.1 0 APR 2006 WD 03/036449 PCT/ US02/ 33833 *166166* METHOD AND APPARA:II'H%\I@WOUG
CONTROLLI NG DATA RATE ON A FORWARD CHANNEL | N A W RELESS COVMUNI CATI

SYSTEM[ h%P R4 ound of themwﬂ@ﬂ%‘s“m“wpu FI ELD OF THETYRRRMBON [ p2]

The present invention relates o integrated circuits that perform
data processing such as mcr S, mcrocontrollers, logic
circuitry, etc., and nore parti cﬂ?%ﬂ”ly to reduci ng power consunption of
such integrated circuits. [p3] Mddern day m croprocessors,

m crocontrollers, logic circuitry, etc., (i.e., processing integrated
Circuits) cCxRSHODRNG APRMRGEISFOR CONIRONIANG brrh R ATHIWEA FARMARIR CHANNEL DA WEBELESS
operation (e.g., when circuitrycosv@atAven SR€eM S processi ng i nstructions
“and/or data). Wile many power nanagenent techni ques exist that attenpt to
reduce power consunption in sections of processing integrated circuits
that are not in use (e.g., inactive sections of processing integrated
circuits), maintaining a power budget for active sections of such

circuitry,renpins diffi t Most conventional techniques for
budget i r{'é‘l]po%"k%ﬂgﬁﬂﬁﬁﬁaﬁ"b‘koé ve sections of processing integrated
circuits rely on reducing |logic toggles through the use of nultiplexers,

or reducing logic toqggles perforned by control |ogic. For exanple, U S
Pat ent NB1l 6] ,@f?f,&gﬂ/ﬁm&gwr@ﬂereby i ncorporated by reference herein in

its entirety, discloses a "Transition-Once MJX" that may prevent
mul tiplexer (MJX) output transitions for invalid data and reduce AC power
consunptp2 (e ptesers irnlentiommelates generallyXo dniegrated cirewitsi that esfornt ddtewi se, U. S.
Patent No. 6,237,101, which is her eb%’cﬁ i ncor ﬁor t e.d&t’)% | eifﬁéen e herein in
s enti r ety PrEPSTEEE SRARFHIE PiFor ol S GBI e RO of a
m cropr OCGSS%bnﬂLﬂraH?ﬂa # @ CoBufiplibe bt such Sitégisied eiicdiy. 1 *300002* 1 0
APR 2006 WD 03/036449 PCT/ US02/ 33833
[pP8] Modern day microprocessors, microcontrollers, logic circuitry, etc., (i.e., processing

integrated circuits) consume a large portion of their power budget during AC

operation (e.g., when circuitry is active and is processing instructions and/or data).

While many power management techniques exist that attempt to reduce power

consumption in sections of prpcessing integrated circuits that are not in use (e.g.,

inactive sections of processing integrated circuits), maintaining a power budget for

active sections of such circuitry remains difficult.

[p4] Most conventional techniques for budgeting power consumption of active sections of
prdcessing integrated circuits rely on reducing logic toggles through the use of
multiplexers, or reducing logic toggles performed by control logic. For example, U.S.
Patent No. 6,054,877, which is hereby incorporated by reference herein in its entirety,
discloses a "Transition-Once MUX" that may prevent multiplexer (MUX) output
transitions for invalid data and reduce AC péwer consumption due to such "invalid"
MUX output transitions. Likewise, U.S. Patent No. 6,237,101, which is hereby
incorporated by reference herein in its entirety, discloses a technique for reducing

power consumption of a microprocessor during decoding of a current instruction by
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-[ p5] maintaining control signals at the values/levels determned d rQrA? ghb%‘
decodi ng of a receding instruction if it is not necessar chang R
val uest| e\%(l’g:’q}? “he control si ghal s to execute the curngﬁlt USPZBBBuct i on.
Anot her conventional technique for controlling power consunption in

portabl e personal conputers is disclosed in U S Patent No. 6,167,524,

which is hereby incorporated by reference herein inits eBtlrety Uus
Patent No. 6,MmBiptagrng egnite] Herals atths valiiesiigyels, c?ﬂﬁﬂﬁeﬂ&u’é%@& dpgRE R

consunption v e&%\fggﬁf\stﬁﬁhbﬁ/ﬂ 16%‘38&{&&8%52{8&1%11 e ELE RV oM Lol AN

expected tot consunption exce an o timum battery power

ef ficiency va.hgmﬂs tbfexsmmte mheumfmmmtru@i‘onexecutl on unit activity is rationed
(e.g., so that power drain renmains within a regime of optinmm
battery/converter efficiency). (Col. 6, lines 47-61). The expected power

consunpt juB) VAhsRed Bhvédiehal t@RAR-HE R BoMlking Ryive SokaaHHoR th potabléer age
toggling power associated within the execution unit as corrgut ed via

si nul ation. (@asonabconpiutass 6@118010@@1 in USS Patens No) 6,16'H634, Priveheis Serabwt her power
managenent teg h?llﬁgragﬁ b& Ixetn I%%ICG ?n%ﬁ;e(igug}S tPQ%n?ﬁ &'t%aaq7 ﬁatd?scp)@ésng

operated on i ren cyc 0 no "ow réal-tine

power bal anci fog ex4aplé, sQbhindiig yxpeaeepa\nen cofdumitioh @alub§oﬁhcapaé>ehﬁdmtlm1tan
execution unit. Accordingly, maintaining a power et for active

sections of p%&@i‘%@”heﬁteé@? gtpegted éqtﬁ'lcPGWP"scor“é‘HﬁPtfﬂf’ £995 ABPPUIMYRS] By ef
Summary of t hﬁat L})’ dr Qfﬁcﬁcﬂ@' va|le. 2 SO BARRGINNbE EkeButldn it RENBCS radonédre

invention, I's provided for conserving power in a processing
i nt egrat ed CI feca,usto tha ipeweedraindeiains within atrhgimstof pptimfm(bejterycanagent i ng power

t f h
Coatr et on: | eSS G et FEED! TTA PRI AR S SRLERIER VAL Rrblen (N0
exceed a preggicttidh BECMPOdEYastEdein avkra@e N@Eﬂlﬂ@@(ﬁﬂéﬂ@s%ﬁ&ﬂﬁﬁéﬁl {hp9]

PCT/ US02/ 33833 I n_accordance wiith a second aspect é) ntion, a
nmethod is.pr oSXeguidoT Wit as computed via simulation. (Col.’5, line 60 - col 6 hn ).

[P6] These and other power management techniques do not take into account the actual
data being operated on during a current clock cycle, and/or do not allow for real-time
" power balancing, particularly once an instruction is dispatched to an execution unit.
Accordingly, maintaining a power budget for active sections of processing integrated

circuits remains difficult.

[h5] Brief Summary of the Invention

[p7] Inaccordance with a first aspect of the invention, a method is provided for conserving -
power in a processing integrated circuit. The method includes the steps of (1)
calculating power consumption for executing an instruction and data corresponding to
the instruction; and (2) executing the instruction if such execution does not exceed a

predetermined power level.




.conserving power in a processing integrated circuit enploying a pl ut&IAPRy2006
of execution units. The nethod includes the steps of (1) conparing a total
pover to bROMHA¥Aed by the processing integrated circuiBCTHB%3¥eher
budget for the processing integrated circuit; and (2) if the total power
exceeds the power budget, freezing execution of an instruction by one of

the plural ity _of execution units so as ta allow executjon of the
i nstruct ﬁBéJ t@E‘Efﬁfqaﬂﬁf‘ew‘élﬂaéecpﬁ‘?%Srpe?ti%W‘PW‘%&%“@%L&PWW&FME& frozen.

Nunmerous oth BRGED f; ' i i 2 and
apparatus. O %grrlﬁobj ec(?v‘éé,il H% ggﬁﬁ?éggﬁgﬁgﬁ gtﬁsgﬁ%‘g%ﬁﬂgﬁg% ?\gﬁlér gggﬁ%éi&ﬁ%nt ion

wi || become monis. Thel thsthapinaiudes thé steps i) doniatng atptalaiosie} tcbechossmigdt i on,

t he appended clains and th cca i ng dr.aw ..[h6] Brief Description
of the Sever al(f’y@?eel?/fgfeéfm% @e@gﬁlﬂg@t%ﬁfg}v?rﬁu&&%& tgL Bt Eﬁgﬁg’é‘ftﬂra?ﬂqagr am of
a novel data RIre§iE%Ad (B iSHs t@RMpotRt bdeE®dhd fowaR bl FREBnPeidtuibiofmesent

invention; [pll ] FIG 2 is a schematic diagram of an exenplary enbodi nent

of the gl obal ipsdHetion yoeieradthegrurglityrof executipmunitsrsman tocailombrreqition of the

_exerrpl ary em%’éﬂ?ﬁ@ﬁﬁn t%fcoﬁttﬂ'ﬁ.lelapg ?altcr til?r?evﬁcgm %there%aéu?ﬂ)n gjas EJO%IL ]Nux{a&gﬂgs] FIG 3
is a flowhart of an exenplary process t0r conserving power that maybe
perfornmed by tofiergipetialof theusventianire prdvidedpds ardgysieméand appearalad a pr ocessi ng
systemof FIGS. 1 and 2; [pl3] FIGS. 4A and 4B area flowchart of an

exenpl ary process for conserving power that nay be perfornmed by the | ocal

power POQf)%P' |®hé BfectshRa®¥AGHY ia@xrhnbhgjﬁo‘f th¥ predi@t RvdntonANR ek M6Y03/ 036449
inventive data processing systemof FIGS. 1 and 2; PCT/US02/ 33833 [ pl4]

FIG 5 is a mivlly enperent Gem thedoHpwingydeniteddisaiptionothe appended elpians avdahe power

controllers of %' . 2. [pl5] FIG 6 i's a nore detail ed, exenplary
enbodi nent of af:'fljde g %’éﬁ?&g%g S controller of FIGS. 1 and 2, that may be

enpl oyed with the |local power controller of FIG 5; [pl6] FIG 7 is an
exenpl ary enbodi nent of logic circuitry of one of the execution units of

[h6] Brief Description of the Several Views of the Drawings

[p10] FIG. 1 is a schematic diagram of a novel data processing system configured in

accordance with the present invention;

[p11] FIG. 2 is a schematic diagram of an exemplary embodiment of the global power
f ) controller of FIG. 1 in communication with an exemplary embodiment of the local

power controller of FIG. 1;

[p12] FIG.3isa flowchart of an exemplary process for conserving power that may be
performed by the global power controller of the inventive data processing System of
FIGS. 1 and 2; '

[p13] FIGS. 4A and 4B are a flowchart of an exemplary process for conserving power that

may be performed by the local power controllers of the execution units of the

3



-FIG 1 useful in explaining the operation of the data processing systgmpaf0g
FIG 1; and &plé] FIG 8 is a timng diagramuseful in explaining the
oper ati onY) 0¥0e44@xecution unit of FIG 7. [hl] Detail eBCEUS®YBEBi on of

the Invention [pl1l8] FIG 1 is a schematic diagramof a novel data

processi ng system 100 configured in accordance with the present invention.
The data processing system 100 includes a nenory 102 coupled to an

i nstruction dieptivedatypioressidg spstein of BIGH: dlapd ¢; of execution wunits 106a-n.

The instruction dispatch unit 104 includes a gl obal power controller 108,
and each execution unit 106a-n includes a | ocal power controller 1 |Ca-n.

The menp1¥ KB, 5 ishemoRslktailed, ieemplaspaitodimsit bf diddof thdiecapewet i on units
106a-n and the | obal _and/or |ocal power controllers 108, 1 | Ca-n are
confi gur ed t@oetk‘glf'&h@feﬂg§rié%2 data (e.g., operands), instructions and/or
ot her control signals as described further  below [pl19] The nenory 102 and
the instruction dispatch unit 104 may be conventional data processi ng

syst em dptPloi¥Gt § isasmarcaletailedyexemplatyenshodimda efithe gtopakbpdyerticomrillerof 4 1 0

APR 2006 WO Q3/.036449 PCT/ USQ2/ 33 th | obal and | ocal r.controllers
106, - 110a . FAGS D a2 TR e GRS P SFReR poper sanfiafer G 5 COn Ol LeY
enbodi nent of one of the execution units 106a-n is described below wth

reference to FIGS. 7 and 8. [p20] FIG 2 is a schematic di agram of %n
exenpl arlp18hid36: Frisan exemplasy ¢ el GhAABic GASHIAT|08s Of e exerUHBNHRI Uat i on

with an exemghgry, mqplggﬁs lt%gpgerétﬁﬁ%gte%r o&emgg)}ste%oflﬁ{@awéndﬁ G 1

Th;e | ocal power contro e si m arly ~“configured. 1]
Wth reference to FIG 2, the ¢l obal povver controIIer 108 i nci udes a

or ocesel g yaCe R ot vhoho PRI netRPor b el Tl o,

204 conpri sesre. programrabl e register such as a random access nenory
(RAM, although another conventional register also may be enployed. The
total power budget for the data processing system 100 may

[h1] Detailed Description of the Invention

(p18] FIG; 1 is a schematic diagram of a novel data processing system 100 configured in
accordance with the present invention. The data processing system 100 includes a
. memory 102 coupled to an instruction dispatch unit 104 and a plurality of execution
{\ ,) units' 106a-n. The instruction dispatch unit 104 includes a global power controller
108, and each execution unit 106a-n includes a local power controller 110a-n. The
inemory 102, the instruction dispatch unit 104, the execution units 106a-n and the
global and/or local power controllers 108, 110a-n are configured to exchange various
data (e.g., operands), instructions and/or other control signals as described further

below.

[p19] The memory 102 and the instruction dispatch unit 104 may be conventional data

processing system components as are known in the art. Exemplary embodiments of
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represent, for exanple, the power required for naxi num power effi cildhdfR 206
a battery _operated system as described in previously incorporated U S

Pat ent * No.WBW¥#$4954 “or any other predeternined power F&FAISOHIEE known
in the art. [p22] The local power controller 110a includes a ROM 206, a RAM
208, a first register 210, a second register 212 and adder circuitry 214.
The ROM 206 represents one or nore ROV adapted to store, for each

execut abl e i rtbe¢ globaliand locglpower spritplery 108t hidlavi are descebaddpdayt withyefeigittes of
t he power requi r .the executi.on.unit.106 ; ecyte the

i nstruction; 8#&&%’@'?’2?“%%? Iembé);al%?%ém\nesog téé;%)xrgcelgge&nltugﬁ 7 %@%@r ands for
t he instructidBciben®elodswiliesstérbiedo FIGS . ITemdisel ow) . Such average power and
typi cal operands may be based on simulation (e.g., based on running
application code with a physical capacitance based sinulation tool which
determ : :Der | ! i epescri bed
in pr ev%%grﬁggfg%ﬁg}é g%@ﬁ.agaﬁ%gtagﬁ{(aﬁhﬁ}%%%}b%g%ggﬁgt? E%g?lr?g%any ot her
known t echni qeomjroll§rd®8jin FmmidivhtRG8vitlepr esmplay embodimentof thefpgd paeipt ed t o

store, for each ipstruct] ecuted by the.ex ion unit 106a, (1) the
actual power ?%Pﬂ%g? Qt]%éd%xﬁﬁ?‘ﬁqu%v% cﬁnqmyﬁrs%gé-%y&g/smgg

PCT/ US02/ 33833,ngy@medt i on unit 106a to execute the instruction; and/or (2)

t he operands on which the instruction operated. The first register 210 is
adapted to store the power budget for the execution unit 106a, and nay
compri ey Ry GAAYEALLA0AI LS Gl BlopylePSiofiiMos ildifuRaElsbuael My be
determ n sl ng ‘any conventionaP techni que. e second register 212 is
adapted to st ataptetl bestprmwhe tote powecthdget for the shtagxaessingmystemn 180 pkeaticous
instruction that was halted or, "frozen" descri bed further bel ow with
reference to CHEPREEmeR . .th°T1H§er’§'85’cfh‘Elr9gégbqrgﬁ‘éf’orﬁlﬁseg?R{qgém&rlreaﬂlegg%ﬁpri se any

conventional §R6ia§h indomSdeekss afenorfAMAM) RRAbughl deothdr éhventiohsalwedistei aled  an
exenpl ary process 300 for conserving power that may be perforped by the

gl obal power wenbe empleyed:(Ehegptal n@wrrbségﬂt fQrdheidata PIoFeseiag SYSHER éﬁ% 100 of
FIGS. 1 and 2re§g¢¥é&ﬁt ogt-;gl%}g,ﬁh% cagrr%qgﬁ'ed ?#%ﬁﬂ%%w&%ﬁ&%@&tiﬁ albBttéry €P

301. In step control ler 108 conputes the total power
to be di ssi pabpudated system as described in previously incorporated U.S. Patent No. 6,167,254, or

any other predetermined power level as is known in the art.

[p22] The local power controller 110a includes a ROM 206, a RAM 208, a first register 210,
a second register 212 and adder circuitry 214. The ROM 206 represents one or more
ROMs adapted to store,.for each executable instruction, (1) average or otherwise
\ representative values of the power required for the execution unit 106a (FIG. 1) to
execute the instruction; and/or (2) “typical” or otherwise representative operands for
the instruction type (as described further below). Such average power and typical
operands may be based on simulation (e.g., based on running application code with a
physical capacitance based simulation tool which determines power consumed per
cycle for each execution unit as described in previously incorporated U.S. Patent No.

6,167,524 or using any other known technique).

[p23] The RAM 208 represents one or more RAMSs adapted to store, for each instruction.

executed by the execution unit 106a, (1) the actual power that was required by the

5



.the data processing system 100 for the current clock cycle 10 APR 2006
(" Tot al _Chi(g) Power"). The Total Chip_ Power is conputed based on the actual

power to BEOPYREHed by each execution unit 106a-n duri RETAREBEPr ent

cllock cycle (e.g., by summ ng the actual power to be consuned by each
execution unit 106a-n during the current clock cycle). The actual power to
be consumed by each execution unit 106a-n during the current clock cycle
may be det er mkenstiomnuit pRGo ¢seruteghe Hstregtiopaandfsidrthe eperands P vhichdhe 1 of
exanpl e, as descri bed bel Wi ref C I . p 303,

t he gl obal pd@%‘i“c%%?Wf)aﬁ?cg\r%hfég&cfg?g?{nﬁ@elga%a%éetﬁﬁg?tofeﬁgé B‘%g%rg:u?%c?ﬁtﬂg_%\/\er
will exceed theeRemem utdees, #nomdyRemgaicanycomeatomd regiss emhi8@ RAM.

(" Chi p_Power Budget"). The Chi p_Power_Budget nmay be staqred, r exaaple, in
the regi st er Thepower %Hd&et payke WW@SVS&B%EW‘%@ .na]IStFal“f‘Pé’eTg‘g%Fe_c p_Power

wll exceed thﬁgﬁ 'SzF}grE(?éﬂ? rg‘éf?)gee{he gbweﬁ%&lﬂreﬁ%lﬁ?i%ﬁ‘@x&{ﬁ&a& PNESUs

controll er 16§g1 eezes ne or ‘nore of the executi on units
106a-n (e. g. ,inftechsethaniad ndted FntfadzehispleRaibed fifrtherbedew wathirgfernestedi ng t he

Chi p_Power Budget during th current, cycle). As descrihe I it h
ref erence to HPE 34, T@Sé??"@;ée&ﬁt‘?r&ﬁgﬁll’f?‘i/a%yfg%’a?pwpfl? a&’@ﬁ??‘%&ﬁ%ﬁ%@%ﬁht it
may be hal t ed,0f 5¢'§ n" while an instruction is being executed, and

| ater restarted at the same place where execution was halted. In this 6 i
WO 03/036449 1 0 APR 2006 PCT/ US02/ 33833 nmanner, the power required to

finish e t of an. lnst I ' ' ' hat geeen
frpzen n@ﬁﬁe#@%é%@%w’é ff%g%%%ﬂgl%%gﬁ{éﬁg%g%gﬁgéggﬁssiE_lntg@%]ystem 100
i S not over bpigfpehed bpihe globappawer ichntiailes 1 @8of 30Ginventive date pracaismEFyiBAt t he
Total _Chip_Power will not. exceed the Chip_ Power Bud in . t he

gl obal  power 1RGP gﬁndl%)é&’ﬁﬁgetlprggf%tpﬂgnﬁ% prﬂ%eﬁg?(é)or Sé‘i‘/rﬁdﬁ éﬁgﬁ 36?’312% n
execution uni s, 3868 dlobal PSwél@bArdlled 165 Edrishités)Bé Rl poORerttb bs dissipatedrby oy
dynam c, real-ti1ne power Tfmnagenent. [p26 | GS. 4A and 4B are fl onchart

F
of an exenpl athy dptapeessssingORysteor L09dprtbe Wfl’ﬁjl{ plodesycle (R iPEORET + or ned by
the local powgr, fgtglt_b%.{pl_ﬁg)&cr]l} g&ﬁﬁht&i bdsB8 oS thE G PIWEPId e consumed by

each execution unit 106a-n during the current clock cycle (e.g., by summing the actual
power to be consumed by each execution unit 106a-n during the current clock cycle).
The actual power to be consumed by each execution unit 106a-n during the current
clock cycle may be determined and provided to the global power controller 108, for

example, as described below with reference to FIG. 4.

AR [p25] In step 303, the global power controller 108 determines whether the
' .Total_Chip__Power will exceed the power budget for the data processing system 100

(“Chip_Power_Budget”). The Chip_Power;Budget may be stored, for example, in
the register 204 of FIG. 2 as previously described. If the Total_Chip_Power will
exceed the Chip_Power_Budget, in step 304, the global power controller 108 halts or
“freezes” one or more of the execution units 106a-n (e.g., to prevent the
Total_Chip_Power from actually exceeding the Chip_Power_Budget during the
current cycle). As described below with reference to FIG. 4, each execution unit
106a-n is configured so that it may be halted or “frozen” while an instruction is being

executed, and later restarted at the same place where execution was halted. In this
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-106a-n of the inventive data processing system 100 of FIGS. 1 and 2 G
conveni ence, the process 400 is described with reference to the Ioca %V@g
cont rot | eMO e gf FIGS. 1 and 2. It will be understood?¢HEE2GH830r nore
of the | ocal power <controllers 110b-n may performsim | ar processes. [p27]
Wth reference to FIGS. 4A and 4B, the process 400 starts in step 401. In

step 402, the local power cont roI |l er 110a determ nes whet her the execution
unit 106a hamenneadks peweracavd fErisk SXeCBECT Ol AMIBRCHINRY MEKFIHIORNE  at ch

unit 104 andtélPﬁbggge%df{%ngﬁ bzggﬁsu%%%ggwterttfﬁ% \pﬁéﬂ tbé‘&été piobdsome sHterﬁO the

process 400 5 Step otherw se, the local power controller
110a re- Checkm)mﬁﬂettdi)efbﬁ&get eboz ewarinple, ifiii ﬂeplﬂﬁahstda&nnmc@thaeﬂwa new

i nst fuction 402). [pR8 t he C ontroIIer 110a
det er ni nes V\i; mﬁeWﬁ%wﬂ J%FWS’E%e@ré‘lPep@ e\'/éidl%ﬁé ’f‘ﬁge\f)g%glﬂﬁgl% unit 106a
has ever beeg, Pov & GCBhYSR: @Osa\ﬂaa@tiééta(rt bfe 6 moRREREbLER frozbieeRReticH IS 1068e or
"opcode" for e instruction) so, the process 400 proceeds to step

404; ot her wi 3eThhéat@pmwmgz&meIprl@@e@dsnay@l@ﬂ@piynwc Tepbtime ppwer ep 404, the
| ocal power controller 110a determ nes a predicted power required to
execut e the MBHFEHERY uction (" Predicted-Power".) based on the last tine the
instruction was executed by the execution unit 106a. For exanple, the RAM
208 (FIG 2) may 7 WD 03/036449 1 0 APR 2006 PCT/%J 0 /33833, store the
power plR&A1 oS 4Aetndi4Beare pdloschart pkan qrempliEy prgeass 400 Tor RNSEy g PYther

cont rol | er 1&8% ﬁggggagg( w%m@ 89@[&%%11&@10%}’1?& thetechidiudiige

i nstruction ast ran s’ Last erands al so may be
stored in théOM/bfthe&veﬁﬂm;@t@mwsﬂ@@%@ho%@ﬁﬂ@@dkan .sF@p 406. [p30] | f

in step 403, the new |nstruct rece

not previ ou§PYYePERes b’gd’r%%?sst%@né 838{} ‘glttﬁj%fé Iicﬁgéﬁ]%ilﬂr)\éag ngg&&ﬁeg Iocal
power controhl@ of Fi&Bal el Br RiwWik be tbderoctihat i oPmWOfathlobaiqmwQDer ands
based on sinmulation data (e.g., stored within the ROM 206 of FIG 2). For
exanpl e, t he cmtealierst dAbmawg peatoym SHBLATPIORFE LS ge power from a si mul ati on,
and the Last_Operands may be a typical operand enpl oyed during the

simul ation. Any suitable sinmulation techniques may be
[p27] With reference to FIGS. 4A and 4B, the process 400 starts in step 401. In step 402,

the local power controller 110a determines whether the execution unit 106a has
received a new instruction from the instruction dispatch unit 104 and is decoding (or
has decoded) the new instruction. If so, the process 400 proceeds to step 403;

otherwise, the local power controller 110a re-checks whether the execution unit 106a

has received a new insttuction (step 402).

[p28] In step 403, the local power controller 110a determines whether the new instruction
received by the execution unit 106a has ever been received previously (e.g., based on
the operation code or “opcode” for the instruction). If so, the process 400 proceeds to

step 404; otherwise the process 400 proceeds to step 405.

[p29] In step 404, the local power controller 110a determines a predicted power required to
execute the new instruction (“Predicted_Power”) based on the last time the instruction

was executed by the execution unit 106a. For example, the RAM 208 (FIG. 2) may

7



.enpl oyed, such as those described in previously incorporated U S. Paj PR 2006
No. 6,167,524. The process 400 then proceeds to step 406. 31% In step
406, the W&%i’lm%%\er controll er 110a cal cul ates the act uﬁ?“bg%@ 8331 equi red
to execute the new instruction ("True Power") based on the Predicted
Power. In at |east one enbodinment of the invention, the True_Power is

cal cul ated by multiplying the Predicted_Power by a transition factor

(" Tr ansi t i onsteecthe poiyer pretionsiiprequisest to exemite the ingtreefiops The logNARWSF ot her

XOR-1i ke operatiqn fornmpd on the actual r . OCI| i.th the
new i nstruct F%‘?{r(’((kagw;a@ESé’;@ne i Q’ﬁaopg ngﬁ_%ng@-gﬁgg?%%%%gesﬁg g@gf} W@Eed
further bel owkedufed$tieRt 45héranti$1g. THE Bhst MOY¥RAndS ARG bRk be stolliGn tintRARS t he
True_Power and New Operands in the RAM 208 for use the next time that the

i nstruction 288.eXkxproeess OO thep peoceedstip 8P 4PG-t 106a. [p32] Instep 408, the
| ocal power controller 110a cal cul ates the avail abl e power that the
execution unit 106a may use during the current clock cycle ("Avail Power").
In at I[eeG]t IHinatepridddihenew imtruttim fecorestttiyahe exehatiohwmitl L0Powes n&qual s t he

power budget of . the execytion unit 106 "EX _Po Budget ", stor for
exanpl e, in PHEIEY] rE?eéYedg’fﬁge C)aadunt:s q%tglﬂ%a’dﬁﬁﬁP%@%ﬂ’F:f%q%F%‘?weffB%tfﬁ nus any
power that i9g1peairhfiksitRe PleBickd Pdi‘weriaﬁ&%ME@{J&ﬁhdfs'b@%H@n@frﬁMﬁtﬁmsda@d ock
cycle that was frozen by the global power controller 108 or by the |ocal

power cont r ol(¢.gy storedavifhas thedRQM; 206 FlF+ He Forgxampie. the PredictgbBowenman
03/ 036449 3] PCT/ USO02/ 3 3 . [ 110
' b arerpgepepien o b BE, e £AE eRBl ARVEY BBRAI 0 | 57 1100

det er m nes = urre
unit 106a to O?Xﬁﬁ&léﬁplolyed duriigrthie sitmmiitioh s Agy ewitable simelatiort feehndyres maPbwer (t he
power available to the ex cution,ugit 106a).. . That power

. . S he | |
"control | er 1fFEpI¥edctuRh Avtbosafeperihed i preioy ﬁf‘?CB’FPOEPﬁ‘?d[U%OEaaIe ‘d be over

Its pover bydggtsohf T‘h@?rd&@é@%ﬁ?ﬁén%éée@ﬂ‘sM@fe§4©6.ec!lt ed. If not, in step 410
the local power controfler 110a allows the execution unit 106a to proceed

wi th execution of the instruction; otherwise, in step 411 the |ocal power
controll [551 ll:kn (;'Ep RHE ML fo%altﬂ&%'er controller 110a calculates the actual power required to

execute the new instruction (“True_Power”) based on the Predicted_Power. In at least
one embodinient of the invention, the True_Power is calculated by multiplying the
Predicted_Power by a transition factor (“Transition_Factor”) that represents the
results of an XNOR or other XOR-like operation performed on the actual operands
associated with the new instruction (“New_Operands”) and the Last_Operands as
described further below. In step 407, the lo_cal poWer controller 110a stores the
True_Power and New_Operands in the RAM 208 for use the next time that the

instruction is executed by the execution unit 106a.

[p32] In step 408, the local power controller 110a calculates the available power that the
exécution unit 106a may use during the current clock cycle (“Avail_Power”). In at
least one embodiment of the inventibn, the Avail_Power equals the power budget of
thé execution unit 106a (“EX_Power_Budget”, stored, for example, in the register 210
of the local power controller 110a) minus any power that is required to finish an
instruction from a previous clock cycle that was frozen by the global power controller

108 or by the local power controller 110a (as described further below).

8



-execution unit 106a from executing the instruction (as described bej pvaApR 2006
Execution of the instruction nay be halted (frozen) before or during
executi onWQ /046449 east one enbodi nent, the local power BENUPGPEP 110a
stores the anount of power required to finish execution of the instruction
(e.g., inthe register 212 of FIG 2). This stored power anount may be
enpl oyed during the cal cul ati on of a subsequent Avail-Power for the
execution unit 106a (step 408). [p34] FIG 5 is a nore detailed, exenplary

mbodi h I | . af M h
Tofor gi@%]giq;ﬁtt@%@? %Hgga? \é\gvrgl?rccgﬂ&sl?ér 1962 (%%%F]él}eg whElEthe rr@ Bower (Wet

refere ower cont 11 Ca includes (1) a first
regi ster 501 pepatb@red ®yahd B unft2)06atd éxesite thelitstpbéonis eBerdbupl ed to

t he RAM 503, 't irst ROM 507 and t | ti.pli ; XOR-11i k
[ogi o i routhe il Bowg @8 Rewer meinde o e rerousbavit 108 STl BRI ol exer
513 and to apg@grg{&ggoltlérqqgéH&Emﬁ%%wlﬂaﬂgzr {Hfb)exBeutios and 168\ &uld babekrast hi rd

regi ster 519%cou 0 the seco mul tiplexer 513. The | ocal power
control | er 1}Baerctuglgetiifithemdwsingtirtion Were skecutide df BR.1in sepdpP e 19¢s] per

mul tiplier 509, to conpar at or 523 an fourth. i st. ; and (2)
a second add&pntzpiier ?Hlﬁﬂqpﬁ’stt e 8%&9?@%&%%6%%@5? gécglhﬁ?ﬁﬁéregi ster
529. The reg)h&fich; 8lkrwisd: n sted 11 fé Tocalsbvas BontRillet DIGAPrS@noMie Or nore

conventional registers such as one or nore RAMs. The XOR-Ii

. ] e logic
circuit 511 rmscutionpnit $@6adnym exestiing the snsamctionpasessdbrddelan); E?‘?F,“tlg’&@ﬁ as an
XNOR logic cigcuit - a A tinRt RX&hae 505 and
513, the nul tt‘;cp]f’?té‘%cugﬁgﬁg)r{?g%tflﬁ?@gz‘gg?@@g&f@n g%ge;cumay conpri g_ee any known,
sui t abl e | ogiegnbedingsat, tthie/locdl pddkr ¢omtroleridda stares Weeamaamt ofpoventegiise os
received by the execution unit 106a, the_1 0 AP 0 03
PCT/ US02/ 33843ishreXequtionof thej1usteicion.(¢-g-{n f‘??e“"?@n‘”?%&r°§%ﬁé\9e)r gggi%gegdd t he
I ocal power GRS Shbglt nde} HeRmpltSed diifnEhe dalbiaiincdfadubieyesnt Aoail @oseut | on of
the instructiion by the execution unit 106a as previously described. In the
enbodi nent offoRthGexgutiomenipt@asi(@terd0®Dower is deternmined in one of two
ways: (1) by using the power that was consumed by the execution unit 106a

the last tine that the instruction was executed; or (2) by using a power
det er m njpd4byFISI 5K Minbrenicfaled premphnsénbadiment ob thellocapewsricpetsglley 11@ane | ocal

pover control 1 e 4108, APt Rl eRntl GG, 5, 10k ATblE bdRBIEAGBA ithaby the

execution
(1) a first register 501 coupled to a RAM 503; (2) a first multiplexer 505 coupled to

the RAM 503, to a first ROM 507 and to a multiplier 509; (3) an XOR-like logic
circuit 511 coupled to the multiplier 509, to a second multiplexer 513 and to a second.
register 515; and (4) a second ROM 517 and a third register 519 coupled to the second
multiplexer S13. The local .power controller 110a also includes (1) a first adder 521
coupled to the multiplier 509, to a comparator 523 and to a fourth register 525; and (2)
a second adder 527 coupled to the comparator 523 and to a fifth register 529. The
registers 501, 515, 519, 525 and 529 may comprise one or more conventional registers
such as one or more RAMs. The XOR-like logic circuit 511 may comprise any
conventional comparison circuitry, such as an XNOR logic circuit, as may the
comparator 523. The multiplexers 505 and 513, the multiplier 509 and the adders 521

and 527 may comprise any known, suitable logic circuitry.

[p35] In operation, when an instruction is received by the execution unit 106a, the

9



.unit 110a has been received by the execution unit 106a previously. TI@ AP® 2006
t he | ocal ower controller 110a determnes a Predicted_Power for th
instructi P3P ng the opcode for the instruction as RATVHEWES for t he
first RAM 503 (the power consuned by the execution unit the last tinme that
the instruction was executed being stored in the RAM 503 at the address
identified by the opcode); otherw se the Predicted-Power rovi ded from
si mul at ed powstructionas storse éui therfirstiregister 34, meavhe tpral peresr pqn}tgofer ﬁ@?ti pl exer

505 is enplo gtggﬁlgg%agﬁeﬁlﬁgg %errg?r e?ce): &h oF iR 5 @EQ&H lS)atth@ efercﬁfiiérpﬁrﬁéj Power

to the multi uring or after the loca ower

controller 1306, figh&nfishegestried. B fhdleﬁibediinBﬁMﬁTFIGt Beth¢ Bxeaictepgnmcms) ntrol | er
110a al so determnes the Transition Factor for the ogerands th t acconpany
the i nstr uct idetermisedinang of ko e (DibFsigite DA tharias eansierd bole Fact or i s

conputed by perf ﬁ&%rﬂgb&{l KRt tlhgtha{t'ﬂggrg on%léx@&tcﬁno?%%n 4 her

conpari son opeft ween the opera acconpany the instruction
- and either tlpewep@tcaﬁﬁk&dejmﬁmyledoﬁ (raepiea@slydmnbhht Spenificalliigthe lgetli on was

ted . Last t ter 51 |
oper ands. ermpitayeE PTG 107 g eyt U pER) Braabh BE AdRUAR) o oy

517). The S%@Rﬁ@oé‘bﬁstﬂceﬂ Feééa"ve&ﬂﬁthb%x&ﬁﬁb@wﬁd10@ pEeli@nly. ansb, dellboser t he
appropriate ast-Operands to the XOR-like circuit 511. The XCR—Ilke

circuit 511 tposmer mntertrsl 10n determpised & Prsglicio SPORIRIY] theingizagtion by Hsipg e
Transition_Fact O(gfaxé%e ?ul ! 4Pl Gh c%sqgr th[aﬁsz]évg]ﬂe ?‘S@é wa‘:@r confithed

caj cul ates” t HEY equife execut uction
(" Tr ue- Pover "y tH@é}&dthﬁl idhahPaertins et tRebstrudonwestekpluyddrigingtseored in the

Predi cted-Power by the Transiti on Factor ocal . roller 110a
stores the TrlﬁéMFﬁq\ééF therpdgygss idpntifisg bZé'é%"RﬁEJ@B? %A%R%fhﬁ%agé P | he
RAM 503 and t6iaaehafldfmfinkd bRt @6ibd Imaé e ROM SOM Thefirsegi ster 519
for use the 'next tinme that the instruction is executed by the execution

unit 106a. Thuultiplekern 35iieemplogedigiihsaetect el debiyer t %@mortr@tetl?{%dl?tﬁ‘ %&bl der

521, to the gl controller 108, to the conparator 523 and to the
RAM 503. [p3% ?%1’3 ?8@5 50pg))ower controller 110a al so cal cul ates the
avai |l abl e power that the execution

[p36] Before, during or after the local power controller 110a determines the
Predicted_Power, the local power controller 110a also determines the
Transition_Factor for the operénds that accompany the instruction received the
execution unit 106a. The Transition_Factor is computed by performing an XOR-like
function, such as an XNOR or other comparison operation, between the operands that
accompany thé instruction and either the operands einployed the last time that the
instruction was executed (e.g., Last_Operands stored in the register 519) or typical
operands employed during simulation (e.g., Last_Operands stored in the ROM 517).
The second multiplexer 513 is employed to select and deliver the appropriate
Last_Operands to the XOR-like circuit 511. The XOR-like circuit 511 then outputs
the result of its XOR-like operation (the Transition__Factor) to the multiplier 509.

[p37] The mutiplier 509 calculates the actual power required to execute the instruction
(“True_Power”) based on the Predicted_Power by muitiplying the Predicted_Power

by the Transition_Factor. The local power controller 110a stores the True_Power in
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.unit 106a may use during the current clock cycle (Avail _Power) by 10 APR 2006
subtracti%an(}/ Eower that is required to finish an instruction froma
previ ous 8‘&7‘ |l e that was halted or frozen by the gPSE/éﬂﬁ‘"(?aWér
controller 108 or by the | ocal power controller 110a (stored in the

regi ster 525) fromthe power budget of the execution unit 106a (stored in
the register 529). The subtraction operation is perforned he adder

527, and t héerRAM 303ragd Meeiperapgspior thﬂ§ll1§?l§x}'¥l%_!’é’6ﬁ?fblntth“efe§tﬁ%Ié?%%%PS%23 by
e ot - b et i fsf ERAALRIn 19 EtbcliRh B M eali Al 1B6d 1 POVET (L1

power requir e current 1 nstruction) exceeds the Avail _Power
(the power budgeslico509 bepex aettriePoweniotthe first adgiet 521, lythe lgbobplopester r equi r ed
to conplete any instruction execution that i@ozen) , then the | ocal
‘power controICPTéFOHPEL@%g’W@éf@@P{%@Féﬁ%‘rﬁ“Bithgt,ﬁé% cution unit 106a. The

| ocal power controller 110a may notify the gl obal power controller 108,

and the gl obal power controller 108 may re-assign the instruction to

anot her [p3&ic Mthis dotal power comtaller hifnialssloplculates theryallalopererdbat thesxe@rionog my

store the anount .of power, required t i ni ' | nstruction
within the ré@w‘tépg? “'33239.’6 q“lrm’f”ﬂqg PR %\%@P’dgg‘%gg&ﬁ%? w&ﬁ(@ggﬁb%@gn%v i | Power,
the | ocal powwepma@i%%q 8kd flfastodd ianRictibi ropxemretibayclouk dyclbGha was per f or m

the instruction (and notifies the gl obal power “controller 108 of the

sane). One erlietl ordfrazen 8y teredebal pryves eertRlien A0Ger bybe Ipcpl RFEr GAPUONET an
execution unif 0% Estoqg ﬁqlrjtg?f‘egis?e‘? IO Ak thelrp;%fvlgf Bt $anEEBeution ddd3R%a The adder

'52}1 det er m nes e ac ower t’hat w e di'ssipated by the execution of
t'he i nstruct i(ewredyin tHeaegisxtercito).ofhasubtrad®8aptrafon isglerfpones vinths algerSdd: ) by

addi ng the Truye-Power to t ower ne d,to finish s{f uction
(stored in ré’é‘ﬁélleerfe\s,\‘ﬁ%%&’m{;%@gﬂc‘f Bgﬂvxcgg&%@eﬁognguagc{rggﬁ"hH%%é@{}ggz. %% t he
gl obal pover GopdHrhteF sTBAURteMines BREthe Tesk_Pelver(ivd fdwer edqirehmepetfork| G 6.
The | ocal power controllers 1 | Cb-n na conf i gur

, ! y. be dsir‘r}'&larl to the
| ocal power dbneyroink structivn) exceqisdhe SyailrRaWer e RV gb‘?ﬁ‘,’t ik 36@‘/3}&55?? 2006 WO
devel oped by TEAEAEk) BERHCE Rl Rl o O e L e Mot
descri bed i n fieten), khehehelopal power controller 110a freezes operation of the execution unit
106a. The local power controller 110a may notify the global power controller 108,
and the global power controller 108 may r;e-assign the instruction to another execution
unit. Alternatively, the local power controller 108 may store the amount of power
required to finish execution of the instruction within the register 525. If the
True_Power does not exceed the Avail_Power, the local power controller 110a allows
the execution unit 106a to perform the instruction (and notifies the global power
controller 108 of the same). One embodiment fbr freezing execution of an instruction

by an execution unit is described below with reference to FIG. 7.

[p39] The adder 521 determines the actual power that will be dissipated by the execution of
_ the instruction by the execution unit 106a (“Actual Power Dissipated”) by adding the
True_Power to the power needed to finish any frozen instruction (stored in register
| 525). The Actual Power Dissipated is provided to the global power controller 108 as
described below with reference to FIG. 6. The local power controllers 110b-n may be

configured similarly to the local power controller 110a of FIG. 5. The control logic
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‘[p40] FIG 6 is a nore detailed, exenplary enbodi ment of the gl otdal ABRIEH
controlle of FIGS. 1 and 2, that nmay be enployed with the |qcal power
contraoll eﬁvcﬁ:‘g}ﬁﬂé? FIG 5. Wth reference to FIG 6, thEEHP%s%ZZ%”“Bow
controller 108 includes a first register 601 coupled to a first adder 603
and to a conparator 605. The conparator 605 also is coupled to a second

adder 607 and to a selection cj rc%@tl 609. Tg e?| Sit'lfe’ 601 tp adders 603
and 607, t heregsiighiodmplensnbing aboveunctioppay ﬁd?:‘l' WG £Y BEESHBSE TP se  any
known, suita i r n, the gl obal power
controller %ﬁld&gﬁgg‘?n{éﬁga%gysanc{tggs\kredr)edﬁ &gﬁt%?dsngl pated by the data
processi ng system 100 for the current clock cycle by enploying the second
adder 607 to add together the "Actual Power Dissipated” information
received fromeach [ ocal power controller 110a-n (e.g., the power that wll

be di sgpamt @rfblms Ba6die BX@ITd, EXxtRplity embO@isnent ash@glemwmeyccdmneﬂ 198d) . This

total power represents the Total -Chip-Power for the datfﬁ]gfrf 3:3 g system
100. The conp&FiiSod andBnthatasy bespripyed wiHktbs deal PHFY Geptr

processi ng sSys Ro DinkRBed £84sbic8lstef01) toO
the Tot al - Chlgp 'Eﬂge?eger}c%:?ERS— T{g\{t‘ééfﬁwmg\?\g@l&gme& t?\an tS Bhsie

Chi p_Power _Bédpesuplddie agirstadiers0vend moerncmpamor 4058 The hom@arer@cﬁoiasd&uu on

unit 106a-n to execute struction inte t gl obal
power cont r olPEIehioS 83991{;‘ adg"(frﬁbl7 3t°p%§ﬁ2‘?pﬂf"éc’écm{%(ﬁe %%{ter% 2 ich the
Chi p_Powver _Bygdas! ¢3<aRe07, thd SochPiratdr 685 dhdRByEdctiof cREHEED mayl chﬁhprlse

Chl p_Power Budget via the adder 603 (e.g., increasing the power budget for
the data preoeksiwy ssijebleegieGocwtiyi ng the next clock cycle). Rather than
addi ng the surplus power to the Chi p_Power_ Budget, the gl obal power
controller 108 may restart one or nore of the execution units 106a-n that
have begp4 1 anbpatation, fheqiehal pc[wnﬂ]:nttdller h@8 JwnpitesChe ptadpamer todegr eat er t han

the Chip_P Budget det d t
Gl obal pover disipbieg oy i Ssmpipepane gt 100 RE HROTRRRS S0Rby s 6 400
0 APR 2000 RfTdLISRPAIABOGT t6 ali®wigsthertie OACHIBI Fovest Bissipatd” infotnsatibA6a- n and

freezes execution of instructions by _the sel ?ct ed execufi onu%ni ts. The
sel ection of redeivegdiom %ﬁ@hé@cab%‘(f’&f’f’wll%ﬂoao‘? %P‘P%e” at wi

dissipated by each execution unit 106a-n as prev1ously described). This total power

represents the Total_Chip_Power for the data processing system 100. The comparator
605 then compares the power budget for the data processing system 100
(Chip_Power_Budget, stored in the register 601) to the Total_Chip_Power. If the
Total_Chip_Power is less than the Chip_ Power _Budget, the global power controller
108 allows each execution unit 106a-n to execute instructions without interference
from the global power controller 108. Any “surplus” power (e.g., the amount by
which the Chip_Power_Budget exceeds the Total_Chip_Power) is added to the
Chip_Power_Budget via the adder 603 (e.g., increasing the power budget for the data
processing system 100 during the néxt clock cycle). Rather than adding the surplus
power to the Chip_Power_Budget, the global power controller 108 may restart one or

more of the execution units 106a-n that have been previously frozen.

* [p42] If the Total_Chip_Power is greater than the Chip_Power_Budget (as determined by

the comparator 605), then the global power controller 108 (via selection circuit 609)
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freeze may be based on any relevant factor. In at |east one enbodﬁgqﬂm,mmpe
selection__circuit 609 selects the appropriate conbinati on of execution
units to MREYB4sed on the power to be consumed by eadSTAA¥IBIDN unit
106a-n during the current cycle (e.g., based on the True-Power of each
execution unit 106a-n). O her factors include the nunber of execution
units to be frozen, the type of instruction being executed by an execution
unit, etc. For exanple, the gl obal power controller 108 nmay choose to
freeze only specul ative execution units (described in previously

i ncor por at ed

.S. Patent No. .6,167,524). e control. | ogi Iled to
i npl ement thééfaﬁﬁ)%e ?R}H%‘Fieé??é'“m?ﬁé@}tsn@%%r@\?@agfﬁa SBV%%}%?@BMFI 8{i)lslrl{i nary
skill in the geeleRéaatexddution afith. IThe RObctARSH thdIRkicul & eleutibh ufict inits t¢ P43]
FIG 7 is an exenplary enbodiment of logic circuitry of the execution unit

106a of FI Gfregzamey be based expiyaplerang fackas. dparleast ene epbodipaenydheselcsierssi ng

system 100 of, FI. : t,will be underst. . of Yol ' itry may
be enpl oyed W"‘&ﬁ@o"éﬁ"lﬁcﬁéh" @P@@&afeoc%mﬁ)rlﬁ a{t@g%é&%ﬁu (%ang&tt %g?ézg Rgéep%{ iC
circuitry of tid gowef td be EBEIYI BXQIER kRCYtion pid] 06di duringfties @meat dyoleFl G 7,
the execution unit 106a includes four logi¢ units 795, 704, 706 d 708.
Each | ogi c ure-&- hespd 0B sy Trve Porkpr ekgagh prechan umibfea-mi POs flPrsishred to

process the itﬁﬁ‘{rﬁ%@ﬁ%&m e F@B@ﬁo&ﬂpﬂh@(ﬁg fo?vnsﬁrtil&idé%ﬁmgré&&ﬁmyng

system 100. rment of FIG 7, the first logic unit 702 consunes
about 10% of anfesedugibalunit,mteadfor ekamyie, thx globalipowergrnntrolerci®8 mayechgeseddd | ogi ¢

unjt 704 consumes about 40% of the total power of. . i unit 106a,
the third |o§f°82%?ﬁq¥ S%%lagﬁ%‘?ﬁ%t?“%&k“aes%‘g@ﬁ’% P‘ter‘%‘ec’hggf“g?ﬁ’%iéh&ée@gf t he
execution unipatehONa. a167,5108. TheEdnkol REicoreguiied td GfiplementshermveBmatio’0% of
the total power of the execution unit 106a. ,These percentages .are nerely
exenpl ary. THaay kecdgvelgpsddry Q:?ﬂlﬁqn(ﬂfP&F“ﬂ@&u%@eﬁé‘eﬁ“é%raﬁggmaswgﬁ a
know edge of ihla%%%lhg%g.pent ages. Such information nay be stored, for
exanple, in a "1 0 APR 2006 WD 03/ 036449 PCT/ US02/ 33833 [ p45] Each
l ogic unit 702-708 is preceded by a "transition-once" buffer or nultiplexer

(Tr ;F];nts: @'ﬁ@g pal id QA& mb1afd-Onboahfient b g drelhy of tESBEE I oMGntt-106a of
FIG. 1 useful in explaining the operation of the data processing system 100 of FIG. 1.
It will be understood that other logic circuitry may be employed by any of the

execution units 106a-n, and that the logic circuitry of FIG. 7 is merely exemplary.

[f)44] With reference to FIG. 7, the execution unit 106a includes four logic units 702, 704,
} 706 and 708. Each logic unit méy comprise any conventional logic circuitry adapted
| to process the instructions and operands employed by the data processing system 100.
In the embodiment of FIG. 7, the first logic unit 702 consumes about 10% of the total
- power of the execution unit 106a, the second logic unit 704 consumes about 40% of
the total power of the execution unit 106a, the third logic unit 706 consumes about
30% of the total power of the execution unit 106a and the fourth logic unit 708
consumes about 20% of the total power of the execution unit 106a. Tﬁese percentages
are merely exemplary. The local power controller 110a may be pre-programmed with
a knowledge of these percentages. Such information may be stored, for example, in a '

ROM.
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mul tipl exers are described in detail in previously incorporated U $.APRE0ENt
No. 6,054,877. Transition-once buffers may be simlarly configured (e.g.,
wi t hout tW® 03434#% i onal 1ogic required for selecting bet%’@ﬂs‘ﬁgpsﬁ?pl e

i hputs). Assum ng that the transition-once logic 710, 712, 714 and 716
each conprise a transition-once buffer, each transition-once buffer
710-714 is provided with a slow select input and a pass gate/latch (not
shown) that holds its value when not selected by the slow sel ect input
(e.g., when the slow select input is "inactive"). [p46] In operation, in
response to a "freeze" signal generated by either the |ocal power
controller 110a (e.g., in step 411 of process 400 of FIG 4) or by the

gl obal mrEa&QSﬁié ahit 062-2608is GRcBded iy ‘HafRtidRdnaf bpffacassulBpexaf FIG 3),
the | oc ower controller 1.10a disSables one or nore of the slow sel ect

i nputs of t hé&tansitisi-orico toginie 810,3¢2.¢7 1#p0d 71§ 105peqtivglya ldamsiteon-gse exanpl e, i f

the | ocal power.controller.110a.i.S,t0 pr. upl it 106a from
consuni ng an?u[ﬂ?%é‘ﬁs A% es%rllb(?é/lggfft%%%n ?rg%ggsy@fgﬁﬁfate%;ﬁghis)ihtgllﬂ(ﬁl@ once |l ogic
710-716 may p@s4lpERbIaekitidnlodcs ibaffem midghe samjariyeshfigued (eng. awithoud her ands
provided to the execution unit 106a are "hel d" by the transition-once |ogic

" ) . C . QY
710. The i nseddidanablegierenusisd fartalecting beptcempultipls Rty Hssiyupe hahMSugh t he
execution upLt.106 Ay ' %}%q@tyt{aggit-g% & s el ect
i nputs of th[e}%s%tgoglsﬁclggo - olr?(izpﬁ?gg?%%altcﬁ%. e gl obal.1 po&er controller
108 may be peshitdedtimi-dirediuffect10-Tldns poivided avithtawow seloctdeiusend § pgpat s of t he

transaction-once |l ogic,710-7186. 471 . As _.anot her, at an

i nstruction §?‘fﬁ%ﬂ’e&8¥ﬁﬁ‘§wﬁéé§%&iﬁtsa‘%apg’v%l}fntn(?pseé?cggg}?éb gﬂto ﬁfsg%gﬁn%‘gt h the
logi c unit 7@2, apgkrd theslbWGeRctifipdt is’Adactikegugh appropriate selection of the
sl ow sel ect inputs of the transition-once logic 710 and 712. If the | ocal

power controller 110a then freezes operation of the execution unit 106a

.g., i : fe e
(e.g ;Iél%érfgl}? MR %Q%ggﬁ@tgré gﬁ%gggﬁﬂéﬁ@% By SidRr (IRIBGNPEWEO a freeze

si gnal er the power controller 110a, 108), no
"active" sl owostelllect10aripgs in segptidvifgeetessstOPing FIG fhor by dre-BekebPP%ei ¢ 714 and

wni ch shovs 2oUFElFeEan ek o8 PSR SR SE B A PAETeRaE T P o
to the transiipHdisedsa@nt Ofinére of the slow select inputs of the transition-once logic 710,
712, 71.4 and 716. For example, if the local power controller 110a is to prevent the
execution unit 106a from consuming any power, the slow select inputs of all
transition-once logic 710-716 may be disabled. In this manner, any instruction and |
operands provided to the execution unit 106a are “held” by the transition-once logic

710. The instruction and operandé fnay be allowed to propagate through the execution

\ :
- -~

unit 106a at any subsequent time by enablihg the slow select inputs of the transition-
once logic 710-716. The global power controller 108 may be provided with direct

control over the slow select inputs of the transaction-once logic 710-716.

[p47] As another example, assume that an instruction and operands have been allowed to
propagate through both the logic unit 702 and the logic unit 704 through appropriate
selection of the slow select inputs of the transition-once logic 710 and 712. If the

local power controller 110a then freezes operation of the execution unit 106a (e.g.,in
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710 (slow Select A), the slow select input applied to the transiti orl-ooﬁ%mﬁ
| ogic 712 (gsl.ow- select B), the slow select input applied to the

transiti oNONE49dgic 714 (slowSelect C) and the sl ow BETEE/Bput

applied to the transition-once logic 716 (slow select D). Wth the slow
select inputs to the transition-once logic 714 and 716 held inactive, the
instruction and operands applied to the execution unit 106a propagate only
through the logic units 702 and 704. The resultant output of the logic

unit 704 is held by the transition-once |ogic 714. The processing of the

instruction and operands may .be canti.nyed.at i roper
activation of®SPHs® %ﬁfezgéﬁga%itfrq% eghg'f'io?ar\gr gl %%é??’?g%%%gé ]lqga’ibpggi;m and
716. Note thg «RxeQuibw Beled: idpueis prodliddietthafardtidnapes Rigits7 Idayd F16art wher e
execution was frozen, without requiring reprocessi n% through logic units

702 and 704. Thisdy ignstrates far epemple, wahe gingidingran of Fighyp Wach 80MsAed. [p48] In
t he exanpl e aho rOx| Y, 90,Qf f | for ;
execut on unfFesERRRSHBTELR g B el R afled B EERIoRont S gic
consuned. | n780 (sleastlears), the sloadieteeninpof applied forthemsnsiinn-eree HgaT 8 mation i s
stored in the regi ster 525 of

FI G 5. o[ _exanpl e, assunpe- t the total
power that t Fdovssselect Blo e slnvt seless Py *}HPEE(E)WstE?TEanS%?HcFE(SgI%‘?]{%anStructi on
is 0.2 Vattsgdy eRbycEh iR QYW 38L& Ghpok BpIfed tOihelhgsitibRBatd1bgB71ONCE | 0gi C
710, 712 are active, the local power controller 110a nay determ ne that

about 0.1 Watsew oelepdikerWith shetdew sddent inpwisctoltye transitiorwace logis 1fiand 1d6a, and

uni i 106a toreaapare oo ek ReR B il LERLGRG R 1008 FYCT | °0

under st ood t begpajdis enlghrosh thé 1dgheuris G662 and 70w eFtieiresultattmipnovlthe dogisi pat i on
of the data processing system 100 may_ be regul ated ver i ck and
accuratel y agnit78tis @?%Rh? bR INRD-ONSP drgs 4 %/Wﬁ‘%%%ge B’S{Xg‘f'tlon
consunpti on Bq biddd Gidy 800tk RRES ABSSIERiTREyBOpdr A thiidh ofURIslove | 0Ck
cycle and adjusted as désired (e.g., to naintain a steady current drain of
a power suppélgdtinguey ofdhatmpisisioniancatogiceigtang &6 e Npisdhaterecuyipn ohde nvent i on,
t he gl obal power .. cont.r : LhsShdat ed by
2l of the e }n\és\gr&%tfogna%g fe %Jgﬁ{sd‘éé?st&fﬂvﬁwe%&g&ugﬂglag Rbn, RANGE (i
reprocessing through logic units 702 and 704. A significant power savings thereby

may be realized.

[p48] In the example above, approximately 50% of the power required for the execution unit
'106a to process the instruction and operands has been consumed. In at Jeast one
) ;:mbodilﬁent of the invention, this information is stored in the register 525 of FIG. 5.
For example, assume that the total power that the execution unit 106a will consume
executing an instruction is 0.2 Watts. If only the slow select iﬁputs of the transition-
once logic 710, 712 are active, the local power controller 110a may determine that
about 0.1 Watts of power has been consumed by the execution unit 106a, and that an
additional 0.1 Watts of power will be required for the execution unit 106a to complete

" its processing of the instruction.

[p49] It will be understood that through use of the present invention, the power dissipation

of the data processing system 100 may be regulated very quickly and accurately as.
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‘n (e.g., as provided by the local power controllers 1 |Qa-n) and Wl tARRI0S
to maint a| t otal power constant. This may be achie r._exanpl e,
by (1) te»{)}%)?séopﬁ“é/ suspendi ng the dispatching of new i ngﬁj@é%%&?g to one
or nore of the execution units 106a-n; and/or (2) tenporarily freezing
execution of instructions by one or nore of the execution units 106a-n
(e.g., step 304 in process 300 of FIG 3). Wen execution of a

hal ted/frozen instructi on resunes, the execution resunmes from where
execution was halted (e.g., as described previously with reference to

FIGS. 7 and BA%ﬁcﬁfsxgugr:fmongvyms%r)ﬁ o%'a%'f%%%fd @g,bgqm e evedpdiorest ar t ed

at nearly an? execuation st at above each | ocal
power cont r okydd¢ antl ddfeted ad@ysireAn &gl mtrhamﬂam apﬂeadgy:utrmt doomef a poreer wi | | be

di ssi pated by each_instruction and opera er-cycle
power to a p&YWRRLY)bEFayRtenRs. i ﬁée%ste?wgmo {]‘i?’B ‘éﬂﬁl?ﬂ%@i l?‘?&]p?%gat | east
one embodi meqy, Aa%f e{)i‘(ﬁa AR (B0o ftdlio&/aed& QRS HYUAICSTtthd Seciddn@RES WOG0N Uni t

will be excee y execution o particul ar i nstruction, the rel evant
| ocal pover adagr, astpnemdedbgbd}erloaabpmmaonthmlemlshf)auﬁtanﬁbaattemmsrrﬁotm@ln@;%c ution

unit's pipeline. ecution of _instructi.on t he .e may be
halted (e.g. thﬁthaFX%‘ﬁ rlc\‘?ﬁﬁt?rﬁgrrg"lséwyspéla @FV% ﬁ%ﬁ?%m’%}?)iﬁl‘@} éeg@cg?l on unit),
and the gl obg}s RRNRE tHeANpahinglof AAB in¥aictRBs fbreldr@tbré bithe exdeatiexenitt i on
unit cannot execute the instruction in this cycle. The gl obal Fgﬁv\g{]

it, an

cqontroll er logﬁmwlﬂémé%)l tomperpilyifipseing exqcBiion of instBIcHeRs BQ0eof
may restart |G ARhIHE IS 1D, Y J04Ti0brREATRO O BEG.Y). WiRHBREEA!

i nstruction. n one he invention, all cal cul ati ons and/ or
dat a mani pul aifahal‘sedmozgn instroeticukatmes ¢ cetcation maamwrfsormvhme@ém}tt@a Power ,

Last _Operands, True-Power vari.o r

t her ebet ween Waélélt‘ﬁd G@c@? dFﬁ‘fﬁAé CL?THE)‘PESE%W%E{&CI&} qtgﬁggoir%% gg 3‘&21?‘%?% may
be made qui ckkyor@en titisWiStHRChalsed BdnldavétatediabféailyChy point duringexeoiont ed. | n
yet anot her enbodi ment, éach | ocal power controller 110a-n nay only 16 1 0O

APR 2006 WD 03/036449 [p51] PCT/ US02/ 33833 freeze execution of an _
instr uc'gg?%b!ys &é}egﬁwt a@ﬁ'ld%gl éJDW%I' C(%I{&%ugeglog_w &Y ‘PredictetRPer-cfIe! e, while

the glo OWer contr ol reeze execution of the instruction
‘power that will be dissipated by each instruction and operands, and may compare the

per-cycle power to a power budget for the relevant execution unit 106a-n. In at least
one embodiment of the invention, if the power budget for an execution unit will be
exceeded by execution of a particular instruction, the_rclcva_nt local power controller
110a-n removes the instruction from the execution unit’s pipeline. Execution of

: n . instructions by the execution unit may be halted (e.g., by inactivating slow select
inputs of the execution uhit), and the global power controller 108 may be notified that
the execution unit cannot execute the instruction in this cycle. The global power
controller 108 may reassign the instruction to another eXecution unit, and may restart
the halted execution unit for processing of a subsequent instruction. In one
embodiment of the invention, all calculations and/or data manipulations (e.g.,
calcﬁlations/determinations- of Predicted_Power, Last_Operands, True_Power,
Avail_Power, the various comparisons therebetween, étc.) occur in a single clock
cycle so that a decision may be made quickly as to whether to allow an instruction to

be executed. In yet another embodiment, each local power controller 110a-n may only
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md-cycle (e.g., if the global power controller 108 determi nes thatAPRHEN
power budget of the data processing system 100 w Il be exceeded if
execut i on 0P W4 ¥ nstruction is allowed to continue). DFSAMHSEZ338¥) -tine
power control is provided to the data processing system 100. The foregoing
description discloses only exenplary enbodi nents of the invention;
nodi fi cations of the above disclosed apparatus and nethod which fall within
the scope of the invention will be readily apparent to those of ordinary
skill in the art. For exanple, sinulated or actual power consunption data
at nultiples stages wthin an, execution Uni Of. | ocal
power contr olt'}seg?tgexfc‘m%‘-?‘f af’f‘nsgg%tilolpgb .an[cﬁ)( %Elokg gg?étd"?lg 8?%}?&\%??%01% e present

I nvention hagybleswhit the gRveihower Esitivaet 108may frdeze exceuidracitheinsmatitivrnt s

t hereof, it s%puld be understood that other enbodi nents ma fall wi thin
the spirit arsidsyelsde-& ifitheslobal @avpioipniralderd @B idpiseings haldhe %‘i"fl?ﬁa‘lﬁgﬂ&f ai ms.
17 1 0 APR 2 |15, : i i3t rocessi ng
i nt egrated cﬁg%%%??&% éﬂﬁﬁé%ﬁ%ﬁﬂggﬁggggﬁﬁaﬁﬁEgégfgg%‘gg%ﬁgg?gﬂﬁéging

(401- 408) povatibwed tseompihiig)n Diyoamiexeektime gower dongolrisiprovisied &ntdle datea 5
corresponding to the instruction, including calculating the power

consunpti on Hﬁ@?ﬁ”ﬁ%“wgﬁPLﬁ%unt of power that was actually consumed when
the instruction was executed previously; and executing (409, 410) the
instruction if such execution does not exceed a predeterm ned power |evel.

10 2. ThigbibtFedomssoise deseriptiohdisdpsss ealy cleapIRRETHOREReEH By PP

compri ses. de&l%ﬁﬂbﬁ{oﬁg oftnl 'hﬁ&’e%s%ﬂ)s@@%ﬁ%ra%saﬁg GO twiftin BRVEr ©hat
was consuned en the 1nstruction was executed previously; 15 determ ning
dat a corr espasedpedf theinvhmtidnneilibe atadin appeeautediopr ddrdinay pkillinthe atal Bl at i ng
pover consu rrpéxla%glet glgnu aggd érna%Eura 1;():0tv\|/ecr) rc]oxgsgmli))‘texor(la éaetg lajltt 1%8'1&191%% %tg.ge%nwitthqg an

execution unit may be stored by the local power controllers 110a-n if desired.
[p52] Accordingly, while the present invention has been disclosed in connection with

~ exemplary embodiments thereof, it should be understood that other embodiments may

fall within the spirit and scope of the invention, as defined by the following claims.
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predi cted power and the data corresponding to the instruction execuﬁéhAPRzmb
previously. 3. The nethod of claim2 wherein cal culating power consunption
20 conprises: conparing the data correspﬁ?ding to the instruction to be
executed to the data corresponding to the instruction executed previously
SO as to generate a transition factor; and nodul ating the predicted power
Wi th the tr@gpfhd:i on factor. 25 4. The nmethod of claim3 wherein nodul ating
the predicted power conprises nmultiplying the predicted, power by the
transition factorl: 5. Théstadeldcamervitg peveerf igra REICCHHHD Hitegragd SUsHit.nget he

cal cul at ed &@Mgicocﬁ}%?%@ﬁgh%&ggﬁ and data corresponding to the instruction.

6. The net ho efern cal cul ati ng power consunption conprises
cal cul ati ng powercakcolasing(401o408) geecr consimpdion ot exdfcupogven igdtuaiioreend daten

sinmul ati on of execution,of the.instruction 3 "\ LIBLL] 18386.doc,lzv 1
5 APR 2006 O5CPONIE Fdbh GBI S EnBARF R Rne Heotamiae s helin 558 of
consunpt i onn &AGEII Sepowétethal Wadi dttiafly loagiéeeviRAVAE iRafRboR waANeIDIRAt  Of
power obtained from sinulation of execution of the instruction; 5

det er mi ni n@redeusle®Bfloyed during the sinulation; and cal cul ating power
consunption for the. iy tmg} 1490) iR R stﬁ?éﬁ&&’ti?%u@ﬁsééic&_'flb# RBes RbEUkELRda

power and the data enpfoyed during the sinulation. 8. e nethod of claim?7
wher ei n calpeedetarinmpdpomer levehsunption 10 conprises: conparing the data
corresponding to the instruction to be executed to the data enployed
during Yinul ation so as to generate a transition factor; and nodul ating the
predi cted power W@ th t et h@tigidt iofnclhiact Drwherein calculating power consumption

comprises:
determining a predicted power based on an amount of power that was consumed
when the instruction was executed previously;
15 determining data corresponding to the instruction executed previously; and
calculating power consumption for the instruction to be executed based on the

predicted power and the data corresponding to the instruction executed previously.

3. The method of claim 2 wherein calculating power consumption
20 comprises:
comparing the data corresponding to the instruction to be executed to the data
corresponding to the instruction executed previously so as to generate a transition factor;
and
modulating the predicted power with the transition factor.
25
4. The method of claim 3 wherein modulating the predicted power

comprises multiplying the predicted power by the transition factor.

5. The method of claim 2 further comprising storing the calculated power

30  consumption and data corresponding to the instruction.

6. The method of claim 1 wherein calculating power consumption
comprises calculating power consumption based on an amount of power obtained from
simulation of execution of the instruction.

35
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15 9. The nmethod of claim 1l wherein executing the instruction if Suicflf'APR 2006
execution does not exceed a predeterm ned power |evel conprises: )
dgterm’ ning an avail abl e power for an exF:guti on unit that is to execute the
instruction and data; conparing the available power for the execution unit
to the cal cul ated power 20 consunption for executing the instruction and

data; and executimg therHensidikisd igInclfid daivhersin Qakbﬁtiﬁéegbw&ﬁféoﬂiﬁn’ﬁptiofn the
avai |l abl e power for the execution unit is greater than the cal cul ated

power consmmnri‘;ﬁs:for executing the instruction and data. 25 10. The _
met hod of claim9 emlirﬁhg adgxteﬁ{c'f@dnt)&gert bRV Lﬁghl%uﬂp\g’?ﬁ)o{vgf o%%neﬂxﬁéﬁ’ﬁt 1on

unit conprises: determnrng a power budget for the execution unit;

det er m ni ngimnlatinw ofitxcohitigrogdthe mstuctiarg t o fi ni sh executing an instruction
and data that was, part.ially executed . by .the cution unit; and 30

cal cul at’i ng t he aqsf’g“{)qnéfﬂp%df) \Rg}p?(fygh%flﬂgggﬁ?égﬂﬁéﬁ?ﬁ@ﬁﬁt by subtracting the
amount  of power JaB@kiting poir@r fcbdudiptidn et then@stittionab theadxleyuted dassdesh the
instruction and data fromthe power budget for the executing unit. 11. A
met hod of JURdEtedPRY HEthe datagmploxed denpg thempglatioRd circuit, the 35
met hod conprising the steps of: (R \LLBLL] 18386.doc:lzv 1 0 APR 2006 20
cal cul ating (301, 302) power consunption for executing an instruction and
data correspondifig to thee mathad it cloim ¥ neherdimgatsalatiogapower tchasumpion
consurrptoi on, %1%95-0” an armount of power that was actually consunmed when
the inst’ructy on Was execut ed previously; and 5 determ ning (303) a power
budget for an exewuipafing uié tlath ofragpondmigan rtha imguétddhlio Bdyecatedawntthaidaaf

power requi reg t‘%oéi ni sh executing an instruct. o[[1 and data that was
partially DY ByresHa QR 30A 2GRFrRLe adinsiieRd3hey; Ab8) an avail abl e
power for the exaydilfthgthé brddas@bpdwer WA tBeBUmitiorPfacieevwer required to
finish executing the partially executed instruction and data and the
15 9. The method of claim 1 wherein executing the instruction if such
execution does not exceed a predetermined power level comprises:
determining an available power for an execution unit that is to execute the
instruction and data;
comparing the available power for the execution unit to the calculated power
20  consumption for executing the instruction and data; and
executing the instruction and data with the execution unit if the available power
for the execution unit is greater than the calculated power consumption for executing the

instruction and data.

25 10. The method of claim 9 wherein determining the available power for an
execution unit comprises:
determining a power budget for the execution unit;
determining an amount of power required to finish executing an instruction and
data that was partially executed by the execution unit; and
30 calculating the available power for the execution unit by subtracting the amount
of power required to finish executing the partially executed instruction and data from the

power budget for the executing unit.

11. A method of conserving power in a processing integrated circuit, the

35 method comprising the steps of:
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i o power budget for the execution unit; conparing (409) the avail ?glﬁﬁoﬁ r
for the execution unit to the cal cul ated power consunption for executi QJE
the instruction and data; and executing {410) the instruction and data with
the execution unit if the available power for the execution unit is
greater than the cal cul ated power consunption for 15 executing the

i nstruction and eakﬂatiag(aq%, 185 NRfve? fcoRRMSRION! 08 e RRUBRg bl iIBRENGESS dda
integrated circuit enploying a plurality of execution units (11 On), the

met hod compeirespandingdo shejnstragtione nebidinggalpwating thepower copaIMmivReasehone
consunmed by_th 0Gess| I r I Wit 3)
for the prabcllyflh YR dnalhals Ehafly BB Wikn e FpEEC MRAGoll
consuned i prdvaasty;and an anmount of power that was actually consunmed by the

execution units en j nst tions re executed previ.o ., and if the
total péwer exce%@“?’r’i’é“ &@ralﬂ)‘ﬂl‘?ﬁif u,dg?t&é’éazq ??‘ﬁc‘(‘t%ﬁ‘tl mteﬁ@%%/)ti on of an
instruction by oggteghinid}e (4U1Ur48D) taf Mho@X FUSIvRR rdfhit&@ &P fiafsht &edhtirPVan
execution of the 25 instruction to continue at a later time fromwhere
execut i on vesruPiig e datgthatryyas pastiplbaerseuted By ihe1sxeqEneiit conpari ng a t ot al
power to be con : oG I i o1 C L TRONE,
budget for the i%lfﬂgglg %{?%&4@?3{(3&?{91%2%%?22139%%@ ettﬁ)?alrtg}lwnl%aﬁ%@gﬁtt ot al 6up?(§wer
to be consuwfipdwbyrdqnaredtofieshbiengeutingabe partidlly exesuted ingtrucitiog and clatacdndcipie| e;

and determ ning, a r, budget for. the processing integrated circuit. 14.
The rret‘lolodp8wegﬁ"é43%fi§t%eéﬁ'eg?thon&gwerm' ning a total power conprises:

[R\LIBLL] 18386 c8mpatiag (4090 tACRvZQDE Bdwér Gn thaceaxidaUinio ti talculated
recei ving information regardi ng power to be c‘ggsu_med by the execution unit
during t he PEWEEROTSYREPEON i $Xetiae theinsigictinn apd oalp; ¥ler *based on t he

i nformation recelygdyihi @M d)hRe iRABCHIH 21 4k With e bReculibf vRtiPQR Shilgdiai M
12 wherein freezing executi'on of an instruction b .
power for the execution unit is greater than the calculated power consumption for

15 executing the instruction and data.

12. A method of conserving power in a processing integrated circuit
employing a plurality of execution units (110n), the method comprising the steps of:
comparing (301, 302) a total power to be consumed by the processing integrated
20  circuit to a power budget (303) for the processing integrated circuit wherein the total
power to be consumed is based on an amount of power that was actually consumed by the
execution units when instructions were executed previously; and
if the total power exceeds the power budget, freezing (304) execution of an
instruction by one of the plurality of execution units so as to allow execution of the

25 instruction to continue at a later time from where execution was frozen.

13. The method of claim 12 wherein comparing a total power to be
consumed by the processing integrated circuit to a power budget for the integrated circuit
comprises:

30 determining a total power to be consumed by the processing integrated circuit
during a clock cycle; and

determining a power budget for the processing integrated circuit.

14. The method of claim 13 wherein determining a total power comprises:

[RALIBLL}18386.doc:12¥



one of the plurality of execution units conprises holding inactive @papp egst
one slow select input of transition-once |logic of the execution unit. to
16. An execution unit (106n) for a data processing systemconprising: a

| ocal power controller (110n) adapted tao”" cal cul ate (401-408) power
consunption for executing an instruction and data corresponding to the

I nstruction baseggheaR ﬁ@&ﬂf@)‘h e, Re¥SIngAfforahtion £8R W€ be EdtRumed

instruction was executed by the execution unit previously, and 15 allow
(409, 410) byhke esesuiion wnit during the clogkeweles ande i nstruction if such execution

does not exceed %te%'fél%ﬁ@glrtﬂ% N&e p&o%e{rr %fs‘r(g lr on e iﬁe?‘m‘?{ﬁgﬁ: UkbQPed! %&né Ot}llel’ st

claim 16 wherein oWer ‘con further conprises:

regi ster adapiwidntupitstore first information regardi ng an amount of power
consuned when the instruction was executed by the execution unit
previously; and a second register adapted to store second information

regardi ng operands, of tihg mdth&t 6£@AihPT2 WheRir ReezinpSdreb@idnT aaastRxaenbed by
t he execution unit previously, wherein the first calculation logic is
adapt ed t o onalof theapluralignef excentiemritsenipsises paldiag deastive gt leaet angstawsalecn

and data Cg‘g‘gﬁ%?%Iq%{?%t'é’?%e?18%§i°@%eré*%£dt%ﬂ‘R‘ﬁ'SEd on the contents of the

first and cond re e executiton unit of claim15 wherein the
| ocal power controller conprises first calculation |ogic adapted to
cal cul at e power qgnsurrpti on for exe instrugeti on and data

i h
corresp8nding to 'the i &Q?’ifﬁ‘t‘timdhmﬂtaégéﬁ)gﬂr.agﬁa%ﬁ%ﬁ?ﬂn%ﬁys OWET BHY S ned from

simul ation of exeqoid] powei cdni@llen@lon)cddapted tdnd oper ands enpl oyed during
the sinmulation. [R\LIBLL] 18386.doc:lzv 1 0 $PI§ 2006 22 19. The exdgéuti on
GINE

unit of clai m 16 kBl OHEZ) foNer SeRRIMREGHL gRuting ary Histructipipnds dafa

second cal Q:Hh‘é@ﬂoﬂﬂinIgQQ!tﬁe afdantesh bRe§ SHRML EncinP 8BbwaY &thAR) Cors@hed when
executing the instruction and data. 5 20. The execution uni't of claim 19

wher ei n t héh¢ mganctipoweds exoeitedby the execution unit previously; and
15 allow (409, 410) the execution unit to execute the instruction if such execution

does not exceed a predetermined power level.

17. The execution unit of claim 16 wherein the local power controller
further comprises:
20 a first register adapted to store first information regarding an amount of power
consumed when the instruction was executed by the execution unit previously; and
a second register adapted to store second information regarding operands of the
instruction when the instruction was executed by the execution unit previously;
wherein the first calculation logic is adapted to calculate power consumption for
25 executing the instruction and data corresponding to the instruction based on the contents

of the first and second registers.

18. The execution unit of claim 15 wherein the local power controller
comprises first calculation logic adapted to calculate power consumption for executing
30  the instruction and data corresponding to the instruction based on:
an amount of power obtained from simulation of execution of the instruction;
and

operands employed during the simulation.
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further conprises: a first register adapted to store a power budg?% é@gzﬁpe
execution unit; and a second regi ster adapted to store a power required-tb
f[nish‘execution of a previous instruct%gn; [0 wherein the second
calculation logic is adapted to conpute e power available for executing
the instruction and data based on the contents of the first and second

registers. 21. The execyd ofbcHfibd wilt &f efafth 1% Feh ghé h&call gﬁﬁder RWEbller
y a to: ¢

controller [5 conprises conparison circuitr apte ; npare power
consunpt i orfuftber eoteprises regcaridecailaidatianc idgon adapded &4 somputer @ povrtliavgjlable fdre
instruction_to ﬁpwﬁr.avaulaq#@ ffr executing the instruction and data; and
freeze exectfrSHEIC IREVTHLY cdtaaOn and data if the power consunption for
20 executing the instruction and data corresponding to the instruction
exceeds the power_ available for executi the instruction and data, 22.
The. execut fon_uni20-of - cHiei FieE80em Mest egﬁﬁrk%mrw ah%ikeqaéra%*ﬁeecopsaﬁ%r
having at |gaftr Qrfrbow select input and wherein the |ocal power
controller is adapted to 25 hold the at |east one s|ow sel ect input
inactive if the polistregisiesadantedio Stere agosenbudgst faidhe ¢xesutiancunibandnd dat a

corresponding to f [ Uel i t.h [ L L [ ting
the instruction aang&gg{fzr.gélg@ aggbgt?dég(gﬁgog%v%e o‘g%\rll\%ﬁg %/‘glrté ?i%sg)) é)%g}'ltlﬁf(g?%
conser Vi ng grewvieus instractipnpcessing 30 integrated circuit enploying a
plurality of execution units (106n),. the.global power controller .

conpri sihg: a conpiFendhe areop icflct‘%g‘%‘)‘ %%&;%@Pie Eahpare e Parar =pable ¢ o
be consunmediobxedutitigPthe GRstHicken | dit egitatbaskdCon Gk ohtentd dFother filtide@tsedddd t he
processing integrated circuit wherein the total power to be consuned is

based on arfe@ftint of power that was actually 35 consuned by the execution
units when instructions were executed previously; and [R\LIBLL] 18386. doc
lzv 1 0 APR 2006 23 a selection circuit (609) adapted to select an
execution unit imklwhi chlheocfacatiome unit of claim 19 wherein the local power controller

15 comprises comparison circuitry adapted to:
compare power consumption for executing the instruction and data
corresponding to the instruction to power available for executing the instruction and data;
and
freeze execution of the instruction and data if the power consumption for
20 executing the instruction and data corresponding to the instruction exceeds the power

available for executing the instruction and data.

22, The execution unit of claim 19 further comprising transition-once logic

having at least one slow select input and wherein the local power controller is adapted to

25 hold the at least one slow select input inactive if the power consumption for executing the
instruction and data corresponding to the instruction exceeds the power available for

executing the instruction and data.

23. A global power controller (108) for conserving power in a processing

30  integrated circuit employing a plurality of execution units (106n), the global power
controller comprising:

a comparator circuit (605) adapted to compare a total power to be consumed by

the processing integrated circuit to a power budget for the processing integrated circuit

wherein the total power to be consumed is based on an amount of power that was actually

35 consumed by the execution units when instructions were executed previously; and
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execution of an instruction so as to allow execution of the instru¢Qi §R 2006
contique at a later tinme fromwhere execution was frozen if the total
power exceeds the power budget. 5 24. kaga gl obal power controller of claim
23 further conprising an adder circuit “adapted to receive information
regardi ng actual power to be dissipated during a clock cycle fromeach of

the plurality of jexpeHti eﬂcd{n@o@? g?égg)ééd)t&éél&flﬁt&eEﬁlﬁ)nt Hifln RAWMIto frRz8e

consuned by the processing integ circurt based on the received
i nf or mat i oexechfio? 6f am mstrgétidmedo gsdovelow exeautiph of thefingrugtion mcantinuhatra later

o ower | By FER e pistition BHERMER I ReRE debuc e B IR GRoRY 2P CE
pgwer gontrol | er of claim23 wherein the selection circuit is is further
adapted to select an execution unit that wa rreviously frozen.to contiinue
executién if the2fotal T_SB_ pbal POEE SORtFRIJeT ¢ é’l?adﬁ\/\gf&l‘ﬂfﬁ%eééiomp?ﬂngAa"dﬁ‘?‘%r

D0 o compar R b R e ey o et
consumed bylockgclerfone saé¢ef thatpdurakityenf exeewiontunits agd ﬁbﬂﬁﬁlﬁb‘@db@towld}o“@ﬁ e
processing.iptegrate Lcuit. . I i i i - dto
el oot an- S BE ETRE R (A EHoborsind e BaRd bt Bibcl bt foce ROPARRERT, 0
as to allow execution of the instruction to continue at a later 25 tine

from where executjion frqozen if the total. powe eds t he. power
budget ;'°a pl ur al i??y o%e&!@ﬁ?@ﬁ‘vﬁﬁf?’%tr?l ﬁé’rq)cqﬁlgl:h‘lgﬁﬁﬁ?i qun?’Pdl.s"% fih adder
power cont rakhiefaddptdd R0 alldMasé the poWeCHIEPeN bR mONtbL Powéteby ikl theqpusver
controller and that is ad%gt ed to: calculate (401-408) power consunption
for execut ibHdeHgxreeds thedPiabpoWefd data 30 corresponding to the instruction
wherein the power consunption is cal culated based on an anount of power

that was actually consuned when the instruction was executed previous|y;
and conmuni cate @609, Fhg)slgmhpowenemitnopen aficlainf 23 wheiegntheselenorypipdyel is

pover gontﬂrlr?llléreertciapaetho[ |§:el\ec' lau|13 Leli(]ecu]t18o%8gfn Otﬁét {?V%.\S/ plre\g%oél:l)ﬁ 1%92%9 to continue

execution if the total power is less than the power budget.

27. A data processing system comprising:
a global power controller (108) comprising:

20 a comparator circuit (605) adapted to compare a total power to be consumed by
the processing integrated circuit to a power budget for the processing integrated circuit;
and

a selection circuit (609) adapted to select an execution unit in which to freeze
execution of an instruction so as to allow execution of the instruction to continue at a later

25 time from where execution was frozen if the total power exceeds the power budget;

a plurality of execution units (106n) each comprising:

a local power controller (110n) that is in communication with the global power
controller and that is adapted to:

calculate (401-408) power consumption for executing an instruction and data

30 corresponding to the instruction wherein the power consumption is calculated based on an
amount of power that was actually consumed when the instruction was executed
previously; and

communicate (509, 521) power consumption information to the global power

controller; and
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24 allow (503, 507, 525, 529, 527, 523) the execution unit to exe Lht PF§ Z@E
instruction if such execution does not exceed a predeterm ned povxj ? i
and if the execution by the execution u is not frozen by the gl obal
power controller. 5 28. The system of clg4m 27 wherein the gl obal power
controller is adapted to reassign execution of an instruction and data to

another execut | oyl l(sps, SypCHls 05y8y sy BZI)SEheeéﬁé‘cﬂhbﬁrhdiP'té &@cidi @l the
i nstruction and ta was aSS|gned i's’froZen | ocal power controller of
the first emsmgtiponf swrht exgeution dbes n@ ¢xcegd aaarsdes@mlmedop@wen leyelyand if the

execution by the execution unit is not frozen by the global power controller.

5 28. The system of claim 27 wherein the global power controller is adapted
to reassign execution of an instruction and data to another execution unit if execution by a
first execution unit to which the instruction and data was assigned is frozen by a local

power controller of the first execution unit.
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