
US 20050273559A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0273559 A1 
(19) United States 

Aristodemou et al. (43) Pub. Date: Dec. 8, 2005 

(54) MICROPROCESSOR ARCHITECTURE Publication Classi?cation 
INCLUDING UNIFIED CACHE DEBUG UNIT 

(51) Int. Cl.7 ................................................... .. G06F 12/00 

(76) Inventors: Aris Aristodemou, London (GB); (52) US. Cl. ........................... .. 711/125; 711/126; 712/41 
Daniel Hansson, London (GB); 
Morgyn Taylor, Herts (GB); Kar-Lik 
Wong, Wokinham (GB) (57) ABSTRACT 

Correspondence Address: 
HUNTON & WILLIAMS LLP A microprocessor architecture including a uni?ed cache 
INTELLECTUAL PROPERTY DEPARTMENT debug unit. A debug unit on the processor chip receives 
1900 K STREET, N-W- data/command signals from a unit of the execute stage of the 
SUITE 1200 multi-stage instruction pipeline of the processor and returns 
WASHINGTON’ DC 200064109 (Us) information to the execute stage unit. The cache debug unit 

_ is operatively connected to both instruction and data cache 
(21) Appl' NO" 11/132’432 units of the microprocessor. The memory subsystem of the 
(22) Filed: May 19 2005 processor may be accessed by the cache debug unit through 

’ either of the instruction or data cache units. By unifying the 
Related US, Application Data cache debug in a separate structure, the need for redundant 

debug structure in both cache units is obviated. Also, the 
(60) Provisional application No. 60/572,238, ?led on May uni?ed cache debug unit can be poWered doWn When not 

19, 2004. accessed by the instruction pipeline, thereby saving power. 

280 \ 229 2x4 7R6 

Custom DEC Custom Flags Custom ALU I 
200 

1 I 1 v Q r f 

110 120 130 I40 I50 I60 170 

112 PET ALN DEC REG EXEC SEL WB 

124 2 
15 

190 AX 

l $ MPU I) 
ALN ::_> AU 

REG. 156 
SEL 

I J\ FILE 
RAM G: DEC : NU ‘2” 

114 IV READ/ E 
WRITE BS J‘ % 

LU ‘V 5 
FA BPU > BUFFER 142 9 162 
154 

122 132 

CDU 195 “ 

I80 
DATA 
RAM 





Patent Application Publication Dec. 8, 2005 Sheet 2 0f 2 US 2005/0273559 A1 

250 f 
240 
\ STATE 

CONTROL 220 

AUXILIARY UNIT L/ 
I _ _ _ _ _ _ 

2 g l D$ l 222 
212 § § 2 ° | RAM _--I/ 

< (I) 
2 9 | l 

' I 
I 

200 D$ RAM I 224 
D$RAM | CONTROL "1/ 
Access I I 

| I 

' I 
Request line : I 226 
?ush/?ll 
204 I 

I 
._ __ _ _ _. _ .l 

I I 

MEMORY SUBSYSTEM 

230 ‘j 



US 2005/0273559 A1 

MICROPROCESSOR ARCHITECTURE 
INCLUDING UNIFIED CACHE DEBUG UNIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to provisional 
application No. 60/572,238 ?led May 19, 2004, entitled 
“Microprocessor Architecture,” hereby incorporated by ref 
erence in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to microprocessor 
architecture and more speci?cally to an improved cache 
debug unit for a microprocessor. 

BACKGROUND OF THE INVENTION 

[0003] A major focus of microprocessor design has been 
to increase effective clock speed through hardWare simpli 
?cations. Exploiting the property of locality of memory 
references, cache memories have been successful in achiev 
ing high performance in many computer systems. In the 
past, cache memories of microprocessor-based systems Were 
provided off-chip using high performance memory compo 
nents. This Was primarily because the amount of silicon area 
necessary to provide an on-chip cache memory of reason 
able performance Would have been impractical. Increasing 
the siZe of an integrated circuit to accommodate a cache 
memory adversely impacts the yield of the integrated circuit 
in a given manufacturing process. However, With the density 
achieved recently in integrated circuit technology, it is noW 
possible to provide on-chip cache memory economically. 

[0004] In a computer system With a cache memory, When 
a memory Word is needed, the central processing unit (CPU) 
looks into the cache memory for a copy of the memory Word. 
If the memory Word is found in the cache memory, a cache 
“hit” is said to have occurred, and the main memory is not 
accessed. Thus, a ?gure of merit Which can be used to 
measure the effectiveness of the cache memory is the “hit” 
ratio. The hit ratio is the percentage of total memory 
references in Which the desired datum is found in the cache 
memory Without accessing the main memory. When the 
desired datum is not found in the cache memory, a “cache 
miss” is said to have occurred and the main memory is then 
accessed for the desired datum. In addition, in many com 
puter systems there are portions of the address space Which 
are not mapped to the cache memory. This portion of the 
address space is said to be “uncached” or “uncacheable”. For 
example, the addresses assigned to input/output (I/O) 
devices are almost alWays uncached. Both a cache miss and 
an uncacheable memory reference result in an access to the 

main memory. 

[0005] In the course of developing or debugging a com 
puter system, it is often necessary to monitor program 
execution by the CPU or to interrupt one instruction stream 
to direct the CPU to execute certain alternate instructions. A 
knoWn method used to debug a processor utiliZes means for 
observing the program How during operation of the proces 
sor. With systems having off-chip cache, program observ 
ability is relatively straight forWard by using probes. HoW 
ever, observing the program ?oW of processors having cache 
integrated on-chip is much more dif?cult because most of 
the processing operations are performed internally Within 
the chip. 
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[0006] As integrated circuit manufacturing techniques 
have improved, on-chip cache has become standard in most 
microprocessors designs. Due to dif?culties in interfacing 
With the on-chip cache, debugging systems have also had to 
move onto the chip. Modern on-chip cache memories may 
noW employ cache debug units directly in the cache memory 
themselves. 

[0007] There is therefore a need for a cached processor 
having relatively simple design, reduced silicon footprint 
and reduced poWer consumption that alloWs the real time 
capture of data in the cached processor for debug purposes 
and Which can be used at high frequencies. 

[0008] It should be appreciated that the description herein 
of various advantages and disadvantages associated With 
knoWn apparatus, methods, and materials is not intended to 
limit the scope of the invention to their exclusion. Indeed, 
various embodiments of the invention may include one or 
more of the knoWn apparatus, methods, and materials With 
out suffering from their disadvantages. 

[0009] As background to the techniques discussed herein, 
the folloWing references are incorporated herein by refer 
ence: US. Pat. No. 6,862,563 issued Mar. 1, 2005 entitled 
“Method And Apparatus For Managing The Con?guration 
And Functionality Of A Semiconductor Design” (HakeWill 
et al.); US. Ser. No. 10/423,745 ?led Apr. 25, 2003, entitled 
“Apparatus and Method for Managing Integrated Circuit 
Designs”; and US. Ser. No. 10/651,560 ?led Aug. 29, 2003, 
entitled “Improved ComputeriZed Extension Apparatus and 
Methods”, all assigned to the assignee of the present inven 
tion. 

SUMMARY OF THE INVENTION 

[0010] Various embodiments of the invention are dis 
closed that overcome one or more of the shortcomings of 
conventional microprocessors through a microprocessor 
architecture having a uni?ed cache debug unit. In these 
embodiments, a separate cache debug unit is provided Which 
serves as an interface to both the instruction cache and the 
data cache. In various exemplary embodiments, the cache 
debug has shared hardWare logic accessible to both the 
instruction cache and the data cache. In various exemplary 
embodiments, a cache debug unit may be selectively 
sWitched off or run on a separate clock than the instruction 
pipeline. In various exemplary embodiments, an auxiliary 
unit of the execute stage of the microprocessor core is used 
to pass instructions to the cache debug unit and to receive 
responses back from the cache debug unit. Through the 
instruction cache and data cache respectively, the cache 
debug unit may also access the memory subsystem to 
perform cache ?ushes, cache updates and various other 
debugging functions. 

[0011] At least one exemplary embodiment of the inven 
tion provide a microprocessor core comprising a multistage 
pipeline, a cache debug unit, a data pathWay betWeen the 
cache debug unit and an instruction cache unit, a data 
pathWay betWeen the cache debug unit and a data cache unit, 
and a data pathWay betWeen a unit of the multistage pipeline 
and the cache debut unit. 

[0012] At least one additional exemplary embodiment 
provides a microprocessor comprising a multistage pipeline, 
a data cache unit, an instruction cache unit, and a uni?ed 
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cache debug unit operatively connected to the data cache 
unit, the instruction cache unit, and the multistage pipeline. 

[0013] Yet another exemplary embodiment of this inven 
tion provides a RISC-type microprocessor comprising a 
multistage pipeline, and a cache debug unit, Wherein the 
cache debug unit comprises an interface to an instruction 
cache unit of the microprocessor, and an interface to a data 
cache unit of the microprocessor. 

[0014] Other aspects and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram illustrating a processor 
core in accordance With at least one exemplary embodiment 
of this invention; and 

[0016] FIG. 2 is a block diagram illustrating an architec 
ture for a uni?ed cache debug unit for a microprocessor in 
accordance With at least one embodiment of this invention. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0017] The folloWing description is intended to convey a 
thorough understanding of the invention by providing spe 
ci?c embodiments and details involving various aspects of a 
neW and useful microprocessor architecture. It is under 
stood, hoWever, that the invention is not limited to these 
speci?c embodiments and details, Which are exemplary only. 
It further is understood that one possessing ordinary skill in 
the art, in light of knoWn systems and methods, Would 
appreciate the use of the invention for its intended purposes 
and bene?ts in any number of alternative embodiments, 
depending upon speci?c design and other needs. 

[0018] Discussion of the invention Will noW made by Way 
of example in reference to the various draWing ?gures. FIG. 
1 illustrates in block diagram form, an architecture for a 
microprocessor core 100 and peripheral hardWare structure 
in accordance With at least one exemplary embodiment of 
this invention. Several novel features Will be apparent from 
FIG. 1 Which distinguish the illustrated microprocessor 
architecture from that of a conventional microprocessor 
architecture. Firstly, the microprocessor architecture of FIG. 
1 features a processor core 100 having a seven stage 
instruction pipeline. A fetch stage (PET) 110 includes an 
instruction cache 112, branch prediction unit (BPU) 114 and 
connection to instruction ram 190 and a cache debug unit 
(CDU) 195. An align stage (ALN) 120 is shoWn in FIG. 1 
folloWing the fetch stage 110. 

[0019] Because the microprocessor core 100 shoWn in 
FIG. 1 is operable to Work With a variable bit-length 
instruction set, namely, 16-bits, 32-bits, 48-bits or 64-bits, 
the align stage 120 formats the Words coming from the fetch 
stage 110 into the appropriate instructions. In various exem 
plary embodiments, instructions are fetched from memory in 
32-bit Words. Thus, When the fetch stage 110 retrieves or 
fetches a 32-bit Word at a speci?ed fetch address, the entry 
at that fetch address may contain an aligned 16-bit or 32-bit 
instruction, an unaligned 16 bit instruction preceded by a 
portion of a previous instruction, or an unaligned portion of 
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a larger instruction preceded by a portion of a previous 
instruction based on the actual instruction address. For 
example, a fetched Word may have an instruction fetch 
address of OX4, but an actual instruction address of OX6. In 
various exemplary embodiments, the 32-bit Word fetched 
from memory is passed to the align stage 120 Where it is 
aligned into a complete instruction. In various exemplary 
embodiments, this alignment may include discarding super 
?uous 16-bit instructions or assembling unaligned 32-bit or 
larger instructions into a single instructions. After com 
pletely assembling the instruction, the N-bit instruction is 
forWarded to the decoder (DEC) 130. 

[0020] Still referring to FIG. 1, an instruction extension 
interface 180 is also shoWn Which permits interface of 
customiZed processor instructions that are used to comple 
ment the standard instruction set architecture of the micro 
processor. Interfacing of these customiZed instructions 
occurs through a timing registered interface to the various 
stages of the microprocessor pipeline 100 in order to mini 
miZe the effect of critical path loading When attaching 
customiZed logic to a pre-existing processor pipeline. Spe 
ci?cally, a custom opcode slot is de?ned in the extensions 
instruction interface for the speci?c custom instruction in 
order for the microprocessor to correctly acknowledge the 
presence of a custom instruction 182 as Well as the extrac 
tion of the source operand addresses that are used to index 
the register ?le 142. The custom instruction ?ag interface 
184 is used to alloW the addition of custom instruction ?ags 
that are used by the microprocessor for conditional evalu 
ation using either the standard condition code evaluators or 
custom extension condition code evaluators 184 in order to 
determine Whether the instruction is executed or not based 
upon the condition evaluation result (EXEC) 150. A custom 
ALU interface 186 permits user de?ned arithmetic and 
logical extension instructions the result of Which are selected 
in the result select stage 186. 

[0021] Another novel feature of the microprocessor archi 
tecture illustrated in FIG. 1 is the fast results forWarding 
block 156 in the execute stage 150 of the instruction 
pipeline. The fast result forWarding block 156 selects the 
relevant results from a group of simple execution units 154 
(comprised of the NormaliZing Unit, Barrel Shifter, Logical 
Unit and Fast Adder) of the execute stage 150 to be Written 
directly to the register ?le 142 on the same output clock 
pulse, reducing the number of required clock cycles for 
non-computationally intensive operations. More complex 
arithmetic instructions 152 that require an entire cycle to 
compute their results forWard the results in the Write back 
stage (WB) 170 through the select stage (SEL) 160 that 
contains a results selector 162 that is used to select the 
correct output from multiple arithmetic units 152. 

[0022] With continued reference to FIG. 1, yet another 
novel feature of the microprocessor architecture shoWn in 
this ?gure is the inclusion of a cache debug unit (CDU) 195 
shoWn in the example of FIG. 1 as connected to the fetch 
stage 110 of the instruction pipeline. Throughout this speci 
?cation and claims the cache debug unit 195 Will be referred 
to as a uni?ed cache debug unit. In various embodiments, the 
uni?ed cache debug unit architecture serves as a debug unit 
for both an instruction cache and a data cache of the 
microprocessor. 
[0023] Referring noW to FIG. 2, an exemplary architec 
ture of a cache debug unit (CDU) such as that depicted in 



US 2005/0273559 A1 

FIG. 1 is illustrated. In general, the cache debug provides a 
facility to check if certain things are stored in cache and to 
selectively change the contents of cache memory. Under 
certain circumstances it may be necessary to ?ush cache, 
pre-load cache, or to look at or change certain locations in 
a cache based on instructions or current processor pipeline 
conditions. 

[0024] As noted herein, in a conventional microprocessor 
architecture employing cache debug, a portion of each of the 
instruction cache and data cache Will be allocated for debug 
logic. Usually, hoWever, these debug functions are per 
formed off line, rather than at run time, and/or are expected 
to be sloW. Furthermore, there are strong similarities to the 
debug functions in both the instruction cache and the data 
cache causing redundant logic to be employed in the pro 
cessor design, thereby increasing costs and complexity of 
the design. Although the debug units are seldom used during 
runtime, they consume poWer even When not being speci? 
cally invoked because of their inclusion in the instruction 
and data cache components themselves. 

[0025] In various exemplary embodiments, this design 
draWback of conventional cache debug units is overcome by 
a uni?ed cache debug unit 200, such as that shoWn in FIG. 
2. The uni?ed cache debug unit 200 ameliorates at least 
some of these problems by providing a single unit that is 
located separately from the instruction cache 210 and data 
cache 220 units. In various exemplary embodiments, the 
uni?ed cache debug unit 200 may interface With the instruc 
tion pipeline through the auxiliary unit 240. In various 
embodiments, auxiliary unit 240 interface alloWs the 
requests to be sent to the CDU 200 and responses to such 
requests to be received from the CDU 200. These are labeled 
as Aux request and Aux response in FIG. 2. In the example 
shoWn in FIG. 2, a state control device 250 may dictate to 
the CDU 200 the current state, such as in the event of 
pipeline ?ushes or other system changes Which may preempt 
a previous command from the auxiliary unit 240. 

[0026] As shoWn in the exemplary embodiment illustrated 
in FIG. 2, the instruction cache 210 is comprised of an 
instruction cache RAM 212, a branch prediction unit (BPU) 
214 and a multi-Way instruction cache (MWIC) 216. In 
various embodiments, the CDU 200 communicates With the 
instruction cache RAM 212 through the BPU 214 via the 
instruction cache RAM access line 201 labeled I$ RAM 
Access. In various embodiments, this line only permits 
contact betWeen the CDU 200 and the instruction cache 
RAM 212. Calls to the external memory subsystem 230, are 
made through the multi-Way instruction cache (MWIC) 216, 
over request ?ll line 202. For example, if the CDU 200 needs 
to pull a piece of information from the memory subsystem 
230 to the instruction cache RAM 212 the path through the 
request ?ll line 202 is used. 

[0027] With continued reference to FIG. 2, in various 
exemplary embodiments, the structure of the data cache 220, 
in some respects mirrors that of the instruction cache 210. In 
the example illustrated in FIG. 2, the data cache 220 is 
comprised of a data cache RAM 222, a data cache RAM 
control 224 and a data burst unit 226. In various exemplary 
embodiments, the CDU 200 communicates With the data 
cache RAM 222 through the data cache RAM control 224 
via the data cache RAM access line 203. In various embodi 
ments, this line may permit communication betWeen the 
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CDU 200 and the data cache RAM 222 only. Thus, in 
various embodiments, calls to the external memory sub 
system 230 through the data cache 220, are made through 
the data burst unit (DBU) 226, over ?ll/?ush request line 
204. Because, in various embodiments, the data cache 220 
may contain data not stored in the memory subsystem 230, 
the CDU 200 may need to take data from the data cache 220 
and Write it to the memory subsystem 230. 

[0028] In various exemplary embodiments, because the 
CDU 200 is located outside of both the instruction cache 210 
and the data cache 220, the architecture of each of these 
structures is simpli?ed. Moreover, because in various exem 
plary embodiments, the CDU 200 may be selectively turned 
off When it is not being used, less poWer Will be consumed 
than With conventional cache-based debug units Which 
receive poWer even When not in use. In various embodi 
ments, the cache debug unit 200 remains poWered off until 
a call is received from the auxiliary unit 240 or until the 
pipeline determines that an instruction from the auxiliary 
unit 240 to the cache debug unit 200 is in the pipeline. In 
various embodiments, the cache debug unit Will remain 
poWered on until an instruction is received to poWer off. 
HoWever, in various other embodiments, the cache debug 
unit 200 Will poWer off after all requested information has 
been sent back to the auxiliary unit 240. Moreover, because 
conventional instruction and data cache debug units have 
similar structure, reduction in total amount of silicon may be 
achieved due to shared logic hardWare in the CDU 200. 

[0029] While the foregoing description includes many 
details and speci?cities, it is to be understood that these have 
been included for purposes of explanation only. The embodi 
ments of the present invention are not to be limited in scope 
by the speci?c embodiments described herein. For example, 
although many of the embodiments disclosed herein have 
been described With reference to cache debug unit in an 
RISC-type embedded microprocessor, the principles herein 
are equally applicable to cache debug units in microproces 
sors in general. Indeed, various modi?cations of the embodi 
ments of the present inventions, in addition to those 
described herein, Will be apparent to those of ordinary skill 
in the art from the foregoing description and accompanying 
draWings. Thus, such modi?cations are intended to fall 
Within the scope of the folloWing appended claims. Further, 
although the embodiments of the present inventions have 
been described herein in the context of a particular imple 
mentation in a particular environment for a particular pur 
pose, those of ordinary skill in the art Will recogniZe that its 
usefulness is not limited thereto and that the embodiments of 
the present inventions can be bene?cially implemented in 
any number of environments for any number of purposes. 
Accordingly, the claims set forth beloW should be construed 
in vieW of the full breadth and spirit of the embodiments of 
the present inventions as disclosed herein. 

1. In a microprocessor, a microprocessor core comprising: 

a multistage pipeline; 

a cache debug unit; 

a data pathWay betWeen the cache debug unit and an 
instruction cache unit; 

a data pathWay betWeen the cache debug unit and a data 
cache unit; and 
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a data pathway between a unit of the multistage pipeline 
and the cache debut unit. 

2. The microprocessor according to claim 1, Wherein the 
unit of the multistage pipeline is an auxiliary unit of an 
execute stage of the pipeline. 

3. The microprocessor according to claim 1, further 
comprising a state control unit adapted to provide a current 
state of the pipeline to the cache debug unit. 

4. The microprocessor according to claim 3, Wherein a 
current state comprises at least one of a pipeline ?ush or 
other system change that preempts a previous command 
from the pipeline. 

5. The microprocessor according to claim 1, further 
comprising a data pathWay betWeen the cache debug unit 
and a memory subsystem of the microprocessor through 
each of the instruction cache and data cache units. 

6. The microprocessor according to claim 1, further 
comprising a poWer management control adapted to selec 
tively poWer doWn the cache debug unit When not in demand 
by the microprocessor. 

7. The microprocessor according to claim 1, Wherein the 
microprocessor core is a RISC-type embedded micropro 
cessor core. 

8. A microprocessor comprising: 

a multistage pipeline; 

a data cache unit; 

an instruction cache unit; and 

a uni?ed cache debug unit operatively connected to the 
data cache unit, the instruction cache unit, and the 
multistage pipeline. 

9. The microprocessor according to claim 8, Wherein the 
uni?ed cache debug unit is operatively connected to the 
multistage pipeline through an auxiliary unit in an execute 
stage of the multistage pipeline. 

10. The microprocessor according to claim 8, further 
comprising a state control unit adapted to provide a current 
state of the pipeline to the uni?ed cache debug unit. 

11. The microprocessor according to claim 10, Wherein a 
current state comprises at least one of a pipeline ?ush or 
other system change that preempts a previous command 
from the multistage pipeline. 
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12. The microprocessor according to claim 8, further 
comprising a data pathWay betWeen the uni?ed cache debug 
unit and a memory subsystem of the microprocessor through 
each of the instruction cache and data cache units. 

13. The microprocessor according to claim 8, further 
comprising a poWer management control adapted to selec 
tively poWer doWn the cache debug unit When not in demand 
by the microprocessor. 

14. The microprocessor according to claim 8, Wherein the 
architecture is a RISC-type embedded microprocessor archi 
tecture. 

15. A RISC-type microprocessor comprising: 

a multistage pipeline; and 

a cache debug unit, Wherein the cache debug unit com 
prises: 

an interface to an instruction cache unit of the micropro 
cessor; and 

an interface to a data cache unit of the microprocessor. 
16. The microprocessor according to claim 15, further 

comprising an interface betWeen the cache debug unit and at 
least one stage of the multistage pipeline. 

17. The microprocessor according to claim 16, Wherein 
the at least one stage of the multistage pipeline comprises an 
auxiliary unit of an execute stage of the multistage pipeline. 

18. The microprocessor according to claim 15, further 
comprising a state control unit adapted to provide a current 
state of the multistage pipeline to the cache debug unit. 

19. The microprocessor according to claim 18, Wherein a 
current state comprises at least one of a pipeline ?ush or 
other system change that preempts a previous command 
from the unit of the multistage pipeline. 

20. The microprocessor according to claim 15, further 
comprising an interface betWeen the cache debug unit and a 
memory subsystem through each of the instruction cache 
and data cache units. 

21. The microprocessor according to claim 15, further 
comprising a poWer management control adapted to selec 
tively poWer doWn the cache debug unit When not in demand 
by the multistage pipeline. 

* * * * * 


