., various serial interfaces (V24, USB, etc.), 
various parallel interfaces, hard drive interfaces, Ethernet, 
telecommunications interfaces (a/b, TO, ISDN, DSL, etc.)) to 
additional modules. The FPGA may be con?gured from the 
VPU architecture, in particular by the CT and/ or by the CPU. 
The FPGA may be operated statically, i.e., Without run time 
recon?guration, and/or dynamically, i.e., With run time 
recon?guration. 
[0086] Providing an interface code has already been men 
tioned. The interface code Which is inserted into the extracted 
code may be prede?ned by various methods. The interface 
code is preferably stored in a database Which is accessed. The 
unit for implementation may be designed to take into account 
a selection, e.g., by the programmer, in Which the appropriate 
interface code is selected, e.g., based on instructions in the 
PROGRAM or by compiler ?ags. An interface code suitable 
for the implementation method of the VPU/ CPU system, used 
in each case, may be selected. 
[0087] The database itself may be created and maintained 
by various methods. A feW examples Will be presented here to 
illustrate the possibilities: 
[0088] a) The interface code may be prede?ned by the 

supplier of the compiler for certain connection methods 
betWeen the VPU and CPU(s). This may be taken into 
account in the organiZation of the database by keeping an 
appropriate memory device ready and available for this 
information. 

[0089] b) The interface code may be Written by the user 
himself, Who determined the system structure, or it may be 
modi?ed from existing (exemplary) interface code and 
added to the database. The database is preferably designed 
to be user-modi?able in this regard to alloW the user to 
modify the database. 

[0090] c) The interface code may be generated automati 
cally by a development system using Which the system 
structure of the VPU-CPU system has been planned and/or 
described and/ or tested, for example. 

[0091] The interface code is usually preferably designed in 
such a Way that it conforms to the requirements of the pro 
gramming language in Which the extracted code Was Written 
and into Which the interface code is to be inserted. 

Debugging and Integration of the Tool Sets 

[0092] Communication routines may be introduced into the 
interface codes to synchroniZe various development systems 
for the PROCESSOR and the VPU. In particular, code for the 
particular debugger (e.g., according to PACTl 1) may also be 
included. 
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[0093] The interface code is designed to control and/or 
enable data exchange betWeen the PROCESSOR and the 
VPU. It is therefore a suitable and preferred interface for 
controlling the particular development systems and debug 
gers. For example, it is possible to activate a debugger for the 
PROCESSOR as long as the data is being processed by the 
processor. As soon as the data is transferred via the interface 
code to one or more VPUs, a debugger for the VPUs is to be 
activated. If the code is sent back to the PROCESSOR, the 
PROCESSOR debugger is again to be activated. It is therefore 
also possible and preferable to handle such sequences by 
inserting control codes for debuggers and/or development 
systems into the interface code. 
[0094] Communication and control betWeen the different 
development systems should therefore preferably be handled 
via control codes introduced into the interface codes of the 
PROCESSOR and/or VPU. The control codes may largely 
correspond to existing standards for the control of develop 
ment systems. 
[0095] Administration and communication of the develop 
ment systems are preferably handled as described in the inter 
face codes, but they may also be handled separately from 
them (if appropriate) according to a corresponding similar 
method. 
[0096] In many programming languages, in particular in 
sequential languages such as C, a precise chronological order 
is predetermined implicitly by the language. In the case of 
sequential programming languages, this is accomplished by 
the sequence of individual instructions, for example. If 
required by the programming language and/ or the algorithm, 
the time information may be mapped onto synchronization 
models such as RDY/ACK and/or REQ/ACK or to a time 
stamp method. 
[0097] For example, a subsequent FOR loop may be run 
and iterated only When a variable (inputstream here) is 
acknowledged With a RDY in each run. If there is no RDY, the 
loop run is stopped until RDY is received: 

While TRUE 
s := 0 

for i: l to 3 
s := s + inputstrealn; 

[0098] The property of sequential languages of being con 
trolled only by instruction processing is connected to the data 
How principle of controlling processing through the data How, 
i.e., the existence of data. In other Words, an instruction and/ or 
a statement (e.g., s::s+inputstream;) is processed only When 
it is possible to execute the operation and the data is available. 
[0099] It is noteWorthy that this method does not usually 
result in any change in the syntax or semantics of a high-level 
language. 
[0100] More complex functions of a high-level language 
such as looping are implemented by macros. The macros are 
prede?ned by the compiler and are instantiated at the trans 
lation time. 
[0101] Macros are constructed either of simple language 
constructs of the high-level language or they are constructed 
at the assembler level. Macros may be parameteriZed to per 
mit simple adaptation to the algorithm described (see also 
PACTl l). 
[0102] A standard processor, e.g., an RISC, CISC or DSP 
(CPU), is thus linked to a recon?gurable processor (V PU). 
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[0103] TWo different linkage variants, but preferably vari 
ants that may also be implemented simultaneously, may be 
described as folloWs. 

[0104] A ?rst variant includes a direct link to the instruction 
set of a CPU (instruction set linkage). 
[0105] A second variant involves linkage via tables in the 
main memory. Tabulation means are therefore provided in 
this variant. 
[0106] Free unused instructions are usually present Within 
an instruction set (USA) of a CPU. One or more of these free 
unused instructions is noW used to control VPUs (VPU 

CODE). 
[0107] A con?guration unit (CT) of a VPU is triggered by 
the decoding of aVPUCODE, and executes certain sequences 
as a function of the VPUCODE. There is thus a responsive CT 
for VPU decoding. 
[0108] A VPUCODE may, for example, trigger the loading 
and/or execution of con?gurations by the con?guration unit 
(CT) for a VPU. 
[0109] In an expanded embodiment, a VPUCODE may be 
translated to different VPU instructions via a translation table 
Which is preferably managed by the CPU, or alternatively it 
may also be managed by the CPU, by a VPU, or from an 
external unit. 
[0110] The con?guration table may be set as a function of 
the CPU program or code section that has been executed. 

[0111] After arrival of a load instruction, the VPU loads 
con?gurations out of its oWn memory or a memory shared 
With the CPU. In particular, a VPU con?guration may be 
included in the code of the CPU program being executed at 
the moment. 

[0112] After receiving an execution instruction, a VPU 
executes the con?guration to be executed and performs the 
corresponding data processing. The end of data processing 
may be indicated to the CPU by a termination signal (TERM). 
Appropriate signal lines/ interrupt inputs, etc. are present and/ 
or con?gured accordingly. 
[0113] Due to the occurrence of a VPUCODE, Wait cycles 
may be executed on the CPU until the termination signal 
(TERM) of the termination of data processing by the CPU 
arrives. 
[0114] In a preferred embodiment, processing of the next 
code continues. If another VPUCODE occurs, then it is pos 
sible to Wait for the preceding code to be terminated or all the 
VPCODEs that have been started are queued in a processing 
pipeline or a task sWitch is performed, in particular as 
described beloW. 
[0115] Termination of data processing is signaled by the 
arrival of the termination signal (TERM) in a status register. 
Termination signals arrive in the order of a possible process 
ing pipeline. 
[0116] Data processing on the CPU may be synchroniZed to 
the arrival of a termination signal by testing the status register. 
[0117] In one possible embodiment, a task sWitch may be 
triggered if an application cannot be continued before the 
arrival of TERM, e. g., due to data dependencies. 
[0118] It is preferable if loose links are established betWeen 
processors and VPUs, in Which VPUs function largely as 
independent coprocessors. 
[0119] Such a linkage involves one or more shared data 
sources and data sinks, usually over shared bus systems and/ 
or shared memories. Data is exchanged betWeen a CPU and a 
VPU via DMAs and/ or other memory access controllers. 
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Data processing is preferably synchronized via an interrupt 
control or a status query mechanism (e.g., polling). 
[0120] A tight linkage corresponds to the direct linkage of 
a VPU to the instruction set of a CPU, as described above. 

[0121] In a direct arithmetic unit linkage, a high recon?gu 
ration performance in particular is important. Therefore, 
Wave recon?guration is preferred. In addition, the con?gura 
tion Words are preferably preloaded so that When the instruc 
tion is executed, the con?guration may be con?gured particu 
larly rapidly (via Wave recon?guration, in the optimum case 
Within one cycle). It Would also be possible to provide a 
plurality of arrays, identical arrays in particular, instead of a 
partial array con?guration in the case of high-performance 
applications, but also in the case of primarily loW-perfor 
mance applications in particular, and to recon?gure at least 
one of these for a neW task, in particular in advance, and then 
to change easily and completely to another array as needed 
instead of a recon?guration or partial recon?guration of an 
integral multidimensional coarse-grained ?eld Which is par 
tially recon?gurable in run time. Signals may be sent to the 
subarrays, e.g., via MUX/DEMUX stages, in particular I/O 
signals, data signals, status signals, and/or trigger signals. 
[0122] For Wave recon?guration, the con?gurations that 
are presumably to be executed Will preferably be recognized 
in advance by the compiler at compilation time and preloaded 
accordingly at run time. 
[0123] At the time of instruction execution, the correspond 
ing con?guration is optionally selected and executed indi 
vidually for each PAE and/or for a PAE subset. Such methods 
are also described in the publications identi?ed above. 
[0124] A preferred implementation may provide for differ 
ent data transfers betWeen a CPU and a VPU. Three particu 
larly preferred methods that may be used individually or in 
combination are described beloW. 

[0125] In the case of register linkage, the VPU may take 
data from a CPU register, process it and Write it back to a CPU 
register. 
[0126] Synchronization mechanisms are preferably used 
betWeen the CPU and the VPU. 
[0127] For example, the VPU may receive a RDY signal 
due to the data being Written to the CPU register by the CPU 
and then the VPU may process the data thus Written. Readout 
of data from a CPU register by the CPU may result in anACK 
signal, Which thus signals to the VPU data acceptance by the 
CPU. Use of the conventional RDY/ACK protocol in a dif 
ferent manifestation is advantageous in the present case pre 
cisely With coarse-grained cells of recon?gurable units. 
[0128] CPUs do not typically make similar mechanisms 
available. 
[0129] TWo possible implementations are described in 
greater detail. 
[0130] One approach that is easily implemented is to per 
form the data synchronization via a status register. For 
example, the VPU may indicate to the status register the 
successful readout of data from a register and the associated 
ACK signal and/or input of data into a register and the asso 
ciated RDY signal. The CPU ?rst tests the status register and 
performs Wait loops or task sWitching, for example, until the 
RDY or ACK is received, depending on the operation. The 
CPU Will then continue to perform the particular register data 
transfer. 
[0131] In an expanded embodiment, the instruction set of 
the CPU is expanded by adding load/store instructions With 
an integrated status query (load_rdy, store_ack). For 
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example, a neW data Word is Written into a CPU register only 
When the register has ?rst been read out by the VPU and an 
ACK signal has been received. Accordingly, load_rdy reads 
data out of a CPU register only When the VPU has previously 
entered neW data and generated a RDY signal. 

[0132] Data belonging to a con?guration to be executed 
may be Written to the CPU registers and/ or may be read out of 
the registers successively more or less by block moves as in 
the related art. Block move instructions that are implemented 
if necessary may preferably be expanded by the integrated 
RDY/ACK status query described here. 

[0133] A plurality of modi?cations and different embodi 
ments of this basic method are possible. 

[0134] The Wave recon?guration mentioned above alloWs 
starting of a neW VPU instruction and the corresponding 
con?guration as soon as the operand of the previous VPU 
instruction has been accepted from the CPU registers. The 
operands for the neW instruction may be Written directly into 
the CPU register after the instruction start. 

[0135] According to the Wave recon?guration method, the 
VPU is recon?gured successively for the neW VPU instruc 
tion on completion of data processing of the previous VPU 
instruction, and the neW operands are processed. 

[0136] In addition, data may be exchanged betWeen a VPU 
and a CPU through suitable bus accesses to shared resources. 

[0137] If there is to be an exchange of data that has been 
processed by the CPU just prior to the exchange and therefore 
is presumably still in the cache of the CPU Which is preferably 
to be provided or if the data is processed by the CPU imme 
diately next and therefore is logically placed in the cache of 
the CPU, this data is preferably read by the VPU out of the 
cache of the CPU or it is Written to the cache of the CPU. This 
may be determined largely in advance at the compilation time 
through suitable analyses of the application by the compiler 
and the binary code may be generated accordingly. 
[0138] If there is to be an exchange of data that is presum 
ably not in the cache of the CPU and/or is presumably not 
needed subsequently in the cache of the CPU, it is preferably 
read directly by the VPU from the external bus and the data 
source connected to it (e.g., memory, peripheral) and/or Writ 
ten to the external bus and the data sink associated With it 
(e.g., memory, peripheral). This may be ascertained by the 
compiler largely in advance at compilation time of the appli 
cation through suitable analyses, and the binary code may be 
generated accordingly. 
[0139] In a transfer over the bus bypassing the cache, a 
protocol betWeen the cache and the bus is preferably imple 
mented, ensuring correct contents of the cache. For example, 
the conventional MESI protocol may be used for this purpose. 

[0140] The methods described here need not at ?rst have 
any particular mechanism for operating system support. It is 
preferable to ensure that an operating system to be executed 
behaves according to the status of a VPU to be supported, 
Which is possible and to Which end in particular schedulers 
may be provided. 
[0141] In the case of a tight arithmetic unit linkage, the 
status register of the CPU into Which the linked VPU enters its 
data processing status (termination signal) is preferably que 
ried. If further data processing is to be transmitted to the VPU 
and the VPU has not yet terminated the previous data pro 
cessing, the system Will Wait and/or a task sWitch Will pref 
erably be performed. 
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[0142] For coprocessor coupling, mechanisms controlled 
via the operating system, in particular the scheduler, are pref 
erably used. 
[0143] A simple scheduler may either alloW the current task 
to continue running on the CPU after transfer of a function to 
a VPU, if it is able to run independently and simultaneously 
With data processing on a VPU. If or as soon as the task must 

Wait for termination of data processing on the VPU, the task 
scheduler sWitches to another task. 
[0144] Each task neWly activated Will check (if it uses the 
VPU) before use on Whether the VPU is available for data 
processing and/or Whether it is still processing data at the 
present time. Either it must then Wait for termination of data 
processing or preferably the task is sWitched. 
[0145] A simple and nevertheless ef?cient method may be 
created by so-called descriptor tables Which may be imple 
mented as folloWs, for example. 
[0146] Each task generates one or more tables (V PU 
CALL) having a suitable ?xed data format in the memory 
area assigned to it for callup of the VPU. This table contains 
all the control information for a VPU such as the program/ 
con?guration to be executed and/ or the pointer to the memory 
location(s) or data sources of the input data and/or the 
memory location(s) or data sinks of the result data and/or 
additional execution parameters, e. g., data array variables. 
[0147] The memory area of the operating system contains a 
table or an interlinked list (LINKLIST) Which points to all the 
VPUCALL tables in the order of their creation. 
[0148] Data processing on the VPU then takes place in such 
a Way that a task creates a VPUCALL and calls up the VPU 
via the operating system. The operating system creates an 
entry in the LINKLIST. The VPU processes the LINKLIST 
and executes the particular VPU call referenced. The termi 
nation of the particular data processing is indicated by a 
corresponding entry in the LINKLIST and/or VPUCALL 
table. 
[0149] The VPU thus Works largely independently of the 
CPU. The operating system and/or the particular task must 
only monitor the tables (LINKLIST and/or VPUCALL). 
[0150] These tWo methods are particularly e?icient in per 
formance if the VPU used has an architecture Which alloWs 
recon?guration that is and/or may be superimposed on data 
processing. 
[0151] It is thus possible to start a neW data processing and 
possibly a recon?guration associated With it, immediately 
after reading the last operands out of the data sources. In other 
Words, it is no longer the termination of data processing, but 
instead reading the last operands is necessary for synchroni 
Zation. This greatly increases the performance in data pro 
cessing. 
[0152] The possible use of an operating system has an 
additional in?uence on the handling of states. 
[0153] Operating systems use task schedulers, for example, 
for managing multiple tasks to permit multitasking. 
[0154] Task schedulers interrupt tasks at a certain point in 
time, start other tasks and, after the latter have been pro 
cessed, resume processing of the interrupted task. Locally 
relevant states may remain unsaved if it is ensured that a 
con?guration (Which corresponds to processing of a task) Will 
be terminated only after complete processingiie, When all 
data and states to be processed Within this con?guration cycle 
have been saved. 
[0155] HoWever, if the task scheduler interrupts con?gura 
tions before they have been completely processed, local states 
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and/or data must be stored. In addition, this is advantageous 
When the processing time of a con?guration cannot be pre 
dicted. In conjunction With the knoWn holding problem and 
the risk that a con?guration Will not be terminated at all (e. g., 
due to an error), this also seems appropriate to prevent a 
deadlock of the entire system. 
[0156] In other Words, taking into account task sWitching, 
relevant states may also be regarded as states Which are nec 
essary for task sWitching and correct restart of data process 
mg. 
[0157] Thus, in task sWitching the memory for results and, 
if necessary, also the memory for the operands must be saved 
and restored again at a later point in time, i.e., on returning to 
this task. This may be performed by a method comparable to 
the conventional PUSH/POP instructions and methods. In 
addition, the state of data processing, i.e., the pointer to the 
last operand processed completely, must be saved. Reference 
should be made here in particular to PACT18. 
[0158] Depending on the optimiZation of task sWitching, 
there are tWo options, for example: 
a) The interrupted con?guration is recon?gured and only the 
operands are loaded. Data processing begins aneW as if the 
processing of the con?guration had not even been started. In 
other Words, all data computations are executed from the 
beginning, and if necessary, computations are even per 
formed in advance. This option is simple but not very e?i 
cient. 
b) The interrupted con?guration is recon?gured, the operands 
and results that have already been calculated being loaded 
into the particular memory. Data processing is continued With 
the operands that have not been completely computed. This 
method is much more ef?cient, but it presupposes that addi 
tional states Which occur during processing of the con?gura 
tion may become relevant, if necessary; for example, at least 
one pointer to the last operand completely computed must be 
saved, so that it is possible to begin again With their succes 
sors after recon?guration. 
[0159] A particularly preferred variant for managing rel 
evant data is made available through the context sWitching 
described beloW. In task sWitching and/or in executing and 
sWitching con?gurations (see, for example, patent applica 
tion PACTl 5 (PCT/EP02/02398), Which is hereWith fully 
included for disclosure purposes) it may be necessary to save 
data or states, Which are not typically saved together With the 
Working data in the memories for a folloWing con?guration 
because they merely mark an end value, for example. 
[0160] Context sWitching according to the present inven 
tion is implemented by removing a ?rst con?guration While 
the data to be saved remains in the corresponding memories 
(REGs) (memories, registers, counters, etc.). 
[0161] A second con?guration is loaded, connecting the 
REG in a suitable manner and in a de?ned order to one or 
more global memories. 
[0162] The con?guration may use address generators, for 
example, to access the global memory (memories). The con 
?guration may use address generators, for example, to access 
REGs designed as memories. According to the con?gured 
connection betWeen the REGs, the contents of the REGs are 
Written into the global memory in a de?ned order, With the 
particular addresses being speci?ed by address generators. 
The address generator generates the addresses for the global 
memory (memories) so that the memory areas containing 
data (PUSH AREA) of the ?rst con?guration that has been 
removed may be assigned unambiguously. 



US 2010/0095094 A1 

[0163] In other Words, different address spaces are prefer 
ably provided for different con?gurations. This con?guration 
corresponds to a PUSH of conventional processors. 
[0164] Other con?gurations then use the resources. 
[0165] The ?rst con?guration should be restarted. Before 
that, a third con?guration interconnecting the REGs of the 
?rst con?guration in a de?ned order is started. 
[0166] The con?guration may use address generators, for 
example, to access the global memory (memories). 
[0167] The con?guration may use address generators, for 
example, to access REGs con?gured as memories. 
[0168] An address generator generates addresses so that 
correct access to the PUSH AREA assigned to the ?rst con 
?guration is achieved. The generated addresses and the con 
?gured order of the REGs are such that the data of the REGs 
is output from the memories and into the REGs in the original 
order. The con?guration corresponds to that of a POP of 
conventional processors. 
[0169] The ?rst con?guration is restarted. 
[0170] In summary, a context sWitch is performed so that by 
loading particular con?gurations Which operate like PUSH/ 
POP of conventional processor architectures, the data to be 
saved is exchanged With a global memory. 
[0171] The function is to be illustrated in an example. A 
function adds up tWo roWs of numbers, Where the length of the 
roWs is not knoWn at translation time, but instead is knoWn 
only at run time. 

proc example 
While i<length do 

x[i] = a[i] + b[i] 

[0172] This function is noW interrupted during execution, 
e.g., by a task sWitch, or because the memory provided for x 
is full. At this point in time, a, b and x are in memories 
according to the present invention; i and optionally length 
must be saved, hoWever. 
[0173] To do so, the con?guration “example” is terminated, 
With the register content being saved and a con?guration push 
being started, reading i and length out of the registers and 
Writing them into a memory. 

proc push 
mem[<pushiadriexalnple>] = i 

pushiadriexalnple++ 
mem{<pushiadriexample>] = length 

[0174] According to this embodiment, push is terminated 
and the register content may be deleted. 
[0175] Other con?gurations are executed. After a period of 
time, the example con?guration is restarted. 
[0176] Before that, a con?guration pop is started, and it 
reads the register contents out of the memory again. 

proc pop 
i = mem[<pushiad_riexalnple>] 

pushiadriexalnple++ 
length = mem[<pushiadriexalnple>] 
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[0177] After execution, pop is terminated and the register 
contents remain unchanged. The con?guration “example” is 
restarted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0178] FIG. 1 shoWs an example of a possible system struc 
ture. 

[0179] FIG. 2 shoWs an example compilation sequence. 
[0180] FIG. 3 shoWs the structure of an example VPU. 
[0181] FIG. 4 shoWs an example CPU. 
[0182] FIG. 5 shoWs an example abstract system de?nition. 
[0183] FIG. 6 shoWs an example interface. 
[0184] FIG. 7 shoWs data transfers betWeenVPU and CPU. 
[0185] FIG. 8 shoWs a memory area of the operating sys 
tem. 

DETAILED DESCRIPTION 

[0186] FIG. 1 illustrates an example of, in accordance With 
the present invention, an example method and shoWs a pos 
sible system structure, a PROCESSOR (0101) being con 
nected to aVPU (0103) via a suitable interface (0102) for data 
exchange and status exchange. 
[0187] A PROGRAM code (0110) is broken doWn (e.g., by 
a preprocessor for a compiler) into a portion (0111) suitable 
for the PROCESSOR and a VPU-suitable portion (0112), for 
example, according to the extraction methods described here. 
[0188] Portion 0111 is translated by a standard compiler 
(0113) corresponding to the PROGRAM code, the additional 
code from a database (0114) for description and management 
of the interface (0102) betWeen the PROCESSOR and a VPU 
being previously inserted. Sequential code executable on 
0101 is generated (0116) and the corresponding program 
ming (0117) of the interface (0102) is generated if necessary. 
The standard compiler may be of a type that is available as a 
conventional commercially available tool or as a portion of a 
development environment that is commercially available. 
The preprocessor and/or possibly the VPU compiler and/or 
possibly the debugger and additional tools may be integrated 
into an existing commercially available development envi 
ronment, for example. 
[0189] Portion 0112 is translated by a VPU compiler 
(0115), additional code for description and management of 
the interface (0102) being inserted from a database (0114). 
Con?gurations executable on 0103 are generated (0118) and, 
if necessary, the corresponding programming (0119) of the 
interface (0102) is also generated. It should be pointed out 
explicitly that in principle, compilers as described in DE 101 
39 170.6 may also be used for 0115. 

[0190] FIG. 2 shoWs a basic compilation sequence as an 
example. In the extraction unit (0202), a PROGRAM (0201) 
is broken doWn into VPU code (0203) and PROCESSOR 
code (0204) according to different methods. Different meth 
ods may be used in any combination for extraction, e.g., 
instructions in the original PROGRAM (0205) and/or sub 
program calls (0206) and/ or analytical methods (0207) and/or 
utiliZation of object-oriented class libraries (0206a). The 
code extracted is translated, if necessary, and checked for its 
suitability for the particular target system (0208), if neces 
sary. Feedback (0209) to the extraction is possible to obtain 
improvements due to modi?ed allocation of the codes to a 
PROCESSOR or a VPU and/or a plurality of same. 



US 2010/0095094 A1 

[0191] Thereafter (0211) VPU code 0203 is expanded 
(0212) using the interface code from a database (0210) and/or 
(0204) is expanded using the interface code from 0210 to 
0213. 
[0192] The resulting code is analyzed for its performance 
(0214) and, if necessary, feedback (0215) to the extraction is 
possible to obtain improvements due to modi?ed allocation of 
the codes to the PROCESSOR or a VPU. 

[0193] The resulting VPU code (0216) is forWarded for 
further translation to a doWnstream compiler suitable for the 
VPU. For further translation, the resulting PROCESSOR 
code (0217) is processed further in any doWnstream compiler 
suitable for the PROCESSOR. 
[0194] It should be pointed out that individual steps may be 
omitted, depending on the method. Generally, hoWever, at 
least largely complete code, Which is directly translatable 
Without signi?cant intervention by the programmer, or at least 
Without any signi?cant intervention, is output to the particular 
doWnstream compiler systems. 
[0195] It is thus proposed that a preprocessor means be 
provided With a code input for supplying code to be compiled, 
With code analyZing means, in particular code structure and/ 
or data format and/ or data stream recognition and/ or evalua 
tion units, and With a segmenting evaluation unit for evaluat 
ing a code segmentation performed in response to signals 
from the code analyZing unit and, if necessary, With an itera 
tion means for repeating a code segmentation until stable 
and/ or suf?ciently acceptable values are achieved, and With at 
least tWo partial code outputs, a ?rst partial code output 
outputting partial code for at least one conventional proces 
sor, and at least one additional partial code output outputting 
code intended for processing by means of recon?gurable 
logic units, in particular multidimensional units having cell 
structures, in particular register means Which process coarse 
grained data and/or logic cells (PAEs) having arithmetic units 
and the like plus allocated register units, if necessary, and/or 
a ?ne-grained control means and/or monitoring means, such 
as state machines, RDY/ACK trigger lines and communica 
tion lines, etc. Both partial code outputs may be located at one 
physical output as serial multiplex outputs. 
[0196] The database for the interface codes (0210) is con 
structed independently of and prior to the compiler run. For 
example, the folloWing sources for the database are possible: 
prede?ned by the supplier (0220), programmed by the user 
(0221) or generated automatically by a development system 
(0222). 
[0197] FIG. 3 shoWs the structure of a particularly preferred 
VPU. Preferably hierarchical con?guration managers (CTs) 
(0301) control and manage a system of recon?gurable ele 
ments (PACs) (0302). The CTs are assigned a local memory 
for the con?gurations (0303). The memory also has an inter 
face (0304) to a global memory Which makes the con?gura 
tion data available. The con?guration runs in a controllable 
manner via an interface (0305). An interface of the recon?g 
urable elements (0302) to sequence control and event man 
agement (0306) is present, as is an interface to the data 
exchange (0307). An interface of the recon?gurable elements 
(0302) for sequence control and event management (0306) is 
present as is an interface for data exchange (0307). 
[0198] FIG. 4 shoWs details of an exemplary CPU system, 
e.g., a DSP of the C6000 type (0401) by Texas Instruments. 
This shoWs the program memory (0402), data memory 
(0403), any peripheral device (0404) and EMIF (0405). A 
VPU is integrated (0408) as a coprocessor via a memory bus 
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(0406) and a peripheral bus (0407). A DMA controller 
(EDMA) (0409) may perform any DMA transfers, e.g., 
betWeen the memory (0403) and the VPU (0408) or the 
memory (0403) and the peripheral device (0404). 
[0199] FIG. 5 shoWs a more abstract system de?nition. A 
CPU (0501) is assigned a memory (0502) to Which it has 
reading access and/or Writing access. A VPU (0503) is con 
nected to the memory. The VPU is subdivided into a CT 
portion (0509) and the recon?gurable elements for data pro 
cessing (0510). 
[0200] To increase the memory accesses, the memory may 
have a plurality of independent access buses (multiport). In a 
particularly preferred embodiment, the memory is segmented 
into a plurality of independent segments (memory banks), 
each bank being independently accessible. All the segments 
are preferably located Within a uniform address space. One 
segment is preferably available mainly for the CPU (0504) 
and another segment is mainly available for data processing 
by the VPU (0505) While yet another segment is mainly 
available for the con?guration data of the VPU (0506). 
[0201] Typically and preferably, a fully con?gured VPU 
Will have its oWn address generators and/ or DMAs to perform 
data transfers. Alternatively and/or additionally, it is possible 
for a DMA (0507) to be provided Within the system (FIG. 5) 
for data transfers With the VPU. 
[0202] The system includes 10 (0508) Which may be acces 
sible by the CPU and VPU. 
[0203] The CPU and VPU may each have dedicated 
memory areas and lO areas to Which the other has no access. 

[0204] A data record (0511) Which may be in the memory 
area and/ or in the lO area and/or partially in one of the tWo is 
used for communication betWeen the CPU and the VPU, e. g., 
for exchanging basic parameters and control information. 
The data record may contain the folloWing information, for 
example: 

[0205] 1. Basic address(es) of the CT memory area in 
0506 for localiZing the con?gurations. 

[0206] 2. Basic address(es) of data transfers With 0505. 
[0207] 3. IO address(es) of data transfers With 0508. 
[0208] 4. Synchronization information, e.g., resetting, 

stopping, starting the VPU. 
[0209] 5. Status information on the VPU, e.g., errors or 

states of data processing. 
[0210] The CPU and the VPU are synchroniZed by data 
polling and/ or preferably by interrupt control (0512). 
[0211] FIG. 6 shoWs one possible embodiment of the inter 
face structure of a VPU for tying into a system similar to that 
shoWn in FIG. 5. To do so, a memory/DMA interface and/or 
an lO interface is assigned (0601) to the VPU for data trans 
fer; another system interface (0602) is responsible for 
sequence control such as managing interrupts, starting and 
stopping the processing, exchange of error states, etc. 
[0212] The memory/DMA interface and/or lO interface is 
connected to a memory bus and/ or an 10 bus. 

[0213] The system interface is preferably connected to an 
10 bus, but alternatively or additionally, it may also be con 
nected to a memory according to 0511. 
[0214] The interfaces (0601, 0402) may be designed for 
adaptation of different Working frequencies of the CPU and/ 
or the VPU and/ or the system; for example, the system and/or 
the CPU may currently operate at 500 MHZ and the VPU at 
200 MHZ. 
[0215] The interfaces may perform a translation of the bus 
protocols, e.g., the VPU-intemal protocol may be converted 



US 2010/0095094 A1 

to an external AMBA bus protocol. They thus trigger bus 
protocol translation means and/or are designed for bus pro 
tocol translation, in particular bus protocol translation 
betWeen an internal VPU protocol and a knoWn bus protocol. 
It is also possible to provide for conversion directly to CPU 
internal bus protocols. 
[0216] The memory/DMA interface and/or the IO interface 
supports memory access by the CT to an external memory, 
Which is preferably performed directly (memory mapped). 
The data transfer of the CT(s) and/ or PAC(s) may be buffered, 
e.g., via FIFO stages. External memories may be addressed 
directly; in addition, DMA-intemal and/or external DMA 
transfers are also performed. 
[0217] Data processing, e.g., the initialiZation, i.e., the start 
of con?gurations, is controlled via the system interface. In 
addition, status and/ or error states are exchanged. Interrupts 
for the control and synchronization betWeen the CTs and a 
CPU may be supported. 
[0218] The system interface is capable of converting VPU 
internal protocols so that they are converted to external (stan 
dard) protocols (e.g., AMBA). 
[0219] A preferred method of code generation for the sys 
tem described here is described herein. This method describes 
a compiler Which breaks doWn program code into code for a 
CPU and code for a VPU. The breakdoWn is performed by 
different methods on different processors. In a particularly 
preferred embodiment, the particular codes broken doWn are 
expanded by adding the interface routines for communication 
betWeen CPU and VPU. The expansion may be performed 
automatically by the compiler. 
[0220] The folloWing tables shoW examples of communi 
cation betWeen a CPU and a VPU. The columns are assigned 
to the particular active function units: CPU, system DMA and 
DMA interface (EDMA) and/or memory interface (memory 
I/F), system interface (system UP, 0602), CTs and the PAC. 
The individual cycles are entered into the cells in the order of 
their execution. Kl references a con?guration 1 that is to be 
executed. 
[0221] The ?rst table shoWs as an example a sequence When 
using the system DMA (EDMA) for data transfer: 

CPU EDMA System UF CTs PAC 

Initiate 
Kl 

Load 
Kl 

Start Con?gure 
K1 K1 
Initiate Start Wait for 
loading of K1 data 
data by EDMA 
Initiate Data transfer Data 
reading of read data processing 
data by EDMA 

Data transfer Signal the end 
Write data of the operation 

[0222] It should be pointed out that synchroniZation 
betWeen the EDMA and the VPU is performed automatically 
via interface 0401, i.e., DMA transfers take place only When 
the VPU is ready. 
[0223] A second table shoWs a preferred optimiZed 
sequence as an example. The VPU itself has direct access to 
the con?guration memory (0306). In addition, data transfers 
are executed by 
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[0224] DMA circuit Within the VPU, Which may be ?xedly 
implemented, for example, and/or formed by the con?gura 
tion of con?gurable parts of the PAC. 

CPU EDMA System I/F CTs PAC 

Initiate 
Kl 
Start Read the Con?gure 
Kl con?guration Kl 

Data transfer Start Read data 
read data Kl 

Data 
processing 

Data transfer Signal the end Write data 
Write data of the operation 

[0225] The complexity for the CPU is minimal. 

[0226] In summary, the present invention relates to meth 
ods that permit translation of a traditional high-level language 
such as Pascal, C, C++, Java, etc., onto a recon?gurable 
architecture. This method is designed so that only those por 
tions of the program that are to be translated and are suitable 
for the recon?gurable target architecture are extracted. The 
remaining portions of the program are translated onto a con 
ventional processor architecture. 

[0227] For reasons of simplicity, FIG. 7 shoWs only the 
relevant components (in particular the CPU), although a sig 
ni?cant number of other components and netWorks Would 
typically be present. 
[0228] A preferred implementation such as that in FIG. 7 
may provide different data transfers betWeen a CPU (0701) 
and a VPU (0702). The con?gurations to be executed on the 
VPU are selected by the instruction decoder (0705) of the 
CPU, Which recogniZes certain instructions intended for the 
VPU and triggers the CT (0706), so that it loads the corre 
sponding con?gurations out of a memory (0707) assigned to 
the CTiWhICh may be shared With the CPU in particular or 
may be the same as the Working memory of the CPUiinto 
the array of PAEs (PA, 0108). 
[0229] CPU registers (0703) are provided to obtain data in 
a register connection, to process the data and to Write it back 
to a CPU register. A status register (0704) is provided for data 
synchronization. In addition, a cache is also provided, so that 
When data that has just been processed by the CPU is to be 
exchanged, it is still presumably in the cache (0709) of the 
CPU and/ or Will be processed immediately thereafter by the 
CPU. 

[0230] The external bus is labeled as (0710) and through it, 
data is read out of a data source (e.g., memory, peripheral 
device) connected to it, for example, and/or is Written to the 
external bus and the data sink connected to it (e. g., memory, 
peripheral device). This bus may in particular be the same as 
the external bus of the CPU (0712 & dashed line). 
[0231] A protocol (0711) betWeen cache and bus is imple 
mented, ensuring the correct contents of the cache. An FPGA 
(0713) may be connected to the VPU to permit ?ne-grained 
data processing and/ or to permit a ?exible adaptable interface 
(0714) (e.g., various serial interfaces (V24, USB, etc.), vari 
ous parallel interfaces, hard drive interfaces, Ethernet, tele 
communications interfaces (a/b, TO, ISDN, DSL, etc.)) to 
additional modules and/or the external bus system (0712). 
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[0232] According to FIG. 8, the memory area of the oper 
ating system contains a table or an interlinked list (LIN 
KLIST, 0801) Which points to all VPUCALL tables (0802) in 
the order in Which they are created. 

What is claimed is: 
1. A method for translating a program for a system includ 

ing at least one ?rst processor and a recon?gurable unit, the 
method comprising: 

determining from the program, code portions of the pro 
gram suitable for the recon?gurable unit; and 

at least one of extracting and separating, remaining code of 
the program for processing by the ?rst processor. 

2. The method as recited in claim 1, further comprising: 
appending interface code to the code portions extracted for 

the ?rst processor to permit communication betWeen the 
?rst processor and the recon?gurable unit according to 
the system. 

3. The method as recited in claim 1, further comprising: 
appending interface to the code portions extracted for the 

recon?gurable unit so that communication is enabled 
betWeen the ?rst processor and the recon?gurable unit 
according to the system. 

4. The method as recited in claim 1, Wherein the determin 
ing step includes determining the code portions based on 
automated analyses. 

5. The method as recited in claim 1, Wherein the program 
includes instructions de?ning the code portions to be 
extracted, and Wherein the method further comprises auto 
matically analyZing the instructions. 

6. The method as recited in claim 1, Wherein the code 
portions to be extracted are determined based on calls of 
subprograms. 
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7. The method as recited in claim 1, further comprising: 
providing an interface code Which provides at least one of 
memory linkage, register linkage, and linkage via a net 
Work. 

8. The method as recited in claim 1, further comprising: 
analyZing at least one of the extracted code portions and 

results achievable With a given extraction; and 
restarting an extraction With neW improved parameters 

based on the analysis. 
9. The method as recited in claim 1, further comprising: 
appending control code to the extracted code for at least 

one of management, control, and communication of the 
development system. 

10. The method as recited in claim 1, Wherein the ?rst 
processor has a conventional processor architecture, the 
architecture including at least one of a von-Neumann archi 
tecture, Harvard architecture, controller, CISC processor, 
RISC processor, VLIW processor, or DSP processor. 

11. The method as recited in claim 1, Wherein the remain 
ing code is extracted so that it is translatable via any ordinary 
unmodi?ed compiler that is suitable for the ?rst processor. 

12. A device for data processing, comprising: 
at least one conventional processor; 
at least one recon?gurable unit; and 
an arrangement con?gured to exchange data and status 

information betWeen a conventional processor and a 
recon?gurable unit, the arrangement being con?gured 
so that the data and status information exchange is pos 
sible therebetWeen at least one of: i) during processing 
of one or more programs, ii) Without having to interrupt 
data processing on the recon?gurable processor, and iii) 
Without having to interrupt data processing on the con 
ventional processor. 

* * * * * 


