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floating point units typically include register files to maintain data relatively close to the
processor core. One drawback to providing a processor with extensive execution
resources is that significant amounts of power are required to run thf;m. Different
execution units may consume more or less power and draw more or less current,

15 depending on;x their size and the funct‘jons Ithcy.implcmcnt, but the net effett of packing so
much logic (;ntor a relatively srﬁall process chip is to create the potential for signiﬁcaht
power supply and power dissipation problc.ms.. |

Few programs rcqum: the full range of a processor’s execution resources for
significant txme mtcrvals The power dnss:patcd runmng a program depends on the nature

20  of its component instructions and their potential for being executed in parallel. Programs
typically mclude a vancty of instruction types, but it is rare that enough instructions of the
correct type are available to kecp all of the processor's cxgcutlon resources busy for |
significant time periods. For this reason, most processors employ a clock gating

mechanism to cut off the clock delivered to execution resources when they are not being
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can cause these supply voltages to vary. The voltage variations are
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units are notoriously

-hungry execution resqurces, in ’%§§g&§”hlg%u&ﬁ?aggg&ﬂothe 2 21 DEC

by the processor as functional umts are gated on B'S

vary. The voltage variations are due to the ﬁﬁitc response time of the power supply as
well as reactive (inductive and capacitive) elements it the power distr‘ibutiqn network. If
the voltage variations fall outside the specified range, they can damage ciréuits (for
voltage excursions above a maximum safe Value) or create errors {for voltage excursions
below a level necessary to guarantée correct operation of the logic).

The significance of these voltage excursions is determined by the rate at which the

current provided to the processor by the power supply changes (“current change rate” or

“di/dt”) and the electrical properties of the distribution network. Fcl>r processors that
implement clock gating, the current change rate depends on both the size of the current
change and the time scale over which it occurs. The latter is determined by the operating
frequency of the précess'ot The former depends on the amount of current consumed by
the functional unit(s) being gated. For example, floating point multiply units are

notoriously power-hungry execution resources in processors. The change in the

2
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*gated on and of f can nove the reference voltage tenporari I2y1 qgﬁ%ilﬁﬁ’&its

specified range. Currently avail able processors offer no-control over

di/dt. Qp tegy contenplated for future processors i ni mum
| evel of gg?’%ﬁy to ensure that any 5 current changes P&?;elfsr%%f%tzénvel y

smal | . As processor frequencies increase, the tinme interval over which

t hese current ,changes occur, decreases nd even small. c changes may
af f ect tpﬁ‘Eeséﬁfpi)?‘Vegtoq%P‘&@‘g?‘. thess UpHrT oERE " ﬁaﬁaﬁ c?rh'glg\(fstge %’? gf%%\%\er reducti on
strategies like clock-gating.LS, increasing as processor frequencies (and
power cdR&ass IRl AEH ’é*ewgc‘é‘ﬁir’ﬁ’?gﬁg mninum-attivity |evels
artificially raises power consunption IeYeIs,_mhich 10 partially offsets
the benefit sCoFently grailablsprasessory REerfPSoR oKk i85 S4dBY%esses these and
ot her deficiencies of available power throttling nmechanisns. Brief
Descri peprsmplated fos fiprgarasgssors $orqgse mypisuEhievs! REastivitnle sieife BBt ¥der st ood wi t h
reference to the following. drawings, in which like elenments are indicated
by | iske currabelagges Breorelativhlnstall Asresessoniisauertiasancrgass, thertimg istesdl ect ed
enbodi ments of the present invention and are not intended to limt the
scope obvedr hichnihesatwramt cHahges otcur decaealdsornk edérangredircprreny thanges mabodi ment of a
conputer systemin which the 20 present invention is inplenmented. Fig. 2
i's a bl effdct the agpplywafagesn Onalrbahiérent, thefuseofipoeeesdtion feategigsdikenent s a
current control unit in accordance with the present invention. Fig. 3 is a
bl ock dipggdingfs inareastigiae giosesir fakudnaies Gud pewdr comsatipobn)mir¢ase.i npl ement ed by
the processor of Fig. 2. 3 21 DEC 2004 WO 02/ 03185

Forcing minimum attivity levels artificially raises power consumption levels, which

10 partially offsets the benefits of clock gating.
The present invention addresses these and other deficiencies of available power

throttling mechanisms.

Brief Description of the Drawings
15 The present invention may be understood with reference to the following drawings,
in which like elements are indicated by like numbers. These drawings are provided to
illustrate selected embodiments of the present invention and are not intended to limit the
scope of the invention.
Fig. 1 is a block diagram of one embodiment of a computer system in which the
20  present invention is implemented.
Fig. 2 is 2 block diagram of one embodiment of a processor that implements a
current control unit in accordance with the present invention.

Fig. 3 is a block diagram of one embodiment of the curreat control unit

implemented by the processor of Fig. 2.
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Zmul tiple processors 1

PCTI U501119328 Fig. 4 is a schematic representation of a vol tagg flt’(]?]\;ra as
n
consuned by a processor. Fig. 5 is a block diagramrepresenting one
enbodiv{;rg%m g_the throttle circuit of Fig. 3. 5 Fig. 6 is a flowhart
represent i ng "2 nethod in accordance with the present HGMVIBR f or
adjusting the activity |level of a processor to reduce current changes in
the processor. Detailed Description of the Invention 10 The follow ng
di scussi onFiget & & sshereticusnsesouistigpdaivpitage byekasaducgonpiide a t hor ough
under standi ng of the invention. However, those of ordinary skill in the
art, Helldwiog 4 Signifilbeunelfange ipfthe durnidiosimsd by @ progsser- appreci ate that the
invention may be practiced without these specific details. In addition,
vari ous weFig- k savlodkaliipeds reppeseting onesnbodimmpbeldhe throtdgwircugpf cui t s have not
been described in detail in order to focus attention on the features of the
15 pregent invention. Fig. 1 is a block diagram of one enbodinment of a
conmput er system 100 in which the present invention may be inpl enented.
Conput er  syst @ iRfvchite lepfiemting R R Sidccorddide with i presernor y 140, a
non-vol atile nmenory 150, various'peripheral devices 160, systemlogic
170,  aRdn@bnROVEEusBHP R YcthG9 evel Stlbdeost © rddike Oftht cMasgdatthe t r ansf ers 20
anong processor flO mai n menory 140, non-volatile nmenory 150, and
peri phre;:ggsor devi ces 160. . Power supply 180 provides reference voltages for
| ogi c P&V Tes in processor 110. Conputer system 100 is provided to
illustrate various features of the present invention. The particular
configuration shown is not necessary to inpl enent the present 4 21 DEC 2 04
V0 02/03185 PCTI USOH/ 193284 EAMAbs ofcYovéatfP! €. system 100 may incl ude
I vari ous
10 The folloWing discussion sets forth numerous specific details to provide a thorough

understanding of-the invention. However, those of ordinary skill in the art, having the

benefit of this disclosure, will appreciate that the invention may be practiced without these

specific details. In additib’n; various well-known methods, procedures, components, and

circuits have not been described in detail in order to focus attention on the features of the
15 present invention.
Fig. 1 is a block diagram of one embodiment of a:computer system 100 in which
the present invention may be implemented. Computer system 100 includes a processor
110, a main memory 140, 2 non-volatile memory 150, various peripheral devices 160,
system logic 170, and a power supply 180. System logic 170 controls data transfers
20 - among proce_'c.sor 110, tnain memory 140, non-volatile memory 150, and Periphe;al
devices 160. Power supply 180 provides reference voltages for logic devices in processor
110. Computer system 100 is provided to illustrate various features of the present

invention. The particular configuration shown is not necessary to implement the present



conponents may be conbined or elimnated. Processor 110 includes nultiple
*functional units 1.24, which forman instruction execution fhp?ECnQQMQO.
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example, a floating-point muitiply-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 muitiplies 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 are
detected. Depending on the particular processor implementation, these resources or thcir
components may be grouped into one or more functional units 124 which are turned on
and off as the instfuction is staged down the pipeline.

Each functional unit 124 draws a certain amount of current when it is activated by
the instruction. For computer system 100, power supply 180 provides the current while
maintaining the reference voltage level within a specified range. If activation or
deactivation of one or more functional units 124 triggers a significant change in the

current demanded by processor 110, it will be difficult for power supply 180 to maintain



reduce the inpact of current changes on the reference volgqﬁ%ﬁﬂfed by

- processor 110. For one enbodi nent of the present inventio#Tt 2004
activated/deactivated state of selected functional units 124" are
nonitored. Selected functional units 124' may be those_ S that draw | arge
cur r ent®¥ORRBH3Act i ve, because these are likely to creatf&T8R8FF3¢hanges in
di/dt when they are switched between their activate and inactivate states.
CCU 130 nonitors the state of one or nore selected functjonal units 124
on sucah&amvmmd¢@ﬁhfmydb@§ekﬂehé@@PW&F@“%“E@PPgﬁﬂk%ﬁﬁﬁQE"EWé? the interva
of clock cycles. The estimated current change is conpared wwth a threshold
val ue tredudethe impaveofuetitehangbsondbs ieferanye yaliaat ussd by pectsserdi®cessor shoul d be
adj usted. For exanple, if the current change is increasing faster than a
first threshoddhe efbadifnkatwf ti presstt invedtioostbe adtivatadfHeapiiyatddistiee 0f120 nay be
reduced. If the. estimated current change rate is decreasing faster than a
second s¢iRéiesiattbnalunits ron ire pahitared. tSelet2d functiatal wiigH24' ovayéde wiose be
deactivated can be left activated to slow the current drop. The current
change {RYrak8ares birfatsarheR Yotlve Atkdusgthtdaare ltety toereaacharp ehampatie (activity 15
state = 1/0, for exanple) of a selected functional unit 124" on

N- SUCCRFH Wikn BeYGie SHh&PbetwelA thea@ivhie\ahl Jhabivaleamtaypz(ikl3anal yzed to
provi de an estifmated current change for the n- clock cycle interval. For

exanpl Fiopfifs thead BmPoribi ShiblecfufliRal WY D dehstbadt agkayeing Lo | ts

proxi m he current -cl ock cycle, and the weighted activity states may

be sumped imp2 afc[%a%lt‘lﬁang?o@e?&}icg%%ﬁi@%cfob@cﬁws! ¢ csBRARARured® FOr anot her

enbodi Ht e i nvefition, may ‘nonitor current changes in

~ymul tiple functional -unit.s ' ' i with RSei@dFtevi ty state of
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124* that might otherwise be deactivated can be left activated to slow the current drop.
The current change may be estimated by tracking the activefinactive state (activity
15 state = 1/0, for example) of a selected functional unit 124' on n-successive clock cycles.
The n-activity states may be analyzed to provide an estimated current change for the n-
clock cycle interval. For example, each of the n-activity states may be weighted according
/ to its proximity to the current clock cycle, and the weighted activity states may be summed
“to provide an estimate of the current change.
20 - For another embodiment of the invention, CCU 130 may monitor current changes
in multiple functional units 124". For this embodiment, the activity state of a functional
unit 124’ may be We:ightx;:d according to the current it draws when active. A total activity

state for a given clock cycle is determined by the sum of weighted values for each

functional unit 124" that is monitored. The total activity states for the nclock cycle



Current weights for selected functional units 124" may be gfiehgbnzﬂ&
through a «calibration process. For exanple, CCU 130 nay b a r d once
as a part of the design 5 process or it may be self-calibrating. In the

| atter 130 may enploy current nonitoring circuitr nd a
caIibra&ﬁgﬁyﬁﬁggrithn1periodicalIy to adjust current meFSHFé"%ng each
functional unit. Fig. 2 represents in greater detail one enbodi nent of
processor 110. For the disclosed enbodi nent of processor 110, pipeline 120
i s repr otevalétanalyzeddo defernrEen estimated aRat (ipnes) CUFEYiceangrs PREE) . executi on
(EXE), detect (DET), and retirenent_&gET) stages, .respectively, and the
execut i detenmgsatlimaedock by closlpbasisi wsipstaglicing Windopén aeviy§i€at ed.  The present
invention does not require partition of processor 110 into a particul ar set
of pi pel i neCatemyesightsGur selxagriimstional ditc]24'yeay berdstgemingd/ el abdi vi ded into
two or nore stages to address timng issues or facilitate higher processor
cl ock sggibdsion plotes NBoriexahyle, AW 139rmaybemaligated atpess ragrt bishedasigined into a
single stage. Ot her enbodi ments may include hardware for processing

| NSt § UCHo0eS 0P iraP be Slftalibrailipe 16theddtesede, {112 130meaypmeploydesresnl y - one
exanpl e of how operations may be partitioned in a processor inplenenting

- the  preseftrink BUEHH S a chhbrafidriiMorigidp@iodRilpeloiadisticafeitveightsder f et ch uni t

210 and issue unit 220, which 20 provide instructions to execution units
in the Q@HEnEQHmPLﬁPipeli”e 120 for execution. Fetch unit 210 retrieves
instructions tromnmenory 140, directly or through a |ocal cache (not

shown) and prov & bELENREAiIoRS L btsich @B SF SrBcdséo? WED, URr the220. | ssue uni't
220 decode?ﬂgﬁggﬁﬁgﬁgd%%ions ahg i ssues then?to t he execution resources in

“ythe b d.of . pipel kne. : i A PCT/ USO111932 8
e oack e hooBR Ll e el 10 plpeind 126 1204 NRAAAHIE

I'SCUSS t he m"instruction" is used generally to

;ﬁ;ﬁ{ér t%«pa.ibc{‘@é{ﬁ',%gii&@rs(mﬁi%&&hii&?é&éﬁ‘i} deRSDETYShi Wi pusgl es or any of a

stages, respectively, and the execution resources corresponding to each stage are indicated.
The present invention does not require partition of processor 110 into a particular set of
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

IS more stages may be combined into a single stage. Other embodiments may include
hardware for processing instructions out-of-erder. 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

20 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. [ssue unit 220

decodes the instructions and issues them to the execution resources in the back end of

pipeline 120.
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mechani snms used to encode processor operations. For exanple, the decode
‘operation may transforma macro-instruction into one or noté DEC 2004

m cro-operations (pops), resolve an 5 instruction bundle into one or nore
instr i yl I ables, or retrieve a mcro-code sequ cjated with
an ingﬁ{’fc f%’n. The back end of pipeline 120 incl udes$?§§l§§§§$28unit 230,
execution unit 250, exception unit 260 and retirenent unit 270. Register
unit 230 includes a register, renape_ uni.t ,and [ reaister files (not
shown) to THeHEhPYLjhp H’é&%&?’éqee@é“ SPREFFIe lfsﬁ'y?%{g%t“gt? '%gltr ?cfjcti ons and to
accesses the data fromthe identi fiﬁd re is{,ers reg& ctively. Execution
uni t DSRCnES BACS-BAECAnS.RTrEciRafeRr &Ry P SRR P F%RU) 252, integer
execution units (I1EU ) 254, Ioad[stglge units ﬁgﬁ}l;‘? 256, .and floating point
execumEehanians psed (ERGPdesecessT OpRTYIoBs o9 eXHTHE, the{eE R OPEPRAYP® or e, and
floating point instructions. Exception unit 260 checks the results

gener edmsfbrioa neacaeinttinstioniimic enes Mogdicedpresations (erYIrIANSIanf | ow i f an 15
exceptional condition is encountered. If no exceptional conditions are

det eciafhictibebindRTRBlone tihére AkBructimayedleshe retrictvi areictogade st at e of processor
110 with the results. The functional units 124 of Fig. | that are activated
by di deh@dn@bissbdiidd WA arPGnidHyn. represent various comnbi nations and subsets
of the execution resources indicated for pipeline 120. CCU 130 nonitors

activity spabesk Jnabf§§ks%t1§diﬁcwm@§ fe S8R} uiMI0SexkAdion uRM 2865t | mat es current
changes fromthe nonitored activity' states, and adjusts the activity |evel

of pr - K b it 270 RQAIRhR 23OMEILAdsNGEG i QBGknani t 124" may
i ncl u%ggpzﬁgw%%@%g?%g?rhf}gregi st ere%(i n regi st e# uni tg1230) , and FPU 258 may

yhave GOTRONEALS rdgilyd¥iksffot S o BRI ARALgiBk Liecirled iogBer al , a sel ect ed

functlfng!) _ _ es various” execution resources (register fil es,
031 o BerAT IS RO Sl e A SRl KM eBediod ety arge
o R REL S s AR A0 LRBEDY 0 e cebuisaaad on the
(IEU) 254, load/store units (LSU) 256, and floating point execution units (FPU) 258 to
process branch, integer, load/store, and floating point instructions. Exception unit 260
checks the results generated by execution units 250 and adjusts the control flow if an
15  exceptional condit%on is encountered. If no exceptional conditions are detected, retirement
unit 270 updates the architectural state of processor 110 with the results.
The functional units 124 of Fig, 1 that are activated by different instructions may
represent various combinations and subsets of the execution resources indicated for
pipeline 120. CCU 130 monitors activity states for selected functional units 124/,
20 estimates current changes from the monitored activity states, and adjusts the activity level
of processor 110 accordingly. For example, one functional unit 124" 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 selected functional unit 124" includes various

execution resources (register files, execution units, tracking logic) that are activated and



and the execution resources shown in Fig. 2. Fig. 3 is a block diagram
"representing one enbodi ment of CCU 130 and its 5 interacpiforf M2k

sel ected functional units 124' of pipeline 120. The di scl ose enbodi nment
of CCU i udes gate units 310(1)-310(n) (genericall te upnit 130),
a noni tl‘ggugjiaﬂgﬂit 320, and a throttle circuit 330. Eactﬁlcd'g?sg”ﬁ%lz? 310
controls power delivery to an associated functional unit 124' in pipeline
120. For exanple, gate unit 310 may be a cl ﬁCk %ati(p Ci rcuitt t hat coupl es
or decoudskaiyatgd kdee Rfagﬂéﬁ&laft*@tw%éfﬁeé%?mﬂ' Fitacysate -?H‘%P&%%? di ng to whet her
or not the services of functional unit 124" are used to inplenent an

i nst r uctinvmticudoes net dgpand on He dofaged werpigbstverm bk fEnstipia, B’B‘fsgﬁéi ﬁﬁni t 124
operates. Also shown in Fig. 3 is a pipeline control circuit 350 which

i ndi cat esdtie eyedution resdusces Siwatin €. 2f uncti onal units 124' are active for the
currently executing instructions. For the disclosed enbodi nent of CCU 130,
gate unit 13@igB e lesk diagsingreatestnting snerapibodiorenioi il 438ag iS50 i ndi cat e

whet her its associated functional unit 124" is active. For exanple, the
Si gnal NBirabford WilkGtlkotéd Hinaioadl @nind 1 % ofpinctmal20uihe disdased whi ch is asserted
when. functional unit 124" is turned "on" and deasserted when functional
uni t 124 ointert sty 03¢ inctudek batSGhitsIRO(1paTtghagemeikallypgse imint0.@nal units
124", nmonitor circuit 320 nmay add their activity states to provide a net
activi tyma&%ﬁamﬁmz@ a8 Y BPotd Qi 8YE | Bach Fiboslt MBrdostralf p@@eriplivanor. ci r cui t
320 may weli ght activity states to indicate the different current |evels
drawn Ry arﬁiksfs&%t&‘fua&ié%tuhf? 84" irkiipdihic 1200’ Fobekantldrgate it 81D may bypi cal

y 1 nclude

processor nm 10-20 gate units 310 to control power delivery to
- 10-20 functi - LN , Rek LigfiadiondNMotiencliddal il 1D nonitored for

‘)current c&:&é@%cg%ﬁ@%ﬁ%ﬁﬁf&%ﬂ PCTI US1 1/ 19328 changes, although the

advant ages_qf the pr ' ' if £3ldrg QbdRy ififlthéan NY

funci® o ﬁ(forcec}ﬂg EOS%£F§%BPE@M—9QH m?r{gﬁbfnapﬁmf £3! 4r il

_ | B consune [arge amounts of current. Monitor
circuit ;320 col | ects SNl Stabb@th WAl tHlibrt JRP12V ggerdess aayence of cl ock

instruction

shown in Fig. 3 is a pipeline control circuit 350 which indicates to gate units 310 which .
functional units 124" are active for the currently executing instructions.
| For the disclosed embodiment of CCU 130, gate unit 130 provides a signal to
t5  monitor circuit 320 to indicate whether its associated functional unit 124’ is active. For
example, the signal may be an a‘ctivity state of functional unit 124', which is ésscrted _when
functional unit 124" is turned “on” and deasserted when functional unit 124" is turned "off".
J If CCU 130 handles multiple functional units 124", monitor circuit 320 may add their
activity states to provide a net activity value for a given clock cycle. Embodiments of
20, monitor circuit 320 may weight activity states to indicate the different current levels drawn
by different functional units 124° being monitored.
A typical processor may include 10-20 gate units 310 to control power delivery to

10-20 functional units 124. All functional units 124 may be monitored for cufrcnt



cycles and determ nes a current change rate fromthe collected signals. For
-one 5 enbodi nent of digital throttle 130, nonitor circuit 320 includes
wei ght units 314(1) - 314(n) (generically, weight units 314 ’HEE ﬂﬁ er 322,
n

an n-stage shift register 324, an estimation circuit 326

reshol d

Z
conpar at'B? 935485 \Wien present, each weight unit 314 profdEE %8 2 no-zero
val ue to adder 322 according to whether the activity state indicated by
gating circuit 310 for its associated . functional unit,124' .s. jnactive or
RegPlets pomenist

act i vat ehanges, plthopsle thepdyaptagas il thegiress iy U By

€ current drawn

by functional unit 124" if it is activated.. Adder 322 and weight units 314
are unndestemt yniisf12¢Chat tEGUB rgEATOUAs OEFHEME functional unit 124' . |f
currents drawn by nonitored functional units 124' are rou?gh%%conparable,

wei ght uni t sMai#ormirguiba20edoilentyrignals. fromygrss urdts 33& oy 2 FFICHSRE

d or

unwei ghted) activity states of selected functional 15 units 124" on each

cl ock cy@li@ aho detetnanesiavamentchingt racfrom ithecoleciadesisnlie Ferangl  activity | evel

is provided to a corresponding input of n-stage shift register 324. Shift
regi §t eemBafimsAtrf digithiahidttleaG0, moditgr citcait 830 {nalsigphreight brits it ght ed) for each
of n-successive clock cycles to provide a profile of current consunption
over n- gyfhRgemtichlie weighcams 914)Canader JE3 tanmadttape shifiiregiugt32828 uses the
n-stage data to generate an estimate of the current change, and 20

t hr esholg; £ OBPekali0N6378 A4REMBIERDmblatce $18. MEhahressnt eich welghhgst wi t h one or
nore threshold values. If the estimted current change exceeds the

threshol, ¢ qr%ﬁgéos%ra G MePd b to Gitdet 811 ac3Qin@ @y Whithertiibeaceidity statt y | evel of
. S

processor

imator circuit 326 may i npl ement any of a nunber of

et hods, t.0 ggé&g%@n%sﬁc@ﬁld foPR 1B idedthRGiond Yk €248 dTRlcavebr dottad, activity

states PIES

regli ster 324. One 10 21 DEC 2004 WD 02/.0318

PCT/ USO 111@?&2 e N0d, deS Gl T 8s%ms%c%ﬁ&h RV fEEbRal ulit TRViMY aver age of

t he Pr L&Y

%?Wf?§ val ues over the n-cloc¢k cycles for which shift

(rjgtg Lj J;ne Ffélgt%\ﬁltescﬁ. ?i\rdedgr %ta%ti w'é%ﬁt &nws S14%E rﬁ%ccss—ﬁ?tif F@L 980 &dnkroldial 326

20

single functional unit 124'. 1f currents drawn by monitored functional units 124" are
roughly comparable, weight units 314 may bc. eliminated.

Adder 322 sums; the (weighted or unweighted) activity states of selected functional
units 124' on each clock cycle to determine a'tota.'l activity state. The total activity level is

provided to a corresponding input of n-stage shift register 324. Shift register 324 stores

' total activity states (weighted or unweighted) for each of n-successive clock cycles to

provide a profile of current consumption over n-cycles of the processor clock. Estimator
circuit 326 uses the n-stage data to generate an estimate of the current change, and
threshold comp;rator 328 compares the estimated cﬁrrcnt change with one or _morel
threshold values. If the t;s;timéted current change exceeds thg threshold value(s), throttle
circuit 330 adj;z;sts th¢ activity level of processdr 110.

Estiﬁator cirﬁuif 326 may implement any of a number of methods to estimate di/dt

from the n-clock cycle sample of total activity states provided by shift register 324. One

10



Al=(1/NEAN 5 Here, AN w ai, where wi is a weight 314(i) for
~functional unit 124(1) and ai is the activity state indfdatded @§0gating
circuit 314(i). For one enbodi nent, ai is | or 0 according to whether
associ ated functional unit 124' (i) is activated or deactivated
respect iW8PY931&he sunmation is over all functional unitECIBRFEREd by cou
130. For this enbodinent of estimator circuit 326," Al is a running average
of the current consunption and may be o conpared with, e.g. nmaxi num and
m ni mumnethod @ntermpinese o edck sloplocygts; @ FRYRE aY@FagFggthﬁrP%%%%'éracgwg’cti vity |evel
shoul d be adjusted. one or nore appropriate threshold values. There are
t r adeof slutsatveetbe nichek syctsi i whiclyshifh eegistsy 334stares daftan dod thisgrethetsl t he
performance and power of the processor. Throttling di/dt |eads to | onger
execut i eflinidterefcliesmudeenhines:pi pel i ne does not start up as rapidly as it
does when di/dt is not Iimted. It 15 |l eads to hi gher power consunption
because the pipeline does not qhuq; wnags rapidly as it does when di/dt is
not limted. There is also a tradeoff between performance and power for
the sane degree of di/dt control. By adjusting the er, and | owner
t hr e§hoHass, Ak ideperrieniers i if § weighta4d) for Bmetp 'a‘{Pbtrng‘?fng"‘ K her
performance or | ower average power. Sinulations indicate that changes in
the ref actizitg state dhdicates! byeaating citcuit 3 bA{iaBprone smpedigentedi#s bef) a5e0fiB8uced with
limted inpact on power consunption and performance using an interval of
that i stoaphptiexkszatistky idbGonof unitH@4fidsiacivatsd or Beactivatedi egpachvelhelhsower
di stribution network. For the clock frequencies sinmulated, this interval is
appr oxi sidredtion islévee ki finctignal wsts controliddhy CCU [13MF@ 24981 BBImeEPUSO / 19328
Anot her enbodi ment -of estimator circuit 326 may inplenment a nore
sophi st i Gabed cirdBt 128JAT9h r@mingARérbgOofTher duerBit coltangeen ardonayeeanpl e, each of
the n-stage activity values nmay be multiplied by a coefficient as foll ows:
A :1? G, émpaﬁﬁ?‘%i.é%gﬁéﬂum% mifittuh clirrefeNARHBIdREdrRinetiDthE€NN ar e

positi Ve, are negative, and |l ower indices refer to nore
processor's activity level should be adjusted. one or more appropriate threshold values.

)

There are tradeoffs between the stability gained by throttling di/dt and the
performance and power of the processor. Throttling di/dt leads to longer execution times
because the pipeline does not start up as rapidly as it does when di/dt is not limited. It

15 leads to higher power é_onsumptidn because the pipeline does not shut down as Eapidly as
it does when di/dt is not limited. There is also a tradeoff between performance and power
for the same degree 'of di/dt control. By adjusting the upper and lower thresholds
independently, it is possible to favor either higher performance or lower average power.

Simulatioﬁs_ indicate tha'fchéngés in the reference voltage level attributable to

20  di/ditcan be reduccd with limited impact on power consumption and performance using
an interval of that is approximately 25% of the period of the ringing in the power .

distribution network. For the clock frequencies simulated, this interval is approximately

15 clock cyc!cé’ (n=15).



-

recent values. For this enbodinent, Al represents a running average of the
current change over the n-cycle interval rather than dcrpnﬂfﬂgxmgerage of

the current level itself. Yet another enbodi nent of esti‘mat'or ‘circuit 326,
e”p|OM§09%%$ rent coefficients to the n-shift register val ues. For

exanpl €, “recent activity values may be nultiplied@YUSHEIREgher
coefficients, and less recent activity values being multiplied by |ower
coefficients. One set of coefficients is conputed by taking the first

deri vat i ve Aspthenembesimen stestimatpyircuih demaximplenant ¢ mgr sRRtSARS. Fig. 4 is a
schematic representation of the settling behavior of a voltage 400 in a
power mfitisad fobestimating¢ureen| ahangas. rkos peampde, earh of thegrgage aptimig alugh cur rent
dermand. Vol tage 400 15 "rings" for several cycles followi ng a current
changenay2@, miltpleddyiatcosfbientes fdlows:he specified. 1evel. The period and
anplitude of the ringing.,is determned by the electrical properties
(resi stance, capacitanee,=A; rduedancely st eC@iagt ri bution circuit and the
slope (di/dt) of the current change. Because current change 420 occurs

versy haRiedtMo Oyf; ateposifivh, €RL o @%, ate mh@ive, 4nd I6W & -indlees Tl toRRAMAl
coefficients for the above-descri bed enbodi nent of estimator 20 circuit 326

gﬁ‘y P eclftValied ‘lt'c(r%&gﬁ%({i)ﬂa&ﬁtAIQ%és&ﬂg Lﬁﬁxﬁingfav%%cgﬁ% ki @hangdr i OUS points

e curve. . i ment ‘of conpar at’or conpares the value of Al
provi ded estimtor cipcult 326 W felof.S. 04 d threshol ds.
Depenai"ﬂa’?%'h“)ﬁi%'"ﬂ%f“ﬁba&“’ﬁB‘é'ak fuc’)'%’" éf'cé%%giorﬁye,&nlfr@?qﬂeé%ﬁ%rgg's hol ds- may represent
maxi mum ang m ni mum val ue %%E t he.cur t 12 22& DEC i$04 WD 02/ 03185
PCT/ USQl / 18%280they embsdimsal of ?H"B%rs‘i“f“'\“\‘/é%;"ﬁ’éi’]'%d’é SO SOl %“?V%gf di/d " I1f A
is larger t an_theiﬁir t ;hrFshoId throttle chcuht BED.Qﬁguces pr ocessor
act i vIEp-shihegisteayalpes- Goneamg egmoregecent 4givity Yales Bk Bt REPlifMexecut i on
pi peline 120. Here, "bubble" refers to.a | ch,ﬁf ctivi I n the execution
pi el highersgefiicisats, apddess Eecer agpydy &%‘PWG("SN@&‘)‘P 5 8@@‘5{ ECtiYUEBRigh t he
pi peline 5 stages. Another enbodi nent may activate a chargF punp when Al is
| ar gePne spd At eqedlicignisis computed by taking the first dérivative of the response of the

power distribution network..
Fig. 4 is a schematic representation of the settling behavior of a voltage 400 in a
power distribution circuit in response to a large change in current demand. Voltage 400
15 “rings” for several cycles following a current change 420, before it settles to the specified .
level. The period and amplitude of the ringing is determined by the electrical properties
(resistance, capacitance, inductance) of the distribution circuit and the slope (di/dt) of the
cuirent change. Because current change 420 occurs very rapidly, it is indicated as a step
in Fig. 4. The unequal coefficients for the above-described embodiment of estimator
20  circuit 326 may be derived from the first derivatives of voltage 400 at various points on
the curve.
One embodiment of comparator 328 compares the value of Al provided by
estimator circuit 326 with first and second thresholds. Depending on the method used to

determine Al the thresholds may represent maximum and minimum values for the current

12
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t hreshol d. The charge punp provi des additional voltage driv21t@EKp?
o atd pﬂ
processor to conpensate for the spike in current demand. If Al isTess
than the second threshold, ftottle circuit 330 increases activity in
executio j i.ne 120. This may be done, e.g., by mintaining in their
active s?g?%@ﬁ%%é or nore functional units 124' that couFﬁ“@F%@V@@%e be io
deactivated. Fig. 5 is a schematic representation of one enbodi nent of
throttle circuit 330 to adjust the activity |evel of a processor,
r esponsi {(ikortmaxamue pesitiverod negativieeahiea af &4 Hdd sdargerirandhg ishange (or
current) and o ne or nore threshold levels. Al so shown is an enbodi nent of
conpar at twesB@8, thivétte dirowit IBdersduaesposictsovastivity. B toiay keodopareg.dys (Z :rH) 15
504(a) and negative threshold conparator (N_TH) 504(b) to conpare Al with
maxi mum pgesting bbb thth@g@aition @ipeliier €01 Heka'lbgbide" eespeatick ek yativifher resul t s of
t hese conparisons are indicated by output signals P-COVW and N CONT. The
di scl osegle exdeasbnmpslin®buch s @hén £nccépetatios (NGB propabaiebabroagicthe pipelinegs 10, .
decoders 520(a) and 520(b), and associ ated nenory devi ces 530(a) and
530( by , §&%Reﬁﬁéﬂﬁleﬁboaﬂe%a¥tiﬁ?éfd &GRfze PRH Mhen ABQ (dger BN tiRefirst or exanpl e,
read only nmenory devices ( . Different entries of nenory device 530(a)
are accegs - Y ] i.mNg indication
from coﬁtﬁ cgl?o{%hg%uog'aﬁg Egﬁgg{oi\r@%%d??tghglvoﬁﬁ %@]?/%% tﬁe%?rﬁlccﬁgéoﬂd;, di fferent
entries of nenor evi.ce 530 ar , ed. t hrough coder, 520(b) in
r espons eEfBEE2LSi fﬁf tﬂﬁ Spikfip 83‘?‘%"%‘“‘??‘ malgéﬁslfcé? than &'6 S%Hﬁ@‘é%%ﬁ‘ﬁ% son si gnal
P-COWP. 13 21 DEC 2004 WD 02/03185 PCTI U C>é é 9328 ggr t he dj scl osed .
enbodi mehwttlsreircyit 334 ipereases vty mspeceligpipine 324 oTHEmay BGdRIPe8s PYoount er .
The out put of counter 510 increnments columm indices in decoders 520(a) and
520(h) frRERRDNNg ipthey et sites ane prgpre Sipstiana! uilg Lph dhat £ytldo sedei's teached,
P COW is a first output signal of conparator 32S that represents the
resultt oleactiveiopari son between 5 the estimated Al and a first threshold

value. P -COW is used to adjust a row index in

Fig. 5 is a schematic representation of one embodiment of throttle circuit 330 to
adjust the activity level of a processor, responsive to a comparison between an estimated
current change (or current) and one or more threshold levels. Also shown is an
embodiment of comparator 328 that includes a positive threshold comparators (P_TH)

15 504(a) and negative threshold comparator (N_TH) 504(b} to compare Al with maximum
positive and negative current changes, respectively. The results of these comparisons are
indicated by output signals P_COMP and N_COMP.

The disciosed embodiment of throttle circuit 330 includes a counter 510, decoders
520(a) and 520(b), and associated memory devices 530(a) and 530(b), respectively.

20 Memory devices 530(a), 530(b) may be, for example, read only memory devices (ROM).

 Different entries of memory device 530(a) are accessed through decoder 520(a) in
response to a timing indication from counter 510 and comparison signal N_COMP.
Similarly, different entries of memory device 530(b) are accessed through decoder 520(b)
in response to a timing inc-iication from counter 510 and comparison signal P_COMP.
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decoder 520(a) according to the relative sizes of Al and tI*Qaatf'Dth 2004
“threshold. For exanple, the first threshold value may represent'a  naxi num
positive current change, Al p-MAX, and P -COW is scaled to select a row
betvveeg, I(; g@d 8, with higher row nunbers being selected as Al_approaches
and thoR B¥¥ads Al p_MAx. Higher nunber rows have nor 8CHYUSIHI?, nenpry
devi ce 530(a). The output of nenory device 530(a) is a signal, RED ACT,
that nmay be used to control activity reducing o tions in the processor.
For the di Storthealisclostsbunbedimenbef thiellesirouisdy %%*"Btgg{@)*?"i‘ﬁ%“% obabi lity that
RED ACT is a one decreases as P COW increases, i.e. as the size of A

i ncr easomater. eThatduyeit bBcouleps INERCrerREM-cOM@M ifdigesia decoders pP@denapl e i ssue
unit 220 (Fig. 2) when it is one and disable issue unit_ 220 when it is
zero. ¥Mogs) fenabBed suicssive clonk tyc22@nd baskes0 when B baedchis FTabOMiSng to its
normal operation. Wen disabled, issue unit 220 issues no instructions,

i nj ect] gt SuthfkAal(0TeormRsaton32810RS Jepientnts thpreselt pfreconBBrisINbRveER | gger
operations by few if any functional units 124 as they propagate down

pi pel i fe cditfied2d ahl CAMPiHrShAd ¥8ONE CONP K used @nalusof roedingeariat or 328 t hat
represents the result of a conparison between the estimated Al and a

second, t hi eshald value, b Laphekitk MAlHEIMRY: dk@Rplesent a maxi mum
negatiq/eéoczcﬁ%tg aceordin é?mc%laﬁﬁlﬁlﬁ%&olg%? one. ‘embodi ment , N C%VP is scal ed

to adjust a row index in decoder 520 béotov a Vg|tléﬁ négf Al f)Egn%004 W
02/ 031ths firsptimgshddyvalug o3y EEPHEERIASTX™ SENVGPHEhghEr VR8s bei ng favor ed
as Al decreases below Al pMIN.  Hi gher .n,ur%zer ed rows, have nore is than
| ower MUIOP éxberlodun selphic owtbshieenf apbimyiih R ey “‘5%*&?(%‘3",‘“& NC ACT, may be
~~used to control acti-vity increasing operations in the processor. For
Jex anpl @lectedl NCAVGPraalyes bed tiseckeeels dilisabd dlighes akmbertrPyighave Moge $URct i onal
unit, so it 5 remains active (and draws current) even if no instruction.
cung enhidor)Aedse $30(a)Fi g 6 is. a flowchart representing a method 600 in
accordance with the present o
The output of memory device 530(a) isa signal, RED_ACT, that may be used to
control activity reducing operations in the processor. For the disclosed embodiment of
memory device 520(a), the probability that RED_ACT is a one decreases as P_COMP
increases, i.e. as the size of Al increases relative to Alp_max. RED__AC’I‘ may be used to
15 enable issue unit 220 (Fig. 2) when it is one and disable issue unit 220 when it is zero.
When enabled, issue unilt 220 isSues instructions éccording to its normal operation. When
disabled, issue unit 220 issues no instructions, injecting bubbles (no-ops or NOPs) into -
pipeline 120. NOPs trigger operations by few if any functional units 124 as they
propagate down pipeline 120.

20 N_COMP is a second output signal of comparator 328 that represents the result of

a comparison between the estimated Al and a second threshold value. The second

threshold value may represent a maximum negative current change, Alp ym. For one

embodiment, N_COMP is scaled to adjust a row index in decoder 520(b) to a value
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invention for controlling current changes in a processor. Mthod 600 first
"determ nes 610 which of the selected functional units in Eﬁeﬂﬁﬁbaggkor are
active. The state (active/inactive) of a functional unit rmay be i ndicated,
for exa a signal froma 10 clock gating circuit rovi des power
to the Fﬁkﬁﬁ@#%ni t. The gating circuit may assert thetpg?é’ﬁgﬁ”g??s it is
provi ding power to the function unit (active state), and it may deassert
the signal if. it is not currently providing power to the functional unit
(i nact i vbetweent legnd Sovidtehighrs values beinsifaNoad; 39 MA FETRs e oA ivae FIRIET er ni ned
610, a current change is estimated 620 for the processor. \Were nmultiple
f unct i onatmbendd rowahavebsirads Wremlowor eunberedeows STheeuipyt efymemay dayist t he
functional units may be wei ghted according to the current they consune when
active. Ty BIQMET nagtbl ubddto stratobsctizite insieasiegopentipnov itibeprecessot- al
activity. state, which may be tracked over an n=clock cycle interval. An
est i mat eforeMihSIB INCH AlTEna K2 used Yidwable clocickatiny €dra fnmyiotwd vdigtseitri ned by
anal yzing the n total activity states. The estimated current change is
conpas edreB3hs With (BRI kst EvhesiohsrkgoradusrentBOnctlieit.t hr eshol d | evel s may
represent, for exanple, maxi mum positive and negative current changes for
the interval .p§ id dGovichbi Ehtfl MR odE0ARORCdahcs watkitisd Weselithe range
defined by theése thresholds, the activity |evel of the processor is

adj ust ed, PGESH ﬁdeQJu}%mn Are LR in a précelRBR AShbABOERsCdterAMEs €10ange i s

greater T max1 mim positive current change, the instruction

t hr oughput. . Ll ect iveN processor's

pipelinéwﬁﬁ%g%i?gﬁ%%%ggﬁg0%%¥T%ggﬁ%h?%§§§§Q%?éFﬁéqgi%?ﬁated current change
~y exceeds e mni. =N -V . _ j be di sabl ed
) %Br[;gllbalplhg%ig}f g E%C 16na?unﬁ%%f€g inGRALS Foax{ cﬁ%ﬂgg, byg%ﬁ%nﬂﬁrcm?-X

for the i ona t accumul ated power. 1f the estinmated

current change falls wthin the all d r , 1k o j and cl ock
Gati . cekaatng dref o bRet iRl BURRCAAAR, ThOphIChtAmbpate AN

processor may be reduced throu nunhet, of. :
embodi meht sigfe! et i e ,P‘-“Bvﬁbtﬂqggﬁ‘ ‘§/°“b“é“*i(%"]“é%§§t§ﬂ?‘ﬁﬁt'Eg?%é'g‘qu&r?gﬁfucti on

execution pipeline to reduce,.the fraction of glock cycl for which the
signgl iFt)' it is not currently prov?ding power to t‘ne QihctionaluniCihaétive s?a?c)

Once the active functional units have been determined 610, a current change is
estimated 620 for the processor. Where multiple functional units are being monitored, the
15 activity states of the functional units may be weighted according to the current they
| consume when active. The ‘wg:ig'hted activity states are summed to provide a total activity.
state, which may be tracked over an n-clock cycle interval. An estimated current change
for a given clock cycle may be determined by analyzing the n total activity states:
The estimated current change is compared 630 with one or more thmshol§ levels.
20 The threshiold levels may represent, for example, maximum positive and negative current -
changes for the interval. If the estimated current change falls outside the range defined by
these thresholds, the activity level of the processor is adjusted accordingly. For example,
if the estimated current change is greater than the maximum positive current change, the

instruction throughput may be reduced by injecting bubbles into the processor's pipeline.
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processor's functional units are active. Bubbles may be introduced by, for
"exanpl e, triggering the issue unit to issue instructions orenl:y’sel®ct ed
cycles of the processor to clock. For another enbodi nent of the invention,
the fre enﬁg{ at which the processor's clock is operated maé, be reduced,
There h3S ¥t¥ been discl osed a mechani smfor control | i RgFURY/ 8 ent
change rate ("di/dt") of a processor by nonitoring the activity state of
one or nore of the processor's functional units over a specified interval.
An  estif theteaiimater pusTnt elRgRpActeds the fuhP R AV B A TeIEChaRES fSHT t ored activity
states, and the activity level of the processor is adjusted if the

est i matgatingwey badisaitiedhigethe rpsertintefundipead Hot pcymplaed pawe- ks ent change may
be estimated by tracking the active functional units on successive clock
cycl es,esamate@sareatthiange falls wiskinitheedlevledrangeeinstridiion desus andeldck 8#nghe changes
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claim 1. A processor conprising: a functional unit; a gating circuit to
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successi ve ( es; a throttle circuit to adjust an activity | evel
of theC%Q%%%grg{edlngayt@qc&géogrm ned change exceeds the

There has thus been disclosed a mechanism for controlling the current change rate

(*di/dt™) of a processor by monitoring the activity state of one or more of the processor’s
functional units over a specified interval. An estimated current change is determined fror.n

15 the monitored activity states, and the actiyity level of the processor is adjusted if the
estimated current change exceeds a threshold véilue. The current change may be estimated
by tracking the active functional units on successive clock cycles, and extracting an

) estimated current change rate from the c;hanges in this number over a given number of

clock cycles.

20 The disclosed embodiments have been provided to illustrate various features of the
present invention. Persons skilled in the art of processor design, having the benefit of this
disclosure, will recognize variations and modifications of the disclosed embodiments,

which none the less fall within the spirit and scope of the appended claims.



t hreshol d, wherein the threshold is a first threshold to indicate a maxi num
positive current change rate and a second threshold to indicate a nmaxi num
negative current change rate, the throttle circuit includes a first duty
cycle table, rows of which indicate specified ratios of Z2aftphvg/Iggactive
states for the gating circuit, and a current rowis selected to drive the
gating circuit according to the conparison between the determ ned and
threshol d current change rates. 2. The processor of claim1, wherein the
functNe&RAP unit conprises a plurality of functional units that forma
portio f.an instruction execution pipeline for the processor. 3. The
proc?a’s’a{s]%rgceggorg?rgf&%{ng) wherein the gating circuit corrplroi ses a plurality of
gati ReinedoheuhkS, each gating circuit to control power delivery to a
correspondi ng one of the plural functional units. 4. The processor of claim
1, whgstRhRirduh @ doitr@pbv@ deliveud the ifumcieianunh ahdiloesiidatet i dchity stagtaf thet | on

pi pefunetienal whitdvet hiseqedceoftiodayslest e exceeds the first threshold and the
throttle circuit injects activity into the instruction pipeline when the
det e mopitod circt o deleiaiaela cyrrrat denemierm he dslisated agivitystaigs #nddo FEPPEDREr ol | i ng a
cur r @ierMEIga FYESnt lapgg ythap t @6@%@’8@;‘9’6%@-@? P F“'E’B‘?“I‘déggisﬁ'g rﬁ‘?r\tﬁt. state
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col | etk ACkH o hliYst Sh aLiBinSh NG S prdfaeiRirthetildniRbd Snid8cesls@Nt  change
CONMPhte3Rsid, Walehahd ARsROIdVE iRk BfeshdlMohdidaies Mak@lih §esiREd caért ¥hdnye St at es;
conpgakd 4hg atsBeona Mrédrak eslingitdté & Maxitan@gatk tiredt dHangshar! d current change,
wherein conmparing conprises conparing the estimted current change with

f i r sthe ématles@rcatideltdes edirsbiids cycletiabld, rovestof whidh indiee mekcifiag edippdfds representi ng
maxi adine/ipadive stetes fonthe gatiparcireull, andrarcent ctvaln gelacted tedpeacthe gaing ciravllj ust i ng an
act i dGeprgding dqthe ceppraisRy hsfisen dhesletefipiapd Inddhradoldipyiret] cBINSE &38S- change exceeds
the threshold current change; and activating and deactivating a functional

uni t » 438 BELALSMD Wy msremiégfn 845%% rﬁ%rg%ﬂm ihctidndShfikd ons in a
Al s i i IRAIFof fdhctidnBRnftd fhbd _
pi pefohﬁ'gﬁ&ﬁor{ Gn PSP Necuti p%ilin t ﬁﬁé&e or. 1 NE ”ﬁt hoa 0? C[a' m 5, wherein
the gating circuit activates and deactivates an associ ated functional unit
by:

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 1, wherein the throttle circuit injects bubbles into the instruction pipeline
when the determined rate exceeds the first threshold and the throttle circuit injects activity into the
instruction pipeline when the determined rate exceeds the second threshol.

5. A method for controlling a current change rate in a processor comprising:

collecting activity state signals from one or more gating circuits of the processor on n-successive clock
cycles of the processor;

estimating a current change from the n collected activity state signals, wherein estimating the current
change comprises evaluating a weighted sum of the n collected activity states;

comparing the estimated current change with a threshold current change, wherein comparing
comprises comparing the estimated current change with first and second thresholds, the first and
second thresholds representing maximum positive and negative current changes, respectively;

adjusting an activity level of the processor when the estimated current change exceeds the threshold
current change; and

activating and deactivating a functional unit associated with the gating circuit, responsive to
instructions in a pipeline of the processor.

17



enabling a clock signal to the functional unit on those clock cycles for
whi ch an instruction uses the functional unit; and disabling the clock
signal to the functional unit on those clock cycles for vhiichPF&n2004
instruction does not wuse the functional unit. 7. The method of claim§5,
wherein adjusting an activity | evel conprises: decreasing the activity

|l evel if the estimated current change is greater than the first threshol d;
and increasing the activity level if the estimated current change is |ess
t hangt R et R e ¥habifl theGating WrciBichRfesthd abativates andasicRidd felREsRAST Ng t he
acti whitty: | evel conprises injecting bubbles into an instruction pipeline of
the processor. 9. The nethod of claim7, wherein increasing the activity

| eveknabtimgor ¢lei signaitmthe functiegalanig et thage dock cydlasdor whithan instredtiveusssditee i n t he
absefpetiop#l unitignd ucti ons to a functional unit associated with the gating
circuit. 10. A conputer system conprising: an instruction execution

pi peF"F?%f‘g Wﬁ_&'quﬁ'?d‘@‘ tg e fpitctionshuit on Hhose C'P%‘ RETE WNithRYIPSHUEos 888 Nk vol t age
sour 8¥¢ PHUATIBIAIYAL 3 reference voltage to the functional unit: a gating
circuit to activate or deactivate the functional unit and to indicate a
act i yiny nbidh 6 i st Bfereih YAGLth Dbl ibvel AfprigesnONi tor circuit to estimate
a current change fromthe indicated activity state and conpare it with a

t hr eshiedafing MacEiitn et d) & tRCstivatby cuifedt dhahge iNGe@bi thsh thefilsnHiesii and | evel of
current consunption for the functional unit associated with the control

ci r cbireasirartbe activityrledet if he estincaiddtcutrent aitngs fs less o ttiedetgnd teregliold n t he
instruction execution pipeline according to the conparison. 11. The
conmput.er system of _claim 10, wherein instruction execution pipeline

i ncl frd&e mehog %i‘%mJnY"*ﬁere'P H%ﬁ’eﬂs§§HE§CF'W§ieFﬂGPWBfﬁ§SF‘!?P‘"Er%&@%@f‘ ¢"by the

i nst PHRETBPREEAEHCEPPEl i ne at a rate determined by a processor cl ock.
12. The systemof claim 11, wherein the throttle circuit adjusts a rate at

Whi CB 1ihg Séfhol Bf dlaith TSWRSFein InBebdiMFthé ARty ¥veRelmpFibds HaimaiAHG ¥ gG cheditdat
char @Gh aktivé etitel iRl e RbEHES 5RstrGttRAKto alidnctibhaPliMiGRSERtedGAMd gHtifdcircoine or nore
functional units; and

10. A computer system comprising:

an instruction execution pipeline, including a functional unit, to execute instructions;

a voltage source to provide a reference voltage to the functional unit;

a gating circuit to activate or deactivate the functional unit and to indicate a activity sfate for the
functional unit; and

a monitor circuit to estimate a current change from the indicated activity state and compare it with a
threshold, wherein the activity state is weighted to indicate a level of current consumption for the
functional unit associated with the control circuit; and

a throttle circuit to adjust an activity level in the instruction execution pipeline according to the
comparison.

11. The computer system of claim 10, wherein instruction execution pipeline includes an issue unit
that issues instructions for processing by the instruction execution pipeline at a rate determined by a
processor clock.

12. The system of claim 11, wherein the throtile circuit adjusts a rate at which issue unit issues
instructions by adjusting a duty cycle that characterizes the processor clock.

13. A processor comprising:
one or more functional units; and

a current control unit to monitor current changes associated with activating and deactivating the one
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a current control unit to nonitor current changes associated with
activating and deactivating the one 18 Z 1 DEC 2004 or nore functional
units and to adjust an activity level of the processor efgogﬁgv%ﬂt,?o t he
nonitored current changes, wherein the functional units

i nstruction execution pipeline and the processor further includes a

pi peline control nodule to indicate the activity states for the one or nore
functional wunits according to types of instructions in the instruction
execyt o8 rPlcRfbl Uis ankdo adilie aPEAGBSSRY ofdle HFbbEbr ledpondlie tth@mbhigregur r ent

cont E&Fenﬂﬂiahgésnﬁﬁé@@&e%rﬂﬁnél Uaid forma Sis st aticntbxaduttibn pipaiadaaf thé freceas® or nore

f unctirneaahciudes b pipaind coavhmahileto indichte ti@rdetivity Stafee Ve thetame iot Bo@sgotonat ed

f unc unisraatordingmito types ofriestrpctiosin tthe ibdtrectzo ekedution petitee | ndi cated for the
functional unit. 15_ The processor of claim 13, wherein the current control
unit further conprises a nonitor CI rcuit to es mate a current change of
the J@eﬁ@ee?ssarsqfﬁ int wewa%'?m#let 5@%@9' oyt 'rtc He%fh%at% frﬁ?r"%‘; Vi gna
n|t§""‘3h phthep ({iE g?% t Ff e W(i I%foﬁﬁ%gr%ﬁﬁfs(g?'agfi unc'OPaV\/el ght s
an atf 'Uﬁsf}o”ffé e é%ﬁ'"f“ﬁ%%# &Mt "according to the current is

consunes and suns the weighted activity states for a given clock cycle to

provislena ploPdbr dekim/id Yn&biatR dufént bhiroflr@@letneYdohirisek & mdrer diEgaessor  of
cl ai @tihdte MIPERI Makdadf EF\H%FO@@ESO!Q&%&NH actiiy sta@8 BPthe SeSor rediefuattionar e gat e
uni tsmts,each gate unit to control power delivery to an associ ated one of the

functional wunits and to indicate an activity state for the associated
functional unit; and a nonitor circuit to estimate a current change from
the iIhdheaweessect paim 15, wherela hegroniteieirgitaveights anastivity slaterfereagh gk 18 The
pr oc BakasEording foythg ‘?H”'f'?t is \?GPIfI‘éH‘ g5pnd %m?rﬁﬁl"‘ie@F'tEEPFtﬁ’m HatERI0pa D 4965 €48 i mt ed
currE’rPt’O"dﬂ‘?ﬁﬁt@'aCW"é’ﬁta PHPRIRIS ‘?/al ue and provides an indication of the
conmparison. 19. The processor of claim18, further conprising a throttle

Ci 1 cyf trpk BroBlishhtr ciith ‘ﬁicﬁlhéééll"\%elcﬁﬁﬁt c&trof MR coMpiRegssor responsive to the

i ndi cated conpari son.

one or more gate units, each gate unit to control power delivery to an associated one of the functional
units and to indicate an activity state for the associated functional unit; and

a monitor circuit to estimate a current change from the indicated activity states of the one or more
functional units.

18. The processor of claim 17, wherein the monitor circuit compares the estimated current change
with a threshold value and provides an indication of the comparison.

19. The processor of claim 18, further comprising a throttle circuit to adjust an activity level of the
processor responsive to the indicated comparison.
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