
WO 2008/022190 PCT/US2007/075996  1 METHODS AND APPARATUS FOR
REDUCING LOOKUPS IN A  BRANCH TARGET ADDRESS CACHE Field of the
Invention [00011 The present invention relates generally to the field
of processors and, in  particular, to a method of improving branch
prediction by reducing lookups in a branch  target address cache.
Background  [00021 Microprocessors perform computational tasks in a
wide variety of applications.  Improved processor performance is
almost always desirable, to allow for faster  operation and/or
increased functionality through software changes. In many embedded
applications, such as portable electronic devices, conserving power
and faster  throughput are also goals in processor design and
implementation. [00031 Many modem processors employ a pipelined
architecture, where sequential  instructions, each having multiple
execution steps, are overlapped in execution. For  improved
performance, the instructions should flow continuously through the
pipeline.  Any situation that causes instructions to stall in the
pipeline can detrimentally influence  performance. If instructions
are flushed from the pipeline and subsequently re-fetched,  both
performance and power consumption suffer. [00041 Most programs
include indirect branch instructions where the actual branching
behavior is not known until the indirect branch instruction is
evaluated deep in the  pipeline. To avoid the stall that would result
from waiting for actual evaluation of the  indirect branch
instruction, modem processors may employ some form of branch
prediction, whereby the branching behavior of indirect branch
instructions is predicted  early in the pipeline. Based on the
predicted branch evaluation, the processor  



speculatively fetches (prefetches) and process instructions from a
predicted address  WO 2008/022190 PCT/US2007/075996  2 either the
branch target address (if the branch is predicted to be taken) or the
next  sequential address after the branch instruction (if the branch
is predicted not to be  taken). Whether an indirect branch
instruction is to be taken or not to be taken is  referred to as
determining the direction of the branch. [00051 Conventional branch
prediction techniques include a branch target access cache  (BTAC)
positioned in a fetch stage of a processor pipeline and branch
prediction logic.  The BTAC stores the target address of an
instruction previously fetched and is indexed  by the instruction's
address. I-caches are conventionally populated with instructions of
various instruction types which were retrieved from a higher order
cache or memory.  BTACs are conventionally populated after an
indirect branch instruction is actually  resolved further down in the
processor pipeline. [00061 In operation, conventional branch
prediction techniques perform address lookups on prefetched
instructions in both a BTAC and an I-cache in parallel. If there is
a miss in the BTAC, these conventional branch techniques have thus
consumed power  in the BTAC lookup without finding a match. If there
is a hit in the BTAC, the address  looked up may be considered to be
an indirect branch instruction. After BTAC lookup,  conventional
techniques invoke the branch prediction logic to determine whether a
branch target address retrieved from the BTAC should be predicted
taken or not. If the  branch prediction logic predicts taken, the
branch prediction logic redirects instruction  flow by retrieving
instructions beginning from the branch target address. [00071 Any
sequential instructions which entered the processor pipeline since
the  branch instruction are typically flushed from the pipeline. The
path defined by the  BTAC lookup and subsequent branch prediction is
typically a critical speed path  



because the shorter the timing of this path the smaller the amount of
instructions which  need to flushed from the processor pipeline
before redirecting the instruction flow. WO 2008/022190
PCT/US2007/075996  3 Consequently, it is desirable for this path to
be as short as possible to minimize the  power expended in flushing
instructions. [0008] Conventional techniques for reducing the time of
the critical path include  reducing the size of the BTAC and/or
organizing the BTAC in a multi-way fashion.  However, by reducing the
size of the BTAC, the number of potential hits and, thus, the
probability for finding a branch target address in the BTAC is
reduced, lowering the  effectiveness of the BTAC as a whole.
Furthermore, by organizing the BTAC into a  multi-way fashion,
indexing into the BTAC may become quicker but time spent  comparing
may be increased. In these situations, the BTAC may be slower than
the I- cache, thus, becoming the limiting factor in the parallel
lookup portion of the critical  path. Therefore, it is recognized
that apparatus and methods are needed to reduce the  time for
redirecting instruction flow when an indirect branch instruction is
found in a  processor pipeline without decreasing the effectiveness
of branch prediction. SUMMARY  [0009] The present disclosure
recognizes that conventional branch prediction  techniques often
needlessly consume power when lookups are made to an I-cache and
BTAC in parallel and the lookups fail in the BTAC. This recognition
is more evident  when there is a hit in the I-cache and a miss in the
BTAC which is likely due to the I- cache typically storing all types
of instructions and the BTAC typically storing branch  instruction
addresses. [00101 According to one embodiment, a method for reducing
lookups to a branch target  address cache (BTAC) is disclosed. In
this method, a branch target address is retrieved  



from the BTAC in response to a miss in looking up an instruction
address in an instruction cache (I-cache). The branch target address
is associated with the instruction  address. The branch target
address retrieved from the BTAC is stored in the I-cache.  With this
disclosed techniques, subsequent instruction addresses are
advantageously WO 2008/022190 PCT/US2007/075996  4 looked up in the
I-cache, nonparallel to the BTAC, thus saving power by reducing
needless BTAC lookups. [00111 According to another embodiment, method
of storing branch instructions into an  instruction cache is
disclosed. This method includes looking up a branch instruction
address in an instruction cache (I-cache), retrieving a branch target
address from a  branch target address cache (BTAC) in response to an
I-cache miss, and storing the  branch target address into an entry in
the I-cache. [0012] Another embodiment relates to a system for
reducing lookups to a branch target  address cache (BTAC). The system
includes a BTAC and an instruction cache (I-cache)  configured to
retrieve a branch target address from the BTAC in response to a cache
miss when looking up a first branch instruction address. The I-cache
is further  configured to store the branch target address. [0013] It
is understood that other embodiments of the present invention will
become  readily apparent to those skilled in the art from the
following detailed description,  wherein various embodiments of the
invention are shown and described by way of  illustration. As will be
realized, the invention is capable of other and different
embodiments and its several details are capable of modification in
various other  respects, all without departing from the present
invention. Accordingly, the drawings  and detailed description are to
be regarded as illustrative in nature and not as restrictive.  BRIEF
DESCRIPTION OF THE DRAWINGS 



[0014] FIG. 1 is a functional block diagram of an exemplary
processor. [0015] FIGS. 2A-2C (collectively FIG. 2) illustrate a
listing of an exemplary code  segment and exemplary contents of an
I-cache and a BTAC when the I-cache does not  contain the branch
instruction from the code segment. WO 2008/022190 PCT/US2007/075996
5 [0016] FIG. 3 illustrates exemplary contents of the I-cache of Fig.
I after the I-cache is  populated with instruction data from the
BTAC. [0017] FIG. 4 is a flow chart illustrating a method of storing
an indirect branch  instruction into an I-cache and retrieving an
instruction from the I-cache of Fig. 1.  [0018] FIG. 5 is a flow
chart illustrating a method of managing an I-cache on actual  branch
resolution. 100191 FIG. 6 is a functional block diagram of two
processors sharing a common  BTAC. DETAILED DESCRIPTION [0020] FIG. 1
depicts a functional block diagram of an exemplary processor 100. The
processor 100 executes instructions in an instruction execution
pipeline 112 according  to control logic 114. In some embodiments,
the pipeline 112 may be a superscalar  design, with multiple parallel
pipelines as described in further detail in connection with  FIG. 6.
The pipeline 112 includes various registers or latches 116A-D,
organized in  pipe stages, and one or more execution units such as
arithmetic logic unit (ALL) 118.  A General Purpose Register (GPR)
file 120 provides registers comprising the top of the  memory
hierarchy. [00211 Data is accessed from a data cache (D-cachc) 140,
with memory address  translation and permissions managed by a main
Translation Lookaside Buffer (TLB)  142. In various embodiments, the
ITLB 124 may comprise a copy of part of the TLB  



142. Alternatively, the ITLB 124 and TLB 142 may be integrated.
Similarly, in various  embodiments of the processor 100, the I-cache
122 and D-cache 140 may be integrated,  or unified. Misses in the
I-cache 122 and/or the D-cache 140 cause an access to main
(off-chip) memory 144, under the control of a memory interface 146.
Misses in the I- cache 122 will be described in further detail in
connection with the discussion of FIG. 4. WO 2008/022190
PCT/US2007/075996  6 [0022] The processor 100 may include an
Input/Output (I/O) interface 148, controlling  access to various
peripheral devices 150. Those of skill in the art will recognize that
numerous variations of the processor 100 are possible. For example,
the processor 100  may include a second-level (L2) cache for either
or both the I and D caches 122, 140.  In addition, one or more of the
functional blocks depicted in the processor 100 may be  omitted from
a particular embodiment. [0023] Processor 100 includes a branch
prediction system 143. The branch prediction  system 143 includes a
BTAC 141, a branch predictor (BP) circuit 126, update logic  circuit
160, and an optional predecode circuit 156. The BTAC 141 is
configured to  store one or more entries where each entry contains a
branch instruction address and a  branch target address corresponding
to a fetch address. The BTAC 141 may store a  combination of direct
and indirect branch instruction addresses. [00241 The I-cache 122 and
BTAC 141 are populated over a fill path 152 when an  instruction
address misses in the I-cache 122 and a request to receive the
corresponding  instruction from higher level memory over memory
interface 146 is made. Once the  instruction is received from memory
interface 146, in a first embodiment, optional  predecode logic
circuit 156 is configured to determine whether received instruction
is an  indirect branch instruction. If it is, the received
instruction's address is looked up in  BTAC 141 over path 152 to see
if there is a target address associated with the received  



instruction's address. If there is a hit in the BTAC 141, the
received instruction and  corresponding target address are written to
I-cache 122. A miss in I-cache 122 and a hit  in BTAC 141 may occur
in a situation where an indirect branch instruction is  mispredicted,
thus causing some type of invalidation in 1-cache 122. The types of
I- cache invalidation will be discussed in further detail in
connection with the discussion WO 2008/022190 PCT[US2007/075996  7 of
FIG. 5. If the received instruction's address is not in the BTAC 141
(e.g. a miss), the  received instruction is written to I-cache 122.
[0025] A second embodiment removes the predecode logic circuit 156.
In the second  embodiment, instructions received through memory
interface 146 will be looked up in  BTAC 141 regardless of whether
the received instruction is an indirect branch  instruction. In this
second embodiment, instructions, like the first embodiment, are
forwarded to I-cache 122 for storing. However, in the first
embodiment, BTAC lookups  are limited to indirect branch
instructions. In either embodiment, if a branch target  address is
stored in BTAC 141, it will also be stored to I-cache 122. [0026]
Update control logic 160 adds a target address to the entry in the
BTAC 141  after actual branch resolution takes place in the later
stages of pipeline 112 over path  162. BTAC 141 updates 1-cache 122
over path 154 to include both the indirect branch  instruction and
its corresponding target address. The term "predict not taken" refers
to  the BP circuit 126 predicting not to redirect the pipeline 112 in
accordance with the  branch target address. [00271 With memory
address translation and permissions managed by an Instruction- side
Translation Lookaside Buffer (ITLB) 124, instruction prefetch unit
128 fetches  instructions from an instruction cache (1-cache or 1$)
122 over path 125. If a fetched  instruction is found (e.g. hit) in
I-cache 122 and the fetched instruction is associated  



with a corresponding branch target address, the BP circuit 126
predicts whether to take  or not take a code path beginning at the
target address. If the BP circuit 126 predicts  that the target
address should be taken, instruction prefetch unit 128 adjusts its
program  counter to begin fetching instruction from the target
address, thus, redirecting the  pipeline 112 in accordance with the
branch target address. If the BP circuit 126 predicts  that the
target address should not be taken, the program counter is
incremented to begin WO 2008/022190 PCT/US2007/075996  8 fetching
instruction from the next sequential address. The operation of branch
prediction system 143 will be described in more detail in connection
with the discussion  of FIGs. 4 and 5. [0028] The present disclosure
contemplates an embodiment of combining the BTAC  141 and the I-cache
122 into an integral component. However, there are several reasons
for separating the BTAC and I-cache into distinct components. An
external BTAC as  disclosed is only queried or read during fills into
the I-cache. A conventional BTAC  which is positioned in parallel
with the I-cache is accessed each time the I-cache is  accessed. By
limiting the consulting of the BTAC as presently disclosed, the
present  disclosure saves power by reducing activity in the BTAC.
Furthermore, this infrequent  access of the BTAC allows the BTAC 141
to be a single-ported device, thus reducing  design complexity.
[0029] FIG. 2A illustrate a listing 210 of an exemplary code segment
containing an  indirect branch instruction 212 at address Ox000B. As
depicted, the target of indirect  branch instruction 212 is defined
by the contents of register 1 (Rl). Since the contents  of R 1 may
vary each time indirect branch instruction 212 is executed, branch
prediction  system 143 is utilized to determine whether to redirect
the process pipeline 112 starting  with the address as specified by
the contents of Rl . 



[0030] FIG. 2B illustrates exemplary contents of the I-cache 230.
I-cache 230 may  suitably be similar to I-cache 122. I-cache 230
includes an instruction column 232, a  valid bit column 234, and a
branch target address column 236. An entry in column 232  represents
an instruction. By convention, a "0" value in column 234 indicates
that the  branch target, if any, in column 236 is invalid whereas a
"1" value in column 234  indicates that the branch target in column
236 along in the same row is valid. As WO 20081022190
PCT/US2007/075996  9 depicted, I-cache 230 at a point in time where
the program counter points to address  Ox000B does not contain an
entry for indirect branch instruction 212 at address Ox000B.  [0031]
FIG. 2C illustrates exemplary contents of BTAC 250. BTAC 250 may
suitably  be similar to BTAC 141. BTAC 250 includes branch
instruction address column 252  and target address column 254. Column
252 may include direct branch instruction  addresses, indirect branch
instruction addresses, or any combination thereof. At the  point in
time where the program counter points to address Ox000B, BTAC 250
contains  an indirect branch instruction address 256 and its
corresponding target address.  Consequently, control logic 114 will
cause the branch instruction 256 and its  corresponding target
address in BTAC 250 to store I-cache 230 on an I-cache miss. It is
recognized that other information may be stored in both the I-cache
230 and BTAC 250  and that various organizations of I-cache 230 and
BTAC 250 are contemplated by the  present disclosure. [0032] FIG. 3
illustrates the I-cache 230 after the indirect branch instruction
associated  with indirect branch instruction address 256 and its
corresponding target address  (0x2000) are stored in 1-cache 230 at
address Ox000B. Consequently, the next time the  processor's program
counter points to address Ox000B, an I-cache lookup will hit and  the
target address 0x2000 will be assigned to the processor's program
counter to begin  



redirecting the pipeline 112 with instructions at address 0x2000. As
compared with  conventional BTACs, the I-cache lookup in the present
disclosure is performed on a  prefetched instruction without
performing a lookup in the BTAC, saving power  consumption by
reducing the number of BTAC lookups. As demonstrated, lookups in
BTAC 250 are limited to situations where a particular indirect branch
instruction is not  found in the 1-cache 230. WO 2008/022190
PCT/US2007/075996  10 10033J FIG. 4 is a flow chart illustrating a
method 400 of storing an indirect branch  instruction into an I-cache
and retrieving a branch target address from the I-cache of  Fig. 1.
Blocks 410, 420, 450, 455, 460, 465, 470, and 480 define the process
to store an  indirect branch instruction and branch target address
into an I-cache such as I-cache 122  of Fig. 1. Blocks 410, 420, 425,
435, 438, 440, and 445 define the process for retrieving  a branch
target address from an I-cache. At block 410, an I-cache for an
instruction  based on the instruction's address is queried. For
example, the instruction address  stored in a processor's program
counter may be utilized to query an I-cache. At block  420, the
method 400 determines whether there is a hit in the I-cache. If there
is not (a  cache miss), the method 400 proceeds to block 450 to
retrieve the corresponding  instruction data from higher level
memory. At block 450, instruction data is requested  from higher
level memory such as a layer 2 (L2) cache or off-chip memory. At
block  455, the retrieved instruction data from higher level memory
is received. At block 460,  instruction address is looked up in the
BTAC. At block 465, the method 400 determines  whether the
instruction address hits in the BTAC or, in other words, matches with
an  instruction address stored in the BTAC. If the instruction
address hits in the BTAC, the  method 400 proceeds to block 470 where
a predicted branch target, if any, stored in the  BTAC is added to
the instruction data. On a hit in the BTAC, the predicted branch  



target will likely be stored in the BTAC as long as the branch target
address of a  previous instance of the indirect branch instruction
has been previously resolved. The  method 400 proceeds to block 480
where the instruction data is stored in the I-cache.  100341
Returning to block 465, if the instruction address misses in the
BTAC, the  method 400 proceeds to block 480. This transition from
block 465 to 480 indicates the  situation where the queried
instruction address is neither in the I-cache or the BTAC. In  this
situation, a branch target address will be stored in the BTAC after
the resolution of WO 2008/022190 PCT/US20071075996  11 the actual
branch target for the retrieved instruction data which occurs later
in the  processor pipeline as discussed in further detail in
connection with FIG. 6. When the  actual branch target is resolved,
for example, update logic circuit 160 will cause both  the BTAC and
the I-cache to store the resolved branch target. [0035] Both blocks
465 and 475 proceed to block 480 where the instruction data is
stored in the I-cache. Otherwise, the program counter is sequentially
incremented. The  method 400 then proceeds to block 410 to query the
next address as specified by the  program counter. [0036] Returning
to block 420, if there is a hit in the I-cache meaning there is a
corresponding entry in the I-cache, method 400 proceeds to block 425.
At block 425,  the method 400 determines whether the corresponding
entry in the I-cache has a branch  target address. In one embodiment,
block 425 may be accomplished by interrogating a  corresponding valid
bit such as one stored in the valid bit column 234 of FIG. 2. If
there is no valid branch target address associated with the I-cache
hit, the instruction  address is not an indirect branch instruction.
Thus, the method 400 proceeds to block  445 where the non-branch
instruction is retrieved from the I-cache and processed in a
conventional manner. The method 400 proceeds to block 410 for
querying the next  



address from the ]-cache as specified by the program counter. [0037]
If there is a valid branch target address corresponding to the entry,
the method  400 proceeds to block 435. At block 435, the method 400
predicts whether a branch  target address store in the corresponding
entry should be taken. In one embodiment, the  branch' prediction
circuit 126 makes this prediction. It should be noted that one
skilled  in the art will appreciate branch prediction techniques may
be utilizing statistics,  heuristics, predetermined parameters, and
the like. At block 438, the method 400 tests  whether the prediction
is to be taken. If it is, the method 400 proceeds to block 440 WO
2008/022190 PCT/US2007/075996  12 where the branch target address is
sent to the program counter such as instruction  prefetch unit 128 in
order for instructions to begin being fetched from the branch target
address. The method 400 proceeds to block 410 to query the next
address as specified  by the program counter which in this path
through the flow chart is the branch target  address. [0038]
Returning to block 438, if the path is predicted not taken, the
method 400  proceeds to block 445 to process the instruction stored
in the cache in a conventional  manner. After block 445, the method
400 proceeds to block 410 for querying the next  address in the
program counter which in this path through the flowchart is the
sequential  address following the indirect branch instruction such as
address Ox000C in FIG. 2A,  for example. [0039] FIG. 5 is a flow
chart illustrating a method 500 of managing an I-cache on actual
branch resolution. The method 500 is performed for situations where
the actual branch  target of an indirect branch instruction is
calculated for the first time and where the  prediction mechanism
such as the branch prediction circuit 126 mispredicts the target of
the indirect branch instruction. At block 510, an actual target of an
indirect branch  



instruction is resolved. Such branch resolution may be performed as
the indirect branch  instruction is processed later in the processor
pipeline. [0040] At block 520, the method 500 determines whether the
actual target matches the  predicted target or, for the case of the
actual target is calculated for the first time, there  is no
predicted target. If the actual branch target does match with the
predicted branch  target, neither the BTAC or I-cache need to be
updated. The method 500 proceeds to  block 525 where it waits for the
next branch instruction before proceeding back to block  510. WO
2008/022190 PCT/US2007/075996  13 [0041] If the actual branch target
does not match with the predicted target, the method  500 detects a
mispredict and proceeds to block 530. At least two situations may
result  in a mismatch. The first situation may occur the first time
an indirect branch instruction  is executed after previously being
stored in the BTAC and I-cache without a branch  target. In the first
situation, the next sequential instruction after the indirect branch
instruction may have been loaded in the processor pipeline. The
second situation may  occur if the predicted target address is
different from the actual resolved target address.  In the second
situation, the next instruction as indicated in the predicted target
address  may have been loaded in the processor pipeline. [0042] At
block 530, the processor pipeline, in either situation, has its
instructions  flushed from the pipeline to restore the pipeline to
the branch point which is, in this  case, the address of the indirect
branch instruction. Consequently, instructions loaded in  the
processor pipeline subsequent to the indirect branch instruction
regardless of  whether those instructions were loaded beginning from
a predicted target address or the  next sequential address after the
indirect branch instruction will be flushed from the  processor
pipeline. At block 540, the BTAC is updated to store the actual
branch target  



address in its branch target address field such as column 254. [0043]
At block 550, the I-cache is managed. For example, control logic
circuit 114  may include logic to implement blocks 550A-550C. Blocks
550A-550C are alternative  embodiments of block 550. At block 550A,
the cache line corresponding to the  predicted target address is
invalidated. At block 550B, the branch target of the cache  line
corresponding to the predicted target address is invalidated. At
block 550C, the  branch target address of the cache line
corresponding to the predicted target address is  updated to reflect
the actual target address. Block 550C is preferable when the first
time WO 2008/022190 PCTIUS2007/075996  14 an indirect branch
instruction is executed after previously being stored in the BTAC and
I-cache without a branch target. [00441 FIG. 6 is a functional block
diagram of two processors 601 and 602 sharing a  common BTAC 611. The
shared BTAC 611 and processors 601 and 602 are preferably  embodied
in a single integrated circuit chip. Processor 601 includes its own
multi-stage  processor pipeline 620, I-cache 610, and branch
prediction circuit 615. At stage 625,  actual branch resolution takes
place in order to update BTAC 611 and I-cache 610 with  an indirect
branch instruction and branch target address as previously described
in FIGS.  4 and 5, respectively. Processor 602 includes its own
multi-stage processor pipeline  640, I-cache 630 and branch
prediction circuit 635. At stage 645, actual branch  resolution takes
place in order to update BTAC 611 and I-cache 630 with an indirect
branch instruction and branch target address as previously described
in FIGs. 4 and 5,  respectively. As depicted, actual branch
resolution may be performed at different stages  in the processors'
pipeline. Although FIG. 6 illustrate a common BTAC shared  between
two processors, it is noted that the present disclosure contemplates
sharing a  common BTAC between three or more processors. During
operation, when an address  



is fetched from either I-cache 610 or I-cache 630 that contains a
valid branch target  address, the respective pipelines 620 and 640
begin prefetching instructions beginning  from the branch target
address. [00451 The various illustrative logical blocks, modules,
circuits, elements, and/or  components described in connection with
the embodiments disclosed herein may be  implemented or performed
with a general purpose processor, a digital signal processor  (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate  array (FPGA) or other programmable logic
component, discrete gate or transistor logic,  discrete hardware
components, or any combination thereof designed to perform the WO
2008/022190 PCT/US2007/075996  15 functions described herein. A
general-purpose processor may be a microprocessor, but  in the
alternative, the processor may be any conventional processor,
controller,  microcontroller, or state machine. A processor may also
be implemented as a  combination of computing components, e.g., a
combination of a DSP and a  microprocessor, a plurality of
microprocessors, one or more microprocessors in  conjunction with a
DSP core, or any other such configuration. [0046] The methods
described in connection with the embodiments disclosed herein  may be
embodied directly in hardware, in a software module executed by a
processor,  or in a combination of the two. A software module may
reside in RAM memory, flash  memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a  removable disk, a CD-ROM, or any
other form of storage medium known in the art. A  storage medium may
be coupled to the processor such that the processor can read
information from, and write information to, the storage medium. In
the alternative, the  storage medium may be integral to the
processor. [00471 While the invention is disclosed in the context of
embodiments, it will be  



recognized that a wide variety of implementations may be employed by
persons of  ordinary skill in the art consistent with the above
discussion and the claims which  follow below. 16  CLAIMS  WHAT IS
CLAIMED IS: 1. A method for reducing lookups to a branch target
address cache  (BTAC) using an instruction cache (I-cache), the
method comprising: retrieving a first branch target address from the
BTAC in response to a miss  in looking up a first instruction address
of a first brach instruction stored in thel- cache; and storing the
first branch target address retrieved from the BTAC in the I-cache
at a first location associated with the first instruction, wherein
the I-cache is configured to store a plurality of instructions
including  the first branch instruction, wherein the first branch
target address retrieved from the  BTAC and stored in the I-cache was
provided to the BTAC in response to detection  of a prior branch
resolution of the first branch instruction in a processing stage of a
pipeline; and in response to a lookup of the first instruction
address at the I-cache,  retrieving the first branch target address
from the I-cache when the first branch  target address is stored at
the I-cache. 2. The method of claim I further comprising: detecting a
mispredict associated with the first branch instruction. 3. The
method of claim 2 further comprising performing at least one of:
invalidating an I-cache line associated with the mispredict,
invalidating the branch target address in the I-cache line, and  



updating the branch target address in the I-cache. 17  4. The method
of claim 2 wherein detecting a mispredict comprises:  calculating an
actual branch target address for the first branch instruction;  and
determining that the actual branch target address does not match the
first  branch target address stored in the I-cache. 5. A method
comprising: looking up a branch instruction address associated with a
branch instruction  in an instruction cache (I-cache); retrieving a
branch target address from a branch target address cache  (BTAC) in
response to an I-cache miss associated with the branch instruction;
storing the branch target address retrieved from the BTAC into an
entry in the I-cache, wherein the entry is associated with the branch
instruction address in the  I-cache, wherein the branch target
address retrieved from the BTAC was provided to  the BTAC in response
to detection of a prior branch resolution of the branch  instruction
in a processing stage of a pipeline; and in response to a lookup of
the branch instruction address at the I-cache,  retrieving the branch
target address from the I-cache when the branch target address  is
stored at the I-cache. 6. The method of claim 5 further comprising:
predicting that a next instruction to be fetched is associated with
the branch  target address. 18  7. The method of claim 6 further
comprising: updating the branch target address in the I-cache when
the prediction is  



incorrect. 8. The method of claim 7 wherein updating the branch
target address  further comprises: receiving from the pipeline an
actual branch target address of the branch  instruction; and
replacing the branch target address stored in the I-cache and in the
BTAC  with the actual branch target address. 9. An apparatus to
reduce lookups to a branch target address cache  (BTAC) using an
instruction cache (I-cache), the apparatus comprising: a BTAC; and an
I-cache, wherein the I-cache is configured to:  store instructions
including a first instruction; retrieve a branch target address from
the BTAC in response to an I- cache miss when looking up a first
branch instruction address  in the I-cache, wherein the first branch
instruction address is  associated with the first branch instruction
that is stored in the  I-cache; store the branch target address
retrieved from the BTAC; and in response to a lookup of the first
branch instruction address at the I- cache, provide the branch target
address from the I-cache when the branch  target address is stored at
the I-cache, 19  wherein the branch target address retrieved from the
BTAC was provided to the BTAC in response to detection of a prior
branch resolution of  the first branch instruction in a processing
stage of a pipeline. 10. The apparatus of claim 9 further comprising:



a branch prediction circuit configured to predict that a second
instruction to be fetched is associated with the branch target
address stored in the I- cache. 11. The apparatus of claim 10 wherein
the I-cache is further configured  to provide the branch target
address in response to a request to fetch the second  instruction.
12. The apparatus of claim 11 further comprising: an update logic
circuit configured to resolve a misprediction of the  second
instruction to be fetched. 13. The apparatus of claim 12 further
comprising: a control logic circuit configured to manage the I-cache
by at least  one of invalidating an I-cache line that includes the
branch target address,  invalidating the branch target address in the
I-cache line, and updating the branch  target address in the I-cache.
14. The apparatus of claim 9, wherein the BTAC is shared between two
or more processors. 15. The method of claim 1, further comprising: 20
receiving a second branch target address from the BTAC in response to
a second miss in looking up a second instruction address in a second
I- cache; and storing the second branch target address in the second
I-cache at a second  location associated with the second instruction
address. 16. The method of claim 5, further comprising: looking up a
second branch instruction address in a second I-cache;  retrieving a
second branch target address from the BTAC in response to a  



second I-cache miss; and storing the second branch target address
retrieved from the BTAC into a first  entry in the second I-cache.
17. The method of claim 1, wherein lookups in the BTAC are limited to
situations where a particular indirect branch instruction is not
found in the I-cache.  18. The method of claim 1, further comprising
updating the BTAC and updating the I-cache with a resolved target
address received from the pipeline. 19. The method of claim 1,
further comprising updating the I-cache by  providing resolved target
address data to the I-cache in response to detection of a  branch
resolution at the pipeline. 20. The method of claim 5, wherein
lookups in the BTAC are limited to  situations where a particular
indirect branch instruction is not found in the I-cache.  21. The
apparatus of claim 9, wherein lookups in the BTAC are limited to
situations where a particular indirect branch instruction is not
found in the I- cache. 


