
(19) United States 
US 20010034828A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0034828 A1 
(43) Pub. Date: Oct. 25, 2001 CHEN 

(54) MICROCODE SCALABLE PROCESSOR 

(76) Inventor: HONG-YI HUBERT CHEN, 
FREMONT, CA (US) 

Correspondence Address: 
JOSEPH A SAWYER JR 
SAWYER AND ASSOCIATES 
P O BOX 51418 
PALO ALTO, CA 94303 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/109,762 

(22) Filed: Jul. 2, 1998 

Publication Classi?cation 

(51) Int. Cl.7 ..................................................... .. G06F 9/30 

(52) US. Cl. ......................... .. 712/245; 712/211; 712/243 

(57) ABSTRACT 

A processing system in accordance With the present inven 
tion is disclosed. The processing system comprises a pro 

cessor and a microcode sequencer coupled to the processor. 
The microcode sequencer includes a plurality of modules. 
Each of the modules enables a speci?c function based upon 
a selection signal from the processor. A system and method 
in accordance With the present invention provides for many 
advantages over conventional systems. First of all, there is 
an efficient register bank and the hardWare is smaller and 
more efficient than a DSP. Finally, since it is possible to 
program macro instructions for different applications, it is 
more ?exible than DSP systems. It also is smaller, has a 
loWer gate count and is faster to market because it is 
softWare programmable. Unlike RISC or coprocessor type 
systems, only a single assembler is needed to handle DSP 
and multimedia instructions. In addition, a large cache 
memory is not required While having a higher code density 
for a particular application. 

Finally, it requires a smaller register ?le through the general 
purpose processor than a media processor, and thus context 
sWitching is faster. It does not have a big data path as a media 
processor. It also has higher code density and it is easier to 
program than a media processor application. Accordingly, a 
system and method in accordance With the present invention 
provides signi?cant utility over existing conventional sys 
tems. 
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MICROCODE SCALABLE PROCESSOR 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a pro 
cessing system and more particularly to a processing system 
that is scalable via microcode. 

BACKGROUND OF THE INVENTION 

[0002] Processor architectures are utilized for a variety of 
functions. For example, they are utiliZed for media applica 
tions, for a fast fourier transfer (FFT), for a discrete cosine 
transform (DCT) or a ?nite input response (FIR) application. 
Conventional processor architectures are utiliZed to imple 
ment these functions. Each of these knoWn architectures 
have problems When attempting to implement a particular 
function. 

[0003] One conventional processor architecture comprises 
a digital signal processor (DSP). A DSP is typically utiliZed 
to provide a speci?c function such as a FFT. HoWever, the 
functionality of a DSP is hardWare speci?c, that is, the 
register bank associated thereWith is speci?c to a particular 
application and the instructions associated thereWith are 
speci?c to the function. Therefore this system is not ?exible 
enough to accommodate various functions. 

[0004] A second approach is to implement an Application 
Speci?c Signal Processor (ASSP). This ASSP has a high 
gate count and is not softWare programmable. Accordingly, 
the ASSP also does not provide a loW cost effective solution 
if the processor architecture is to implement a plurality of 
functions. 

[0005] A third approach is to provide a MMX type pro 
cessor such as a Pentium processor manufactured by Intel 
Corporation, or a K6 processor manufactured by Advanced 
Micro Devices to implement a plurality of functions. HoW 
ever, these chips are large and complex and have high 
memory requirements. They typically include a large cache 
memory that increases the overall siZe of the processor. In 
addition there is no guarantee that the bandWidth for the 
MMX execution because an interrupt can occur in betWeen 
the operation of the MMX instruction set. 

[0006] A fourth approach is to utiliZe a RISC processor in 
conjunction With a coprocessor. HoWever, in this approach, 
there are tWo different fetch streams and both processors 
?ght for control of the bus. In addition, this system requires 
has a high memory requirement and loW code density Which 
also affects chip siZe. 

[0007] A ?nal approach is to utiliZe a general purpose 
media processor. HoWever, this type of processor requires a 
large register ?le and therefore context sWitching is sloW. In 
addition this approach has a large datapath, loW code density 
and is therefore difficult to program. In addition this 
approach is not suitable for real time applications. 

[0008] Accordingly, What is needed is a system and 
method that Will alloW a plurality of processors to provide a 
variety of functions While not requiring a signi?cant amount 
of processing poWer. The system must be easy to implement 
utiliZing existing technologies. The present invention 
addresses such a need. 

SUMMARY OF THE INVENTION 

[0009] Aprocessing system in accordance With the present 
invention is disclosed. The processing system comprises a 

Oct. 25, 2001 

processor and a microcode sequencer coupled to the pro 
cessor. The microcode sequencer includes a plurality of 
modules and an associated pipeline if needed. Each of the 
modules enables a speci?c function based upon a selection 
signal from the processor. A system and method in accor 
dance With the present invention provides for many advan 
tages over conventional systems. First of all, there is an 
ef?cient register bank and the hardWare is smaller and more 
ef?cient than a DSP. Finally, since it is possible to program 
macro instructions for different applications, it is more 
?exible than DSP systems. It also is smaller, has a loWer gate 
count and is faster to market because it is softWare program 
mable and synthesiZable. Unlike RISC or MMX type sys 
tems, only a single assembler is needed to handle DSP and 
multimedia instructions. In addition, a large cache memory 
or dual port memory is not required While having a higher 
code density for a particular application. 

[0010] Finally, it requires a smaller register ?le than a 
media processor, and thus context sWitching is faster 
through the general purpose processors. It does not have a 
big data path as a media processor. It also has higher code 
density and it is easier to program than a media processor 
application. Accordingly, a system and method in accor 
dance With the present invention provides signi?cant utility 
over existing conventional systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a simple block diagram of a processing 
system in accordance With the present invention. 

[0012] FIG. 2 is a detailed block diagram of a system in 
accordance With the present invention. 

[0013] FIG. 3 is a block diagram of the decoder block of 
FIG. 2. 

[0014] FIG. 4 illustrates a microcode ROM/RAM struc 
ture in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The present invention relates to an improvement in 
a processing system. The folloWing description is presented 
to enable one of ordinary skill in the art to make and use the 
invention and is provided in the context of a patent appli 
cation and its requirements. Various modi?cations to the 
preferred embodiment Will be readily apparent to those 
skilled in the art and the generic principles herein may be 
applied to other embodiments. Thus, the present invention is 
not intended to be limited to the embodiment shoWn but is 
to be accorded the Widest scope consistent With the prin 
ciples and features described herein. 

[0016] FIG. 1 is a simple block diagram of a processing 
system 10 in accordance With the present invention. The 
pipeline stages of the processing system 10 comprise a fetch 
(F) stage, a decode (D) stage, an execute stage, a 
memory (M) stage and a Writeback(W) stage. The process 
ing system 10 includes a general purpose processor 12 and 
a microcode sequencer 14 coupled to the general purpose 
processor 12. As Will be discussed in detail hereinafter the 
microcode sequencer 14 includes a plurality of modules 
When enable a plurality of media functions such as a FFT, 
DCT, FIR or the like. A speci?c media function is enabled 
based upon a selection signal from the general purpose 
processor 12. 
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[0017] To more speci?cally describe the features of the 
present invention, refer noW to FIG. 2. FIG. 2 is a detailed 
block diagram of a processing system 100 in accordance 
With the present invention. The processing system 100 
includes a general purpose processor 102 and a microcode 
sequencer 104b. What is meant by a microcode sequencer is 
traditional microcode or a regular RISC like instruction 
stream. For example, the microcode sequencer could be 
implemented utiliZing a SRAM base media and a DSP 
engine. The DSP engine could then provide DSP/decoder 
like instructions. In this embodiment, a bit Would be enabled 
Within the decode to enable clocking of the DSP/media 
engine. This system is a microcode scalable processing 
system, Which includes the fetch stage, decode stage, 
execute stage, execution stage, memory stage and Writeback 
stage as described With FIG. 1. 

[0018] General Purpose Processor 102 

[0019] The general purpose processor 102 operates in a 
conventional manner. For example, When instructions are 
provided to the decoder 106 via decode buffer 101, the 
decoder 106 provides information to the register ?le (RF) 
108. The RF 108 provides control information to a load store 
register 110. The load store register 110 retains information 
for the operation of the load store unit 112. The decoder 106 
provides control information to an arithmetic logic unit 
register 114. An ALU register 114 holds information to 
control the ALU 116. The RF 108 provides operand infor 
mation to three registers 118, 120 and 122. 

[0020] As is seen, the results of register 118, 120 and 122 
are provided to a multiply/ multiply add unit 124. The results 
of register 120 and register 122 are provided to the ALU 116. 
In the load store operation all the addresses to the E stage are 
provided as is shoWn to the data register 125, and the data 
Will come back in the M stage. Accordingly, if the data is a 
multiply instruction, the multiply unit 124 Will generate the 
result 128 during the M stage. If the data is an ALU 
instruction, then the ALU 116 Will generate the result during 
the execution stage. 

[0021] In addition, as has been above described, there is 
another path in the processing system 100. This is the path 
for the decoder 106 of the general purpose processor 102 to 
the microcode sequencer 104. This path is utiliZed for high 
performance or very speci?c requirements such as an FFT, 
DCT, FIR, or media DSP engine functions. 

[0022] Microcode Sequencer 104 

[0023] Accordingly, the microcode sequencer 104 alloWs 
for a very speci?c subroutine to be implemented to provide 
the particular function based upon the selection by the 
decoder 106. For example, the function could be an FFT 
subroutine, a DCT subroutine, or some other type of sub 
routine to implement the particular function. The microcode 
sequencer 104 includes a microcode engine 159, Which is 
typically RAM/ROM Which receives the entry address from 
the decoder 106. 

[0024] The microcode sequencer also includes a micro 
code instruction register 160 Which receives microcode 
instructions from the microcode engine 159. The microcode 
instruction register 160 in turn provides those instructions to 
a microcode decoder 162. The microcode decoder 162 
receives operands from either a register ?le 164 from Within 
the microcode sequencer 104 or from a buffer or FIFO 166 
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Which receives information from the system bus (not 
shoWn). The decoder 102 provides control signals to the 
hardWare 168 of the microcode sequencer 104. The hard 
Ware 168 in turn provides signals during the execute stage 
either to a streamlined Write buffer 170 Which provides this 
information on a bus (not shoWn) or provides the informa 
tion directly to the general purpose processor 102 through 
the W stage. 

[0025] In a preferred embodiment, a bit in the decoder 106 
is set to indicate Whether the instruction from the data buffer 
101 is for the general purpose processor 102 or for the 
microcode sequencer 104. Accordingly, the decoder 106 
dispatches an entry instruction or entry address to the 
microcode engine 130 Within the microcode sequencer 104 
and thereafter the microcode engine 130 Will operate to 
execute the particular function. 

[0026] To describe this feature in more detail, refer noW to 
FIG. 3. FIG. 3 shoWs the decoder 106 fetching in a 
preferred embodiment a 32 bit instruction. If the instruction 
is a normal instruction, it Will be provided to the general 
purpose processor 102. HoWever, if it is an instruction for 
the microcode sequencer 104, a macro instruction entry 150 
is mapped to the microcode ROM entry address 150 and a 
select signal 163 is provided from the decoder 106 to a 
multiplexer 152 to select the entry address 150. In this 
embodiment, the entry address 150 is then provided to the 
microcode engine 130. 

[0027] Thereafter, the microcode engine 130 controls the 
hardware 168 of the microcode sequencer 104 to provide the 
particular function. Accordingly, the microcode engine 130 
receives consecutive entries related to a particular subrou 
tine. 

[0028] Referring noW to FIG. 4 illustrates this feature in 
detail. As is seen in FIG. 4, the microcode 300 includes a 
plurality of functions, for example, an FFT function 302, a 
DCT function 304, an FIR function 306 and a default 
function 308. Each of the functions are initiated by a 
particular macro instruction entry address, and thereafter the 
code associated With that entry address Will continue until 
that function is completed. As is seen, the microcode 300 is 
scalable to any siZe depending upon the particular function 
that is to be implemented. Accordingly, the particular pro 
gram counters for each function can be accessed until that 
particular instruction is completed. In so doing, the particu 
lar function can be executed. 

[0029] The microcode can therefore be tailored to a spe 
ci?c subroutine rather than having to have the overhead 
associated With the conventional processors such as the 
MMX processor. Since it is also con?gurable, based on the 
microcode, the system does not have to be limited to a 
speci?c function. The hardWare 168 provides data to either 
a buffer Which can provide data back to the register ?le of 
the general purpose processor, or provides it directly to the 
general purpose processor, depending on timing issues. 

[0030] A system and method in accordance With the 
present invention provides for many advantages over con 
ventional systems. First of all, there is an ef?cient register 
bank and the hardWare is smaller and more ef?cient than a 
DSP. Finally, since it is possible to program macro instruc 
tions for different applications, it is more ?exible than DSP 
systems. It also is smaller, has a loWer gate count and is 
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faster to market because it is software programmable. Unlike 
RISC and coprocessor type systems, only a single assembler 
is needed to handle DSP and multimedia instructions. In 
addition, a large cache memory or dual port memory is not 
required While having a higher code density for a particular 
application. 
[0031] Finally, it requires a smaller register ?le than a 
media processor, and thus conteXt sWitching is faster 
through the general purpose processor. It does not have a big 
data path as a media processor. It also has higher code 
density and it is easier to program than a media processor 
application. Accordingly, a system and method in accor 
dance With the present invention provides signi?cant utility 
over eXisting conventional systems. 

[0032] Although the present invention has been described 
in accordance With the embodiments shoWn, one of ordinary 
skill in the art Will readily recogniZe that there could be 
variations to the embodiments and those variations Would be 
Within the spirit and scope of the present invention. Accord 
ingly, many modi?cations may be made by one of ordinary 
skill in the art Without departing from the spirit and scope of 
the appended claims. 

What is claimed is: 
1. A processing system comprising: 

a processor; and 

a microcode sequencer coupled to the processor; the 
microcode sequencer including a plurality of modules, 
each of the modules enabling a speci?c function based 
upon a selection signal from the processor. 

2. The system of claim 1 in Which the microcode 
sequences comprise a SRAM base and DSP engine to handle 
DSP/media by microcode-like instruction stream. 

3. The system of claim 1 Wherein the processor includes 
a decoder, the decoder providing the selection based upon 
the type of instruction provided to the processor. 

4. The system of claim 2 Wherein the processor includes 
a decoder, the decoder providing the selection based system 
on entry point of the microcode entrance or subroutine 
entrance. 

5. The system of claim 1 in Which a bit Within the decoder 
is set to enable the selection signal and enable locking of the 
DSP/media engine. 

6. The system of claim 1 in Which the processor includes: 

a decode buffer for receiving instructions; and 

a decoder coupled to the decode buffer and the microcode 
sequencer for determining the type of instruction 
received by the decode buffer; the decoder for enabling 
the selection signal to select the speci?c function of the 
microcode sequencer based upon the type of instruc 
tion. 

7. The system of claim 6 in Which the decoder includes: 

a multiplexer Which is enabled by the selection signal and 
also receives a macro instruction that maps an entry 
address to a microcode engine Within the microse 
quencer. 

8. The system of claim 7 Wherein the microcode engine 
comprises a RAM/ROM. 

9. The system of claim 1 Wherein the plurality of modules 
comprises a plurality of programmable subroutines. 
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10. The system of claim 9 in Which the plurality of 
programmable subroutines comprise a fast fourier transform 
(FFT) subroutine, a discrete cosine transform (DCT) sub 
routine; and a ?nite input response (FIR) subroutine. 

11. The system of claim 10 in Which the microcode 
sequencer includes: 

a microcode engine for receiving the selection signal and 
providing the speci?c function; 

a microcode decoder means for decoding the instructions; 

a hardWare mechanism for receiving the decoded instruc 
tions and for providing one of the speci?c functions. 

12. A processing system comprising: 

a microcode sequencer; the microcode sequencer includ 
ing a plurality of modules, each of the modules 
enabling a speci?c function; and 

a processor coupled to the microcode sequencer, the 
processor including a decode buffer for receiving 
instructions; and a decoder coupled to the decode buffer 
and the microcode sequencer for determining the type 
of instruction received by the decode buffer; the 
decoder for enabling a selection signal to select the 
speci?c function of the microcode sequencer based 
upon the type of instruction. 

13. The system of claim 12 Wherein the processor 
includes a decoder, the decoder providing the selection 
based upon the type of instruction provided to the processor. 

14. The system of claim 12 in Which a bit Within the 
decoder is set to enable the selection signal. 

15. The system of claim 12 in Which the decoder includes: 

a multiplexer Which is enabled by the selection signal and 
also receives a macro instruction that maps an entry 
address to a microcode engine Within the microse 
quencer. 

16. The system of claim 15 Wherein the microcode engine 
comprises a RAM/ROM. 

17. The system of claim 12 Wherein the plurality of 
modules comprises a plurality of programmable subroutines. 

18. The system of claim 17 in Which the plurality of 
programmable subroutines comprise a fast fourier transform 
(FFT) subroutine, a discrete cosine transform (DCT) sub 
routine; and a ?nite input response (FIR) subroutine. 

19. The system of claim 18 in Which the microcode 
sequencer includes: 

a microcode engine for receiving the selection signal and 
providing the speci?c function; 

a microcode decoder means for decoding the instructions; 
and 

a hardWare mechanism for receiving the decoded instruc 
tions and for providing one of the speci?c functions. 

20. A processing system comprising: 

a microcode sequencer; the microcode sequencer includ 
ing a plurality of modules, each of the modules 
enabling a speci?c function; the microcode sequencer 
including a microcode engine for receiving the selec 
tion signal and providing the speci?c function; a micro 
code decoder means for decoding the instructions; and 
a hardWare mechanism for receiving the decoded 
instructions and for providing one of the speci?c func 
tions; and 
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a processor coupled to the microcode sequencer, the 
processor including a decode buffer for receiving 
instructions; and a decoder coupled to the decode buffer 
and the rnicrocode sequencer for deterrning the type of 
instruction received by the decode buffer; the decoder 
for enabling a selection signal to select the speci?c 
function of the rnicrocode sequencer based upon the 
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type of instruction, the decoder including a multiplexer 
Which is enabled by the selection signal and also 
receives a macro instruction that maps an entry address 
to a rnicrocode engine Within the rnicrosequencer, 
Wherein a bit Within the decoder is set to enable the 
selection signal. 


