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DATA PROCESSING UNIT WITH INTERFACE 
FOR SHARING REGISTERS BY A PROCESSOR 

AND A COPROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data processing 
unit With a coprocessor interface. A coprocessor is used in a 
data processing system to perform special tasks, such as 
?oating point operations, digital signal processing, etc. 
Many data processors are capable of Working in combina 
tion With a coprocessor. Usually, a main processor addresses 
a coprocessor through the system bus. If the main processor 
decodes a coprocessor instruction, it transfers, for example 
by means of an exception routine, the coprocessor instruc 
tion and respective data to a coprocessor Which performs the 
instruction and transfers back a result to the main processor. 
During execution of the coprocessor, the main processor 
usually is set in a Wait state. 

[0002] US. Pat. No. 5,603,047 describes such a system. 
FIG. 7 of Pat. No. 5,603,047 shoWs a block diagram of such 
a coprocessor having 24 registers. Acoprocessor instruction 
has a speci?c format Which is detected during the decode 
stage of the pipeline shoWn in FIG. 2 of Pat. No. 5,603,047. 
The respective coprocessor instructions are described in 
column 20 of the Pat. No. 5,603,047. They include instruc 
tions for loading and storing data and control from or to the 
coprocessor. The coprocessor can be able to perform a 
variety of functions Which might be selected by various 
programs Which can be selected through respective 
addresses Which are transferred to the coprocessor. The 
coprocessor executes these programs and When ?nished, the 
respective results can be transferred to the main processor 
through respective transfer instructions. 

SUMMARY OF THE INVENTION 

[0003] In many applications high speed processing of data 
is necessary. Therefore, there exist a high demand of per 
forming certain tasks Within a single cycle of the system 
clock. Most instructions of knoWn microprocessors or 
microcontrollers can be executed Within a single cycle due 
to superscalar and superpipeline techniques. Nevertheless, 
many special instructions are either not available on, for 
example, reduced instruction set computers, or need a plu 
rality of execution cycles. Even With the addition of copro 
cessors these tasks cannot be executed in the requested time 
due to cumbersome transfer protocols betWeen the main 
processor and a coprocessor. 

[0004] Therefore, it is an object of the present invention to 
provide a data processing unit With a coprocessor interface 
to overcome the above mentioned problems. 

[0005] This object is achieved according to the present 
invention by a data processing unit comprising a register ?le, 
a memory, a plurality of execution units, a pipeline con?gu 
ration for processing instructions having a fetch stage for 
fetching an instruction from said memory, a decode stage for 
decoding an operational code from the instruction, an execu 
tion stage for activating one of the execution units, and a 
Write-back stage for Writing back from the execution unit, a 
coprocessor interface for coupling at least one coprocessor. 
The data processing unit has read- and Write-lines coupling 
the register ?le With the coprocessor for exchanging oper 
ands, at least one control line indicating that the coprocessor 
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is busy, a plurality of control lines from the decode stage for 
controlling said coprocessor Which are operated upon detec 
tion of a coprocessor instruction. The coprocessor is using 
the registers from the register ?le during execution of a 
coprocessor instruction. 

[0006] Because the coprocessor is using the register ?le of 
the main processor it can execute instructions as fast as any 
execution unit, such as the arithmetic logic unit, a shifter, a 
load/store unit, etc. Acoprocessor instruction is decoded and 
executed in the same manner as any other instruction. 

[0007] In a further embodiment a ?eld programmable gate 
array (FPGA) is used as a coprocessor. Thus, a Wide variety 
of additional instructions can be executed, Whereby the 
instruction variety can be expanded dynamically by means 
of reprogramming the FPGA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 shoWs a block diagram of the relevant parts 
of a data processing unit including a coprocessor interface 
according to the present invention, 

[0009] 
tion, 
[0010] FIG. 3 shoWs a block diagram of an embodiment 
of a single coprocessor, and 

[0011] FIG. 4 shoWs a block diagram of an embodiment 
of four coprocessors. 

FIG. 2 shoWs the format of a coprocessor instruc 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0012] FIG. 1 shoWs a memory cache subsystem 1 
coupled through a bus With a register ?le 2. Register ?le 2 
contains an align unit 201, address buffer 202 and data buffer 
207, address registers 203 and data registers 208, address 
forWarding unit 204 and data forWarding unit 209, address 
Write-back buffer 205 and data Write-back buffer 210, and a 
control unit 206. In the preferred embodiment only the data 
registers are interfaced With the coprocessor. Therefore, only 
the most relevant connecting lines are shoWn in FIG. 1 for 
the sake of a better overvieW. Nevertheless any kind of 
register from a register ?le can be used to interface With the 
coprocessor interface. The data registers 208 are coupled 
through data buffer 207 and align unit 201 With the cache 
memory subsystem 1. 

[0013] To interface With the different execution 
units 3a, . . . 311 three different read busses are provided. The 

?rst read bus 211 comprises 64 bit lines, the second read bus 
212 has 32 bit lines, and the third read bus 213 provides also 
32 bit lines. Of course the number of bit lines per read port 
is freely selectable and depends on the instruction set. 
Furthermore, a Write bus 214 having 64 bit lines is provided. 
These four busses 211, 212, 213, and 214 alloW read and 
Write access to the respective data registers 208 of the 
register ?le 2. An instruction fetch unit 5 provides instruc 
tions to a folloWing instruction decoder 6. The instruction 
decoder 6 provides all execution units With respective opera 
tional codes and selects the respective registers 203, 208 in 
the register ?le 2. A coprocessor interface 7 is provided 
Which is coupled With the four busses 211, 212, 213, and 
214. Furthermore, coprocessor interface 7 is coupled 
through busses 61 and 62 With instruction decoder 6. Bus 61 
can have n instruction lines for 
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providing operational code and other information. In addi 
tion, bus 62 has m control lines to provide the pipeline With 
status information from the coprocessors. 

[0014] The control bus 61, 62 can have the following 
functionality: One line can indicate a valid instruction Which 
Would be asserted When the integer pipeline is valid. Another 
line or set of lines could be provided for an instruction 
sequencer. Depending on the number of instruction cycles 
needed a 2 bit, 3bit, 4 bit, etc., -Wide bus Would be provided. 
A further line can indicate a multi cycle start Which Would 
be activated by the coprocessor to indicate When the instruc 
tion in the coprocessor decoder is a multi cycle instruction. 
Yet another line Would be activated by the coprocessor to 
indicate the end of a multi cycle instruction, signaling the 
last re-inject of the instruction. Also, a multi cycle continue 
control line can be provided Which Would be activated by the 
coprocessor to re-inject an instruction during multi cycle 
start and end phase. To indicate an invalid opcode a further 
control line may be provided. Further control lines indicate 
Which coprocessor has to be enabled, for example, tWo lines 
can address four different coprocessors. Other control sig 
nals may be provided depending on the structure of the 
coprocessor unit. 

[0015] The embodiment according to FIG. 1 shoWs three 
coprocessors. The number of coprocessors Which can be 
added to the system internally or externally depends on the 
instruction siZe of the data processing unit as Will be 
explained later. The ?rst coprocessor 4a in this embodiment 
shoWs a ?oating point coprocessor. The second coprocessor 
4b is a fuZZy logic coprocessor and the third coprocessor is 
a re-programmable coprocessor in form of a FPGA. All 
coprocessors are coupled With the six busses 211,212,213, 
214, 61, and 62 through interface 7. 

[0016] FIG. 2 shoWs tWo possible formats A and B of a 
coprocessor instruction. In this embodiment an instruction is 
32 bits long and the bit ?elds indicating a coprocessor 
instruction can be one or both of the opcode ?elds OPCODE 
1, OPCODE 2, and OP 1, OP2, respectively. The bit ?eld D 
indicates the destination in form of a register number Where 
the result of the respective instruction Will be Written to. The 
bit ?eld # indicates the number of the coprocessor for 
executing the instruction de?ned in the opcode bit ?eld. Bit 
?elds S1, S2, S3 contain either data register or immediate 
data for the respective instruction. In this embodiment each 
of the bit ?eld S1, S2, S3, and D are 4 bits Wide, the 
OPCODE ?eld comprises 12 or 16 bits. The # ?eld has 2 
bits, and the 2 bits are not used in both instruction formats 
A and B indicated as “--”. 

[0017] Instruction fetch unit 5 provides instruction 
decoder 6 With an instruction from a instruction stream. 
Instruction decoder 6 determines Whether an instruction is 
designated to a coprocessor by means of the bit ?eld 
OPCODE 1, OPCODE 2, and OP 1, OP 2, respectively. After 
decoding of an instruction the coprocessor indicated in the 
bit ?eld # receives the respective instruction stored in the 
opcode bit ?elds and eventually immediate data from one or 
more of the bit ?elds S1, S2, S3 through bus 61 and the 
contents of the selected data registers in bit ?elds S1, S2, and 
S3 through the three data read busses 211, 212, and 213. In 
the folloWing execution cycle the coprocessor executes the 
instruction decoded by the instruction decoder and Writes 
during the Write-back cycle the respective result back to a 
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data register designated in bit ?eld D. Thus, execution of a 
coprocessor instruction can be as quick as an execution of 

any execution units. No transfers from or to registers are 
delaying the process of executing a special instruction 
because the respective coprocessor does not need its oWn 
registers. Nevertheless, a coprocessor may have additional 
registers Which contain data that need not be accessible by 
the data processing unit. 

[0018] On the other hand, usually a common knoWn 
coprocessor needs to be initialiZed by transferring data to the 
coprocessor, con?guring the coprocessor and transferring 
the respective instruction to the coprocessor. This creates an 
overhead affecting the overall speed of the system. Thus, a 
knoWn coprocessor Will stall the respective pipelines for a 
plurality of cycles. The coprocessor according to the present 
invention does not need these steps. It can operate directly 
With the register ?le of the main CPU. Transfer of data is 
similar to the transfer of data to regular execution units. Thus 
every instruction Which can be executed in a single cycle can 
be executed in parallel With another pipeline or multiple 
pipelines. In the embodiment of FIG. 1 this Would be the 
load/store pipeline coupled With the address register ?le 203, 
and the units 202, 204, 205. The pipelines only get stalled 
With a multi-cycle instruction in a similar manner as this 
Would occur With any execution unit of the central process 
ing unit. For this purpose, control lines indicating a multi 
cycle start, a multi-cycle end, and a multi-cycle continuation 
described above are used. 

[0019] Using a FPGA as a coprocessor comprises addi 
tional bene?ts. Depending on the speci?c task a microcon 
troller system using a data processing unit according to the 
present invention is programmed initially. The FPGA may 
be re-programmed and adapted to each speci?c task of a 
complex program dynamically. For example an instruction 
for performing a convolution operation is not available in 
standard instruction sets of either a RISC or a CISC pro 
cessor. Such an instruction forms, for example, a 32 bit long 
Word out of tWo 16 bit Words by alternatively concatenating 
the bits of each input Word. For example, if the ?rst input 
Word contains only “1111 . . . 111” and the second input 

Word contains only “0” the result Would be a 32 bit Word 
With alternating “0” and “1”. In other Words, the resulting 
Word consists of bit 16 of the ?rst Word, folloWed by bit 16 
of the second Word, folloWed by bit 15 of the ?rst Word and 
so on. To perform such an operation a plurality of instruc 
tions has to be executed in a conventional microprocessor 
system. A FPGA can be easily programmed to couple a 
multiplexer or respective logic With the input and output 
lines to perform this task in a single cycle. Because such an 
instruction can be performed With the registers of the data 
processing unit no additional transfers are necessary. 

[0020] The embodiment of a coprocessor interface accord 
ing to the present invention provides three data read busses 
211, 212, and 213 and one Write-back bus 214. Thus, digital 
signal processing functionality can be provided by the 
coprocessors. For example, a single instruction can perform 
a multiplication of tWo operands and an addition of the result 
With a third operand. The ?nal result is Written into a 
designated register. All three operands can be transferred 
during the decode cycle to the respective coprocessor and 
Written back to the destination register during the Write-back 
cycle. 
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[0021] FIG. 3 shows the main blocks of a coprocessor 4 
coupled With a coprocessor interface according to the inven 
tion. Each coprocessor may have a decode unit 41 Which 
receives the respective coprocessor instruction from the 
CPU. Decode unit 41 decodes the instruction, for example, 
bits 16 to 23 according to an instruction as shoWn in FIG. 
2. Then, decode unit 41 provides an execute unit 42 coupled 
With decode unit 41 With the respective control signals. 
Execute unit may contain multiplexers, adders, shifter, etc. 
connected in a Way to perform respective functions. The 
control signals provided by decode unit 41 activate the 
respective units to operate in a predetermined Way. The 
result is passed to the coprocessor interface, Which couples 
the result bus to the Write back bus of the integer pipeline. 
Thus, the coprocessor behaves in a similar Way as an 
additional execution unit as shoWn in FIG. 1. 

[0022] FIG. 4 shoWs a solution Where multiple execution 
units 43, 44, 45, and 46 share the same decode unit 41. 
Decode unit 41 decodes the respective coprocessor instruc 
tion and selects one of the execution units 43, 44, 45, or 46 
Which performs the respective function. The result is again 
Written back through interface 7 into the register ?le. 

[0023] In case of a longer execution time needed by a 
coprocessor, the pipeline of the data processing unit needs to 
be stalled. Thus, additional control lines 62 are provided 
Which supply information from the coprocessors to the 
pipeline as described above. For example, the coprocessor 
executing a respective instruction Which needs a plurality of 
system cycles sends a busy signal through bus 62 to the 
instruction decode unit 6 to stall the pipeline. 

[0024] The coprocessor interface includes all necessary 
buffers and logic to feed necessary signals from or to the 
coprocessors. Thus, the coprocessors according to the 
present invention can be coupled With the coprocessor 
interface 7 either on-chip or externally. In the preferred 
embodiment the coprocessors are coupled With the integer 
pipeline. In different embodiments With different With dif 
ferent pipeline structures the coprocessor interface can also 
be coupled With a different type of pipeline or With more 
than one pipeline. Thus, tWo or more coprocessors could 
operate in parallel. 

claims: 
1. Data processing unit comprising: 

a register ?le, 

a memory, 
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a plurality of execution units, 

a pipeline con?guration for processing instructions hav 
ing a fetch stage for fetching an instruction from said 
memory, a decode stage for decoding an operational 
code from said instruction, an execution stage for 
activating one of said execution units, and a Write-back 
stage for Writing back from said execution unit, a 
coprocessor interface for coupling at least one copro 
cessor With said data processing unit having: 

read- and Write-lines coupling said register ?le With 
said coprocessor for exchanging operands, 

at least one control line indicating that said coprocessor 
is busy, and 

a plurality of control lines from said decode stage for 
controlling said coprocessor Which are operated 
upon detection of a coprocessor instruction, 

Whereby said coprocessor is using said registers from said 
register ?le 19 during execution of a coprocessor 
instruction. 

2. Data processing unit according to claim 1, Wherein said 
read- and Write-lines include a plurality of read lines to read 
at least tWo operands from said register ?le and a plurality 
of Write lines to Write-back at least one operand. 

3. Data processing unit according to claim 1, Wherein 
each coprocessor instruction contains a bit ?eld indicating 
the respective coprocessor and a bit ?eld indicating the 
operational code for said coprocessor. 

4. Data processing unit according to claim 1, Wherein said 
pipeline execution is stalled upon a busy signal from said 
coprocessor. 

5. Data processing unit according to claim 1 further 
comprising programming means for programming a pro 
grammable gate array and Wherein said coprocessor is 
formed by a programmable gate array. 

6. Data processing unit according to claim 1 Wherein the 
coprocessor comprises a decode unit for decoding said 
coprocessor instruction and at least one execution unit for 
executing said coprocessor instruction. 

7. Data processing unit according to claim 6, Wherein the 
coprocessor comprises a plurality of execution units and said 
decode unit selects one of the execution units upon said 
coprocessor instruction. 


