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(57) ABSTRACT 

A circuit arrangement and method of executing program code 
which utilize power control instructions capable of dynami 
cally controlling power dissipation of multiple hardware 
resources during execution of a program by a processor. The 
processor configured to process Such power control instruc 
tions and to maintain the power modes of the multiple hard 
ware resources to that specified in an earlier-processed power 
control instruction, Such that Subsequently-processed instruc 
tions will be processed while the power modes of the multiple 
hardware resources are set to that specified by the earlier 
processed power control instruction. 
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ARRANGEMENT AND METHOD FOR 
CONTROLLING POWER MODES OF 

HARDWARE RESOURCES 

0001. The invention is generally related to controlling 
power dissipation in integrated circuits, e.g., for use in low 
power and other power sensitive applications. 
0002 Power dissipation is often a principal design con 
straint for many integrated circuits (IC's), or “chips'. Inte 
grated circuits, for example, are increasingly used in a wide 
variety of portable and other battery-powered applications, 
Such as in mobile telephones and other wireless communica 
tion devices, portable computers, handheld appliances and 
game consoles, etc. Moreover, even in non-portable applica 
tions, where battery life may not be a concern, integrated 
circuits can be susceptible to excessive heat, resulting in 
either the need for expensive and/or bulky cooling compo 
nents, or reduced IC reliability. The amount of power dissi 
pated by IC's plays a significant role in both battery life and 
heat generation in an electronic device. 
0003. Furthermore, as IC's become more complex, and 
incorporate faster clock speeds and greater numbers of tran 
sistors, the amount of power dissipated by these IC's 
increases proportionately. As such, significant development 
efforts have been directed to reducing IC power dissipation. 
0004 Some efforts, for example, have been directed to 
decreasing the power dissipation of individual transistors in 
an IC, e.g., through modifying a transistor's layout and/or 
reducing Supply Voltage. To some extent, modifications to 
transistor designs and decreases in Supply Voltage levels have 
offset Some of the increases in power dissipation that have 
resulted from the use of more complex and higher performing 
IC's. Nevertheless, additional reductions have been required 
for many power sensitive applications. 
0005 For example, some IC's such as microprocessors for 
use in mobile applications utilize Voltage and/or frequency 
Scaling to reduce the Supply Voltage and/or clock frequency, 
and consequently to reduce overall power dissipation. How 
ever, such reductions are typically applied IC-wide, and are 
accompanied by corresponding reductions in processing per 
formance. 
0006. Other designs may incorporate sleep modes that 
place an IC in a low power State in response to a particular 
command or instruction, or an event Such as an external 
interrupt. For example, some microprocessors support WAIT 
or HALT instructions that place an entire microprocessor in a 
low power sleep mode. However, when in such a mode, all 
effective processing activity in the microprocessor is typi 
cally halted until the microprocessor is reawakened by an 
interrupt or other triggering event. 
0007. In still other designs, IC's may have different cir 
cuits that are capable of being selectively disabled when they 
are not in use to reduce overall power dissipation. Typically, 
such circuits are selectively enabled or disabled in response to 
the execution of particular instructions that are encountered in 
association with the execution of a computer program, par 
ticularly for IC's that incorporate some form of processor or 
processing core. 
0008 For example, some low power microprocessor 
designs permit individual functional units to be selectively 
disabled by routing specific “power down” instructions to 
those functional units. The power down instructions are 
inserted by a compiler during compilation of a computer 
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program, Such that the instructions will be processed by indi 
vidual functional units during execution of the computer pro 
gram by the microprocessor. One drawback of Such an 
approach, however, is that sending individual instructions to 
specific functional units occupies the processing resources of 
Such functional units, and thus decreases the availability of 
Such functional units, and of the remainder of the processor 
pipeline, for handling other, productive computational opera 
tions. 

0009 Related to the aforementioned power down instruc 
tions is the use of control bits, associated with each instruc 
tion processed by a microprocessor, that dynamically control 
the enabled status of each functional unit in the microproces 
sor. However, in this type of design, constant instruction 
decoding of each instruction is required, which can offset 
Some of the power dissipation reductions obtained by selec 
tively disabling individual functional units. Moreover, the 
time required to disable or enable a particular functional unit 
in response to a particular set of control bits may limit the 
feasible operating frequency of the microprocessor, thus lim 
iting the overall performance of the microprocessor. Further 
more, the addition of control bits to each instruction increases 
the size of the code, and thus increases storage requirements, 
or decreases the number of different instructions that may be 
Supported. 
0010. Another drawback to the aforementioned instruc 
tion-based control schemes is that they are often limited to 
controlling functional units in a microprocessor. While func 
tional units, e.g., execution units, arithmetic logic units, float 
ing point units, fixed point units, etc., do provide a significant 
contribution to the overall power dissipation in a micropro 
cessor, most designs incorporate a significant amount of addi 
tional circuitry, e.g., caches, register files, etc., that also con 
tribute to power dissipation, but are not addressed by the 
aforementioned control schemes. 
0011 Still other designs may incorporate multiple instruc 
tion sets that Support different power operations of a micro 
processor. Typically, in Such designs, one instruction set may 
utilize a microprocessor fully, whereas another instruction set 
may use only a part of the microprocessor, thus reducing 
power consumption. One drawback to this approach, how 
ever, is that only a limited number of modes of processor 
utilization are supported i.e., full and restricted. Further 
more, the complexity of the code, and thus of the decoding 
logic in the processor, increases, which itself can increase 
power dissipation. 
0012. In a related field of development, multiple versions 
of programs may be utilized to Support different power dis 
sipation capabilities. However, storing multiple versions of 
programs requires the use of a run-time scheduler that selects 
a code version for execution, depending on the current power 
requirements, and storing multiple code versions requires 
more program memory and execution of the scheduler, which 
can further increase power dissipation. 
0013 With respect to selectively enabling individual cir 
cuits in an IC, various manners of disabling these circuits, and 
thus minimizing their power consumption, may be used. For 
example, clock gating is often used to disable clocking to a 
circuit, which effectively limits switching of the transistors in 
the circuit, as it is often the Switching of States in transistors 
that accounts for the greatest amount of power dissipation in 
a circuit. 
0014 For functional units in a microprocessor, an alterna 
tive manner of disabling a circuit is to shutdown the power 
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supply to the circuit. Yet another alternative manner is to 
deactivate input signals to the circuit. 
0015. Also, for other circuits, such as memory arrays uti 
lized in dynamic random access memory (DRAM) devices, 
clock signals and sense amplifiers may be selectively gated 
off to disable banks of memory cells in an array, and thus 
reduce power dissipation in the overall array. 
0016 Despite the significant gains that have been made in 
connection with controlling power dissipation in IC's Such as 
microprocessors and the like, a continuing need exists for 
further improvements in the field. 
0017 For example, in the area of program control of selec 

tively disabled circuits in ICs, a need still, exists for a manner 
of selectively disabling circuits having greater granularity 
and flexibility, and lesser overhead, than is supported by 
conventional circuit control schemes. 
0018. The invention addresses these and other problems 
associated with the prior art by providing a circuit arrange 
ment, method of executing program code and method of 
generating program code that utilize power control instruc 
tions capable of dynamically controlling power dissipation of 
multiple hardware resources during execution of a program 
by a processor. Moreover, a processor configured to process 
Such power control instructions is capable of maintaining the 
power modes of the multiple hardware resources to that speci 
fied in an earlier-processed power control instruction, Such 
that Subsequently-processed instructions will be processed 
while the power modes of the multiple hardware resources are 
set to that specified by the earlier-processed power control 
instruction. 
0019. These and other advantages and features, which 
characterize the invention, are set forth in the claims annexed 
hereto and forming a further parthereof. However, for a better 
understanding of the invention, and of the advantages and 
objectives attained through its use, reference should be made 
to the Drawings, and to the accompanying descriptive matter, 
in which there is described exemplary embodiments of the 
invention. 
0020 FIG. 1 is a block diagram of a media processor 
incorporating a dynamic power dissipation control circuit 
consistent with the invention. 
0021 FIG. 2 is a block diagram of the central processing 
unit referenced in FIG. 1, and including a dynamic power 
dissipation control circuit consistent with the invention. 
0022 FIG. 3 is a block diagram of the register file refer 
enced in FIG.2, and incorporating enable logic for selectively 
disabling banks of registers. 
0023 FIG. 4 is a block diagram of an exemplary instruc 
tion format for a power control instruction suitable for con 
trolling power dissipation in the media processor of FIG. 1. 
0024 FIG.5 is a flowchart illustrating the program flow of 
a power dissipation optimization routine consistent with the 
invention. 
0025 FIG. 6 is a block diagram illustrating the processing 
of an exemplary program by the media processor of FIG. 1. 
0026 FIG. 7 is a block diagram of an alternate manner of 
controlling power dissipation in a register file to that shown in 
FIG 2. 
0027 Dynamic power dissipation control consistent with 
the invention may incorporate either or both of two concepts 
that provide Substantial advantages over conventional power 
dissipation control techniques. The first concept applies 
uniquely to implementing power dissipation control over a 
register file utilized by a processor or processing core. Con 
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sistent with the invention, a register file is partitioned in to 
multiple banks of registers, with each bank of registers 
including clock, data and address input lines. Enable logic is 
coupled to such a register file to selectively gate off or disable 
the clock, data and address input lines for any unused bank of 
registers in the register file. 
0028. The second concept applies more generally to a 
Software-based manner of controlling power dissipation in an 
integrated circuit that includes a processor or other program 
mable circuit that processes software instructions. In particu 
lar, power control instructions incorporated into program 
code executed by a processor are used to control the power 
modes of multiple hardware resources that are selectively 
configurable into two or more power modes, with each mode 
for a hardware resource having a particular power consump 
tion state for that hardware resource. 
0029. Each power control instruction includes power con 
trol information disposed in an operand thereofthat is capable 
of setting the power modes of multiple hardware resources. 
Furthermore, once the power modes are set by a particular 
power control instruction, the set power modes are utilized 
during the processing of Subsequent instructions by the pro 
cessor, e.g., until the power modes are reset by another power 
control instruction, or a special event (e.g., an external inter 
rupt). 
0030 Each of these concepts will be described in greater 
detail in connection with a description of an exemplary 
embodiment of a processor integrated circuit that utilizes 
software-based power dissipation control of a register file. 
Prior to discussing this specific embodiment, however, an 
exemplary hardware and software environment is described 
in greater detail below. 
0031 Turning to the Drawings, wherein like numbers 
denote like parts throughout the several views, FIG. 1 illus 
trates an exemplary hardware and Software environment for a 
data processing system 10 including a media processor 12 
that implements dynamic power dissipation control consis 
tent with the invention. Media processor 12 may be imple 
mented, for example, as a PNX1300 Series TriMedia-com 
patible media processor available from Philips 
Semiconductors, or alternatively another media processor 
architecture such as the Equator MAP1000. TI 
TMS320C6XXX, BOPS ManArray, etc. Media processor 12 is 
a system-on-chip (SOC) integrated circuit device including a 
central processing unit (CPU) or processing core 14 coupled 
via an internal bus 16 to a plurality of additional circuit 
components incorporated into the same integrated circuit 
device. 
0032 CPU 14 may be implemented, for example, as a 
VLIW processor core, e.g., incorporating a 32-bit address 
space and a register file comprising 128 32-bit general pur 
pose registers. The processor core includes 27 functional 
units accessible via five issue slots, as well as 16-KB data and 
32-KB instruction caches, with the data cache being dual 
ported, and with both caches being 8-way set associative with 
a 64-byte block size. 
0033 Working memory for processor 12 is supplied by an 
external memory 18 (e.g., SDRAM memory) accessed via a 
main memory input/output interface block 20, while connec 
tivity to external peripheral components over a peripheral bus 
22 (e.g., PCI bus) is facilitated by an external bus interface 
block 24. 
0034. To Support various media-processing functions, 
media processor 12 includes various specialized media pro 
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cessing circuits, including video in/out blocks 26, 28; audio 
in/out blocks 30, 32: SPDIF output block 34; 12C interface 
block36; synchronous serial interface block 38; image copro 
cessor block 40: DVD Descrambler (DVDD) block 42; Vari 
able Length Decoding (VLD) coprocessor block 44; and tim 
ers block 46. 

0035. Now turning to FIG. 2, CPU 14 is illustrated in 
greater detail, and is shown including a bus interface unit 
(BIU) 50 coupling internal bus 16 to an instruction cache 52 
and a data cache 54. Instructions from instruction cache 52 
are fed to one or more instruction decoders 56, which output 
instructions to one or more functional units 58, e.g., various 
arithmetic logic units, floating point units, Subword-parallel 
multimedia operation units, load/store units, SIMD multime 
dia operation units, vector multimedia operation units, mul 
tipliers, branch units, etc. As noted above, CPU 14 may sup 
port VLIW instructions, whereby multiple instruction slots 
(e.g., five) may be used when processing a VLIW instruction 
to concurrently route multiple operations encoded into a 
VLIW instruction to multiple functional units. 
0036 CPU 14 is typically implemented as a load/store 
architecture, whereby functional units 58 access a register file 
60, here including 128 32-bit general purpose registers. An 
additional Supported register is a Program Control and Status 
Word (PCSW) register 61, which is used to set various con 
figuration settings for the CPU, e.g., with respect to floating 
point operations, byte sex (big/little endian), interrupt 
enables, exceptions, etc. To provide dynamic power dissipa 
tion control consistent with the invention, CPU 14 also 
includes a power control circuit 62, within which is illustrated 
a Support register 64, herein referred to as a power modes 
register, within which is stored power mode state information 
for various hardware resources in media processor 12 that are 
capable of being selectively disabled to minimize power dis 
sipation in the media processor. In some implementations it 
may be desirable to also Support the storage of power mode 
state information in the PCSW or in another support register 
in the CPU, whereby the power modes state information is 
combined with other status information that is unrelated to 
power dissipation control. 
0037 Power control circuit 62 controls power dissipation 
throughout CPU 14, and optionally elsewhere in media pro 
cessor 12, via the assertion of one or more enable signals 66 
to enable logic embedded within various hardware resources 
in the CPU 14 and/or media processor 12. In this context, a 
hardware resource may represent practically any electronic 
circuit in an integrated circuit for which is may be practical 
and/or desirable to disable for the purpose of reducing power 
dissipation in the integrated circuit. In CPU 14, for example, 
BIU 50, caches 52, 54, instruction decoders 56, functional 
units 58 and register file 60 are all illustrated as being hard 
ware resources capable of being selectively disabled, by vir 
tue of the presence of enable logic (designated by the refer 
ence indicator “E”) on each respective block. 
0038. In the illustrated embodiment, power control circuit 
62 selectively asserts enable signals 66 in response to power 
mode state information stored in power modes register 64. 
This state information is set in register 64 in response to 
power control instructions that are embedded within a pro 
gram being executed by CPU 14. These power control 
instructions are typically decoded by instruction decoders 56 
and used to update power modes register 64, in much the same 
manner as other conventional register store instructions com 
monly utilized in the art. 
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0039. It will be appreciated that the enable signals 66 may 
be used to completely enable/disable an entire block or hard 
ware resource, or may be used to enable/disable only portions 
of Such blockS/resources and/or to select from among mul 
tiple available power consumption states for all or only por 
tions of Such blockS/resources. For example, a hardware 
resource may support more than two power modes, e.g., a 
sleep or fully off mode, two or more low power or energy 
saving modes, and a full power mode. While single lines are 
illustrated for each enable signal 66 in FIG. 2, it will be 
appreciated that multiple signal paths may be utilized to 
selectively enable portions of each hardware resource to vary 
ing degrees of granularity. Also, it will be appreciated that a 
hardware resource may utilize practically any known energy 
saving or power dissipation reduction technique known in the 
art, so long as Such technique is capable of being selectively 
enabled under the control of a power control circuit as 
described herein. 

0040. In the embodiment discussed hereinafter, for 
example, a hardware resource Such as a register file may be 
controlled so as to reduce power dissipation through the orga 
nization of the register file into a plurality of register banks 
that are individually capable of being selectively disabled in 
response to power control instructions in a program being 
executed by a processor. In this regard, each register bank 
may itself be considered to represent a separate hardware 
SOUC. 

0041. In the illustrated embodiment, each register bank 
utilizes enable logic that gates off not only the clock signal, 
but also the address and data input signals to each disabled 
registerbank. As will become more apparent below, gating off 
clock, address and data input signals collectively often pro 
vides optimal energy savings as the CMOS latches or flip 
flops utilized in connection with general purpose registers are 
often subjected to higher wire capacitances. However, other 
manners of disabling a register file may be utilized in some 
embodiments consistent with the invention. 

0042. Moreover, while power control circuit 62 is illus 
trated as being used to control hardware resources disposed 
solely within CPU 14, it will be appreciated that a power 
control circuit may be utilized to control other hardware 
resources consistent with the invention, including for 
example, resources disposed elsewhere on the same inte 
grated circuit (e.g., all or portions of any of the functional 
blocks illustrated in FIG. 1), as well as hardware resources 
disposed on another integrated circuit. A power control cir 
cuit consistent with the invention may be used to control 
power dissipation, in fact, in connection with a wide variety of 
hardware resources, including for example, register files, 
memories, caches, issue slots, busses, functional units, func 
tional blocks, IO pads or pins, buffers, instruction reorder 
logic, embedded field programmable gate arrays (FPGAs), 
coprocessors, or practically any type of electronic circuit that 
is capable of being disabled and/or set to a state having a 
reduced level of power dissipation. Moreover, any of the 
aforementioned circuits may be considered to incorporate 
multiple hardware resources that are separately controllable, 
e.g., Such that individual portions of Such circuits can be 
selectively disabled (e.g., individual banks or registers in a 
register file, individual sets of a cache, individual lines or 
groups of lines in a bus, etc.) 
0043. Furthermore, while power control circuit 62 is illus 
trated as being disposed in CPU14, it will be appreciated that 
a power control circuit may be functionally separate from a 
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CPU or other processing core. In general, the particular man 
ner in which power dissipation control functionality is allo 
cated on an integrated circuit can vary in different embodi 
ments, and as such, the invention is not limited to the 
particular implementation discussed herein. 
0044 As an additional matter, the implementation of 
power control circuit 62 within a media processor is provided 
herein by way of example. Power dissipation control, and in 
particular, the use of power control instructions as described 
hereinafter, may be utilized in a wide variety of alternate 
integrated circuits consistent with the invention. Power con 
trol instructions, for example, may be utilized in connection 
with various processor architectures, including VLIW. EPIC, 
RISC, CISC, DSP superscalar, etc. Furthermore, the inven 
tion is not limited to use within SOC architectures, or other 
architectures where a processing core is integrated with other 
Supporting circuitry. 
0045. In many instances, significant benefits in terms of 
power dissipation reduction will be realized in connection 
with VLIW, EPIC, superscalar or other wide-issue architec 
tures where parallel hardware resources may be under-uti 
lized at all times during program execution, as oftentimes 
underutilized parallel hardware resources may be selectively 
disabled consistent with program utilization demands. How 
ever, the invention is not limited to applicability solely in 
connection with wide-issue architectures and the like. 
0046. In general, it will be appreciated that any of the 
hardware-based functionality discussed herein is typically 
implemented in a circuit arrangement incorporated into one 
or more integrated circuits, and optionally including addi 
tional Supporting electronic components. Moreover, as is well 
known in the art, integrated circuits are typically designed and 
fabricated using one or more computer data files, referred to 
hereinas hardware definition programs, that define the layout 
of the circuit arrangements on the devices. The programs are 
typically generated by a design tool and are Subsequently 
used during manufacturing to create the layout masks that 
define the circuit arrangements applied to a semiconductor 
wafer. Typically, the programs are provided in a predefined 
format using a hardware definition language (HDL) such as 
VHDL verilog, EDIF, etc. While the invention has and here 
inafter will be described in the context of circuit arrangements 
implemented in fully functioning integrated circuits and data 
processing systems utilizing the same, those skilled in the art 
will appreciate that circuit arrangements consistent with the 
invention are also capable of being distributed as program 
products in a variety of forms, and that the invention applies 
equally regardless of the particular type of signal bearing 
media used to actually carry out the distribution. Examples of 
signal bearing media include but are not limited to recordable 
type media Such as Volatile and non-volatile memory devices, 
floppy and other removable disks, hard disk drives, magnetic 
tape, optical disks (e.g., CD-ROMs, DVDs, etc.), among oth 
ers, and transmission type media Such as digital and analog 
communication links. In some embodiments consistent with 
the invention, other integrated circuit technologies, e.g., 
FPGA's and the like may also be used to implement some of 
the hardware-based functionality discussed herein. 
0047. As noted above, power control circuit 62 may be 
controlled via power control instructions embedded within a 
program executed by CPU 14. These power control instruc 
tions may be generated by a programmer, or in the alternative, 
may be added to a program in an automated fashion by a 
compiler, linker, optimizer, etc. Moreover, while Such auto 
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mated addition of program control instructions typically 
occurs prior to runtime, in some embodiments, runtime addi 
tion of program control instructions may be utilized, e.g., in 
connection with just-in-time compilation/optimization or 
runtime interpretation/instruction decoding. 
0048. The automated addition of program control instruc 
tions, regardless of the particular manner implemented (i.e., 
prior to or during runtime, in a compiler or optimizer, etc.), is 
typically implemented using one or more routines that will be 
described in greater detail hereinafter. These routines, 
whether implemented in an operating system or a specific 
application, component, program, object, module or 
sequence of instructions, or even a Subset thereof, will be 
referred to herein as "computer program code.” or simply 
“program code.” Program code typically comprises one or 
more instructions that are resident at various times in various 
memory and storage devices in a computer or data processing 
system, and that, when read and executed by one or more 
processors in a computer, cause that computer to perform the 
steps necessary to execute steps or elements embodying the 
various aspects of the invention. Moreover, while the soft 
ware-related aspects of the invention has and hereinafter will 
be described in the context of computers and data processing 
systems, those skilled in the art will appreciate that the vari 
ous embodiments of the invention are capable of being dis 
tributed as a program product in a variety of forms, and that 
the invention applies equally regardless of the particular type 
of signal bearing media used to actually carry out the distri 
bution. 

0049. In addition, various program code described here 
inafter may be identified based upon the application within 
which it is implemented in a specific embodiment of the 
invention. However, it should be appreciated that any particu 
lar program nomenclature that follows is used merely for 
convenience, and thus the invention should not be limited to 
use solely in any specific application identified and/or 
implied by Such nomenclature. Furthermore, given the typi 
cally endless number of manners in which computer pro 
grams may be organized into routines, procedures, methods, 
modules, objects, and the like, as well as the various manners 
in which program functionality may be allocated among vari 
ous Software layers that are resident within a typical computer 
(e.g., operating systems, libraries, APIs, applications, 
applets, etc.), it should be appreciated that the invention is not 
limited to the specific organization and allocation of program 
functionality described herein. 
0050 Those skilled in the art will recognize that the exem 
plary environments illustrated in FIGS. 1 and 2 are not 
intended to limit the present invention. Indeed, those skilled 
in the art will recognize that other alternative hardware and/or 
Software environments may be used without departing from 
the scope of the invention. 
0051. As noted above, dynamic power dissipation control 
consistent with the invention may incorporate either or both 
of two concepts that provide Substantial advantages over con 
ventional power dissipation control techniques. The first con 
cept applies uniquely to implementing power dissipation con 
trol over a register file utilized by a processor or processing 
core. The second concept applies more generally to a soft 
ware-controlled manner of controlling power dissipation in 
an integrated circuit. To facilitate a better understanding of 
each of these concepts, an exemplary embodiment incorpo 
rating both concepts is described hereinafter in connection 
with FIGS. 3-6. It will be appreciated, however, that the two 
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concepts discussed hereinafter may be utilized separately and 
independently in other embodiments, and as such, the inven 
tion is not limited to the particular implementation discussed 
hereinafter. 
0052 FIGS. 3-6, in particular, illustrate the software 
based control of the power dissipation in a register file utilized 
in a TriMedia-compatible media processor. It has been found, 
for example, that in many programmable architectures (e.g., 
VLIW. EPIC, and superscalar), register files are a large con 
tributor to overall power consumption. In some applications, 
it has been found that a register file may consume up to 20% 
of the power consumed by a processing core. In media pro 
cessors in particular, a register file is often comparatively 
large, and often includes many ports and registers. Some 
TriMedia-compatible processors, for example, utilize regis 
ter files with 128 registers and 20 separate ports. Register file 
designs are wiring dominated, so relative power dissipation 
increases with technology Scaling. As such, reducing power 
dissipation in a register file often leads to Substantial savings 
in energy consumption in a media processor. 
0053. It has been found that the size of the register file in 
any programmable architecture is often determined by the 
applications that demand the highest number of active vari 
ables, which are typically stored in the register file. However, 
while executing other applications with fewer active vari 
ables, many of the registers in the register file remain unused. 
Also, within a particular application, the utilization of a reg 
ister file can vary substantially at different points in the appli 
cation. As an example, a TriMedia-compatible media proces 
Sor has been found to have a comparatively high peak register 
utilization during AC3 decoding, while during the perfor 
mance of other operations in a typical application, average 
register utilization is often relatively low. Thus, it is believed 
that, depending on the current requirements of a running 
application, it may be highly desirable to disable unused 
portions of a register file to reduce its overall power dissipa 
tion. 
0054 As shown in particular in FIG. 3, one manner of 
selectively disabling portions of a register file is through 
partitioning the register file (here register file 60 of FIG. 2) 
along the address space into several banks 70, and then con 
ditionally enabling or disabling these banks, e.g., in response 
to enable signals 66 supplied to the banks via power control 
circuit 62 (FIG. 2). 
0055 Each bank 70 may include a plurality of registers 
Such that the register space represented by the register file is 
partitioned into sets of registers. For example, for a register 
file that includes 128 registers, it might be desirable to parti 
tion the register space into eight banks of 16 registers apiece. 
While other manners of partitioning registers may be used, it 
may be desirable, as an example, to utilize the most signifi 
cant address inputs as bank select signals, and utilize the least 
significant address inputs to select a specific register from a 
selected bank. For example, where a register file is partitioned 
into eight 16 register banks, seven address inputs may be 
used, with the three high order inputs used as bank select 
signals, and the four low order inputs used as register select 
signals. 
0056. As is well known in the art, register file 60 includes 
output select logic 72, as well as various inputs such as a clock 
input 74, address in inputs 76 and data in inputs 78. Further 
more, register file 60 outputs data over data out outputs 80. It 
will be appreciated that, depending upon the number of input/ 
output ports Supported by the register file, as well as the 
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number of registers and the width of each register, different 
numbers of address in, data in and data out signals may be 
Supplied to the register file. In addition, input select logic (not 
shown) may also be utilized to Support concurrent access of 
multiple registers by multiple functional units. 
0057 To selectively disable a bank of registers, the clock, 
address in and data in inputs Supplied to each bank through an 
enable circuit 82 disposed in each bank. Furthermore, the 
enable signals 66 from the power control circuit are addition 
ally fed to each enable circuit 82 to selectively gate off or 
guard the clock, address in and data in inputs for the associ 
ated register bank 70. 
0.058 Enable circuit 82 within each bank may be imple 
mented in a number of manners consistent with the invention. 
For example, one manner of implementing the enable circuit 
is through the use of a series of gate transistors, with one Such 
transistor coupled to each clock, address in and data in input 
to a register bank, and gated by the enable signal 66 dedicated 
to that register bank. 
0059 By gating off the address and data inputs to each 
bank, and not just the clock input, comparatively greater 
energy savings are typically obtained due to the compara 
tively high wire capacitances that are associated with CMOS 
latch or flip-flop (synthesized) register implementations, 
because gating typically inhibits Switching activity on the 
relatively long wires utilized within the register file banks. It 
should be appreciated, however, that in Some implementa 
tions, the additional gating logic may introduce additional 
delays and may thus inhibit performance to a small extent. 
Moreover, it will be appreciated that the invention may be 
utilized in connection with register files implemented using 
different register implementations. 
0060. To implement software-based power dissipation 
control of register file 60, a power control instruction is Sup 
ported in the instruction set architecture of CPU 14. One 
exemplary format for a power control instruction is illustrated 
at 90 in FIG. 4. As shown, the power control instruction 90 
may include an opcode 92 that identifies the instruction as a 
pwr control instruction, and an operand 94 that specifies 
power control information used to set the power modes for the 
various banks of registers in register file 60. Operand 94 may 
be implemented, for example, as an immediate operand 
including a bit mask that includes an enable/disable bit 96 
assigned to each bank of registers in the register file. Thus, for 
example, for eight banks in a register file, an eight-bit imme 
diate operand may be supported in instruction 90. 
0061. At a more general level, the size of operand 94 may 
be specified by the formula: 

i 

X. log (Modes(i)) 
i=1 

where j is the number of hardware resources to be controlled 
(here, register banks) and Modes(i) is the number of power 
modes of hardware resource i. 
0062 Other instruction formats may be used in the alter 
native. For example, as shown in FIG. 4, it may be desirable 
to support an optional source register operand 97 that identi 
fies a register within which power modes state information is 
stored. Thus, rather than storing the power modes State infor 
mation directly in the power control instruction and perform 
ing an immediate operation, the power modes state informa 
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tion can be maintained in a separate register, with a register 
operation used to retrieve the desired power modes state 
information. Other addressing modes may be supported in the 
alternative. 

0063 As is also shown in FIG. 4, it may also be desirable 
to Support a guard operand 98, which may be used to specify 
a condition that must be met before the power modes state 
information specified by the power control instruction is 
applied. Practically any known condition may be used con 
sistent with the invention. 
0064 Returning to FIG. 2, in the illustrated embodiment, 
a power control instruction is processed by the CPU 14 so as 
to update a power modes register 64 with the power control 
information specified in the power control instruction. As 
such, it may be desirable for the power modes register 64 to 
have an identical mapping to the immediate operand for the 
power control instruction, such that power control instruction 
is processed simply as an immediate write to the power modes 
register. 
0065. Moreover, as has been noted above, in some 
instances it may be desirable to utilize a pre-existing register 
such as the PCSW register to store power modes state infor 
mation. In such instances, a power control instruction would 
not require a separate opcode. Instead, a preexisting opcode 
used to write to the appropriate register may be used, with the 
operand updating those bits that are utilized in connection 
with storing power modes State information. 
0066 Power control instructions may be incorporated into 
executable program code in a number of manners consistent 
with the invention. For example, power control instructions 
may be added to source code by a programmer during devel 
opment. In the alternative, a compiler, optimizer, linker, etc., 
may perform simulation or static analysis of a program under 
development to determine appropriate locations to insert 
power control instructions based upon predicted resource 
utilization. 
0067 Furthermore, profiling, static analysis or simulation 
of a program may be used to determine what hardware 
resources should be utilized, and what resources should be 
disabled, during certain sections of the program. For 
example, if it is determined that only 10 registers are required 
in a certain section of a program, but that which 10 registers 
are used is immaterial to program semantics, it may be desir 
able for a compiler to use registers from only a limited num 
ber of register banks, and then insert appropriate power con 
trol instructions into the program code to disable unused 
register banks. Furthermore, if those 10 registers are initially 
dispersed throughout several register banks, it may be desir 
able to remap registers to concentrate the registers within a 
reduced number of register banks. 
0068 FIG. 5, for example, illustrates a power dissipation 
optimization routine 100 that may be executed during com 
pilation or optimization of a computer program to optimize a 
section of a computer program for optimal power dissipation. 
For each specified section of a program, routine 100 first 
analyzes that section to determine the hardware resource 
usage by that section of program code in block 102. Next, 
block 104 is optionally executed to attempt to remap 
resources to concentrate resource usage into a limited set of 
hardware resources (e.g., to confine registers to a limited 
number of register banks). Next, block 106 generates and 
inserts appropriate power control instructions into the pro 
gram code to disable any unused resources. Processing of the 
section is then complete. 

May 14, 2009 

0069. Routine 100, or a routine similar in functionality 
thereto may also be utilized during runtime, e.g., in connec 
tion with interpretation or just-in-time compilation. Further 
more, it will be appreciated that routine 100 may be used in 
connection with the generation of instructions that are sched 
uled for parallel and/or out-of-order operation during runt 
ime, e.g., in a SuperScalar processor architecture. In Such 
implementations, a compiler and the runtime hardware desir 
ably should limit reordering of power control instructions to 
minimize influence on other speculated instructions, e.g., by 
assigning a side effect to the power control instruction, which 
limits its run-time speculation. In still other embodiments, an 
operating system can schedule/issue power control instruc 
tions if a CPU/processor is not fully loaded with computa 
tions. 

0070. In the alternative, routine 100 may be used in con 
nection with explicitly parallel instruction set architectures 
such as VLIW or EPIC code, where detection of parallel 
instructions occurs during compilation. In Such implementa 
tions, the insertion of a power control instruction may be 
considered to include the insertion of a power control opera 
tion into a larger VLIW or EPIC instruction comprising mul 
tiple operations. 
0071. The program code within which power control 
instructions have been embedded during compilation or dur 
ing runtime desirably includes program control instructions 
interspersed within the program code only at times for which 
a change in hardware resource utilization is desirable. More 
over, it is often desirable for a single power control instruction 
to be capable of controlling the enabled/disabled status of 
multiple hardware resources. As such, minimal additional 
processing overhead is typically associated with power con 
trol instructions consistent with the invention, thus minimiz 
ing any adverse performance effects due to the insertion of 
additional instructions into the program code. 
0072 FIG. 6, for example, diagrammatically illustrates 
the execution of an exemplary portion of a program compiled 
in the manner described above, e.g., as might be utilized in 
connection with a TriMedia-compatible media processor. In 
this example, it is assumed that there are five issue slots, 
designated at 110, 112,114, 116 and 118, with the instruction 
executed in each issue slot during each cycle (cycles 0-4) 
illustrated in its respective issue slot for that cycle. Assume 
also that a register file includes 128 registers (denoted as 
r0-r127) partitioned into eight banks, and that a power control 
instruction utilizes an immediate operand where a selected 
bank is enabled when a binary “1” is encountered in the 
operand bit mask position associated with that bank. In this 
example, the latency of the pwr control instruction is one 
cycle; however, it will be appreciated that a pwr control 
instruction can have a latency of more than one cycle in some 
implementations. 
0073 Assume also that during cycle 0, one of the instruc 
tions being processed by the CPU (here in issue slot 112) is a 
power control instruction with an immediate operand of 0x1b 
(binary 00011011), which enables only banks 1, 2, 4 and 5 of 
the register file (i.e., registers ro-r31 and ra8-r79). As a result 
of the execution of this instruction, power modes register 64 
(FIG. 2), is updated to store the 0x1b (binary 00011011) 
value. As a result, during Subsequent cycles, register banks 3. 
6, 7 and 8 are disabled. Note, however, that, during execution 
of the power control instruction in cycle 0, all register banks 
are available for access by other instructions (assuming that 
all banks were previously enabled). 
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0074. During cycles 1 and 2, no further power control 
instructions are encountered. As a result, register banks 3, 6, 
7 and 8 remain disabled, and all instructions are limited to 
accessing registers from banks 1, 2, 4 and 5 (rO-r31 and 
r48-r79). 
0075. During cycle 3, the power modes state information 
stored in power modes register 64 continues to maintain reg 
ister banks 3, 6, 7 and 8 in a disabled state. However, one of 
the instructions executed during this cycle (issued to issue slot 
118) is a power control instruction with an immediate oper 
and of 0xff (binary 11111111), which enables all eight banks 
of the register file for instructions executed in cycle 4. 
0076. The aforementioned dynamic power dissipation 
control techniques provide a number of advantages over con 
ventional designs. Significant flexibility is provided in terms 
of controlling a wide variety of hardware resources with 
minimal processing overhead, as compared to conventional 
designs that require instructions to be routed to specific func 
tional units, or that require enable/disable commands to be 
appended to every instruction and constantly decoded. 
0077. Furthermore, the aforementioned techniques pro 
vide the flexibility to address various power dissipation-re 
lated issues to appropriately balance performance and power 
dissipation in a number of useful ways. For example, using 
the aforementioned techniques, processor performance can 
be scaled up by, for example, adding registers or functional 
units, but without increasing power dissipation on the code 
where the extra resources are not utilized. Moreover, for 
applications where performance is not as crucial, power con 
trol instructions can serve to sacrifice performance for lower 
power consumption, e.g., by Scheduling operations to limited 
resources while disabling other resources. 
0078. With respect to software-based power dissipation 
control, it will be appreciated that alternate instruction for 
mats, alternate compilation, optimization and/or scheduling 
routines, and alternate processor architectures may be uti 
lized in other embodiments consistent with the invention. 
Moreover, resource disabling circuitry other than that 
described above in connection with the herein-described 
banked register file design may be used in connection with 
software-based power dissipation control consistent with the 
invention: 

0079. Furthermore, with respect to the herein-described 
banked register file design, it will be appreciated that control 
mechanisms other than the herein-described software-based 
control mechanism may be utilized consistent with the inven 
tion. For example, a hardware-based control mechanism may 
be used to dynamically enable certain hardware resources 
based upon dynamic decoding of read/write addresses. As an 
example, FIG.7 illustrates an alternate register file design 120 
that includes a plurality of register banks 122, each including 
gating logic 124 for use in selectively gating off clock inputs 
126, data in inputs 128 and address in inputs 130 supplied to 
the register file, similar to register file 60 of FIG. 3. However, 
rather than being provided with enable signals from a soft 
ware-based control circuit, register file 120 includes a hard 
ware-based enable logic circuit 132 that includes an address 
decoder 134 for dynamically generating individual bank 
enable signals 136 for selectively disabling various unused 
register banks. 
0080 Address decoder 134 may, for example, selectively 
disable register banks during any cycle for which no registers 
within Such banks are currently being accessed. Particularly 
for register files that Support multiple input ports, a determi 
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nation of what registers are being accessed during a given 
cycle is readily made, and thus provides the ability to selec 
tively reduce power dissipation in a register file without any 
changes in the compiler and/or the instruction set architecture 
utilized by a particular processor design. 
I0081 Various additional modifications will be apparent to 
one of ordinary skill in the art having the benefit of the instant 
disclosure. Therefore, the invention lies in the claims herein 
after appended. 

1. A circuit arrangement, comprising: 
a plurality of hardware resources, wherein each hardware 

resource has a power mode configurable between at least 
first and second power consumption states; and 

a processor coupled to the plurality of hardware resources, 
the processor configured to process program code that 
includes at least one power control instruction that 
includes an operand having power control information 
disposed therein, wherein the processor is configured to 
process the power control instruction by selectively set 
ting power modes of at least two hardware resources 
among the plurality of hardware resources based upon 
the power control information disposed in the power 
control instruction, and wherein the processor is further 
configured to maintain the power modes of the at least 
two hardware resources to that specified in the power 
control instruction while processing at least one Subse 
quent instruction in the program code. 

2. The circuit arrangement of claim 1, wherein the power 
control instruction includes an opcode that uniquely identifies 
the power control instruction. 

3. The circuit arrangement of claim 1, wherein each hard 
ware resource is selected from the group consisting of a 
register file, a register bank, a register, a cache, a bus interface 
unit, abus, a functional unit, a functional block and an instruc 
tion decoder. 

4. The circuit arrangement of claim 1, wherein the proces 
sor is configured to process explicitly parallel instructions, 
and wherein the power control instruction comprises an 
operation among a plurality of operations in an explicitly 
parallel instruction. 

5. The circuit arrangement of claim 4, wherein the proces 
sor is selected from the group consisting of a VLIW processor 
and an EPIC processor. 

6. The circuit arrangement of claim 1, wherein the proces 
Sor comprises a SuperScalar processor. 

7. The circuit arrangement of claim 1, wherein the proces 
sor is configured to assign a side effect to the power control 
instruction to limit run-time speculation thereof. 

8. The circuit arrangement of claim 1, wherein the plurality 
of hardware resources are disposed in the processor. 

9. The circuit arrangement of claim 1, wherein at least one 
hardware resource is disposed outside of the processor but on 
the same integrated circuit as the processor. 

10. The circuit arrangement of claim 1, wherein at least one 
hardware resource is disposed on a separate integrated circuit 
from the processor. 

11. An integrated circuit comprising the circuit arrange 
ment of claim 1. 

12. The circuit arrangement of claim 1, wherein the pro 
cessor is further configured to set the power modes of the at 
least two hardware resources based on stored power modes 
state information for the plurality of hardware resources. 

13. A method of executing program code on a processor 
coupled to a plurality of hardware resources, each having a 
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power mode configurable between at least first and second 
power consumption states, the method comprising: 

processing a power control instruction from the program 
code by selectively setting power modes of at least two 
hardware resources among the plurality of hardware 
resources based upon power control information dis 
posed in an operand of the power control instruction; and 

processing at least one Subsequent instruction in the pro 
gram code while the power modes of the at least two 
hardware resources are set to that specified by the power 
control information of the power control instruction. 

14. The method of claim 13, wherein the power control 
instruction further includes an opcode that uniquely identifies 
the power control instruction. 
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15. The method of claim 13, wherein each hardware 
resource is selected from the group consisting of a register 
file, a register bank, a register, a cache, a bus interface unit, a 
bus, a functional unit, a functional block and an instruction 
decoder. 

16. The method of claim 13, wherein the processor is 
configured to process explicitly parallel instructions, and 
wherein the power control instruction comprises an operation 
among a plurality of operations in an explicitly parallel 
instruction. 

17. The method of claim 13, further comprising setting the 
power modes of the at least two hardware resources based on 
stored power modes state information for the plurality of 
hardware resources. 


