
;ste3eY.VL:6T.8A/  DUAL CACHE WITH MULTIPLE INTERCONNECTION OPERATION MODES
FIELD OF THE INVENTION 5 The present invention generally relates to
computer systems. More particularly, the present invention relates to a
method and apparatus of improving performance in computer systems by
arranging cache modules in several interconnected operational modes. 10
BACKGROUND OF THE INVENTION A cache or cache module as used interchangeably
throughout this specification, is intended to enhance the speed at which
information and data are retrieved. A main memory typically stores a large
amount of data which is time . consuming to retrieve. The cache module
contains a copy of portions of the main 15 memory. When a processor
attempts to read a word of memory, a check is made to determine if the word
is in the cache module. If so, the word is delivered to the processor. 1f
not, a block of main memory, consisting of some fixed number of words, is
read into the cache module and then the word is delivered to the processor.
The main memory consists of up to 2" addressable words) with each word 20
having a unique n-bit address. For mapping purposes, this memory is
considered to consist of a number of fixed-length blocks of K words each.
That is, there are Iv1=2" /K blocks. The cache module consists of C lines
of K words each; and the number of lines is considerably less than the
number of main memory blocks.    FIG. 1 is a block diagram illustrating a
simplified picture of a network involving a processor 12 with cache module
40 connected via address, control and data lines 43, 44, and 45,
respectively. Address and data lines 43 and 45 also attached to address and
data buffers 41 and 42, respectively which attached to 5 system bus 20 from
which main memory (not shown) is reached. Typically, processor 12 generates
an address of a word to be read. If a "hit" occurs, (the word is contained
in cache module 40), the word is delivered to processor 12. When this cache
hit occurs, the data and address buffers 42 and 41, respectively, are
disabled and communication is only between the processor 12 and 10 the
cache module 40, with no system bus traffic. When a cache "miss" occurs,
(the word is not contained in cache module 40), the desired address is
loaded from main memory (not shown) onto system bus 20 and the data is
returned through data buffer 42 to both the cache module 40 and the main
memory. With a cache miss, a line in the cache may be overwritten or copied
out of cache module 40 when new data is 15 stored in the cache module. This
overwritten line is referred to as a "victim block" or a "victim line." The
basic structure of a conventional mufti-processor computer system 10 



employing several cache modules is shown in FIG. 2. Computer system 10
includes processors 12, 120 and 220 as shown which are connected to various
peripheral 20 devices including input/output (I/O) devices 14 (such as a
display monitor, keyboard, graphical pointer (mouse), .and a permanent
storage device (hard disk), memory l 6 (such as random access memory or
RAM) that is used by processors 12, 120 and 220 10 to carry out program
instructions, and firmware 18 whose primary purpose is to seek out and load
an operating system from one of the peripherals 25 (usually the permanent
memory device) whenever computer system 10 is first turned on. Processors
12, 120 and 220 communicate with the peripheral devices by various means,
including a generalized interconnect or system bus 20, or direct-memory
access channels (not shown). Processor 12, as well as each of the other
processors l20 and 220, includes a 30 processor core 22 having a plurality
of registers and execution units, which carry out program instructions in
order to operate the computer system 10. As shown, 2   ~ ~~Q~4 processor 12
further includes one or more cache modules, such as an instruction cache 24
and a data cache 26, which are implemented using high-speed memory devices.
As described above, cache modules are commonly used to temporarily store
values that might be repeatedly accessed by the processor, in order to
speed up 5 processing by avoiding the longer step of loading the values
from memory 16. These cache modules are referred to as "on-board" when they
are integrally packaged with the processor core on a single integrated chip
28: Each cache module is associated with a cache controller (not shown)
that manages the transfer of data and instmctions between the processor
core 22 and the cache. 10 Processor 12 can include additional cache
modules, such as cache module 30, which is referred to as a level 2 (L2)
cache since it supports the on-board (level 1 ) caches 24 and 26. In other
words, cache module 30 acts as an intermediary between memory 16 and the
on-board caches, and can store a much larger amount of information
(instructions and data) than the on-board caches can, but at a longer IS
access penalty. Cache module 30 is connected to system bus 20, and a11
loading of information from memory 16 into processor core 22 comes through
cache module 30. One drawback to the conventional cache module arrangement
as shown is that the cache modules do not benefit from being
interconnected. Without the cache 20 modules being interconnected, it is
inefficient to retrieve data since each cache must be searched individually
if data is not found in the first cache that is searched. Accordingly, what
is needed is an effective and efficient method for directly connecting
cache modules for-retrieval of information:. 25 SUMMARY OF THE INVENTION In
accordance with an embodiment of the present invention, a computer system
having cache modules interconnected in series includes a first and a second
cache module directly coupled to an address generating line for parallel
lookup of  



data and data conversion logic coupled between the first cache module and
the. 30 second cache module. 3    BRIEF DESCRIPTION OF TIC DRAWINGS FIG. I
is a block diagram illustrating a simplified picture of a network involving
a processor with a cache module. - - FIG. 2 is a block diagram illustrating
a prior art computer system. 5 FIG. 3 is a block diagram illustrating the
features of a typical cache module. FIG: 4 is a block diagram illustrating:
a serial interconnection mode of two cache modules according to an
embodiment of the present invention. FIG. 5 is a block diagram illustrating
a parallel interconnection mode of two cache modules according to an
embodiment of the present invention. 10 FIG. 6 is a block diagram
illustrating a serial and parallel interconnection mode of two cache
modules according to an embodiment of the present invention. FIG. 7 is a
flow diagram illustrating a method for transferring data in a serial
interconnection mode of two cache modules according to an embodiment of the
present invention. I S FIG. 8 is a flow diagram illustrating a method for
transferring data in a parallel interconnection mode of two cache modules
according to an embodiment of the present invention. DETAILED DESCRIPTION
20 Embodiments of the present invention relate to an apparatus-of arranging
cache modules in a serial, parallel and serial/parallel interconnection
mode: According to an embodiment of the present invention, a computer
system having cache modules interconnected in series includes a first and a
second cache module directly coupled to an address generating line for
parallel lookup of data and data 25 conversion logic coupled between the
first cache module and said second cache module. According to an
alternative embodiment of the present invention, a computer system having
caches interconnected in parallel includes a first and a second cache
module directly coupled to an address generating line for parallel lookup
of data and 30 directly connected to a data generating line. 4   ~ 2 ~~~
~~~~ 



According to another embodiment of the present invention, a computer system
having cache modules interconnected in serieslparallel includes a first and
a second cache module directly coupled to an address generating line for
parallel lookup of data and data conversion logic coupled between the first
cache module S and said second cache module, wherein the fiist cache module
is coupled to a data generating line and the second cache module is coupled
to a multiplexer providing converted data from memory and from the first
cache module. The following description is presented to enable one of
ordinary skill in the art to make and use the invention. Various
modifications to the embodiments will 10 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 the
embodiments shown but is to be accorded thewidest scope consistent with the
principles and features described herein: FIG. 3 is a block diagram
illustrating the features of a typical cache module IS 50. Cache module 50
includes a Tag array 51, Hit/Miss logic 52, Replacement logic 53, Data
array 54 and Data output selection 55. Tag array 51 is coupled to Hit/Miss
logic 51, Replacement logic 52 and Data array 53. HitlMiss logic is
additionally coupled to Replacement logic 52 and Data output selection 54.
Data output selection is further coupled to Data array 53. 20 Cache module
50 receives an address from processor 12 {not shown) over an address
generating line (address) 56. The address is.sent to Tag array S l and
Hit/Miss logic 52. Tag array 51 stores tags associated with each cache line
of cache 50. Hit/Miss logic 52 compares the address from processor 12 with
a corresponding tag array value stored in Tag array 51 . Hit/Miss logic 52
also produces a hit/miss 25 indication as to whether the tag array value is
located in Tag array 51. If a cache hit occurs, Hit/Miss logic forwards
an.indicationthat the tag array value is located in Tag array 51 to Data
output selection 55. Data output selection 55 selects data from Data array
54 based on a decision from Hit/Miss logic 52. Alternatively, if Hit/Miss
logic 52 forwards an indication that the tag value is 30 not located in Tag
array 51, this indication is sent to Replacement logic 53 which 5   ~ ~ ~&~
~~~ determines a "victim line" when this cache miss occurs. Data is
supplied by memory 20 via data generating line (data-in line) 57 to Data
array 54 for output. FIG. 4 illustrates a serial interconnection mode of
two cache modules according to an embodiment of the present invention. In
the serial interconnection 5 mode, cache modulel maybe a level 1 (Ll).cache
and cache module 2 maybe a level 2 cache (L2) for.example. Each cache
module includes the same circuitry of cache module 50 as shown in FIG. 3.
The serial interconnected mode may be used for data types that are
transformed in character between a memory image and a usage with the
processor. For example; the L2 cache may cache a memory image, 10 and the
Ll cache may contain a cache of processor data. An example of data that
could utilize this behavior is a single-precision floating point data (in
the L2 cache) transformed to 32 bit integer data (in the LI cache). In the
serial interconnection mode, cache module 1 and cache module 2 are each
directly coupled to an address generating line (address line) 60. Address
line 15 60 may also be coupled to processor 12. Cache module l is further
coupled-to a data generating line (Data-In) 61 and a hit/miss generating
line (hidmiss) 65. Cache 



module 1 outputs data on data output line (Data-Out) 62. Data output line
62 is coupled to a data converter 70. Data converter 70 converts the format
of data from cache 1 to a format used by cache 2. The output of data
converter 70 is supplied to 20 cache module 2 via data generating line
(Data-In) 63. Cache module 2 outputs data via data output Line (Data-Out)
64. Additionally, cache module 2 sends an indication to cache module 1 via
hitJmiss generating line (hitJmiss) 65 whether data was located in cache to
or not. FIG. 7, illustrates a method for transferring data in the serial
interconnection 25 mode of two cache modules according to an embodiment of
the present invention. The method begins by receiving an address from
processor 12 by cache module I and cache module 2 for parallel look up
(Step 700). A determination is made as to whether cache module 2 stores the
requested data associated with the address from processor 12 (Step 710). If
cache module 2 stores that data, the data is output and the 30 look up in
cache module 1 stops (Step 730). Alternatively, if cache module 2 does not
have the stored data, a determination is made as to whether cache module 1
6   ~ 2 J~~~ 2flfl~ stores the data (Step 720). If cache module 1 stores
the data, the data is first converted from a format used by cache module 1
to a format used by cache module 2 (Step 750) and then the converted data
is moved from cache module 1 to cache module 2 for output (Step 760). If,
however, the data is not stored in cache module 5 1, the data is loaded
from memory into cache module 1 (Step 740), converted (Step 750) and moved
to cache module 2 for output (Step 760). FIG. 5 illustrates a parallel
interconnection mode of two caches according to an embodiment of the
present invention. In the parallel interconnection mode, cache module 1 and
cache module 2 may be the sametype of cache module (e.g.; L1 10 or L2
caches) and are interconnected in parallel as a single large cache module.
In the parallel interconnection mode, cache module 1 and cache module 2 are
each directly coupled to an address generating line (address line) 60.
Address line 60 may also be coupled to processor 12. Cache module t and
cache module 2 are also each directly coupled to a data generating line
(Data-In ) 61. Data generating 15 line 61 may also be coupled to memory 16.
Hit/Miss generating line 65 is coupled between cache module 1 and cache
module 2 for use with simultaneous look up of requested data in order to
know the status of the other cache module. Cache module I and cache module
2 output data via data output lines (Data-Out) 62 and 64 respectively. A
multiplexer 200 is used to output data from either cache module 1 or 20
cache module 2. Also includes is a select victim unit 72 which determine
which cache module to use if to retrieve data from memory in the situation
where neither cache module has the data. Select victim unit 72 can for
example, alternate between the cache modules in assigning the cache module
to retrieve data from memory or can use any other method of assigning a
cache module to retrieve data known in the 25 art. FIG. 8, illustrates a
method for transferring data in the parallel interconnection mode of two
caches according to an embodiment of the present invention. The method
begins by receiving an address from processor 12 by cache module 1 and
cache module 2 for parallel look up (Step 800). A determination is 30 made
as to whether the data is in either cache module (Step 810). If the data is
in at 



least one of the cache modules, the data is output by that cache module and
the look 7   v p for the other cache is cancel ed (Step 830).
Alternatively, if neither cache module has the data, a selection is made
using section victim unit 72 to load data from memory by one of the cache
modules and cancel the lookup for the other cache module (Step 820). 5 FIG.
6 illustrates a serial/parallel interconnection mode of two cache modules
according to an embodiment of the present invention. In the seriallparallel
interconnection mode, cache module I may be a level 1 (Ll ) cache, and
cache module 2 may be a level 2 cache (L2) for example. Alternatively,
cache module 1 and cache module 2 may be the same type of cache. 10 In the
serial/para11e1 interconnection mode, cache module I and cache module 2 are
each directly coupled to.an address generating line (address line ) 60.
Address line 60 may also be coupled to processor 12. Cache module 1 is
further coupled to a data generating line (Data-ln) 61 and a hit/miss
generating line (hidmiss) 65 is couple between cache module 1 and cache
module 2. -In addition, 15 . select victim unit 72 is also.coupled between
cache module i and cache module 2. Cache module I outputs data on data
output line (Data-Out) 62. Data output line 62 is also coupled to a data
converter70. Data converter converts the format of data from cache 1 to a
format used by cache module 2. The output of data converter 70 is supplied
to a multiplexes 75 via data generating line (Data-In) 63. Data 20
generating line 61 is also supplied to multiplexes 75. Multiplexes
75determines what type of data (e.g., data from memoryor data from cache
module 1 ) to input and send to cache module 2. Data from cache module 1 is
sent via data output line 62 to multiplexes 200 and data from cache module
2 is output via data output line 64 to multiplexes 200. Multiplexes 200
determines the correct data to output. 25 Several embodiments of the
present invention are specifically illustrated and/or described herein.
However, it will be appreciated that modifications and variations of the
embodiments of the present invention are covered by the above teachings and
within the purview of the appended claims without departing from the spirit
and intended scope of the invention 8   22 JUN 2004 What is claimed is: 1.
A computer system having cache modules interconnected in series comprising:
a first and a second cache module directly coupled to an address generating
5 line for parallel lookup of data; and data conversion logic coupled
between said first cache module and said second cache module, said data
conversion logic configured to convert the data from a 



first data type of the first cache module to a second data type of the
second cache module. 10 2. The computer system according to claim 1,
wherein said first cache module is coupled to a data generating line and
said second cache module is coupled to an output from said first cache
module. 15 3. The computer system according to claim 1, further comprising
a hit/miss generating line coupled between said first and second cache
modules wherein said hit/xniss generating line sends an indication whether
data is found in said second cache module. 20 4. The computer system
according to claim 1, wherein said first cache module is a level 2 (L2)
cache. 5. The computer system according to claim l, wherein said second
cache module is a level 1 (Ll) cache. 25 6. The computer system according
to claim 3, wherein if a hit occurs in said second cache module, an
indication is send to said first cache module via said hit/miss generating
line. 30 7. The computer system according to claim l, wherein if a miss
occurs in said second cache module and said first cache module, the data is
provided from a memory of the computer system to said first cache module.
-9   22 JUN 2004 8. The computer system according to claim 1, wherein after
the data is provided from a memory of the computer system to said first
cache module, said data is converted. 5 9. The computer system according to
claim 8, wherein after data is converted, said data is provided to said
second cache module. 10. The computer system according to claim 1, wherein
if a hit occurs in said first cache module, said data is converted. 10 11.
The computer system according to claim 10, wherein after data is converted,
said data is provided to said second cache module. 12. The computer system
according to claim 1, wherein said first cache 15 module and said second
cache module contain data that are transformed in character. 



13. The computer system according to claim 12, wherein said first cache
module contains floating point data. 2o 14. The computer system according
to claim 12, wherein said second cache module contains integer data. 15.
The computer system according to claim 1, wherein said data conversion
logic transforms floating point data into integer data. 25 16. A computer
system having caches interconnected in parallel comprising: a first and a
second cache module directly coupled to an address generating line for
parallel lookup of data and directly connected to a data generating line;
3o a hit/miss generating line directly coupled between the first cache
module and the second cache module, the hit/miss generating line configured
to send an indicator ftom any one of the first and second cache modules to
the other of the first and second -10   22 JUN 2004 cache modules to
indicate whether the data is found in the one of the first and second cache
modules, wherein if the indicator indicates a hit occurred in the one of
the first and second cache modules, the other of the first and second cache
modules cancels a 5 search for the data, and if the indicator indicates a
miss occurred in the one and the other of the first and second cache
modules, the one or the other of the first and second cache modules
receives the data from a memory of the computer system; and a select victim
unit directly coupled between the first cache module and the 10 second
cache module, the select victim unit configured to select any one of the
first and second cache modules to receive the data from a memory of the
computer system when the data is not found in the first and second cache
modules, wherein when the one of the first and second cache modules is
selected, the other of the first and second cache modules cancels the
search for the data. 15 17. The computer system according to claim 16,
wherein data stored in said first cache module and data stored in said
second cache module is the same data type. 20 18. A computer system having
caches interconnected in series/parallel comprising: a first and a second
cache module directly coupled to an address generating line for parallel
lookup of data; and data conversion logic coupled between said first cache
module and said 25 second cache module, said data conversion logic
configured to convert the data from a first data type of the first cache
module to a second data type of the second cache 



module; wherein said first cache module is coupled to a data generating
line and said second cache module is coupled to a multiplexer providing the
data from a memory of 30 the computer system and from said first cache
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