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significant intervals. The power dissipated running a program depends on the nature of
its component instructions and their potential for being executed in parallel. Programs
typically include a variety of instruction types, but it is rare that enough instructions of
the correct type are available to keep all of the processor's execution resources busy for
significant time periods. For this reason, most processor employ a clock gating
mechanism to cut off the clock delivered to execution resources when they are not being
used and hence reduce power. In addition, different components of an execution
resource can be turned on and off as instructions enter and exit the pipe stage serviced by
the component. Consequently, the average program may dissipate relatively manageable
power levels.

Some programs do activate many of a processor's execution resources for
relatively long time intervals and, consequently, dissipate significantly greater power
than average programs. Unless a mechanism is provided to limit the processor's power

consumption, the processor is generally designed to handle programs that consume the
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These power-throttling mechanisms have a number of drawbacks. They
introduce additional analog circuitry into a predominantly digital environment, i.e. the
processor. They are prone to vary with changes in the processor’s environment
(temperature, voltage, composition). They may create low frequency variations in the
processor's power level. They do not directly limit the power consumed by the
processor, and they are not deterministic. That is, their behavior can not be predicted on
a clock by clock basis.

The present invention addresses these and other deficiencies of available power

throttling mechanisms.

Summary of the Invention
The present invention provides a digital throttle to control the power consumption

of a microprocessor.

In accordance with the present invention, a processor includes one or more
functional units and the digital throttle. The digital throttle monitors activity states of the

processor’s functional units to estimate the processor’s power consumption.
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Fig. 1 is a block diagram of one embodiment of a computer system on which the
present invention may be implemented.

Fig. 2 is a block diagram of one embodiment of a processor that implements a
digital power throttle in accordance with the present invention.

Fig. 3 is a block diagram of one embodiment of the digital power throttle
implemented by the processor of Fig. 2.

Fig. 4 is a schematic diagram representing one embodiment of the throttle circuit
of Fig. 3.

Fig. 5 is a flowchart representing a method in accordance with the present
invention for adjusting the power consumption of a processor.

Figs. 6A and 6B are block diagrams representing embodiments of multiple
execution core processors that implement digital throttles in accordance with the present

invention.

Detailed Description of the Invention
The following discussion sets forth numerous specific details to provide a

thorough understanding of the invention. However, those of ordinary skill in the art,
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current monitoring circuitry and a calibration algorithm periodically to adjust power
weights for each functional unit.

For one embodiment of the invention, a gate unit is associated with each
functional unit to control power delivery to the functional unit in response to the
instructions currently in process. A pipeline control circuit indicates to each gate unit the
on/off state of its associated functional unit. A signal from each gate unit indicates to a
monitor circuit the on/off state for its associated functional unit. The monitor circuit
includes or ignores the corresponding power weight in an estimate of the processor's
current power consumption according to the indicated state. Alternatively, each gate unit
signal may communicate to the monitor circuit the power weight of its associated
functional unit when the functional unit is “on”. Other embodiments of the invention
may employ other mechanisms for indicating the power weights to be considered in the
estimated power.

The monitor circuit sums the power weights for active functional units and

compares them with a threshold value to provide clock by clock estimates of the
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160. Computer system 100 is provided to illustrate various features of the present
invention. The particular configuration shown is not necessary to implement the present
invention.
Processor 110 includes multiple functional units 124, which form an instruction
execution pipeline 120. Instructions are provided to processor 110 from main memory
140 and non-volatile memory 150. A digital throttle 130 monitors power consumption in
the various functional units 124 in response to the processed instructions and adjusts the
flow of instructions through pipeline 120 accordingly.
As an instruction is staged down pipeline 120, it directs various functional units
124 to perform one or more operations that, taken together, implement the instruction.
For example, a floating-point multiply-accumulate instruction (FMAC) may cause the
following operations to occur in the indicated resources: a floating point register file
reads out three operands; an FMAC execution unit multiplies two of the operands and

adds the product to the third operation; an exception unit checks the product and sum for

errors; and a retirement unit writes the result to the floating point register file if no errors
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functional unit 124 is represented by an associ ated power weight. Wen a
functi onal adjumitg the anstimciiomfiew thypugin pipeline 12Q if olrg estiintptadapovidrconsulmeptida0
detects its act({ ve st.gtg hanq1t g{f@s 1i ts associated power weight to an
estimate of CRESEEEEEE eSO KV hower consunption. Digital throttle 130
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estimate of the power consuned by the currentlé/ executing instruction
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pipeline stages. For example, a disclosed stage may be subdivided into two or more
stages to address timing issues or facilitate higher processor clock speeds. Alternatively,
two or more stages may be combined into a single stage. Other embodiments may
include hardware for processing instructions out-of-order. The disclosed pipeline
provides only one example of how operations may be partitioned in a processor
implementing the present invention.
The front end of pipeline 120 includes fetch unit 210 and issue unit 220, which
provide instructions to execution units in the back end of pipeline 120 for execution.
Fetch unit 210 retrieves instructions from memory 140 directly or through a local cache
(not shown) and provides the fetched instructions to issue unit 220. Issue unit 220
decodes the instructions and issues them to the execution resources in the back end of
pipeline 120.
Throughout this discussion, the term “instruction” is used generally to refer to

instructions, macro-instructions, instruction bundles or any of a number of other

" mechanisms used to encode processor operations. For example, the decode operation
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stages, respectively, and the execution resources corresponding to each
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which instructions are processed through pipeline 120, accordingly. For example, one

functional unit may include a floating-point register (in register unit 230), and FPU 258

may have components in two or more functional units. In general, a functional unit

includes various execution resources (register files, execution units, tracking logic) that

are activated and deactivated together. The present invention does not depend on the

detailed mapping between the functional units and the execution resources shown in Fig.

2.

Fig. 3 is a block diagram representing one embodiment of digital throttle 130 and

its interactions with functional units 124 of pipeline 120. The disclosed embodiment of

digital throttle 130 includes gate units 310(1)-310(n) (generically, gate unit 130), a

monitor circuit 320, and a throttle circuit 330. Each gate unit 310 is associated with a

functional unit 124 in pipeline 120 to control power delivery to the functional unit. For

example, gate unit 310 may be a clock gating circuit that couples or decouples a clock

signal to functional unit 124 according to whether or not the services of functional unit

124 are necessary to implement an instruction currently in the pipe stage in which the
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control flowif an exceptional condition is encountered. If no exceptional
condi ti S 0 B48884 detected, retirenent unit 270 updates thedarcdoizestur al
state of processor 110 with the results. The functional units activated by
different instructions correspond to various conbinations and subsets of
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Posour cea Y FORRAGIE SRS, SERELONT e B AL W5y PXE S

enmbodi ment jhssekitgi whdn fut@éral @nit 304 andmeti t6n’t. NtWhae theQighaMst R3sdrtedcitd. onal
units 124 of pipeline 120. The discl gsed enbodi nent of digital throttle
130 i ncl udedheg gate unif +39 ryevides payer(ta funcjendinitdi2tya peueeweight for8g) | a

noni tor ci reGul. s - / i j i | S
associ at ed fgmﬁqt%néag?tdﬁggﬁi%ﬁg?ﬁﬁ%n#& i@A‘S ﬁgrtﬁfngibﬁpﬁfe%ﬂ?g{)&?%&gg&m ltroél%%g%lé/\er

del i very t ahd digndl iswodtiagseated Lird. twhefr@ate vaitai3plcats affip@wertop tfudtidnnmit 108, the cl ock
gating circuit that couples.or decouples a clock signal to functiaonal unit
124 accor didhgCtaFd et feigh ihaet 0 D prisEae PSRN SHAP I PPWerBhta o

necessary tg.i i Cioi- i i it AL i ch
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Fig. 3 is dumpitioedliumtsddhtrol circuit 350 which indicates to gate units 310

whi ch functional, ,unjts. ar. tive for currentl xecyt i ng.

nstruct i ons. FOMOIRS CFuE P eollehdnalreiom getedinis 30 20 eferiges agurratcn

gate unit L13@mpee bd@ﬁcor@urﬁbﬂ&ﬁlev_&pfof*?fﬂcé@br €10 Gointthd 8lldcRdi siciatatmdr et her

power is bei ni; delivered to functional wunit 124. For exanple, the signal
O

may be an aésclosed gmbedimenbef digita thigkla 130h monitouciranii 320 inglydesskeightanmitahen
functional 392{ lt) - %%ﬁ(n5 ?ge%gfi&efﬂr, w%&ht u%%f)%% a%licigxr'?i4, ia%at?l?a%%gltc‘i:"rguit '32&
and an accumulator 328. For one embodiment of the invention, each weight unit 314 is
associated with one of functional units 124 through a corresponding gate unit 310.
Weight unit 314 provides a power level to adder 324 when the activity state signal from
its gate unit 310 is asserted. When the activity state signal is not asserted, weight unit
314 outputs a zero.

Adder 324 sums the power weights indicated by weight units 134 and subtracts
the threshold level from the sum. The output of adder 324 is forwarded through
saturation circuit 326 to accumulator 328. Saturation circuit 326 is included to prevent
wraparound in case the value forwarded by adder 324 overflows. Accumulator 328
provides the forwarded value to throttle circuit 330 and also provides a copy back to
adder 324 to be updated according to subsequent activity states of the processor.

At selected intervals, the content of accumulator 328 ("accumulated power") is
provided to throttle circuit 330. One embodiment of throttle circuit 330 decreases the
flow of instructions through pipeline 120 if the accumulated power is positive, e.g. the

accumulated power consumption estimate over the specified interval exceeds the
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For the embodiment illustrated by Table 1, the power weights may be 8-16 bit,

fixed-point numbers proportional to the power consumed by the functional unit when it

is activated. The upper 8 bits of X may be used to adjust the duty cycle of the processor

clock. These bits change more slowly, damping the instruction flow changes indicated

by throttle circuit 330. For the above example, in which the sampling interval is 128

clock cycles, digital throttle 130 provides 128 levels of throttling. These levels provide

fine-tuned throttle control that is proportional to the amount by which the estimated

power consumption exceeds the threshold power consumption. Preferably, throttle

circuit 350 distributes the on/off periods indicated by the estimated power consumption

over the sampling interval. The distribution may be uniform, it may be random, or it

may be governed by some other pattern. . One such distribution is discussed below in

greater detail.

Fig. 4 is a schematic representation of one embodiment of throttle circuit 330.

The disclosed embodiment of throttle circuit 330 includes a memory device 410, a
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| evel for the specified interval exceeds the threshold |level. Table 1

illustrates a set of duty cycle adjustnents for the case ' he
speci fi Q¥OPHE®BYal is 128 clock cycles. Accunul ated Pomerﬂ(&ﬁﬁ%oa/gﬁ% X<0

128/ 128 0<=X< 1 127/ 128 1 <= X<2 126/ 128 2<=X<3 125/128 3<=X<4 124/128
125<=X<126 2 1 <= 71/128 7.<= X 0/1 For .t

embodi nent F‘P‘}t %5989 ?’6@ %%BP@I tﬁe‘e%‘ékﬁk?f‘}‘ﬁiéﬁ ‘b“ﬁt‘@“f?é?fzﬁé 13 “ﬂ’écr}b‘ih{:

fixed- poi nt aévafftméd PEWRAS Slopirik al@ sh&en p%or? qeﬁaém@o Hiéytﬂaefofr dR&hpienal
unit when it is activated. The upper bits o be Used to adjust the

duty cycl e wdonly Ippmeés@d?M)dh@cmrlesrhéwbwb|ar@aC@h@n@éhrn@glecg1tm}\pylt 44imi ng

thelnstructlonflowchan I.ndi.cat ed. Dby, ttIe cineui,t 330 F t he
above exarrpfeSpOnse AIIEHE e Sag from C(l)un teerr4\%gl anfﬁ%lmmf‘tgglgo‘g%ﬁ CH(Hpgl t al

throttl e 13@cqunfnateie328128 | evel S of thr ottli ng. These | evel s provide
fine-tuned throttle control that is Pﬁgortlonal to the anount by which the
e

estimated power Fenhsdigstasehemhediaws ratie eisri] 3P0 sunerctide Apradsie-
Preferably, m{E@}nﬁér Th%'o{lﬁ)lﬁlt Bf?o‘i&té} 43hhihd? %SBQS\U&H{ BIEE ReLd ?qlhg&‘i&at ed

by the esti ower co Ion over e sa nterva
di stributi ofronfia@clb‘éonl smdcessme ¢locknayyldsennd dackom 0 when 1127 ivayadhed. gSmﬂaiB,dtHey
sone ot her patt e such distribution is discussed belowin greater

detail. Fi gOut®yf %g“ a&C‘é’BHJéFPéﬁzé afl@ﬁ&se’*srewa@qw coptrglanietdaeeatding ©rthe hrot t | e

circuit 330 r a
menory devi (c:%rr%?gaﬁg%g H%V\nls)al:égulﬁ48581f PCTI Eéroﬁcl)’g él%gfé;'(%@d %ﬁ?@h‘fenﬁﬁﬁﬂo%%aggﬁd a

count er 4300, A,regil 31 shed X0<of, %@udﬂﬁatrmemlymmod: bnit K20 usascberal at ed

pover 1s stofed S il £ IO pon G iry Foh Remony dee 20, e VB S 2
entry indicates whether or not a bubble should be injected into the instruction execution
pipeline of processor 110. For example, when the output is 0, a bubble is injected and
when the output is 1, no bubble is injected.

For one embodiment of memory device 410, each row is populated by different
numbers of 1s and Os, with the number of Os scaling with the value of X mapped to the
row. For example, row_0 may contain all 1s, so that no bubbles are injected into the
instruction execution pipeline when the accumulated power level (X) does not exceed
zero, 1.e. when the running power estimate does not exceed the threshold level. At the
other end of the power spectrum, row_127 may contain no 1s so that bubbles are injected
into the instruction execution pipeline on each clock cycle for as long as the accumulated
power level exceeds a specified amount. For the disclosed example, this amount is
determined by saturation circuit 328 as 127, i.e. X => 127. Rows between row_0 and
row_127 may be populated with Os in proportion to the value of X. For example, row 67
includes 68 Os distributed in its different columns, row_111 includes 112 Os distributed
across its columns, and row_17 includes 18 Os distributed across its columns. For one
embodiment of the invention, the Os may be distributed across the columns of their
designated rows in a random fashion.

The disclosed embodiment of digital throttle 130 includes a feedback loop. The

amount of throttling depends on the activity states of the functional units, which are in

turn influenced by the amount of throttling. Accumulator 328 performs an integration
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the processor's power supply capacitors.

Digital throttle 130 will be more effective the greater the degree of control it has
over the processor’s power consumption. Digital throttle 130 is most effective where
processor 130 implements a gating mechanism that covers a large fraction of the
processor's functional units. Extensive gating control means digital throttle 130 can
adjust the level of power consumption quickly and significantly when the threshold level
is exceeded. Similarly, providing more fine grained control over the functional units
increases the effectiveness of digital throttle 130. For example, dividing the processor's
execution resources into a larger number of functional units 124 and providing additional
gating units to control these functional units provides throttle 130 with greater control
over the processor's power consumption.

Fig 5 is a flowchart representing a method 500 in accordance with the present

invention for throttling power in a processor. Method 500 first determines 510 which

functional units in the processor are active. The state (active/inactive) of a functional
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short er durpewarievehhn thehpovear eapginsssocianel witll eaahi sigrral #et tshasqredf dheance | oss
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t han t he responstha ¢urgent evimatebpevgrdeked is eomepagsd Halywitk aphoshalé gowenlavelt he
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130 inplenents a gating nechani smthat covers a |arge fraction of the

processor ' sthe dHethodhissubtracted fremttheqyryent geimaied powerlovel mpd the rpyt isaidded
throttle 1 no.adj I PONE, S LON. gqui.ck
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ef fectiveness of di.git.al I | e 130. For, example, dividing the
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The instruction throughput of processor may be reduced through a number of

mechanisms. For one embodiment of method 500, bubbles may be injected into the
instruction execution pipeline to reduce the fraction of clock cycles for which the
processor's functional units are active. Bubbles may be introduced by, for example,
triggering the issue unit to issue instructions on only selected cycles of the processor
clock. For another embodiment of the invention, the frequency at which the processor's
clock is operated may be reduced.

One advantage of the present invention is that the execution resources of the
processor pipeline are adjusted according to the level of activity in the pipeline's
functional units. Unlike thermal or current based techniques for estimating power
consumption, the functional unit activity monitored by the digital throttle is a
characteristic of individual pipelines within the processor. The consequent specificity in
assigning activity and power consumption to specific units is particularly useful in

processors that implement multiple execution cores on a single processor chip. Here,
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cOre processor in which the present invention is 1mplemente rocessor 660

includes execution cores 620(a) - 620(n) (generically, execution core(s) 630), each of

which includes functional units 630 that form an execution pipeline 640. Each execution

core 630 also includes a digital throttle 650 to monitor and adjust activity in its

functional units 630. This embodiment of processor 110 allows each execution core 620

to be throttled independently by its associated digital throttle 630.

There has thus been provided a digital throttle that controls power consumption

in a processor according to activity states of the processor's functional units Activity

states are monitored during instruction execution and the execution rate is adjusted

according to a power consumption level estimated from the activity states. Power

consumption may be controlled by injecting "bubbles" or NOPs into the instruction

execution stream in response to the estimated power consumption.

For one embodiment of the invention, a power weight is assigned to each
functional unit, and the power consumption of the processor is estimated by summing the

power weights for each functional unit that is active. When the estimated power

consumption exceeds a threshold value, the digital throttle reduces the rate at which the
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consequent &qeeiihtdby ¥ calibrataﬁspxgmdmge xin g/proyesoSrCERIPARI teH0 5Xa kD tTHR i fiehl
specific units is particularly useful in processors that inplement

mul tipl e ex@ERlts FrY@SdECIYAe giraligy fainpplemertaselfalipratipp procedyrep 01/ 48584
PCTI US00/ 31930 RXRULLA brfifdimekiE bl e hRAGIBIHELOR. § ERAVEGSSes of
associated with a conplete processor, & mul 't -execution

processors tkfpesstentielgntionplPersens skiliéd 1npheaproﬁpﬂ&ss:msdmgrﬁ hasing thecbembfipof The
digital thr tt%» of the present inventio (#éms an execution core that is
processi ng SRPsUe Yy ecasgze JagARORS ang reqdiicatiops.p thﬁérﬁclﬂﬁ)e‘bomer fromthe
other — execCihbQfimeRisewhikch ndfe tHRNGssdall Withid B3 g AUE Scdpl 7 efyedoes not
exceed a threshold 1evel. Al ternatively, It ows e ch execution core to
be thrott!l edaimmscording to the activity inits instruction execution

pi peline. Fig. 6Ais a block |evel diagram of one enbodi nent of a nmultiple
execution core processor 610 in which the present invention is

i npl ement ed. Processor 610 includes execution cores 620(a) - 620(n)
(generically, execution core(s) 630). Each execution core 620 includes
functional units 630 that form an execution pipeline 640. A shared digital
throttle 650 nonitors and adjusts activity in functional units 630 of al

pi pelines 640. This enbodi ment of .processor 110 all ows each execution core
620 to borrow power fromthe remaining execution cores as long as the
total power threshold is not exceeded. Fig. 6B is a block | evel diagram of
anot her enbodi nent of a nultiple execution core processor 660 in which the
present invention is inplenmented. Processor 660 includes execution cores
620(a) - 620(n) (generically, execution core(s) 630), each of which

i ncludes functional units 630 that form an execution pipeline 640. Each
execution core 630 also includes a digital throttle 650 to nonitor and
adjust activity inits
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functional units 630. This enbodi nent of processor 110 all ows each
executiQﬁ%ggaﬁ 20 to be throttled independently by its mss9soaied digital
throttle ) % ere has thus been provided a digital throttle that controls
power consunption 1in a processor according to activity states of the
processor's_functional units Activity states are nonitored during

i nstructi onV&Xe@®ion and the execution rate is adj usted according to a
power consunption |level estimated fromthe activity states. Power
consunpt i onl.may DEressar EPMPHSHY: i nj ecti ng "bubbl es” or NOPs into the
instruction execution streamin response to the estinmated power
consunption. For one efbwtpmadmmnitpf the i nvention, a power weight is
assigned to each functional unit, and the power consunption of the
processor is estinmateaghyngstiranitng codteol pporeedeliverytu the fnrctioashunitwndté onal

unit that is active,, Wen e estimted power onsunpti on exceeds. a
threshol d val ue, PioKied; g1 Hlaf diseioPe Hoatet Lavel delivereatd the TUpERQ BRE 13 WO
01/ 48584 PCT/ US00/ 31930 processor executes instructions. Power weights for
the various functi onaf MAIPECIFRANL thsompatedherindicatagdyposves dgviebwithiaghrephhndddur e
during processor_design,of jtest stages. The digital throttle may also

i ncl ude circuitr@ to rnplenent a self calibration procedure. The discl osed
enbodi ments have been_provided to il.lustrate various features.qf . t.he
resent i nventton. pot BRUeEERH Bttt iRk on B BreutBie e g indiniod ng
the benefit of poué 16icekasts e theblold powearne?d. vari ations and

nodi fications of the disclosed enbodinents, which none the |ess fal

within the spirit and scope of the appended clains. 14 WO 01/48584
PCT/ US00/ 31930 We Claim 1. A processor conprising: a functional unit; a

gating circyit t"?}gigri&lés‘glar HW4h ﬂ%ﬂeY&ﬁY}llet Rm{:tﬂgleai H&?Eéxgﬁﬁées -lﬁrf'iﬁﬁrg(%fit gnal

provi de a signal ndi cates a power |eve Ivered ' to the
unit; a nonfunotiorc noits that formanpastaictie exaediicapipdlipofueithd moedsson. t h a
t hreshhol d

3. The processor of claim 2, wherein the gating circuit comprises a plurality of
gating circuits, each gating circuit to control power delivery to a corresponding one of

the plural functional units.

4. The processor of claim 3, wherein the throttle circuit injections bubbles into the

processor pipeline to adjusts instruction flow in the processor.

5. The processor of claim 1, wherein the power level indicated by the signal

represents a power consumption level of the functional unit when it is operational.

6. The processor of claim 1, wherein the throttle circuit reduces a duty cycle of a

clock provided by the gating circuit to adjust the instruction flow through the processor.

7. A method for controlling power consumption in a processor comprising:
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power level; and a throttle circuit to adjust instruction flowin the

processqQr i ndi cated power |evel exceeds the thre R3%To | evel .

2. The B?’B@Eéiséf of claim1, wherein the functional unit conprises a
plurality of functional units that form an instruction execution pipeline

for the processor. ocesso .ej,n the at| ng circuit
conprises a plurali tyC%{écuﬁ%\Pﬁ’%‘a & dflr?lg ga@%ﬁ"ﬁ’éﬁs "?1 CHPEE Yt o control
power delivery to a correspondin He of the %I .ural nctl n

The processor of cl ai MISSUNGARCSHmated DOWRE eonspEl BP’F&‘Eﬁ"f P%f%@‘? C8H§Ct be es
into the procesg@yerRigifls ne to adjusts instruction flow in the processor.
5. The processor of claiml, V\/nerel n the power |evel indi cat ed by the

si gnal represents a ARSI o A Son iR ILURGH BB paign 1

is operational. 6. The o sso Im1, el n AT eui t
reduces a duty cemisempfiomlevel; amk pr OVI ded by the gating ci rcwt to adj ust
the instruction flow through the processor. 7. A method for controlling

power consunption in gjitgessMtrieddPeteutign ratdbY\BebtbBsviathd/S00/ 31930
col l ecting power signals fromgating circuits in the processor; adjusting

an estimated poweSHMASRRAATICOPSURRIONdS Yo eXesedhide syeshald BomversoReymBlighal s:
conparing the esﬂgggﬁat ed power consunption level with a threshold power
consunption | evel; and adjusting an instruction execution rate by the
processor when the estimated power consunption |evel exceeds the threshold
power consunption level. 8. The nmethod of claim7, further conprising

accunul ating the_estipnate ower onsunpti.on | eve sfo a selected period
before adj udti nST]?Eh@e hﬁét"?ﬁ@?ﬁg furtheE MRS IpG peeum tln$ﬁ ‘EijB‘?W‘EfI aim?7,
wher ei n col dR&hhPGoPRVES & LRRICEIGREBE befdid acijuﬁir%rlﬁé idst@étion QLGRS
power |evel currently delivered to a functional unit associated with the

gating circuit.

9. The method of claim 7, wherein collecting power signals comprising a signal that
indicates a power level currently delivered to a functional unit associated with the gating

circuit.

10. The method of claim 7, wherein each gating circuit controls a clock signal

provided to its associated function unit.

11. The method of claim 10, wherein adjusting the instruction execution rate
comprises adjusting a duty cycle that characterizes the clock signal provided by the

gating circuits.

12. The method of claim 8, wherein accumulating the estimated power consumption
levels comprises accumulating the estimated power consumption levels for a selected

number of cycles of a processor clock.

13. A computer system comprising:
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10. The method of claim7, wherein each gating circuit controls a clock

si gnal VW)@HS@W to its associated function unit. 11. Thedfetsvediadb cl aim
10, wherern adjusting the instruction execution rate conprises adjusting a

duty cycle that characterizes the clock signal provided by the gating

circuits. 12. The ”Eti‘ﬁfénf?)fr E}s@érﬁ\@stoﬁéﬂﬁﬁﬁicﬂo%‘r‘%&hbﬁ@ the estimated
power consunption |evels conpr|ses accunul ati ng the estinmated power

consunption | evels fo t ck.
13" A Gomput er  syst erds B S saEeu BHEAR P nc UG ET Ry P REREORE ke
systemto store torstcutetiedngnfctbnexecuti on; an instruction execution
pipeline including a plurality of functional units to execute the

instructions; an instadigkirdtiofelelives ¥ysyatie prdvaddhe vhstRctihts frdifitheuct i ons
fromthe nenory systemto the instruction execution pipeline at a

speci fi ed rate; BEPHPUwistenytoghe dsHuet eepeinn Ripeligct aspeaitied ra¢grcuit to
control power delivered to one of the plurality of functional units and to
provi de a signal indiphmﬂnQOfcmﬁsﬂdm@hmewthOp@mbnﬂmam@Caﬂnﬂmoﬂrte circuit

to estimate a p I su n level fromd:ith vi ded by the
control circuits Wﬁregg g?ﬁt& PRy ol ﬁfrfcélan?a 8Pd f%@%vﬁlgtarsﬂ%‘[a on

del i very systennﬁgpﬁﬁﬂgngsa@“%ﬁﬁgggwbmaﬁ@d power consunption level. 14. The
computer system of claim13, wherein the signal provided by each of the

plural control circuifgrblechthiPlAdstithatela p Wél%hﬁ]&lﬁi’ 1e®dl FRINVBIe signals
consunption for the functional unit associated wth the control circuit.

15. The conput erpreysité by tlie aingriohviieitswhe teadjust i mctfledmatd@f thegnstrustipgui t ry
includes an issue unit that issue ons for proce g by

1
et on ey ectienY SyslsBtoraBHE R hf Bl it Bl by R0 o1 ook

16. A processor conprising: one or nore functional units; and

14. The computer system of claim 13, wherein the signal provided by each of the
plural control circuits is calibrated to indicate level of power consumption for the

functional unit associated with the control circuit.

15. The computer system of claim 14, wherein instruction delivery circuitry includes
an issue unit that issues instructions for processing by instruction execution pipeline at a

rate governed by a processor clock.
16. A processor comprising:

one or more functional units; and

a digital throttle to monitor activity states of the one or more functional

units to estimate a power consumption level for the processor.

17. The processor of claim 16, wherein the digital throttle comprises:
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a digital throttle to nonitor activity states of the one or nore functional

units to estimate a power consunption |level for the proc The
processoYO8¥48B4i m 16, wherein the digital throttle conpms.w%ig?om

01/ 48584 PCTI USOQO 31930 one or nore gate units, each gate unit to control
power delivery to an associ ated one the functional units and to indicate

of
an activity state forofHer8 Mals EREUAIEFark GUE MBI AP COMTA Po‘é(ﬁﬁgeélvﬁ%ﬁot%r

circuit to deterggidieatbdioneSstithdRintiOhal bifRs A PGAAGRALe 3n RONEEy ste@TSHERL | ON
level fromthe indicated activity states of the one or nore functional

units. 18. The mserseatebfungtionsl animand, wherein the nonitor circuit conpares
the estinmated power consunption level to a threshold val ue and provi de an
i ndicati on of the companitgaeircuil déftmmipe deaessoateodf thd piooesk6r’s pbwerei n t he

functional units form an instructian, executi.on pipeljne and the processor
further includes3SBRPKY lﬁ‘éeﬁcf{?ﬁrf &Blm%ﬁﬁ‘?éc%ty Si“ﬁﬁé)%tjéb"eo??\%r 1RetS ‘C\Vp?t%’rg"f at es
for the one or npi® functional units according to types of instructions in
the instruction execution pipeline. 20. The processor of claim 19, wherein

the digital throttle further conprises a nonitor circuit to estinmate the
processor's power consunption level using the activity states of the one

or nore f uri(\St : Onﬁle p%&és?o’r o%%laim 17, wherein the monitor circuit compares the estimated
power consumption level to a threshold value and provide an indication of the

comparison.

19.  The processor of claim 16, wherein the functional units form an instruction
execution pipeline and the processor further includes a pipeline control module to
indicate the activity states for the one or more functional units according to types of

instructions in the instruction execution pipeline.

20.  The processor of claim 19, wherein the digital throttle further comprises a
monitor circuit to estimate the processor’s power consumption level using the activity

states of the one or more functional units.
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