
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

94
6 

28
5

B
1

TEPZZ 946 85B_T
(11) EP 2 946 285 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
29.11.2017 Bulletin 2017/48

(21) Application number: 14701881.6

(22) Date of filing: 10.01.2014

(51) Int Cl.:
G06F 9/38 (2006.01)

(86) International application number: 
PCT/US2014/011051

(87) International publication number: 
WO 2014/113288 (24.07.2014 Gazette 2014/30)

(54) DATA CACHE WAY PREDICTION

PFADVORAUSSAGE FÜR EINEN DATENCACHE

PRÉDICTION DE CHEMIN DE CACHE DE DONNÉES

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 15.01.2013 US 201313741917

(43) Date of publication of application: 
25.11.2015 Bulletin 2015/48

(73) Proprietor: Qualcomm Incorporated
San Diego, CA 92121-1714 (US)

(72) Inventors:  
• SASSONE, Peter G.

San Diego, California 92121-1714 (US)

• VENKUMAHANTI, Suresh K.
San Diego, California 92121-1714 (US)

• CODRESCU, Lucian
San Diego, California 92121-1714 (US)

(74) Representative: Wegner, Hans
Bardehle Pagenberg Partnerschaft mbB 
Patentanwälte, Rechtsanwälte 
Prinzregentenplatz 7
81675 München (DE)

(56) References cited:  
WO-A2-02/073415 US-A- 5 752 069
US-A1- 2005 050 277 US-A1- 2005 050 278
US-A1- 2008 046 653 US-A1- 2010 049 953



EP 2 946 285 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure is generally directed to
a data cache memory system.

BACKGROUND

[0002] Advances in technology have resulted in small-
er and more powerful computing devices. For example,
there currently exist a variety of portable personal com-
puting devices, including wireless computing devices,
such as portable wireless telephones, personal digital
assistants (PDAs), and paging devices that are small,
lightweight, and easily carried by users. More specifically,
portable wireless telephones, such as cellular tele-
phones and Internet Protocol (IP) telephones, can com-
municate voice and data packets over wireless networks.
Further, many such wireless telephones include other
types of devices that are incorporated therein. For exam-
ple, wireless telephones can also include a digital still
camera, a digital video camera, a digital recorder, and
an audio file player. Also, such wireless telephones in-
clude a processor that can process executable instruc-
tions, including software applications, such as a web
browser application, that can be used to access the In-
ternet. As such, these wireless telephones can include
significant computing capabilities.
[0003] Accessing a data cache of a processor con-
sumes a significant amount power. The data cache con-
ventionally includes a data array having multiple sets that
each include a plurality of cache lines (e.g., storage lo-
cations). The data cache conventionally also includes a
plurality of ways that each include a driver corresponding
to at least one cache line (e.g., a cache block) of the data
cache. In response to an instruction to access data stored
in the data cache, all of the drivers are enabled (e.g.,
activated) to drive (via a plurality of data lines) the ways
of a particular set of the data array to a multiplexer.
[0004] In parallel (e.g., concurrently) with all of the driv-
ers being enabled, a tag lookup operation is performed
to identify a particular cache line within the data array.
Based on a result of the tag lookup operation, data pro-
vided via a single driver (corresponding to a single cache
line) is selected as an output. Driving all of the ways for
a set and performing the tag lookup operation cause pow-
er to be expended and result in a power inefficiency con-
sidering that data from only a single cache line is output
based on the instruction.
[0005] Similar power consumption issues exist with re-
spect to accessing an instruction cache of the processor.
Accesses to the instruction cache are frequently predict-
able and prediction methods utilizing predictable se-
quences of instructions may be used to identify a partic-
ular way of the instruction cache to be driven. However,
accessing the data cache is more complex and less pre-
dictable than accessing the instruction cache. Accord-

ingly, prediction techniques used for instruction cache
accesses may not be applicable for predicting data cache
accesses. Additionally, if a prediction technique were ap-
plied to a data cache, a performance penalty (e.g., a delay
in processing) and an energy penalty would result from
each misprediction (e.g., making an incorrect prediction)
of a way to be accessed.
[0006] Document US 2005/0050277 A1 discloses a
processor that comprises a cache, a first TLB, and a tag
circuit. The cache comprises a data memory storing a
plurality of cache lines and a tag memory storing a plu-
rality of tags. Each of the tags corresponds to a respective
one of the cache lines. The first TLB stores a plurality of
page portions of virtual addresses identifying a plurality
of virtual pages for which physical address translations
are stored in the first TLB. The tag circuit is configured
to identify one or more of the plurality of cache lines that
are stored in the cache and are within the plurality of
virtual pages. In response to a hit by a first virtual address
in the first TLB and a hit by the first virtual address in the
tag circuit, the tag circuit is configured to prevent a read
of the tag memory in the cache.

SUMMARY

[0007] The invention is defined in the independent
claims 1, 9 and 10.
[0008] A way prediction technique for a data cache of
a processor utilizes a prediction table (e.g., a way pre-
diction table) to track (e.g., monitor) and predict a way
(e.g., a way associated with one or more cache lines) of
the data cache to be driven for an instruction. In a par-
ticular embodiment, the predicted way is based on a prior
execution of the instruction (e.g., the same way driven
as the prior execution of the instruction). For each in-
struction executed by the processor, control logic may
monitor and track execution of each instruction to popu-
late, maintain, and/or utilize the prediction table to identify
the predicted way. For example, the control logic of the
data cache may track, using the prediction table, execu-
tion of one or more instructions based on a program coun-
ter (PC) identifier that indicates (e.g., identifies) a partic-
ular instruction, a way that is accessed for the particular
instruction, and a base register location of a register file
modified by the particular instruction.
[0009] When an instruction that has one or more way
predication characteristics (e.g., an addressing mode of
the instruction, an instruction type of the instruction, an
indication that the instruction is included in a loop, etc.)
is executed, the control logic may read the prediction
table to determine whether a predicted way may be iden-
tified. For example, a way prediction characteristic may
be a characteristic (e.g., a mode, an instruction type, a
position within a loop, etc.) or component (e.g., an op-
code, an operand, a bit value, etc.) of the instruction that
indicates that the instruction may have a predictable next
address (e.g., a predictable access pattern that indicates
that an effective address retrieved based on the next ex-
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ecution of the instruction will be available from a same
cache line (e.g., via a same way)). The control logic may
determine whether an entry exists in the prediction table
that corresponds to the instruction. In a particular em-
bodiment, the one or more way prediction characteristics
may comprise a mode (e.g., an addressing mode), such
as an auto-increment addressing mode or a base plus
offset addressing mode. The predicted way may be the
way previously accessed during a prior execution of the
instruction, such as a prior execution of the instruction
during a prior iteration of a loop.
[0010] When the prediction table indicates a predicted
way for an instruction, the control logic may selectively
enable (e.g., turn on) a driver corresponding to the pre-
dicted way and may selectively disable (e.g., turn off) one
or more other drivers corresponding to ways other than
the predicted way. The control logic may also selectively
disable (e.g., using a switch) a tag lookup operation of a
tag array when the prediction table indicates the predict-
ed way for the instruction. By selectively disabling one
or more drivers and/or selectively disabling the tag lookup
operation, power savings are realized by the processor.
[0011] In a particular embodiment, a method includes
identifying one or more way prediction characteristics of
an instruction. The method also includes selectively read-
ing, based on identification of the one or more way pre-
diction characteristics, a table to identify an entry of the
table associated with the instruction that identifies a way
of a data cache. The method further includes making a
prediction whether a next access of the data cache based
on the instruction will access the way.
[0012] In another particular embodiment, a processor
includes decode logic configured to identify one or more
way prediction characteristics of an instruction. The proc-
essor also includes control logic coupled to the decode
logic. The control logic is configured to selectively read,
based on the one or more way prediction characteristics,
a table to identify an entry of the table associated with
the instruction that identifies a way of a data cache. The
control logic is further configured to make a prediction
whether a next access of the data cache based on the
instruction will access the way.
[0013] In a further particular embodiment, an appara-
tus includes means for identifying one or more way pre-
diction characteristics of an instruction. The apparatus
also includes means for selectively reading, based on
identification of the one or more way prediction charac-
teristics, a table to identify an entry of the table associated
with the instruction that identifies a way of a data cache.
The apparatus further includes means for making a pre-
diction whether a next access of the data cache based
on the instruction will access the way.
[0014] In another particular embodiment, a non-tran-
sitory computer readable medium includes instructions
that, when executed by a processor, cause the processor
to identify one or more way prediction characteristics of
an instruction. The non-transitory computer readable me-
dium further includes instructions that cause the proces-

sor to selectively read, based on identification of the one
or more way prediction characteristics, a table to identify
an entry of the table associated with the instruction that
identifies a way of a data cache. The non-transitory com-
puter readable medium further includes instructions that
cause the processor to make a prediction whether a next
access of the data cache based on the instruction will
access the way.
[0015] In another particular embodiment, a method in-
cludes identifying an increment value during a first exe-
cution of an instruction and identifying a way of a data
cache accessed during the first execution based on the
instruction. The method further includes adding the in-
crement value to an address value associated with the
instruction to determine a first incremented address val-
ue. The method also includes determining whether the
first incremented address value is located in the way of
the data cache. The method further includes populating
an entry corresponding to the instruction in a table in
response to determining that the first incremented ad-
dress is located in the way of the data cache.
[0016] One particular advantage provided by disclosed
embodiments is a way prediction technique that main-
tains a prediction table for one or more instructions (e.g.,
based on an instruction type, an instruction addressing
mode, identification of an instruction being in a loop, or
a combination thereof). The way prediction table may be
utilized to selectively enable and/or disable one or more
drivers based on a way prediction. By selectively ena-
bling and/or disabling one or more drivers, power savings
may be realized during a data access of the data cache.
Additionally, by monitoring, tracking, and storing a reg-
ister location associated with each entry in the way pre-
diction table, potential mispredictions may be avoided
that would result when an instruction, other than the in-
struction that corresponds to the entry, modifies data
(e.g., contents) at the register location. Additional power
benefits may be realized by selectively disabling the tag
lookup operation after the entry (e.g., the way prediction)
has been verified as valid.
[0017] Other aspects, advantages, and features of the
present disclosure will become apparent after review of
the application, including the following sections: Brief De-
scription of the Drawings, Detailed Description, and the
Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a diagram of a first illustrative embodiment
of elements of a processor system that utilizes way
prediction for a data cache;

FIG. 2 is a flow diagram of a first illustrative embod-
iment of a method to perform way prediction for a
data cache;
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FIG. 3 is a flow diagram of a second illustrative em-
bodiment of a method to perform way prediction for
a data cache;

FIG. 4 is a block diagram of a data array of a data
cache used for way predictions and an illustrative
embodiment of program code including instructions
in a loop;

FIG. 5 is a flow diagram of a third illustrative embod-
iment of a method to perform way prediction for a
data cache; and

FIG. 6 is a block diagram of a particular embodiment
of a wireless communication device including a data
cache and logic to perform way prediction.

DETAILED DESCRIPTION

[0019] FIG. 1 illustrates a first particular embodiment
of elements of a processor system 100 that utilizes a way
prediction table 152. The processor system 100 includes
a data cache 102, control logic 150, a program counter
170, a tag array 180, and decode logic 190. The data
cache 102 includes a data array 110 that includes a plu-
rality of cache lines 120a-d. In a particular embodiment,
the data cache 102 comprises a set-associative data
cache.
[0020] The processor system 100 is configured to ex-
ecute (e.g., process) instructions (e.g., a series of instruc-
tion) included in a program. The program may include a
loop, or multiple loops, in which a series of instructions
are executed one or more times. The program may in-
clude one or more instructions, such as instructions hav-
ing one or more way predication characteristics (e.g., an
addressing mode of the instruction, an instruction type
of the instruction, an indication that the instruction is in-
cluded in a loop, etc.) that is an indication that the instruc-
tion may have a predictable next address (e.g., a pre-
dictable access pattern that indicates that an effective
address for the next instruction to be executed will be
available from a same cache line (e.g., via a same way)).
For example, the addressing mode of the instruction may
include an auto increment addressing mode and/or a
base plus offset addressing mode, which cause an op-
eration of a cache line of a data array of a data cache
(e.g., the data cache 102). An instruction using the auto
increment addressing mode (e.g., an auto increment in-
struction) may identify a register location (e.g., a base
register) of a register file (not shown) and may modify
(e.g., increment) the contents (e.g., address data) stored
at the register location by an increment amount (e.g., an
integer value, such as 1 or 2). An instruction using the
base plus offset addressing mode (e.g., a base plus offset
instruction) may access a register location (e.g., a base
register location) during each execution of the instruction
and may add an offset to the data at the base register
location with each successive execution of the instruc-

tion.
[0021] When the instructions using the auto increment
addressing mode and/or the base plus offset addressing
mode are executed as part of a loop (e.g., executed sev-
eral times), the instructions may each include a predict-
able access pattern that indicates that an effective ad-
dress retrieved based on the next execution of the in-
struction will be available from a same cache line 120a-
d (e.g., a same way) of the data array 110. Accordingly,
during execution of the instructions (e.g., during one or
more iterations of the loop), a particular way of the data
cache 102 that is accessed for an instruction that uses
the auto increment addressing mode or the base plus
offset addressing mode may be identified. Because an
instruction using the auto increment addressing mode or
the base plus offset addressing mode operates on a
same register, it may be possible to determine (e.g., ver-
ify) that a post-incremented or offset address may access
a same cache line (e.g., a same way) of the data cache
102 as a previous execution of the instruction. Accord-
ingly, the processor system 100 may generate, maintain,
and use a prediction table 152, as described below, to
predict way accesses for one or more instructions.
[0022] The data cache 102 may include the data array
110 and a multiplexer 160. The data cache 102 may be
configured to store (in a cache line) recently or frequently
used data. Data stored in the data cache 102 may be
accessed more quickly than data accessed from another
location, such as a main memory (not shown). In a par-
ticular embodiment, the data cache 102 is a set-associ-
ative cache, such as a four-way set-associative cache.
Additionally or alternatively, the data cache 102 may in-
clude the control logic 150, the program counter 170, the
tag array 180, the decode logic 190, or a combination
thereof.
[0023] The data array 110 may be accessed during
execution of an instruction (executed by the processor
system 100). The instruction may be included in a pro-
gram (e.g., a series of instructions) and may or may not
be included in a loop (e.g., a software loop) of the pro-
gram. The data array 110 includes a plurality of sets (e.g.,
rows) that each include a plurality of ways (e.g., columns),
such as a first way, a second way, a third way, and a
fourth way as depicted in FIG. 1. Each of the ways may
be associated with multiple cache lines within a column
of the data cache 102 and associated with a correspond-
ing cache line 120a-d (e.g., a single cache line) of each
set of the data cache 102. The plurality of ways may be
accessed during execution of the program. Each way of
the plurality of ways may include a driver 140a-d (e.g., a
line driver) and a data line 130a-d that corresponds to
multiple cache lines (e.g., storage locations) within a col-
umn of the data array 110. For example, the first way
may be associated with a cache line A 120a and includes
a first driver 140a and a first data line 130a, the second
way may be associated with a cache line B 120b and
includes a second driver 140b and a second data line
130b, the third way may be associated with a cache line
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C 120c and includes a third driver 140c and a third data
line 130c, and the fourth way may be associated with a
cache line D 120d and includes a fourth driver 140d and
a fourth data line 130d.
[0024] Each driver 140a-d may enable data stored in
a corresponding cache line 120a-d (e.g., a corresponding
cache block) to be read (e.g., driven) from the data array
110 via a corresponding data line 130a-d and provided
to the multiplexer 160. The content stored in a particular
cache line of the cache lines 120a-d may include multiple
bytes (e.g., thirty-two (32) bytes or sixty-four (64) bytes).
In a particular embodiment, the particular cache line may
correspond to a block of sequentially addressed memory
locations. For example, the particular cache line may cor-
respond to a block of eight sequentially addressed mem-
ory locations (e.g., eight 4-byte segments).
[0025] The decode logic 190 may receive one or more
instructions (e.g., a series of instruction) to be executed
by the processor system 100. The decode logic 190 may
include a decoder configured to decode a particular in-
struction of the one or more instructions and to provide
the decoded instruction (including an index portion 172,
a tag portion 174, or a combination thereof) to the pro-
gram counter 170. The decode logic 190 may also be
configured to provide instruction data associated with the
particular instruction to the control logic 150, such as by
sending data or modifying one or more control registers.
For example, the instruction data may include the decod-
ed instruction (e.g., the index portion 172 and/or the tag
portion 174), one or more way prediction characteristics,
an instruction type of the particular instruction (e.g., a
load type, a store type, etc.), a mode (e.g., an addressing
mode) of the particular instruction, one or more register
locations of a register file (not shown) associated with
the particular instruction, an increment value (and/or an
offset value) associated with the particular instruction, an
address value associated with the particular instruction,
whether the particular instruction initiates a loop (e.g., a
software loop), ends the loop, or is included in the loop,
or a combination thereof. The one or more way predica-
tion characteristics may indicate that the particular in-
struction has a predictable next address (e.g., a predict-
able access pattern that indicates that an effective ad-
dress for the next instruction to be executed will be avail-
able from a same cache line (e.g., via a same way)). For
example, the one or more way predication characteristics
may comprise a characteristic (e.g., an addressing mode,
an instruction type, a position within a loop, etc.) of the
particular instruction, a component (e.g., an op-code, an
operand, a bit value, an increment value, a register value,
etc.) of the particular instruction, or a combination there-
of. The addressing mode of the particular instruction may
include an auto increment addressing mode or a base
plus offset addressing mode. The instruction type of the
particular instruction may include a load type or a store
type.
[0026] The program counter 170 may identify an in-
struction to be executed based on the decoded instruc-

tion received from the decode logic 190. The program
counter 170 may include the index portion 172 (e.g., a
set index portion) and the tag portion 174 that may be
used to access the data cache 102 during an execution
of the instruction. Each time an instruction is executed,
the program counter 170 may be adjusted (e.g., incre-
mented) to identify a next instruction to be executed.
[0027] The control logic 150 may include the way pre-
diction table 152, a tag array enable 154, and a driver
enable 156. The control logic 150 may be configured to
receive the instruction data from the decode logic 190
and access the way prediction table 152 based on at
least a portion of the instruction data, as described further
below. For example, the control logic 150 may selectively
access the way prediction table 152 based on the one or
more way prediction characteristics received from the
decode logic 190.
[0028] The way prediction table 152 may include one
or more entries 153 that each includes one or more fields.
Each entry 153 may correspond to a different instruction
and include a program counter (PC) field, a predicted
way (WAY) field, a register location identifier (REG) field,
a valid/invalid field (V/I), or a combination thereof. For a
particular entry, the PC field may identify a corresponding
instruction executed by the processor system 100. The
WAY field (e.g., a predicted way field) may include a value
(e.g., a way field identifier) that identifies a way (of the
data array 110) that was previously accessed (e.g., a
"last way" accessed) the last time the corresponding in-
struction was executed. The REG field may identify a
register location of a register file (not shown) that was
modified the last time the corresponding instruction was
executed. For example, the register location may be a
base register location of the instruction that was modified
based on an execution of the instruction as part of a post-
increment operation. The V/I field may identify whether
a value of the WAY field is valid or invalid. For example,
the V/I field may indicate whether the value of the WAY
field may be used as a predicted way. Alternatively and/or
additionally, the V/I field may indicate whether an entry
is valid or invalid. The way prediction table 152 may be
maintained (e.g., stored) at a processor core of the proc-
essor system 100 and/or may be included in or associ-
ated with a prefetch table of the data cache 102. In a
particular embodiment, each entry in the way prediction
table 152 includes a program counter identifier (e.g., the
PC field), a particular register location identifier (e.g., the
REG field), and a particular predicted way identifier (e.g.,
the WAY field).
[0029] The control logic 150 may be configured to ac-
cess the instruction data (e.g., instruction data that cor-
responds to an instruction to be executed) provided by
the decode logic 190. Based on at least a portion of the
instruction data, such as the one or more way prediction
characteristics, the control logic 150 may determine
whether the way prediction table 152 includes an entry
that corresponds to the instruction. For example, the con-
trol logic 150 may selectively read the way prediction
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table 152 in response to receiving an indication that an
instruction type of the instruction is a load type or a store
type. In a particular embodiment, the control logic 150
does not read the way prediction table unless the instruc-
tion type is the load type or the store type. The control
logic 150 may determine whether the way prediction table
152 includes an entry 153 that corresponds to the instruc-
tion based on the PC fields of the way prediction table
152. In another particular embodiment, the control logic
150 selectively reads the way prediction table 152 in re-
sponse to receiving an indication that an addressing
mode of the instruction is an auto increment addressing
mode or a base plus offset addressing mode. In another
particular embodiment, the control logic 150 selectively
reads the way prediction table 152 in response to receiv-
ing an indication that the instruction is included in a loop.
[0030] Based on a determination that the way predic-
tion table 152 does not include an entry 153 that corre-
sponds to the instruction, and based on a determination
that the instruction is associated with one or more way
prediction characteristics for which way prediction is use-
ful (e.g., has an auto increment address mode) the control
logic 150 may generate (e.g., populate) a new entry 153
associated with the instruction in the way prediction table
152. The control logic 150 may identify a register location
included in (e.g., identified by) the instruction and a way
of the data array 110 that is accessed based on the in-
struction. The control logic 150 may populate the WAY
field and the REG field of the new entry 153 based on
the identified register location and the identified way, re-
spectively. Accordingly, a next time the instruction is to
be executed (e.g., during a next iteration of the loop), the
control logic 150 may identify the way accessed during
the previous execution of the instruction based on the
WAY field. In particular, when the entry is generated, the
value of the WAY field may be set to indicate a way ac-
cessed based on an execution of the instruction that
caused the entry to be generated. The REG field may be
used by the control logic 150 to maintain the way predic-
tion table 152 as described further herein.
[0031] The control logic 150 may also predict whether
a subsequent (e.g., a next) execution of the instruction
will access a same way as the execution of the instruction
that caused the entry to be generated. For example, as
described in further detail with respect to FIG. 1, the con-
trol logic 150 may perform an arithmetic operation to pre-
dict (e.g., verify) whether a next execution of the instruc-
tion will access a same cache line as the execution, such
as according to an auto-increment addressing mode in-
struction or a base plus offset addressing mode instruc-
tion, and thus the same way. When a determination (e.g.,
a prediction) is made that the incremented address would
not be in the same cache line accessed during the exe-
cution of the instruction, the control logic 150 may set the
V/I field (e.g., a validity bit) of the new entry as invalid to
indicate that the value of the WAY field may not be relied
on to indicate a predicted way to be used during the sub-
sequent execution of the instruction. When a determina-

tion (e.g., a prediction) is made that the incremented ad-
dress would be in the same cache line accessed during
the execution of the instruction (e.g., the execution of the
instruction accessed the cache line A 120a and a value
associated with the incremented address is located in
the cache line A 120a), the control logic 150 may set the
V/I field (e.g., a validity bit) of the new entry to valid to
indicate that the value of the WAY field indicates a pre-
dicted way to be used during the subsequent execution
of the instruction.
[0032] The control logic 150 may use the way predic-
tion table 152 to predict a way for an instruction to be
executed. The control logic 150 may selectively read the
way prediction table 152 to identify the entry 153 of the
way prediction table 152 that corresponds to the instruc-
tion based on the PC field of each entry 153. When the
control logic 150 identifies the corresponding entry 153
and if the entry 153 is indicated as valid, the control logic
150 may use the value of the WAY field for the entry 153
as the way prediction by providing (or making available)
the value of the WAY field to the driver enable 156 and
may provide (or make available) the value of the V/I field
to the tag array enable 154.
[0033] The driver enable 156 may be configured to se-
lectively activate (e.g., turn on) or deactivate (e.g., turn
off) one or more of the drivers 140a-d based on a pre-
dicted way identified in the way prediction table 152. In
a particular embodiment, when the value of the WAY field
provided to the driver enable 156 is a null value (e.g., a
zero value), the driver enable 156 enables all of the driv-
ers 140a-d. In another particular embodiment, the driver
enable 156 may use the predicted way from the identified
(e.g., corresponding) entry 153 when a value of the V/I
field of the entry 153 indicates that a value of the WAY
field of the entry 153 may be used as the way prediction.
Additionally, the driver enable 156 may selectively disa-
ble at least one driver 140a-d of one or more ways that
are not the predicted way indicated by the WAY field. In
a particular embodiment, the WAY field may include one
or more bits (e.g., a bitmask) that indicate the predicted
way, and the driver enable 156 may apply the bitmask
to the plurality of drivers 140a-d to selectively enable or
disable each driver of the plurality of drivers 140a-d.
[0034] The tag array enable 154 may be configured to
selectively activate (e.g., enable) or deactivate (e.g., dis-
able), via a switch 176 (or other mechanism), a tag lookup
operation at the tag array 180 to identify a way (e.g., a
cache line 120a-d) to be selected based on the instruc-
tion. When the tag enable portion 154 determines that
the value of the V/I field indicates that the value of the
WAY field may be used as a way prediction, the tag en-
able portion 154 may selectively disable the tag lookup
operation via operation of the switch 176. When the value
of the V/I field indicates that the value of the WAY field
may not be used as the way prediction, the tag array
enable 154 may selectively enable the switch 176 so that
a tag lookup operation is performed in parallel (e.g., con-
currently) with the drivers 140a-d being enabled.
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[0035] Multiple combinations of a value of the WAY
field provided to the driver enable 156 and a value of the
V/I field provided to the tag array enable 154 may be
provided to direct operation of the driver enable 156
and/or the tag array enable 154. For example, the value
of the WAY field may be a null value (e.g., a zero value)
that causes the driver enable 156 to activate (e.g., turn
on) all of the drivers 140a-d regardless of a value of the
WAY field, and in this case the tag array enable 154 may
selectively enable or selectively disable the switch 176.
As another example, when the value of the V/I field indi-
cates that the value of the WAY field may not be relied
upon as the way prediction, the driver enable 156 may
turn on all of the drivers 140a-d, and the tag array enable
154 may selectively enable the switch 176. As a further
example, when the value of the V/I field indicates that
the value of the WAY field may be relied upon (e.g., used)
as the way prediction, the driver enable 156 may activate
(e.g., turn on) a single line driver of the plurality of drivers
140a-d and the tag array enable 154 may selectively en-
able or selectively disable the switch 176. Alternatively
or additionally, the tag array enable 154 may selectively
enable or disable the switch 176 based on whether the
register file is being tracked (e.g., monitored), whether
an instruction corresponding to the entry providing the
value of the WAY field and the value of the V/I field is
identified as being included in a loop (e.g., based on the
instruction data received at the control logic 150), or a
combination thereof.
[0036] The control logic 150, or other logic coupled to
the control logic 150, may include tracking logic that
tracks (e.g., monitors) whether any instruction modifies
(e.g., changes) data at a register location identified in the
way prediction table 152. The tracking logic may identify
a value of the register location that was modified and
provide an identification of the register location to the
control logic 150. The control logic 150 may read the way
prediction table 152 to determine whether a particular
entry 153 includes a REG field having a value that cor-
responds to the register location. Based on a determina-
tion that the particular entry 153 includes such a REG
field, the control logic 150 may determine whether the
PC field of the particular entry 153 corresponds to the
particular instruction that modified the register location
and, when the particular entry 153 does not correspond
to the particular instruction, the control logic 150 may set
a value of the V/I field (e.g., invalid) of the particular entry
153 to indicate that the value of the WAY field of the
particular entry may not be relied upon (e.g., the used)
as a way prediction or may remove (e.g., delete) the par-
ticular entry 153.
[0037] During operation of the processor system 100,
the decode logic 190 and/or the control logic 150 may
determine whether the way prediction table 152 includes
an entry that corresponds to an instruction to be execut-
ed. When the way prediction table 152 does not include
the entry, the control logic 150 may generate a new entry
in the way prediction table 152. When the way prediction

table 152 includes the entry, the control logic 150 may
identify one or more values of one or more fields of the
entry. When the one or more fields indicate that the entry
is not valid (e.g., the entry may not be used for way pre-
diction), the control logic 150 may enable all of the plu-
rality of drivers 140a-d of the data array 110 and enable
a way select signal to be provided to the multiplexer 160
based an output of the tag array 180. When the one or
more fields indicate that the entry is valid, the control
logic 150 may use a value of a WAY field of the entry to
selectively enable and/or disable one or more of the plu-
rality of drivers 140a-d and to control a selection by the
multiplexer 160. The control logic 150 may update one
or more entries of the way prediction table 152 based on
a prediction that an incremented address would access
a cache line corresponding to a way that is different than
a way indicated by a WAY field or based on identifying
a modification to a register location identified in the way
prediction table 152. An example of operation of the proc-
essor system 100 is described below with reference to
FIG. 4.
[0038] By maintaining the way prediction table 152 for
instructions executed by the processor system 100, one
or more drivers 140a-d of the data array 110 of the data
cache 102 may be selectively disabled based on a way
prediction and a power benefit may be realized during a
data access of the data cache 102. Additionally, by track-
ing and storing a register location (e.g., the REG field)
associated with each entry 153, the control logic 150 may
avoid potential mispredictions when an instruction other
than the instruction corresponding to the entry modifies
data at a particular register location identified by a REG
field of any entry in the way prediction table 152. Addi-
tional power benefits may be realized by selectively dis-
abling the tag lookup operation.
[0039] Referring to FIG. 2, a flow diagram of a first il-
lustrative embodiment of a method 200 to perform way
prediction associated with a data cache is illustrated. For
example, the data cache may include the data cache 102
of FIG. 1. In a particular embodiment, the method 200
may be performed by the control logic 150 of FIG. 1.
[0040] An increment value is identified during a first
execution of an instruction, at 202. The increment value
may be associated with the instruction using an auto in-
crement addressing mode. The increment value may be
determined (e.g., identified) by decode logic, such as the
decode logic 190 of FIG. 1. The increment value may be
included in instruction data that is provided from the de-
code logic to control logic, such as the control logic 150
of FIG. 1. The control logic may receive the instruction
data and identify the increment value. The control logic
may also determine whether the instruction is associated
with one or more way prediction characteristics that in-
dicate the instruction may have a predictable access pat-
tern. In a particular embodiment, the control logic identi-
fies the increment value of the instruction after making a
determination that the instruction is associated with the
one or more way prediction characteristics.
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[0041] A way of the data cache accessed based on the
instruction during a first execution of the instruction is
identified, at 204. For example, the data cache may be
the data cache 102 of FIG. 1. The control logic may iden-
tify the way accessed during the first execution of the
instruction.
[0042] The increment value is added to an address val-
ue associated with the instruction to determine an incre-
mented address value, at 206. The control logic may add
the increment value to the address value associated with
the instruction to determine the incremented address. In
a particular embodiment, the address value may be an
address value stored at a register location identified by
the instruction. The register location may be identified by
the control logic based on the instruction data provided
by the decode logic.
[0043] A determination is made whether the incre-
mented address value is located in the way of the data
cache, at 208. The control logic may determine whether
a subsequent (e.g., a next) execution of the instruction
is predicted to access a same way as an execution (i.e.,
the first execution) of the instruction.
[0044] An entry corresponding to the instruction is pop-
ulated in the table, at 210. The entry may be populated
in the table in response to determining that the incre-
mented address is located in the way of the data cache.
The control logic may populate (e.g., generate) the entry
corresponding to the instruction in a way prediction table,
such as the way prediction table 152 of FIG. 1. In a par-
ticular embodiment, generation (e.g., population) of the
entry in the table is conditioned on one or more conditions
(e.g., an auto increment addressing mode, a type of the
instruction, the instruction being in a loop) associated
with the instruction being satisfied prior to the entry being
generated (e.g., populated). The control logic may pop-
ulate one or more fields of the entry such that the entry
identifies the instruction (e.g., a PC field value), the way
of the data cache accessed during the first execution of
the instruction (e.g., a WAY field value), the register lo-
cation (e.g., a REG field value), whether the subsequent
(e.g., the next) execution of the instruction is predicted
to access the same cache line (e.g., a V/I field value), or
a combination thereof.
[0045] By generating (e.g., populating) the entry for the
instruction in the way prediction table, a way accessed
based on the instruction may be recorded and tracked.
The recorded way may be used as a way prediction by
the control logic during one or more subsequent execu-
tions of the instruction to selectively enable and/or disa-
ble one or more drivers of the data cache (e.g., less than
all of the drivers are turned on) to realize a power benefit
during a data access of the data cache.
[0046] Referring to FIG. 3, a flow diagram of a second
illustrative embodiment of a method 300 to perform way
prediction associated with a data cache is illustrated. For
example, the data cache may include the data cache 102
of FIG. 1. In a particular embodiment, the method 300
may be performed by the control logic 150 of FIG. 1.

[0047] An addressing mode of an instruction is identi-
fied, at 302. In a particular embodiment, the addressing
mode of the instruction is identified as an auto increment
addressing mode. The instruction having the auto incre-
ment addressing mode may identify an increment value
and a register location that stores an address associated
with the instruction. The addressing mode may be deter-
mined (e.g., identified) by control logic, such as the con-
trol logic 150 of FIG. 1, based on instruction data received
from decode logic, such as the decode logic 190. Addi-
tionally, a type (e.g., an instruction type) associated with
the instruction may be determined. For example, the type
may be determined to be a load type or a store type. The
type may be determined (e.g., identified) by the control
logic.
[0048] A table is read, based on the identification of
the instruction, to identify an entry of the table associated
with the instruction that identifies a way of a data cache,
at 304. The control logic may determine whether the table
includes the entry associated with the instruction that
identifies a way of a data cache. For example, the control
logic may access the table and read the entry from the
table based on the instruction. The table may include the
way prediction table 152 of FIG. 1. When a determination
is made that the table includes the entry, the control logic
may determine whether the entry is identified as valid or
invalid based on a value of a validity bit included in a V/I
field associated with the entry. The V/I field may be in-
cluded in the entry or stored at a register location or a
buffer that is distinct from the table. The value of the va-
lidity bit may enable the control logic to determine wheth-
er the entry or a portion (e.g., at least one field) of the
entry is valid to provide a way prediction for the instruc-
tion. Based on the entry, the control logic may use a way
prediction included in the entry to selectively enable
and/or disable one or more drivers of the data cache (e.g.,
less than all of the drivers are turned on). By selectively
disabling one or more drivers of the data cache, a power
benefit is realized during a data access of the data cache.
[0049] A prediction whether a next access of the data
cache based on the instruction will access the same way
is made, at 306. For example, the control logic may pre-
dict whether the next access of the data cache based on
the instruction will access the way identified by the entry.
The control logic may make the predication by adding an
increment value associated with the instruction to an ad-
dress of (e.g., stored at) a register location associated
with the instruction to determine an incremented address
and by determining whether the incremented address is
located in a same cache line of the data array as the
address.
[0050] When the predication is made that the next ac-
cess of the data cache will not access the way, process-
ing advances to 308, where the entry in the table is in-
validated or deleted (e.g., removed). For example, the
control logic may remove the entry or indicate that the
entry of the table is invalid based on a determination that
the incremented address will be in a different cache line
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of the data cache than a cache line that includes the
address (e.g., the address incremented to generate the
incremented address). Alternatively, when the predica-
tion is made that the next access of the data cache will
access the way, processing advances to 310, where the
entry in the table is maintained. For example, the control
logic may maintain the entry of the table as valid to pro-
vide a way prediction based on a determination (e.g., a
prediction) that the incremented address is in the same
cache line of the data array as the address. The control
logic, or logic other than the control logic, may monitor
(e.g., track) the register file including the register location.
As a result of monitoring (e.g., tracking) the register file,
the control logic may invalidate or delete the entry in re-
sponse to contents of the register location being
changed. The contents of the register location may be
changed by another instruction.
[0051] By accessing the table, a previous way of the
data cache accessed based on the instruction may be
used as a way prediction for an execution of the instruc-
tion. Additionally, the control logic may determine (e.g.,
predict) whether a subsequent (e.g., a next) execution
of the instruction will access a same cache line as the
execution of the instruction. Based on the determination
of whether or not the subsequent execution will access
the same cache line, the control logic may remove the
entry, update one or more fields of the entry, and/or main-
tain one or more fields of the entry. By updating and main-
taining the entries of the table, the table may be used
and relied upon to make one or more way predictions
and to avoid mispredictions.
[0052] Referring to FIG. 4, a particular illustrative em-
bodiment of a row 400 of a data cache is shown. For
example, the data cache may include the data cache 102
of FIG. 1. The row 400 may include a first cache line A
402, a second cache line B 404, a third cache line C 406,
and a fourth cache line D 408, each separated by cache
line boundaries 410-414. For example, the four cache
lines 402-408 may correspond to the cache lines 120a-
d of FIG. 1. Although four representative cache lines A-
D are shown, it should be understood that the row 400
may include more than four cache lines or less than four
cache lines. Each of the cache lines 402-408 may include
a plurality of segments. For example, the first cache line
A 402 includes a first segment 402a, a second segment
402b, a third segment 402c, and a fourth segment 402d.
In a particular embodiment, each cache line 402-408 in-
cludes a same number of segments. Each of the cache
lines 402-408 may be associated with a corresponding
way.
[0053] To illustrate operation and usage of the row 400,
an illustrative embodiment of representative computer
instructions including a representative program loop
(e.g., loop code 430) are shown in FIG. 4. The instructions
include loop code 430 that starts with a loop top identifier
440. The loop includes three instructions 442, 444, and
446. The loop ends with an end loop designator 448. Not
all aspects of the program loop are shown for purposes

of providing a simplified example. For example, the
number of loop iterations and a loop end condition has
been omitted for brevity purposes.
[0054] A first instruction 442 is an illustrative load type
instruction including an auto increment addressing mode
(e.g., a post-increment load). In a particular embodiment,
the first instruction 442 is a memory write instruction that
accesses a register location R9 that stores a memory
address and uses the memory address in register loca-
tion R9 to load contents (e.g., data) corresponding to the
memory address from the data cache into a register lo-
cation R1. The register file (not shown) may include a
plurality of register locations. After the contents identified
by the register location R9 are loaded into the register
location R1, a value of the memory address of the register
location R9 is auto incremented by two (e.g., a post-in-
crement of two). Accordingly, the first instruction 442 may
be regarded as having an increment value of two and
operating on a base register R9. To load the contents of
the register location R9 into the register location R1, a
particular cache line of the data cache may be accessed.
The particular cache line is associated with a particular
way and a particular driver of the data array.
[0055] The second instruction 444 is a representative
arithmetic instruction. In a particular embodiment, the
second instruction 444 is an addition instruction that iden-
tifies a register location R4 that stores a first memory
address (having corresponding first contents (e.g., data))
and a register location R5 that stores a second memory
address (having corresponding second contents). The
first contents corresponding to the first memory address
of the register location R4 and the second contents cor-
responding to the second memory address of the register
location R5 may be added together and the sum may be
stored as contents (e.g., data) corresponding to a third
memory address that is stored in the register location R9
based on the second instruction 444.
[0056] The third instruction 446 may include another
load type instruction including the auto increment ad-
dressing mode. For example, execution of the third in-
struction 446 may access a register location R10 (e.g.,
a base register of the third instruction 446) that stores a
memory address and uses the memory address in the
register location R10 to load contents (e.g., data) corre-
sponding to the memory address from the data cache
into a register location R2. After the contents are loaded
into the register location R2, a value of the memory ad-
dress of the register location R10 may be incremented
by one (e.g., a post increment of one).
[0057] Executing the loop code 430 includes executing
the instructions 442, 444, and 446 one or more times
(e.g., one or more iterations). During the first iteration of
the loop code 430, the first instruction 442 is executed.
Since the first instruction 442 includes one or more way
prediction characteristics, such as an auto increment ad-
dressing mode, control logic (not shown) may generate
an entry that corresponds to the first instruction 442 in a
way prediction table. For example, the control logic 150
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of FIG. 1, or other control logic not illustrated, may gen-
erate an entry in the way prediction table 152. In a par-
ticular embodiment, the control logic may generate the
entry in the way prediction table after determining that
the way prediction does not include an entry correspond-
ing to the first instruction 442.
[0058] Since the first instruction 442 includes the auto
increment addressing mode, the control logic may iden-
tify the increment value of two. Since the increment value
of two is less than a size of cache lines 402-408 (e.g., a
size of four), the control logic may predict that the next
way accessed would correspond to (e.g., stay within) the
same cache line. Based on a prediction that the same
way will be accessed during a next iteration (e.g., a next
execution of the first instruction 442), the way may be
identified as a way prediction for a next execution of the
first instruction 442.
[0059] To illustrate, during the first iteration of the loop
code 430, the contents of the register location R9 may
point to a first (sequential) segment 406a of the third
cache line C 406, at 450. For example, the third cache
line C 406 may comprise four segments, such as the first
segment 406a, a second segment 406b, a third segment
406c, and a fourth segment 406d. Accordingly, incre-
menting the contents of the register location R9 by the
increment value of two would result in the contents of the
register location R9 pointing to the third (sequential) seg-
ment 406c of the third cache line C 406, at 452. Thus,
the way prediction for the first instruction 442 would iden-
tify the way (corresponding to the third cache line C 406)
used during execution of the first instruction 442 during
the first iteration of the loop code 430. Thus, as described
with respect to FIG. 1, a new entry for the first instruction
442 is added to the way prediction table 152 by the control
logic 150. For example, a particular entry may be gener-
ated to include one or more of the following fields: PC =
0x10148 (e.g., corresponding to the first instruction 442);
WAY = 3; REG = R9; and V/I = valid (e.g., a data value
of "1").
[0060] The control logic may set a validity bit (e.g., to
indicate valid) of the V/I field of the entry based on the
determination that the subsequent execution of the in-
struction will access the same cache line. In another em-
bodiment, the WAY field of the new entry may only be
populated to identify the way accessed when the deter-
mination (e.g., the prediction) is made that the subse-
quent execution will access the same cache line. When
a prediction is made that the subsequent execution will
not access the same cache line, the control logic may
set the WAY field of the new entry to a null value (e.g.,
a zero value). In another particular embodiment, the entry
is only generated in the way prediction table when the
prediction is made that the subsequent execution will ac-
cess the same cache line.
[0061] Generation of a new entry based on the instruc-
tion may further be conditioned on (e.g., based on) one
or more additional way prediction characteristics being
identified (e.g., one or more additional determinations

being made by the control logic 150 of FIG. 1 based on
the instruction data). For example, the new entry may
only be generated (e.g., populated) when the instruction
is associated with an auto increment addressing mode
and/or a base plus offset addressing mode. As another
example, the new entry may only be generated (e.g.,
populated) when the instruction is included in a loop. In
particular, the new entry may be generated when the
instruction is a first instance of the instruction in the loop.
In a particular embodiment, no entry is generated when
the instruction is not included in a loop.
[0062] When an instruction uses the base plus offset
addressing mode, the control logic 150 may not be op-
erable to make a prediction of whether the subsequent
execution of the instruction will access the same cache
line based on a first execution of the instruction. For ex-
ample, unlike the auto increment addressing mode, ex-
ecuting the base plus offset addressing mode may not
increment an address location by a predetermined value
(e.g., a constant) during each successive execution of
the instruction (e.g., each successive iteration of the
loop). At least two executions of the instruction may be
needed to determine a stride (e.g., an offset) of an in-
struction using the base plus offset addressing mode.
Accordingly, when the instruction uses the base plus off-
set addressing mode a new entry may be generated dur-
ing a first execution of the instruction, but a value of the
V/I field of the new entry may not be able to be set to
indicate the value of the WAY field may be used as the
predicted way until a second execution (e.g., a next ex-
ecution after the initial execution) of the instruction. In an
alternative embodiment, the entry may not be generated
in the way prediction table 152 based on a first execution
of the instruction when the instruction uses the base plus
offset addressing mode. Rather, based on the first exe-
cution of the instruction, a value associated with a PC
field and a value associated with a WAY field may be
identified for a potential new entry associated with the
instruction and the value associated with the PC field and
the value associated with the WAY field may be main-
tained in a location (and/or structure) that is different than
the way prediction table 152. For example, the location
may include a buffer or a register associated with control
logic, such as the control logic 150. The entry associated
with the instruction using the base plus offset addressing
mode may be generated based on an execution of the
instruction that is subsequent to the first execution.
[0063] In a particular embodiment, the control logic
150, or other control logic, may include tracking logic that
tracks each register location of the register file (not
shown) that is identified as a register (e.g., identified in
a REG field) within the way prediction table, such as the
way prediction table 152. In a particular embodiment, the
control logic 150, or other control logic, only tracks reg-
ister locations of the register file that are identified in a
corresponding REG field of a valid entry. For example,
since the register location R9 was used by the first in-
struction 442 and since the register location R9 was as-
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sociated with an entry added to the way prediction table
152, the tracking logic would monitor any instructions that
modify the value of the register location R9. In a particular
illustrative example, the second instruction 444 changes
(e.g., modifies) the value of the register location R9. Thus,
the tracking logic may monitor one or more instructions,
such as the second instruction 444, and invalidate (e.g.,
set a V/I field to invalid) or delete (e.g., remove) the entry
in the way prediction table 152 corresponding to the first
instruction 442 in response to detecting that the value of
the register location R9 has been changed by the second
instruction 444. Thus, upon a subsequent execution
(e.g., a next execution) of the first instruction 442, the
way prediction table 152 would not include a valid entry
(or any entry) associated with the first instruction 442 by
which a way prediction may be made.
[0064] Proceeding with the loop code 430, the third
instruction 446 may include the auto increment address-
ing mode. The control logic may identify the increment
value of one and a register location R10 (e.g., a base
register) of the third instruction 446. During the first iter-
ation of the loop code 430, the contents of the register
location R10 may point to a first (sequential) segment
402a of the first cache line A 402, at 420. Since the in-
crement value of one is less than a size of the first cache
line A 402 (e.g., the first cache line A 402 includes a size
of four), the control logic may predict that the next way
would stay within the same cache line 402 at a second
(sequential) segment 402b, at 422. Based on a prediction
that the same way will be accessed, the way may be
identified as a way prediction for a next execution of the
third instruction 446. Thus, as described with respect to
FIG. 1, a new entry for the third instruction 446 is added
to the way prediction table 152 by the control logic 150.
The first iteration of the loop ends at the end loop desig-
nator 448.
[0065] During a second iteration of the loop code 430,
the first instruction 442 is executed a second time. The
control logic 150 may search the way prediction table
152 for a valid entry that corresponds to the first instruc-
tion 442. Since an entry was generated and stored within
the way prediction table 152 during the first iteration of
the loop code 430, the way prediction table 152 has an
entry that includes a PC field value associated with the
program counter value corresponding to the first instruc-
tion 442. However, since the tracking logic invalidated
the entry, the result of the look up (e.g., reading the entry
of) the way prediction table 152 based on the first instruc-
tion 442 would be an indication of an invalid entry. The
invalid entry would indicate that the control logic 150 can-
not solely rely upon the value of the WAY field (e.g., a
way prediction) indicated by the entry in the way predic-
tion table 152. Thus, the control logic 150 would selec-
tively activate (e.g., enable) a search (e.g., a tag lookup
operation) of the tag array 180 based on the memory
address stored in the register location R9.
[0066] In a particular embodiment, the control logic us-
es the value of the WAY field indicated by the entry in

the way prediction table 152 while concurrently (e.g., in
parallel) enabling the tag lookup operation. Concurrently
enabling the tag lookup operation enables the control
logic to determine whether a misprediction (e.g., predict-
ing an incorrect way) occurs based on the value of the
WAY field. In another embodiment, the control logic en-
ables drivers of all the ways concurrently (e.g., in parallel)
thus enabling the tag lookup operation to ensure that no
performance penalty from a misprediction occurs as a
result of relying on the value of the WAY field for the
invalid entry.
[0067] Continuing with execution through the loop
code 430, the addition operation corresponding to the
second instruction 444 is executed again and then
processing proceeds to execute the third instruction 446.
Since the third instruction 446 includes the auto incre-
ment addressing mode, the control logic 150 accesses
(e.g., reads) the way prediction table 152 and identifies
the previously stored entry associated with the third in-
struction 446 (corresponding to the register location
R10). In this case, the entry associated with the third
instruction 446 is valid and the control logic 150 may gen-
erate a way select signal and generate a signal from the
driver enable 156 to activate the selected (e.g., predicted)
way (without activating any of the other ways). In this
manner, the second iteration of the loop code 430, which
involves a second execution of the third instruction 446,
beneficially selects the previously stored way (corre-
sponding to the previously accessed first cache line A
402) used during the first execution of third instruction
446 in the loop code 430. Accordingly, the previously
stored way may be used as a way prediction and the
control logic 150 may enable (e.g., selectively enable) a
single driver of a plurality of drivers, such as the plurality
of drivers 140a-d of FIG. 1, based on the way prediction.
By selectively enabling the single driver (e.g., less than
all of the plurality of drivers 140a-d), a power benefit may
be realized during a data access of a data cache, such
as the data cache 102 of FIG. 1.
[0068] During the second iteration of the loop code
430, the contents of the register location R10 may point
to a second (sequential) segment 402b of the first cache
line A 402, at 422. The control logic may predict that the
next way associated with the third instruction 446 would
stay within the same cache line 402 by calculating that
the contents of the register location R10, when incre-
mented by the increment value of one, would result in
the contents of the register location R10 pointing to a
third (sequential) segment 402c of the first cache line A
402, at 424, during a third iteration of the loop code 430.
Since the predicted way of the third instruction 446 during
the third iteration of the loop code 430 remains within the
first cache line A 402, the value of the WAY field of the
entry associated with the third instruction 446 may remain
the same (e.g., the way corresponding to the first cache
line A 402) and the entry associated with the third instruc-
tion 446 remains valid. Processing (e.g., execution) of
the end loop designator 448 ends the second iteration of
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the loop code 430.
[0069] The loop code 430 may continue to be proc-
essed through additional iterations as described above.
For example the loop code 430 may go through a third
iteration and a fourth iteration. During execution of the
third instruction 446 in the third iteration of the loop code
430, the register location R10 may point to the third (se-
quential) segment 402c of the first cache line A 402, at
424. During execution of the third instruction 446 in the
fourth iteration of the loop code 430, the register location
R10 may point to a fourth (sequential) segment 402d of
the first cache line A 402, at 426. During execution of the
third instruction 446 in the fourth iteration of the loop code
430, the control logic may predict that the next way as-
sociated with the third instruction 446 (e.g., during a fifth
iteration of the loop code 430) would not stay within the
same cache line A 402 (e.g., cross beyond the boundary
410) by calculating that the contents of the register loca-
tion R10, when incremented by the increment value of
one, would result in the contents of the register location
R10 pointing to the second cache line B 404, at 428.
Since the predicted address of the third instruction 446
(associated with a next execution of the third instruction
446) is outside the first cache line A 402, the control logic
may invalidate the way prediction of the entry or delete
the entry associated with the third instruction 446 from
the way prediction table. When the control logic invali-
dates the entry, the entry may be updated with a new
(valid) way prediction during a fifth iteration of the loop
code 430. Alternatively, when the control logic deletes
the entry, a new entry may be generated during the fifth
iteration.
[0070] By generating (e.g., populating) and maintain-
ing entries for one or more instructions in the way pre-
diction table, a processor system may be enabled to im-
plement (e.g., perform) way predictions (e.g., a way pre-
diction technique) on a data cache. Performing way pre-
diction on the data cache enables the processor system
to realize a power benefit during certain data accesses
of the data cache. For example, the way prediction tech-
nique may be utilized when one or more instructions have
a predictable access pattern executed as part of a loop
(e.g., executed several times). Such instructions may in-
clude instructions using an auto increment addressing
mode or a base plus offset addressing mode.
[0071] Referring to FIG. 5, a flow diagram of a third
illustrative embodiment of a method 500 to perform way
prediction associated with a data cache is illustrated. For
example, the data cache may include the data cache 102
of FIG. 1. In a particular embodiment, the method 500
may be performed by the control logic 150 of FIG. 1.
[0072] One or more way prediction characteristics of
an instruction are identified, at 502. The one or more way
prediction characteristics may include an addressing
mode of the instruction, an instruction type of the instruc-
tion, indication whether the instruction is included in a
loop, or a combination thereof. For example, the one or
more way prediction characteristics may be identified by

control logic, such as the control logic 150 of FIG. 1, or
by decode logic, such as the decode logic 190 of FIG. 1.
In a particular embodiment, a determination is made
whether the addressing mode of the instruction is an auto
increment addressing mode or a base plus offset ad-
dressing mode. In another particular embodiment, a de-
termination is made whether the instruction type of the
instruction is a load type or a store type. In another par-
ticular embodiment, a determination is made whether the
instruction is included in a loop of one or more instruc-
tions. The decode logic may provide an indication of the
instruction type, the addressing mode, or whether the
instruction is included in the loop to control logic.
[0073] A table is selectively read, based on identifica-
tion of the one or more way prediction characteristics, to
identify an entry of the table associated with the instruc-
tion that identifies a way of a data cache, at 504. Control
logic may read a table to determine whether the table
includes the entry corresponding to the instruction. For
example, the control logic 150 of FIG. 1 may selectively
read the way prediction table 152. The corresponding
entry in the table may indicate the way (e.g., a predicted
way) based on a value of one or more bits included in
the entry (e.g., a value of a WAY field of the entry). The
one or more bits may be applied as a mask to a plurality
of drivers to selectively enable or disable each driver of
the plurality of drivers. The control logic may also deter-
mine whether or not the entry is valid. In a particular em-
bodiment, the predicted way is a same way as a previ-
ously accessed way based on a prior execution of the
instruction. For example, the control logic may identify
and retrieve the predicted way from the table and selec-
tively enable and/or disable one or more drivers when
the entry is valid. The one or more drivers, such as the
drivers 140a-d, may be included in a data cache, such
as the data cache 102 of FIG. 1.
[0074] A prediction whether a next access of the data
cache based on the instruction will access the way is
made, at 506. For example, the control logic may perform
an arithmetic operation to predict (e.g., verify) whether a
next execution of the instruction will access a same cache
line as the execution and thus the same way. When a
determination (e.g., a prediction) is made that the incre-
mented address would not be in the same cache line
accessed during the execution of the instruction, a V/I
field (e.g., a validity bit) of the entry may be set to indicate
that the value of a WAY field is invalid and may not be
relied on to indicate a predicted way to be used during
the subsequent execution of the instruction. When a de-
termination is made that the incremented address would
be in the same cache line, the V/I field of the entry may
be set to indicate that the value of the WAY field is valid
and may be relied on.
[0075] By accessing the table, a previous way of the
data cache accessed based on the instruction may be
used as a way prediction for an execution of the instruc-
tion. The previously stored way may be used as the way
prediction and one or more drivers may be selectively
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disabled (e.g., turned off) based on the way prediction.
By selectively disabling one or more drivers, less than all
of the drivers are activated (e.g., turned on) and a power
benefit may be realized during a data access of a data
cache.
[0076] The method 200 of FIG. 2, the method 300 of
FIG. 3, the method 500 of FIG. 5, or any combination
thereof, may be implemented or otherwise performed by
a field-programmable gate array (FPGA) device, an ap-
plication-specific integrated circuit (ASIC), a processing
unit such as a central processing unit (CPU), a digital
signal processor (DSP), a controller, another hardware
device, a firmware device, or any combination thereof.
As an example, at least a portion of any of the method
200 of FIG. 2, the method 300 of FIG. 3, the method 500
of FIG. 5, or any combination thereof, may be implement-
ed by a processor 610 that executes instructions stored
in a memory 632, as described with respect to FIG. 6.
[0077] FIG. 6 is a block diagram of a particular embod-
iment of a device 600 (e.g., a communication device)
including a cache memory system that utilizes a multi-bit
way prediction mask. The device 600 may be a wireless
electronic device and may include a processor 610, such
as a digital signal processor (DSP), coupled to a memory
632.
[0078] The processor 610 may be configured to exe-
cute software 660 (e.g., a program of one or more in-
structions) stored in the memory 632. The processor 610
may include a data cache 680 and control logic 686. For
example, the data cache 680 may include or correspond
to the data cache 102 of FIG. 1, and the control logic 686
may include or correspond to the control logic 150 of FIG.
1. The data cache 680 may include a data array 682 and
a tag array 684. The data array 682 and the tag array
684 may correspond to the data array 110 and the tag
array 180 of FIG. 1, respectively. The data array 682 may
include a plurality of line drivers, such as the line drivers
140a-d of FIG. 1. The control logic 686 may include a
way prediction table 688. The way prediction table 688
may include or correspond to the way prediction table
152 of FIG. 1. In an illustrative example, the processor
610 includes or corresponds to the processor system 100
of FIG. 1, or components thereof, and operates in ac-
cordance with any of the embodiments of FIGS. 1-5, or
any combination thereof.
[0079] In a particular embodiment, the processor 610
may be configured to execute computer executable in-
structions 660 stored at a non-transitory computer-read-
able medium, such as the memory 632, that are execut-
able to cause a computer, such as the processor 610, to
perform at least a portion of any of the method 200 of
FIG. 2, the method 300 of FIG. 3, the method 500 of FIG.
5, or any combination thereof. For example, the computer
executable instructions 660 may be executable to cause
the processor 610 to identify one or more way prediction
characteristics of an instruction. The computer executa-
ble instructions 660 are further executable to cause the
processor 610 to selectively read, based on identification

of the one or more way prediction characteristics, a table
to identify an entry of the table associated with the in-
struction that identifies a way of a data cache. The com-
puter executable instructions 660 are further executable
to cause the processor 610 to make a prediction whether
a next access of the data cache based on the instruction
will access the way.
[0080] A camera interface 668 is coupled to the proc-
essor 610 and is also coupled to a camera, such as a
video camera 670. A display controller 626 is coupled to
the processor 610 and to a display device 628. A cod-
er/decoder (CODEC) 634 can also be coupled to the
processor 610. A speaker 636 and a microphone 638
can be coupled to the CODEC 634. A wireless interface
640 can be coupled to the processor 610 and to an an-
tenna 642 such that wireless data received via the an-
tenna 642 and the wireless interface 640 can be provided
to the processor 610. In a particular embodiment, the
processor 610, the display controller 626, the memory
632, the CODEC 634, the wireless interface 640, and the
camera interface 668 are included in a system-in-pack-
age or system-on-chip device 622. In a particular em-
bodiment, an input device 630 and a power supply 644
are coupled to the system-on-chip device 622. Moreover,
in a particular embodiment, as illustrated in FIG. 6, the
display device 628, the input device 630, the speaker
636, the microphone 638, the wireless antenna 642, the
video camera 670, and the power supply 644 are external
to the system-on-chip device 622. However, each of the
display device 628, the input device 630, the speaker
636, the microphone 638, the wireless antenna 642, the
video camera 670, and the power supply 644 can be
coupled to a component of the system-on-chip device
622, such as an interface or a controller.
[0081] In conjunction with one or more of the described
embodiments, an apparatus is disclosed that includes
means for identifying one or more way prediction char-
acteristics of an instruction. The means for identifying
may include the control logic 150, the decode logic 190
of FIG. 1, the processor 610, the control logic 686 of FIG.
6, one or more other devices or circuits configured to
identify one or more way prediction characteristics, or
any combination thereof.
[0082] The apparatus may also include means for se-
lectively reading, based on identification of the one or
more way prediction characteristics, a table to identify an
entry of the table associated with the instruction that iden-
tifies a way of a data cache. The means for selectively
reading a table may include the control logic 150 of FIG.
1, the control logic 686 of FIG. 6, one or more other de-
vices or circuits configured to selectively read the table,
or any combination thereof.
[0083] The apparatus may also include means for mak-
ing a prediction whether a next access of the data cache
based on the instruction will access the way. The means
for making the prediction may include the control logic
150 of FIG. 1, the control logic 686 of FIG. 6, one or more
other devices or circuits configured to make the predic-
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tion, or any combination thereof.
[0084] The apparatus may also include means for de-
coding the instruction, where the instruction includes a
register identifier and has a predictable next address.
The means for decoding may include the decode logic
190 of FIG. 1, the processor 610 of FIG. 6, one or more
other devices or circuits configured to decode the instruc-
tion to be executed, or any combination thereof.
[0085] The apparatus may also include means for se-
lectively driving a data cache line based on the way. The
means for selectively driving a data cache line may in-
clude the line drivers 140a-c of FIG. 1, the data array 682
of FIG. 6, one or more other devices or circuits configured
to selectively drive the data cache line, or any combina-
tion thereof.
[0086] One or more of the disclosed embodiments may
be implemented in a system or an apparatus, such as
the device 600, that may include a mobile phone, a cel-
lular phone, a satellite phone, a computer, a set top box,
an entertainment unit, a navigation device, a communi-
cations device, a personal digital assistant (PDA), a fixed
location data unit, a mobile location data unit, a tablet, a
portable computer, a desktop computer, a monitor, a
computer monitor, a television, a tuner, a radio, a satellite
radio, a music player, a digital music player, a portable
music player, a video player, a digital video player, a dig-
ital video disc (DVD) player, a portable digital video play-
er, or a combination thereof. As another illustrative, non-
limiting example, the system or the apparatus may in-
clude remote units, such as mobile phones, hand-held
personal communication systems (PCS) units, portable
data units such as personal data assistants, global posi-
tioning system (GPS) enabled devices, navigation devic-
es, fixed location data units such as meter reading equip-
ment, or any other device that stores or retrieves data or
computer instructions, or any combination thereof.
[0087] Although one or more of FIGS. 1-6 may illustrate
systems, apparatuses, and/or methods according to the
teachings of the disclosure, the disclosure is not limited
to these illustrated systems, apparatuses, and/or meth-
ods. Embodiments of the disclosure may be suitably em-
ployed in any device that includes integrated circuitry in-
cluding a processor and a memory.
[0088] Those of skill would further appreciate that the
various illustrative logical blocks, configurations, mod-
ules, circuits, and algorithm steps described in connec-
tion with the embodiments disclosed herein may be im-
plemented as electronic hardware, computer software
executed by a processor, or a combination thereof. Var-
ious illustrative components, blocks, configurations,
modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such
functionality is implemented as hardware or processor
executable instructions depends upon the particular ap-
plication and design constraints imposed on the overall
system. Skilled artisans may implement the described
functionality in varying ways for each particular applica-
tion, but such implementation decisions should not be

interpreted as causing a departure from the scope of the
present disclosure.
[0089] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in random access
memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), eras-
able programmable read-only memory (EPROM), elec-
trically erasable programmable read-only memory (EEP-
ROM), registers, hard disk, a removable disk, a compact
disc read-only memory (CD-ROM), or any other form of
non-transient storage medium known in the art. An illus-
trative storage medium is 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.
The processor and the storage medium may reside in an
application-specific integrated circuit (ASIC). The ASIC
may reside in a computing device or a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a computing de-
vice or user terminal.
[0090] The previous description of the disclosed em-
bodiments is provided to enable a person skilled in the
art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily ap-
parent to those skilled in the art, and the principles de-
fined herein may be applied to other embodiments with-
out departing from the scope of the disclosure. Thus, the
present disclosure is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope possible consistent with the principles and
novel features as defined by the following claims.

Claims

1. A method comprising:

identifying (502) one or more way prediction
characteristics of an instruction to access data
stored in a data cache, wherein a way prediction
characteristic indicates that the instruction has
a predictable next address;
selectively reading (504), based on identification
of the one or more way prediction characteris-
tics, a way prediction table to identify an entry
of the way prediction table associated with the
instruction that identifies a way of the data
cache, wherein the way prediction table com-
prises a WAY field including a value that identi-
fies a way and a REG field that identifies a reg-
ister location;
making (506) a prediction whether a next access
of the data cache based on a next execution of
the instruction will access the identified way of
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the data cache;
identifying a particular instruction that modified
data of a register location;
determining whether a particular entry in the way
prediction table includes a register identifier cor-
responding to the register location;
determining whether the particular entry corre-
sponds to the particular instruction; and
removing or invalidating the particular entry
when the particular entry does not correspond
to the particular instruction.

2. The method of claim 1, wherein the one or more way
prediction characteristics comprise an addressing
mode of the instruction, an instruction type of the
instruction, an indication whether the instruction is
included in a loop, or a combination thereof.

3. The method of claim 2, further comprising, determin-
ing whether the addressing mode of the instruction
is an auto increment addressing mode or a base plus
offset addressing mode.

4. The method of claim 3, further comprising setting a
predicted way field of the entry to identify a particular
way of the data cache in response to a determination
that the addressing mode of the instruction compris-
es the auto increment addressing mode, wherein the
predicted way field is set upon generation of the en-
try.

5. The method of claim 3, further comprising setting a
predicted way field of the entry to identify a particular
way of the data cache in response to a determination
that the addressing mode of the instruction compris-
es the base plus offset addressing mode, wherein
the entry is generated in connection with a first ex-
ecution of the instruction, and wherein the predicted
way field is set based on a second execution of the
instruction that is subsequent to the first execution.

6. The method of claim 2, further comprising determin-
ing whether the instruction type of the instruction is
a load type or a store type.

7. The method of claim 2, wherein the table is selec-
tively read in response to the indication that the in-
struction is included in a particular loop.

8. The method of claim 1, further comprising:

determining whether the table includes the en-
try;
determining whether the entry is valid to provide
a way prediction; and
in response to determining that the entry indi-
cates a valid predicted way, retrieving the pre-
dicted way from the entry and driving the pre-

dicted way of the data cache.

9. An apparatus (600) comprising:

means for identifying (502) one or more way pre-
diction characteristics of an instruction to access
data stored in a data cache, wherein a way pre-
diction characteristic indicates that the instruc-
tion has a predictable next address;
means for selectively reading (504), based on
identification of the one or more way prediction
characteristics, a way prediction table to identify
an entry of the way prediction table associated
with the instruction that identifies a way of the
data cache, wherein the way prediction table
comprises a WAY field including a value that
identifies a way and a REG field that identifies
a register location;
means for making (506) a prediction whether a
next access of the data cache based on a next
execution of the instruction will access the iden-
tified way of the data cache;
means for identifying a particular instruction that
modified data of a register location;
means for determining whether a particular en-
try in the way prediction table includes a register
identifier corresponding to the register location;
means for determining whether the particular
entry corresponds to the particular instruction;
and
means for removing or invalidating the particular
entry when the particular entry does not corre-
spond to the particular instruction.

10. A method comprising:

identifying (202) an increment value during a first
execution of an instruction;
identifying (204) a way of a data cache accessed
during the first execution based on the instruc-
tion;
adding (206) the increment value to an address
value associated with the instruction to deter-
mine a first incremented address value;
determining (208) whether the first incremented
address value is located in the way of the data
cache; and
populating (210) an entry corresponding to the
instruction in a way prediction [0034] table in re-
sponse to determining that the first incremented
address is located in the way of the data cache,
comprising populating a WAY field of the entry
based on the identified way and a REG field of
the entry based on the identified register loca-
tion.

11. The method of claim 10, wherein each entry in the
table includes a program counter identifier, a register
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identifier, a predicted way identifier, a validity bit, or
a combination thereof.

12. The method of claim 10, further comprising deter-
mining whether the instruction comprises an auto
increment instruction or a base plus offset instruc-
tion.

13. The method of claim 10, wherein the entry identifies
the way of the data cache accessed, wherein the
entry is populated in connection with the first execu-
tion of the instruction, and further comprising, during
a second execution of the instruction, performing:

reading the entry from the table;
calculating a second incremented address val-
ue; and
applying the way as a way prediction during the
second execution.

14. The method of claim 10, further comprising updating
the table in response to determining that an incre-
mented address value of a subsequent execution of
the instruction is located in a different way than the
way, wherein the subsequent execution of the in-
struction is after the first execution.

15. The method of claim 10, further comprising removing
the entry or indicating that the entry of the table is
invalid based on a determination that the increment-
ed address is associated with a different cache line
than a cache line associated with the address.

Patentansprüche

1. Verfahren umfassend:

Identifizieren (502) einer oder mehrerer Weg-
Vorhersage-Eigenschaften einer Anweisung
zum Zugriff auf Daten, die in einem Daten-Zwi-
schenspeicher gespeichert sind, wobei eine
Weg-Vorhersage-Eigenschaft anzeigt, dass die
Anweisung eine vorhersagbare nächste Adres-
se hat;
selektives Lesen (504), basierend auf Identifi-
zierung der einen oder mehreren Weg-Vorher-
sage-Eigenschaften, einer Weg-Vorhersage-
Tabelle zum Identifizieren eines Eintrags der
Weg-Vorhersage-Tabelle, der der Anweisung
zugeordnet ist, und der einen Weg des Daten-
Zwischenspeichers identifiziert, wobei die Weg-
Vorhersage-Tabelle ein WAY Feld, das einen
Wert beinhaltet, der einen Weg identifiziert und
ein REG Feld, das eine Register-Lage identifi-
ziert, umfasst;
Treffen (506) einer Vorhersage, ob ein nächster
Zugriff des Daten-Zwischenspeichers basie-

rend auf einer nächsten Ausführung der Anwei-
sung auf den identifizierten Weg des Daten-Zwi-
schenspeichers zugreifen wird;
Identifizieren einer bestimmten Anweisung, die
Daten einer Register-Lage modifiziert hat;
Bestimmen, ob ein bestimmter Eintrag in der
Weg-Vorhersage-Tabelle eine Register-Ken-
nung beinhaltet, die der Register-Lage ent-
spricht;
Bestimmen, ob der bestimmte Eintrag der be-
stimmten Anweisung entspricht; und
Entfernen oder Invalidieren des bestimmten
Eintrags, wenn der bestimmte Eintrag der be-
stimmten Anweisung nicht entspricht.

2. Verfahren gemäß Anspruch 1, wobei die eine oder
mehreren Weg-Vorhersage-Eigenschaften umfas-
sen einen Adressierungsmodus der Anweisung, ei-
nen Anweisungstyp der Anweisung, eine Indikation,
ob die Anweisung in einer Schleife beinhaltet ist,
oder eine Kombination daraus.

3. Verfahren gemäß Anspruch 2, weiterhin umfassend,
Bestimmen, ob der Adressierungsmodus der Anwei-
sung ein selbsterhöhender Adressierungsmodus
oder ein Basis-plus-Offset-Adressierungsmodus ist.

4. Verfahren gemäß Anspruch 3, weiterhin umfassend
Setzen eines vorhergesagten Weg-Feldes des Ein-
trags, um einen bestimmten Weg des Daten-Zwi-
schenspeichers zu identifizieren, in Antwort auf eine
Bestimmung, dass der Adressierungsmodus der An-
weisung den selbsterhöhenden Adressierungsmo-
dus umfasst, wobei das vorhergesagte Weg-Feld
nach Erzeugung des Eintrags gesetzt wird.

5. Verfahren gemäß Anspruch 3, weiterhin umfassend
Setzen eines vorhegesagten Weg-Feldes des Ein-
trags, um einen bestimmten Weg des Daten-Zwi-
schenspeichers zu identifizieren, in Antwort auf eine
Bestimmung, dass der Adressierungsmodus der An-
weisung den Basis-plus-Offset-Adressierungsmo-
dus umfasst, wobei der Eintrag in Verbindung mit
einer ersten Ausführung der Anweisung erzeugt
wird, und wobei das vorhergesagte Weg-Feld basie-
rend auf einer zweiten Ausführung der Anweisung
erzeugt wird, die der ersten Ausführung folgt.

6. Verfahren gemäß Anspruch 2, weiterhin umfassend
Bestimmen, ob der Anweisungstyp der Anweisung
ein Laden-Typ oder ein Speichern-Typ ist.

7. Verfahren gemäß Anspruch 2, wobei die Tabelle se-
lektiv gelesen wird, in Antwort auf die Indikation,
dass die Anweisung in einer bestimmten Schleife
beinhaltet ist.

8. Verfahren gemäß Anspruch 1, weiterhin umfassend:
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Bestimmen, ob die Tabelle den Eintrag beinhal-
tet;
Bestimmen, ob der Eintrag gültig ist, um eine
Weg-Vorhersage bereitzustellen; und
in Antwort auf Bestimmen, dass der Eintrag ei-
nen gültigen vorhergesagten Weg anzeigt, Ab-
rufen des vorhergesagten Wegs aus dem Ein-
trag und Ansteuern des vorhergesagten Wegs
des Daten-Zwischenspeichers.

9. Vorrichtung (600) aufweisend:

Mittel zum Identifizieren (502) einer oder meh-
rerer Weg-Vorhersage-Eigenschaften einer An-
weisung zum Zugriff auf Daten, die in einem Da-
ten-Zwischenspeicher gespeichert sind, wobei
eine Weg-Vorhersage-Eigenschaft anzeigt,
dass die Anweisung eine vorhersagbare nächs-
te Adresse hat;
Mittel zum selektiven Lesen (504), basierend
auf Identifizierung der einen oder mehreren
Weg-Vorhersage-Eigenschaften, einer Weg-
Vorhersage-Tabelle zum Identifizieren eines
Eintrags der Weg-Vorhersage-Tabelle, der der
Anweisung zugeordnet ist, und der einen Weg
des Daten-Zwischenspeichers identifiziert, wo-
bei die Weg-Vorhersage-Tabelle ein WAY Feld,
das einen Wert beinhaltet, der einen Weg iden-
tifiziert und ein REG Feld, das eine Register-
Lage identifiziert, umfasst;
Mittel zum Treffen (506) einer Vorhersage, ob
ein nächster Zugriff des Daten-Zwischenspei-
chers basierend auf einer nächsten Ausführung
der Anweisung auf den identifizierten Weg des
Daten-Zwischenspeichers zugreifen wird;
Mittel zum Identifizieren einer bestimmten An-
weisung, die Daten einer Register-Lage modifi-
ziert hat;
Mittel zum Bestimmen, ob ein bestimmter Ein-
trag in der Weg-Vorhersage-Tabelle eine Regis-
ter-Kennung beinhaltet, die der Register-Lage
entspricht;
Mittel zum Bestimmen, ob der bestimmte Ein-
trag der bestimmten Anweisung entspricht; und
Mittel zum Entfernen oder Invalidieren des be-
stimmten Eintrags, wenn der bestimmte Eintrag
der bestimmten Anweisung nicht entspricht.

10. Verfahren umfassend:

Identifizieren (202) eines erhöhten Wertes wäh-
rend einer ersten Ausführung einer Anweisung;
Identifizieren (204) eines Wegs eines Daten-
Zwischenspeichers, auf den während der ersten
Ausführung zugegriffen wurde, basierend auf
der Anweisung;
Addieren (206) des erhöhten Wertes zu einem
Adressenwert zugeordnet der Anweisung, um

einen ersten erhöhten Adressenwert zu bestim-
men;
Bestimmten (208), ob der erste erhöhte Adres-
senwert in dem Weg des Daten-Zwischenspei-
chers lokalisiert ist; und
Einpflegen (210) eines Eintrags entsprechend
der Anweisung in eine Weg-Vorhersage-Tabel-
le in Antwort auf Bestimmen, dass die erste er-
höhte Adresse in dem Weg des Daten-Zwi-
schenspeichers lokalisiert ist, umfassend Ein-
pflegen eines WAY Feldes des Eintrags basie-
rend auf dem identifizieren Weg und eines REG
Feldes des Eintrags basierend auf der identifi-
zierten Register-Lage.

11. Verfahren gemäß Anspruch 10, wobei jeder Eintrag
in der Tabelle eine Programm-Zähler-Kennung, eine
Register-Kennung, eine Kennung eines vorherge-
sagten Wegs, ein Gültigkeitsbit oder eine Kombina-
tion daraus beinhaltet.

12. Verfahren gemäß Anspruch 10, weiterhin umfas-
send Bestimmen, ob die Anweisung eine Selbster-
höhungsanweisung oder eine Basis-plus-Offset-An-
weisung umfasst.

13. Verfahren gemäß Anspruch 10, wobei der Eintrag
den zugegriffenen Weg des Daten-Zwischenspei-
chers identifiziert, wobei der Eintrag in Verbindung
mit der ersten Ausführung der Anweisung einge-
pflegt wird, und weiterhin umfassend, während einer
zweiten Ausführung der Anweisung, Durchführen:

Lesen des Eintrags aus der Tabelle;
Berechnen eines zweiten erhöhten Adressen-
wertes; und
Anwenden des Wegs als eine Weg-Vorhersage
während der zweiten Ausführung.

14. Verfahren gemäß Anspruch 10, weiterhin umfas-
send Aktualisieren der Tabelle in Antwort auf Be-
stimmen, dass ein erhöhter Adressenwert einer
nachfolgenden Ausführung der Anweisung in einem
anderen Weg lokalisiert ist, als der Weg, wobei die
nachfolgende Ausführung der Anweisung nach der
ersten Ausführung ist.

15. Verfahren gemäß Anspruch 10, weiterhin umfas-
send Entfernen des Eintrags oder Anzeigen, dass
der Eintrag der Tabelle ungültig ist, basierend auf
einer Bestimmung, dass die erhöhte Adresse einer
anderen Zwischenspeicher-Linie zugeordnet ist, als
eine Zwischenspeicher-Linie, die der Adresse zuge-
ordnet ist.
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Revendications

1. Procédé comprenant :

l’identification (502) d’une ou plusieurs caracté-
ristiques de prédiction de chemin d’une instruc-
tion pour accéder à des données mémorisées
dans une mémoire cache de données, dans le-
quel une caractéristique de prédiction de che-
min indique que l’instruction a une prochaine
adresse prévisible ;
la lecture sélective (504), sur la base de l’iden-
tification de l’une ou plusieurs caractéristiques
de prédiction de chemin, d’un tableau de pré-
diction de chemin pour identifier une entrée du
tableau de prédiction de chemin associée à l’ins-
truction qui identifie un chemin de la mémoire
cache de données, dans lequel le tableau de
prédiction de chemin comprend un champ WAY
comprenant une valeur qui identifie un chemin
et un champ REG qui identifie un emplacement
de registre ; la réalisation (506) d’une prédiction
si un prochain accès de la mémoire cache de
données sur la base d’une prochaine exécution
de l’instruction accède au chemin identifié de la
mémoire cache de données ;
l’identification d’une instruction particulière qui
a modifié des données d’un emplacement de
registre ;
la détermination si une entrée particulière dans
le tableau de prédiction de chemin comprend un
identifiant de registre correspondant à l’empla-
cement de registre ;
la détermination si l’entrée particulière corres-
pond à l’instruction particulière ; et
la suppression ou l’invalidation de l’entrée par-
ticulière lorsque l’entrée particulière ne corres-
pond pas à l’instruction particulière.

2. Procédé selon la revendication 1, dans lequel l’une
ou plusieurs caractéristiques de prédiction de che-
min comprennent un mode d’adressage de l’instruc-
tion, un type d’instruction de l’instruction, une indi-
cation si l’instruction est incluse dans une boucle, ou
une combinaison de ceux-ci.

3. Procédé selon la revendication 2, comprenant en
outre la détermination si le mode d’adressage de
l’instruction est un mode d’adressage d’auto incré-
ment ou un mode d’adressage de base plus déca-
lage.

4. Procédé selon la revendication 3, comprenant en
outre le réglage d’un champ de chemin prédit de
l’entrée pour identifier un chemin particulier de la mé-
moire cache de données en réponse à une détermi-
nation que le mode d’adressage de l’instruction com-
prend le mode d’adressage d’auto incrément, dans

lequel le champ de chemin prédit est réglé à la gé-
nération de l’entrée.

5. Procédé selon la revendication 3, comprenant en
outre le réglage d’un champ de chemin prédit de
l’entrée pour identifier un chemin particulier de la mé-
moire cache de données en réponse à une détermi-
nation que le mode d’adressage de l’instruction com-
prend le mode d’adressage de base plus décalage,
dans lequel l’entrée est générée en relation avec une
première exécution de l’instruction, et dans lequel le
champ de chemin prédit est réglé sur la base d’une
deuxième exécution de l’instruction suivant la pre-
mière exécution.

6. Procédé selon la revendication 2, comprenant en
outre la détermination si le type d’instruction de l’ins-
truction est un type de chargement ou un type de
mémorisation.

7. Procédé selon la revendication 2, dans lequel le ta-
bleau est lu sélectivement en réponse à l’indication
que l’instruction est incluse dans une boucle parti-
culière.

8. Procédé selon la revendication 1, comprenant en
outre :

la détermination si le tableau comprend
l’entrée ;
la détermination si l’entrée est valable pour four-
nir une prédiction de chemin ; et
en réponse à la détermination que l’entrée indi-
que un chemin prédit valable, la récupération du
chemin prédit à partir de l’entrée et l’activation
du chemin prédit de la mémoire cache de don-
nées.

9. Appareil (600) comprenant :

des moyens pour l’identification (502) d’une ou
plusieurs caractéristiques de prédiction de che-
min d’une instruction pour accéder à des don-
nées mémorisées dans une mémoire cache de
données, dans lequel une caractéristique de
prédiction de chemin indique que l’instruction a
une prochaine adresse prévisible ;
des moyens pour la lecture sélective (504), sur
la base de l’identification de l’une ou plusieurs
caractéristiques de prédiction de chemin, d’un
tableau de prédiction de chemin pour identifier
une entrée du tableau de prédiction de chemin
associée à l’instruction qui identifie un chemin
de la mémoire cache de données, dans lequel
le tableau de prédiction de chemin comprend un
champ WAY comprenant une valeur qui identifie
un chemin et un champ REG qui identifie un
emplacement de registre ;
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des moyens pour la réalisation (506) d’une pré-
diction si un prochain accès de la mémoire ca-
che de données sur la base d’une prochaine
exécution de l’instruction accède au chemin
identifié de la mémoire cache de données ;
des moyens pour l’identification d’une instruc-
tion particulière qui a modifié des données d’un
emplacement de registre ;
des moyens pour la détermination si une entrée
particulière dans le tableau de prédiction de che-
min comprend un identifiant de registre corres-
pondant à l’emplacement de registre ;
des moyens pour la détermination si l’entrée
particulière correspond à l’instruction
particulière ; et
des moyens pour la suppression ou l’invalida-
tion de l’entrée particulière lorsque l’entrée par-
ticulière ne correspond pas à l’instruction parti-
culière.

10. Procédé comprenant :

l’identification (202) d’une valeur d’incrément au
cours d’une première exécution d’une
instruction ;
l’identification (204) d’un chemin d’une mémoire
cache de données qui est accédée au cours de
la première exécution sur la base de
l’instruction ;
l’ajout (206) de la valeur d’incrément à une va-
leur d’adresse associée à l’instruction pour dé-
terminer une première valeur d’adresse
incrémentée ;
la détermination (208) si la première valeur
d’adresse incrémentée est située dans le che-
min de la mémoire cache de données ; et
le renseignement (210) d’une entrée correspon-
dant à l’instruction dans un tableau de prédiction
de chemin en réponse à la détermination que la
première adresse incrémentée est située dans
le chemin de la mémoire cache de données,
comprenant le renseignement d’un champ WAY
de l’entrée sur la base du chemin identifié et d’un
champ REG de l’entrée sur la base de l’empla-
cement de registre identifié.

11. Procédé selon la revendication 10, dans lequel cha-
que entrée dans le tableau comprend un identifiant
de compteur de programme, un identifiant de regis-
tre, un identifiant de chemin prédit, un bit de validité
ou une combinaison de ceux-ci.

12. Procédé selon la revendication 10, comprenant en
outre la détermination si l’instruction comprend une
instruction d’auto incrément ou une instruction de
base plus décalage.

13. Procédé selon la revendication 10, dans lequel l’en-

trée identifie le chemin de la mémoire cache de don-
nées qui est accédée, dans lequel l’entrée est ren-
seignée en relation avec la première exécution de
l’instruction, et comprenant en outre, au cours d’une
deuxième exécution de l’instruction, la réalisation
de :

la lecture de l’entrée du tableau ;
le calcul d’une deuxième valeur d’adresse
incrémentée ; et
l’application du chemin en tant que prédiction
de chemin au cours de la deuxième exécution.

14. Procédé selon la revendication 10, comprenant en
outre la mise à jour du tableau en réponse à la dé-
termination qu’une valeur d’adresse incrémentée
d’une exécution suivante de l’instruction est située
dans un chemin différent du chemin, dans lequel
l’exécution suivante de l’instruction est après la pre-
mière exécution.

15. Procédé selon la revendication 10, comprenant en
outre la suppression de l’entrée ou l’indication que
l’entrée du tableau n’est pas valable sur la base
d’une détermination que l’adresse incrémentée est
associée à une ligne de mémoire cache différente
d’une ligne de mémoire cache associée à l’adresse.
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