WD 03/ 090055 PCT/ US02/ 12086 POAER CONTROL OF A PROCESSOR USI NG HARDWARE
STRUCTURES CONTROLLED BY A COWPI LER WTH AN ACCUMULATED | NSTRUCTI ON
PROFI LE WAOKG@ROSIND OF THE | NVENTION 1. Field of the | nverCrarsoZimser esent
invention relates to power control of a mcroprocessor digital integrated
circuit and nore particularly to an apparatus and nethod for dynam c power
control of portions of a processor by enbeddi ng power control information
in the instructions generated by a conpiler. 2. Description of the Rel ated
Art Dynam c power control of processors may be divided into two genera
categories, cycle by PQWER CONTROL QF| AQPROGERSORAUBENGt echni ques and

| onger termcontrol based on software settings of power saving nodes.

O ock gating relrmesen $TRICTURES @ONTROILEMEY 26 COMHITER avITHIction is to
be used during the current clock cycle and if not, degating the clock to
the portion of the | g acesRfrRrebhenbeR6ET2ON PROPIBEOCESS expends power
in the analysis logicTo save power tn the clocked lTogic. Furthernore,
since the logic which is clocked is active, only the dynam c conponent of
t he power dissipation -1 WO 03/090055 PCT/ US02/12086 is elimnated for the

cYple i A 'ﬁ ﬁgqoflfﬁﬁ i ﬁd. It would also be desirable to
e |n1nageégﬁe&¥eakage—or—s§%€§gﬁé-

1. Field of the Invention

The present invention relates to power control of a
microprocessor digital integrated circuit and more
particularly to an apparatus and method for dynamic power
control of portions of a processor by embedding power control

information in the instructions generated by a compiler.

2. Description of the Related Art

Dynamic power control of processors may be divided into
two general categories, cycle by cycle control using clock
gating techniques and longer term control based on software
settings of power saving modes. Clock gating relies on logic
circuits to analyze whether a function is to be used during
the current clock cycle and if not, degating the clock to the
portion of the logic used by the function. This process
expends power in the analysis logic to save power in.the
clocked logic. Furthermore, since the logic which is clocked

is active, only the dynamic component of the power dissipation



conponent as well. Power saving nodes are used for |onger term power
saving but require nore overhead to i nvoke the node and resune nor nal
oper at i orwoW389%0Pat ent No. 4, 980, 836, APPARATUS FOR REDUCIPRE USCIRMORH ER
SYSTEM POVNER CONSUMPTI ON, teaches a general nethod of software controlled
power saving nodes in which each individual processor and I/0O controller
is provided with a power down node and the qperating systemdynam cally

moni t orss ekHyEateRAr Uhe el hiR SvRigwh T 1Sl fent $ LIRSS arkE found

to be unused. The power down node is conventionally inplemented by

cont r ol Wowld sa ke ubaitdes gerekat Fh e t Hel v rthe ka9 | eageta b s

elimnating both the active and static conponents of the power
di ssi patorpenamt sagy| Wbkl - REET Y bag Hnedes e sht Lo t Lg9%erses® om
several weaknesses. The approach requires that the operating system
noni t orpowex | $AViNg hutsoredeibse IroEeerheat thel P dete Bt Pr edi ct
future activity. Aunit may be turned on and off many tinmes so that actual
power seeswge Rewnshedperar®npatent No. 5,781,062, SEM CONDUCTOR
| NTEGRATED CIRCU T, teaches thatdlﬁl&gi ¢ having the multi-threshold
conpl ement ary. $ret Bdterxi déo s et Th OrARRIRBIEY EQR (RERFEENG whi ch generate
a virtual Vvdd and ground may include a header/footer switch structure
cont r ol CRMPUTER Y SPEN ROWER COMSTMRTEINnateaches a "@ngmby @He@|of
Signal". Two nodes of -2 WD 03/090055 PCT/ US02/ 12086

software controlled power saving modes in which each

individual processor and I/0 controller is provided with a

power down mode and the operating system dynamically monitors

usage of each unit and shuts down units when the units are

found to be unused. The power down mode is conventionally

implemented by controlling a regulator generating the power

supply voltage, thus eliminating both the active and static

components of the power dissipation. This global mode

approach of the current art suffers from several weaknesses.

The approach requires that the operating system monitor

activity, at some cost of power, and the approach cannot

predict future activity. A unit may be turned on and off many

times so that actual power savings are small.

U.S. Patent No. 5,781,062, SEMICONDUCTOR INTEGRATED

CIRCUIT, teaches that logic having the multi-threshold

complementary metal oxide semiconductor (MTCMOS) structures

which generate a virtual vdd and ground may include a

header/footer switch structure controlled by a global power

saving signal, e.g., “Standby Control Signal”. Two modes of
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power saving control are taught in U S. Patent No. 5,781,062. 1In the first
node, during the standby period, the header/footer switch devices

peri odi cawby3nspseat conducti on/ non-conduction to provi depPCealsageopower to
the wvirtual Vvdd and ground to prevent |loss of information in the | ogic.
In the second node, no periodic conduction interval is provided during the

standby period, thereby increasing the L power savings by elimnpating
| eakagePPENer SAY 1 2% S X pets 267 t%li‘*%l%alrfgi‘ﬁgst h%afv?r?'i u\ﬁ - v%lﬂf n@é,f whi ch
must be charged back to Vdd at the start _to the active period. The turning
of f t heInviRe uBITSEIN@RR ekl i e nf LR eBi?Y sti®s nore power than
cycl e by Cécle clock gating if invoked for, many cycles. This art teaches
no meankeaderifeP FRReSYhEEN tHRVEDPT i BAF BRI 1ERFRY of f will not be
used for many cycles in the future so an_explicitly programed gl obal node
i s the ePRYUCHERRANCRAFPRBIGLI PN t FR BFPBTdar eI meeer t HR Ha%der / f oot er
sw tches. Power dissipation in CMOS |ogic includes two copponents: active
power , ‘éklp‘é%bdv@\%e@lmg her @Y uFP PEEEERRH 1FF nYf abRf OSPaE T ot | Bikage

power which is expended whenever Vdd and ground are applied to the, |ogic.
Convent }@@ib¢ - poler tkenseednd grodet i ve Powk?diel FRRIYHE PRk e YRy 19 turn
off the clock on a cycle by cycle basis_when the logic is not used.

Ref er r i pyovaded gluning wEMESRREPY CPEF Eods cthepeiontroreased | eikage power
of static CMOS logic 12 is shown. Wen the SLEEP signal is active, the
vdd. ando@pupdvires dgceohhpipaging leakage power at the expense of

discharging the virtual vdd line, which must be charged back
to Vdd at the start to the active period. The turning off the
virtual vdd and ground in this manner only saves more power
than cycle by cycle clock gating if invoked for many cycles.
This art teaches no means to determine that the portion of
logic turned off will not be used for many cycles in the
future so an explicitly programmed global mode is the only
means available in the prior art to control the header/footer
switches.

Power dissipation in CMOS logic includes two components:
active power, expended when the circuits are switching and
static or leakage power which is expended whenever Vdd and
ground are applied to the logic. Conventional power control
of active power relies on clock gating to turn off the clock
on a cycle by cycle basis when the logic is not used.

Referring to FIG. 1, a MTCMOS structure used to control
the leakage power of static CMOS logic 12 is shown. When the

SLEEP signal is active, the vdd and Ground are disconnected
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-3. WD 03/090055 PCT/US02/12086 fromthe rest of the logic by transistors
11 and 13 and thus no | eakage power is expended. Conventionally, the
t hr eshol dvooB/otdess SLEEP node field effect transistors (FEPEY/UBM2/e086 13 i S
made hi gher than the rest of the logic FETs to ensure mniml |eakage
power. There are two di sadvantages to this technique: the first is that
the sizing of the sleeg node FETs is «critjcal to not coggronis

c

. | e

per f or nhHe®, thAdreRe EcHRE 1291RabY WRRRSVAMCEP Yt Rd &P e2Wf sERRRect ed
the | ogic %radually | oses stored charge and thus_all mnmenory of the
previ ouBPyleakred PVEF ol s VRERCRORRr | SORERRbIRRLLY| the EREeRBPYRd nodes
of the logic nust be recharged, consum ng power. Therefore, the _SLEEP
node co®frbhenSBEEBempAQokbel f orf ERGer BY2R5EF 8T S o (FEER] ebt 784l 1Hoher
savings. Because it is difficult to predict when logic of a processor wll
be usedvadethégher ulkant heepreodt aftthel leeionfERn BRePRETAY BYRIBA gl obal
control to control the SLEEP nobde of the MICMOS structure. Referring to
FIG 2, leabagecrever 22 Therghavm Wie hdssr@vaneases ofo sthiet teehnpaeeessor
22 is powered by a virtual Vdd and virtual Gound controlled by FETs 21
and 23 tkénfimstohsrohati ghal sSSLERP génehat edeep onrPdneFETsat® of a Sl eep
node |atch 24 (which is always powered). This latch 24 is set by processor
22 vi a arBeicsighal nos, compsenied byrfprmprecessnd Ve acppodrasmedat
operation when no work remains to be done. An oEerating syst em ker nel nust
save when Vdd or ground are disconnected, the logic gradually loses

stored charge and thus all memory of the previously stored

state. When power is restored, all the discharged nodes of

the logic must be recharged, consuming power. Therefore, the

SLEEP mode control must be invoked for several cycles to

achieve real power savings.

Because it is difficult to predict when logic of a

processor will be used in the future, the prior art relies on

an operating system global control to control the SLEEP mode

of the MTCMOS structure. Referring to FIG. 2, a processor 22

is shown with such a control structure. Processor 22 is

powered by a virtual vdd and virtual Ground controlled by FETs

21 and 23 using a control signal SLEEP generated from the

state of a Sleep mode latch 24 (which is always powered).

This latch 24 is set by processor 22 via a Set signal 25,

asserted by the processor via a programmed operation when no

work remains to be done. An operating system kernel must save

the state of processor 22 needed to resume operation in some

nonvolatile storage (not shown) prior to asserting signal 25.
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the state of processor 22 needed to resunme operation in sone

nonvol atil e

storage (not shown) prior to asserting signal 25. -4 WO 03/090055
PCT/ USO02/vu@®86900S0onme external event 26 is connected to thecRase/12086 t he

sleep node latch 24 to resunme operation. Conceptually this is

identical to

a "Suspend” node with a power regulator shutoff wused in sonme conputers.

Therefore, a need exists for_an a ggratus and gﬁthod whi
ef fici eRPNG BHREFDBRL pBYRREI A6 a1 §i AP FRTEYr BY elRe

h
c??ﬁ%?t%g %ﬁ?Lg}ﬂ%? need

exists for power control of processors based on know edge of future use of

parti culafe harehat® 5PrHEsUPBsOPSIRMARY: OFC TRESP RNENTY N2 Mt % opr ocessor

includes a logic circuit. A selection evice is coupled to the Ifgic

circui t 19gRBIEAL kel dcl FBEPeREVi BedprBiiiied BAVEENT RGULF R/ THEES

the logic circuit based on a stored |ogical value. A program

tes of
i nstruction

i s included Whi eAN8ef3MPHESSBored | ogical value to control the on/off

states of the logic circuit based on _anticipated usage of the

ogi cal

I
circuit in aFReFEhPEe. wRtReER eXhSES uEPT of" sRBRRFREBUST 2RRMAT RS pr ocessor .
I n other enbodinents, the selection device nmay include a sw tch_which
provi dewhiackonptet ¢6A1 ¢ BRTFAY SEPRFFOL oPPUGE 10 B1Ipbakrirtaeradtethe at
| east one logic circuit in an on state. The sel ection device may include a

switch qﬁrgﬁlbﬁovi@egugther need exists for power control of

processors based on knowledge of future use of particular

hardware structures.

SUMMARY OF THE INVENTION

A microprocessor includes a logic circuit. A selection

device is coupled to the logic circuit, and the selection

device provides switching of on/off states of the logic

circuit based on a stored logical value. A program

instruction is included which sets the stored logical value to

control the on/off states of the logic circuit based on

anticipated usage of the logical circuit in accordance with an

instruction sequence of the microprocessor.

In other embodiments, the selection device may include a

switch which provides a connection from a supply voltage to a
power line of the at least one logic circuit in an on state.
The selection device may include a switch which provides a
connection from ground to a power line of the at least one

logic circuit in an on state. The microprocessor may include



connection fromground to a power |line of the at least one logic circuit
in an on state. The m croprocessor may include -5 WO 03/090055

PCT/ USO2/wp@B/90085 r egi ster coupled to the sel ection devi ceCtrase2/o2086 t he
stored logic value. The register is updated after a number of instruction
cycles. An input table may include an instruction sequence and associ ated
resource needs for the lqQgical unit. wherein the anticjpated usage i
deterniﬂeﬂeghsﬁﬁﬁo?agﬂkﬁgmf?hth?h%e}ﬁﬁﬁ%o?ag?%%c?nt%t??$r%tﬂ%? %ﬁ%Bﬁgnents,
the antjci pated_usage of the, |ogical unit i ncl ude usage of the | ogical
devi ce aPEeF %@lﬁﬁnbeTh%fr?ﬁ%f?%gt+%nu%€%F%€?gﬁﬂ%rn?c?%%?% e%gor may
include, an output table with | pgical states correspondi ng,to power-saving
on/ of f %?%FE%CB%O?h%YFB@FcaIAﬂe%?ﬁ%tahﬂbfﬁémabrﬁ@? ?n%?rb%%?gﬁcﬁﬁﬁnset
the stored logical _value to control the logic_circuit_in, accordance with
the powePIYERTRAgBH/ BFFOStaERs. FAFOLHe?R %?%g%p?%ﬁegg%rl%gl?ﬂ% PrEkent
invention includes a plurality of logic_circuits _djvided into functional

gr oups. WNRAredn ebRf oA HEGIBRLPL CEHRPF etS t SCEBERI B t HR FEFRFFREE WHrBups,
and each selection device provides switching of on/off states of the

cor r espbhdi HEPEtine2PdRal group based on logical values stored in a
register. A programinstruction_sets the |ogical values in the register to
control the &R/ 8Filstatber ofmbeGbneRhet i BRI 2k bEbRated CompIe ePL pFidGr am

generates the . . ' .
logical unit may include usage of the logical device after a

number of instruction cycles. The microprocessor may include
an output table with logical states corresponding to
power-saving on/off states of the logical device and the
program instruction may set the stored logical value to
control the logic circuit in accordance with the power-saving
on/off states.

Another microprocessor of the present invention includes
a plurality of logic circuits divided into functional groups.
A selection device is coupled to each of the functional
groups, and each selection device provides switching of on/off
states of the corresponding functional group based on logical
values stored in a register. A program instruction sets the
logical values in the register to control the on/off states of
the functional groups. A compililer program generates the
logical values to be set in the register based on instruction
sequences which anticipate usage of each of the functional

groups.



| ogical values to be set in the register based on instruction sequences
whi ch antici pate usage of each of the functional groups. -6 WO 03/090055
PCT/ USO02/wP@3/9003he sel ecti on devices may each include a g@rtusa2/vweseh

provi des a connection froma supply voltage to a power line of the
functional group in an on state or a swtch which provides a connection
fromground to a power |ine of the functional _group in,an_on st te. The
regi st er nayTmﬁcﬁﬁééc6ﬁ8nn§ﬁﬁﬁ§eslBEXtFSthb?céHéﬁ PuﬁWPFSHaW gFBup. The
register is_ preferably updated after a nunber of instruction cles The
n1cropr6%€§§§@Sn§ycpﬁéﬁﬁéé°§nfFﬁﬂuP E4BPLYgEREFEPEd LBy 2t REBWEE ompPPePt
program and may include an instruction sequence and associ ated resource
needs f&@etﬁﬁnéééﬁnéﬂ gKEUPUASL BN S§REGPSTwReFEiRCPhWhESEgRT BV 1t RE
functional groups is_determned in accordance with the input table. The
usage of CORBSCHACT| SHaM groups FRyai REVEHeldiB&geTofhenéunGhePPBhal  groups
after a nunber of instruction cycles. The mcroprocessor may include an
out put GABMNE® ifcROdPRgSta§Ecal Thet 4684 SEBFr BaBoRBFAYIE0OPEWBEMSAYI ng on/ of f
states of the functional groups. A nmethod for generating enbedded

i nst ructliosRtioguéneesach TEBRtAONapoREPUPo | BPCTEPLEEFES 1PN a

m croprocessor, in accordance with the present invention, generates an

i nst r ucPIred exedlEnseakicéhadsetr 8l uBbruneti bREFTBES§PRNCYELES . The

microprocessor may include an input table generated by the
compiler program and may include an instruction sequence and
associated resource needs for the each of the functional
groups wherein the usage of the functional groups is
determined in accordance with the input table. The usage of
the functional groups may include usage of the functional
groups after a number of instruction cycles. The
microprocessor may include an output table including logical
states corresponding to power-saving on/off states of the
functional groups.

A method for generating embedded instruction sequences to
control power to logic circuits in a microprocessor, in
accordance with the present invention, generates an
instruction sequence which controls a functional program for
the microprocessor. The instruction sequence is analyzed to
determine which of the logic circuits are active on each
instruction cycle, and a number of instruction cycles for
which each logic circuit will be inactive after a current

instruction cycle is compared to a value for each instruction
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the m croprocessor. The instruction sequence is analyzed to determ ne
which of the logic circuits are active on each instruction cycle, and a
nunber ofworsisaesii on cycles for which each |ogic circui PCEUS02/I®86 nacti ve
after a current instruction cycle is conpared to a value for each
instruction -7 WO 03/090055 PCT/US02/ 12086 cycle of the functional
program Instruction_sequences are inserifed to turn each of the |ogical

ci r cui t SYOHe o?t of e pELREC I ORPt HRF CHTHAr i sUME T Gt PR r SHELTRRS ¥ fiserti ng
instruction sequences may include programring a register with |ogical

val ues WhEPEFRC BACHUBR PRAER| Qi af ‘?‘«?Jc‘iﬁ‘ SIS Hr e%fqo?\ro‘?égf}?a%%éed on
the | ogical value-. The value of the conparison may include a nunber

det er m FRdEED PYBRFHESFRBt power savings in. the logical circuits. A
program st orage device readable by rpachine, tanpgibly enbodying a program
of instructibAsOERREURaBReIDy HRHECT i HeS ayC PR i UYFC T form the
met hods recited herein, These and other objects, features and advantages of
the prédekede nREPITIHTHRY | @ bERShEL A Pat Eht L9 bR e FePs ofiee 1 et ai | ed.

description of illustrative enbodiments thereof, which is to be read in
connect fadh v £ htfel a@t6abaniT Fgt t2r b FyEReBRITERPDESCR PHFeN ¢F BrAW NGS
The invention will he described in. detail in the follow ng description of

pr ef er r 289 epbbdVaERES - r eTleeeiReue of the comparison may include a

number determined to provide net power savings in the logical
circuits. A program storage device readable by machine,
tangibly embodying a prcgram of instructions execuiable by the
machine may be included to perform the methods recited herein.

These and other objects, features and advantages of the
present inventicn will become apparent from the following
detailed description of illustrative embodiments ther=0f,
which is to be read in connectcion with the accompanying

drawings.

BRIEF DESCRIPTICN OF DRAWINGS

The invention will ke described in detail in the
following description of preferred embediments with reference
to the following fijures wherein:

FIG. 1 is & schematic diagram of a multi-threshoid CMCS
(MTCHMOS) structure for power down of a logic function in

accordance with the prior art;



to the followng figure wherein: FIG 1. 1. s a schematic diagramof a ml|
t.i-threshold CMES (MICMOS) structure for power down of a |ogic function
in accorwems@sih the prior art; - WO 03/090055 PCT/ USOZCIAGBE12086 G 2 i S
a schematic diagramof a prior art processor structure with an MICMOS
structure with global sleep node control; FIG 3 is a schematic di agram of
a processor constructed in accordance with one enbodi nent of the present
invention WALER 2sidli @i dedenatdC sSYREERM| AfleP IPEERY | LEORFPOFEROT porti ons
of logic, each portion having individual MICMOS _control; FIG 4 is a
schemat Btruragranvothaan BTeMednstruetere Wit ngladpehnal §Psmpa®t of code
generation of a conpiler for the processor of FIG 3 in accordance with
the presentrolnvention; FIG 5 is a block/flow di agram of a systen net hod
for a code generation part of a conpiler to generate switch controls for
the processoFIGf Bl & @ sehewebidaditeIvfmhof he Presentori aorRtreatedi G 6
is an instruction sequence resulting fromthe insertion of power nap

cont rol innstractanne Wotht hereegmbpticnent ¢f Ghe pregdeebr HaviertWPERh t he

present invention. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS
which is divided into several independently controlled

portions of logic, each portion having individual MTCMOS
control;

FIG. 4 is a schematic diagram of a table constructed
during an analysis part of code generation of a compiler for
the processor of FIG. 3 in accordance with the present
invention;

FIG. 5 is a block/flow diagram of a system/method for a
code generation part of a compiler to generate switch controls
for the processor of FIG. 3 in accordance with the present
invention;

FIG. 6 is an instruction sequence resulting from the
insertion of power map control instructions for the example of

FIG. 4 in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides control to header/footer
devices of a microprocessor, preferably a digital integrated
circuit using multi-threshold complementary metal oxide

semiconductor (MTCMOS) structures, although other field effect



The present invention provides control to header/footer devices of a

m croprocessor, preferably a digital integrated circuit using

mul ti -t hresheloghosdnpl enentary nmetal oxi de sem conduct or PRTENDE)2086
structures, although other field effect -9 WO 03/090055 PCT/ US02/ 12086
transi stor devices or other types of structures may be enployed. Based on
know edge that the controlled logic will not be used for some cycles in
the futGreansserest éaviaeader/ PEBEEr tURGT cRS AFBUShRrTeRele%i PS Know edge of
the need for particular device may be extracted froma nenpry device, a

| ookout emabpredr Basedueni kRowbgdencelat r bt aceBRPPLePd FAPEC Whdl edge of
the need for a particular device(s) is then enployed to swtch on or off

t he heatet/ beoveedsfiprchene Thesessint ERestwayrencFadece’®s FETs or any
other switching device. In one enbodi nent, the know edge of device use can
be exthaédeé/g9°§e€oﬁ9VFéﬁSmﬁéﬁ sHetrhedraEfi onknputedde opr bResksedare
generated and associated with the text of the _instructions for use during
their efesuppohicvhazn dpuicrchpdrPg aseFartedhbuphent NCHOKEt ABWLIFS. efipl oyed
for subdividing the |ogic devices/circuitry of the mcroprocessor, into a
pl ural i ipobbupotebleonrr dhsteyrbhen ahmetnean beomsapapapelereonthéf] ed,
e.g., by their own header/footer swtches. Instructions can be generated

t o sepakabwllgdgenvfokhepored fortheppruiabiay d¢vieatsol ifeghons.

employed to switch on or off the header/footer switches.
These switches may include CMOS FETs or any other switching
device.

In one embodiment, the knowledge of device use can be
extracted by a compiler when the instructions for the
processor are generated and associated with the text of the
instructions for use during their execution. In a
particularly useful embodiment, a method is employed for
subdividing the logic devices/circuitry of the microprocessor
into a plurality of power control regions, which can be
separately controlled, e.g., by their own header/footer
switches. Instructions can be generated to separately control
power to the plurality of control regions.

One aspect of the present invention provides a
microprocessor digital integrated circuit divided into a
plurality of independent groups of logic, each with, for
example, an MTCMOS structure with an independent control of
the header/footer switches, and instructions in the

instruction set architecture of the microprocessor which
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One aspect of the present invention provides a mcroprocessor digital
integrated circuit divided into a plurality of independent groups of

| ogi c, eawb ogiovdess for exanple, an MICMOS structure wth a0TiUsdzpmseeent
control of the header/footer switches, and instructions in the

instruction set architecture of the m croprocessor which -10 WO 03/ 090055
PCT/ US02/ 12086 permt programcontrol of the state of the switches. The

i nst r uCPPHAL B cRTRAERR GPREFCE o?in thR DraYt ant fidre t ikt E7RRF opr'it®ssor may be
generated by a conpiler programto which are specifjed the divisions of
the | ogiesbyuEbheR| DRTaRACeha D1 Hermt e PBP9WRHT ckPX hePRieader / f oot er

shoul d be open to achieve power savings. The conpiler preferably |ncludes
pr ogr arl eEPRY PRAESEEt BAYH PR sISRRYMePI (P F SR LERY LI et WriFlany of
t hese functions will not be used for_a mninum tine interval associated

with tharefspeeibhed AckeddivieieratPbntPRakedis By ol iRt Pm MR Pr®gr am

| ogic which inserts instructions needed to turn off_each group when the
group whihimem bémesker Wrbgh aphe opPRAes/ ok t Bhewkd RenpPfRrt@nd run
time environnment to save and restore any state which will be lost by the
t ur ni ngaohieve pheeyi savinovddThaneenpbled. PXBECHRPIel BFEYERE i nvention
will result in power savings greater than individual clock gating and
provi deprbesam sagingshalt deoternheencghe ter syke cheePveees asseciated with

i nvoki ng a gl obal sl eep node. o
with any of these functions will not be used for a minimum

time interval associated with that function. A code
generation phase is provided in the program logic which
inserts instructions needed to turn off each group when the
group will not be used. Program logic is added to the
compiler and run time environment to save and restore any
state which will be lost by the turning off of the virtual Vvdd
and ground. Use of the present invention will result in power
savings greater than individual clock gating and provide these
savings without the negative system effects associatéd with
invoking a global sleep mode.

It should be understood that the elements shown in the
FIGS. may be implemented in various forms of hardware,
software or combinations thereof. Preferably, these elements
are implemented in a combination of hardware and software, and
may be hardwired or stored and executed on one or more
appropriately programmed general purpose digital computers
having a processor and memory and input/output interfaces.

Referring now to the drawings in which like numerals represent
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It should be understood that the el enments showmn in the FIGS. my be

i npl emented in various fornms of hardware, software or conbinations

t her eof . WoaBmp@mbi y, these el enents are inplenented in apcaordsonaoson of
har dwar e and software, and may be hardwired or stored and executed on one
or nore appropriately programmed general purpose digital conputers havi ng
a processor and nenory, and |nput/out£éi j nterfaces. F@ferg now to the
dr awi ng&he nSHAR cPF | §KBL hamep BPEeR bprad P14 Wy 0% 00H055° P/ USD2/ 12086
the sanme or simlar elements and jinitially to, FIG %%natlc di agr am
of an ifFhenabtfRlg¥am et 120 141 %?ﬁﬁﬁF%YF Q%F?H&Fa}96e+ it the
present invention; however the present invention is broader and is

appl i cabl Busbratheely cieserilke Fhe et Rt ISR tLob E%Wﬁ%%ﬁd for chips,
as well. In one enbodi nent of the present invention, a processor 100

i ncl udeBTeBYRE ERYSRTIQN 119 broadehEndsis mRRtIGHRIe &Y ovPREof | ogic
circuits are further subd|V|ded into groups, 101-107, associated with

parti cuFBECRAESr ubRF o5 BPd PEEEeETS a0 $YB EINPETCY 0BNIRT ef 2F abt L MrCMVos,
with individual controls (lines 110) are provided for each |ogical group
101-107 (lines 110 for groups 102-106 are omtted for sinplicity).
Processor 100 is constructed according to the present invention with the
processor | oficone vemleediment aof gilbePBeS ¢y EICERELPR s & 1R QF THORNA

individually controlled header/footer switches. This group 112 (or groups)
of 10gi 300 includes logic circuits 112, 121 and 123. Fuanctional

groups of logic circuits are further subdivided into groups
101-107, associated with particular instructions and header
and footer FETs 108, preferably MTCMOS, with individual
controls (lines 110) are provided for each logical group
101-107 (lines 110 for groups 102-106 are omitted for
simplicity). Processor 100 is constructed according to the
present invention with the processor logic divided into a
group of logic circuits 112 without individually controlled
header/footer switches. This group 112 (or groups) of logic
circuits do not include an individual MTCMOS header/footer
control for the entire group although portions of group 112 or
the entire circuit of group 112 may include individuél
header/footer controls in other embodiments. Seven
individually controlled groups 101-107 corresponding to the
execution resources of particular instruction types are
provided with individually controllable header/footer switches

108.
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circuits do not include an individual MICMOS header/footer control for the
entire group although portions of group 112 or the entire circuit of group
112 may iwolasmeoosmdi vi dual header/footer controls in ot hecCTdarfowdiosent s.
Seven individually controlled groups 101-107 corresponding to the
execution resources of particular instruction types are provided with
individually control |l able header/footer switches 108. -12 WD Qﬁé090055
PCT/ US02/ 12080Me Sohetb® +AL¢ obtt2 | M9y BRYIMAVTHE stRIMEEdht F3t 2 oul d
actual ly be subdivided_and_some subdivisions provided with _power controls,
howeveractpalHy vP8i swRdsvbded i #PE| 9™ SPRALEIFH9RT oY HIShow the
principles of the invention. It is to, pe understood the that present

i nvent | BAWRFRYCHRLEPHF i BOYBVeTany @i $F ¢ 2HPRF ot R r FanEfrent sgﬁ%d that the
divisions of such logic circuits can be made according to criteria defined
by, forsekbhplent atenfpodehgnefincinget oo ehiReeprioRi pl &l 1% ot°
determ ne workable and efficient subdivisions of the circuit. In one
enbodi Meat un@erstegicthgsberaitREESPEH HCERFEPR MaY e WP hFY¥es0r 100,
included in registers 131, 133 and other registers (not shown) within

| ogi ¢ 1many sdhbfepener bagby ar VARYSBEEN VA RRE OURRL afle | kY BatrRen®f ns "on".
Alternately, this logic may be powered by a_virtual Vdd/ground controlled
by a gl obel Loghal chscdeserfaedbabpide #MGRyeing staceriferia defined

by, for example, a chip designer using common sense principles
to determine workable and efficient subdivisions of the
circuit.

In one embodiment, all logic associated with a current
state of processor 100, included in registers 131, 133 and
other registers (not shown) within logic 112 is not powered by
a virtual vdd/ground and instead remains "on". Alternately,
this logic may be powered by a virtual vVdd/ground controlled
by a global signal as described above. However, since the
current processor state cannot be lost, this virtual
vdd/ground cannot be disconnected from real vdd/ground unless
the processor state has been saved in some nonvolatile
storage. A nonvolatile storage and operating system support
are needed for a state save and restore with a global power
saving mode as described above with reference to FIG. 2.

Since this overall power control alternative is known, it is
not shown in FIG. 3.
Processor 100 may include a plurality of different

devices. As illustratively shown in FIG. 3, an integer unit
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current processor state cannot be lost, this virtual Vvdd/ground cannot be
di sconnected fromreal Vdd/ground unless the processor state has been
saved i n woms/opmRyvol atil e storage. A nonvol atil e st orage pardSope08é i ng
system support are needed for a state save and restore with a gl obal power
savi ng node as descri bed above with reference to FIG 2. Since this
overal | power control alternative is known, it is not showm in FIG 3.
Proces sb$ 1i1pockages nEneeen PPUtal i TYCchiagli foeremmPheyideder pkogic
illustratively shown in FIG_3, an integer unit. -13 WO 03/090055

PCT/ US02P1p08Btedon shtfueleslodt @gk??2| offttegeiickresca brurkanp? 2, 2% der

| ogic 101, integer shifter logic 102, integer logical unit 103 and

i nt eger inbegepl Mek tinhier 1bagiql body WMDY ifelferineRF ey eF8919Bars A f| oati ng
point unit 123 includes floating point |ogic, such as for exanple,
floating3poi nt Abderinggpeinbsunit ohid nfpchides Hleabing Reirt 15871and
floating point nmultiplier logic 107, along with floatin oint registers
133. Gsuphlds for| exemspbe nehb?yt Hue ueo b b@@dfﬁmtje@@h@:e%@gi tf1azmxplngi ch
receives address information and data as inputs, data is stored in the
addr essedinbcdivoderi hoalieathe, arndyfla@pingaediant dusluBal hew begkpplied to
data stored in the cache array 132 to identify the information present in
cache &P7ayaleeg whthnEleacinoroeirueredsttkspatth- | ogic unit 136

receives instructions (e.g., special purpose unit
Group 112 includes a memory queue and bus interface unit

130 which receives address information and data as inputs,
data is stored in the addressed locations in a cache array
132. Cache tags 134 may be applied to data stored in the
cache array 132 to identify the information present in cache
array 132. An instruction queue and dispatch logic unit 136
receives instructions (e.g., special purpose unit
instructions, floating point instructions and/or integer
instructions) and directs them to the appropriate execution
resources for processing (e.g., special purpose register unit
150, floating point unit 123, integer unit 121). An.
instruction fetch unit 138 fetches the next instruction to be
executed from either the next sequential instruction address
or the branch target address. A branch unit 140 ié presented
any branch instructions fetched by instruction fetch unit 138
and determines if the next instruction to by executed after
the branch is the next sequential instruction or the
instruction at a taken branch target fetched from an address

calculated from information specified by the branch
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instructions, floating point instructions and/or integer instructions) and
directs themto the appropriate execution resources for processing (e.g.,
speci al pwopsseoosegi ster unit 150, floating point unit 128T/USot/eps8é unit
121). An instruction fetch unit 138 fetches the next instruction to be
executed fromeither the next sequential instruction address or the branch
target address. A-branch unit 140 is,%rga nted any brﬁnih i_nstructions

8 it

f et ched 1By trNSEAQS:| ot fOPEH SERTFE ¥8 GECEPRFReE PRE ALt
instruction to by executed after the brgnc is the next sequenti al
i Nst r uctSiteR Sor NSHE UCtHON By Ao RTRYV 14SFakBR BREACRTERFGEE FBLEREEFr om an
address calculated frominformation specified by the branﬁh -14 WO
03/ 090055 tPEFNUSHE £2086 arksdr dti 8RS APLGHBFsEERESERTE 142 executes al
| oad and store instructions and srovides the data transfer interface
bet ween filigatdagh@cantay epistand ildte§of FRGFIRLr BUIRPSE FPEAFLRGSpoPnt,
regi sters 133 and special purpose registers in the special purpose
regi st echgnispersel ®ugposecegiestietersdnitnlaleorddnce *RPLR ERe lpresent
invention, control for each of the |logic groups 101-107 is Erovided by a
bit ina spddi Acoprdsase wiith the PRESEAtndRICHEROR &P LEGilsEOE 152, The
values in register 152 are set by a special imediate instruction which
| oads aepshuetf tom dediss GreePison OlexO7i AFoPTP¥ERSLePY152D1thaTea
instructions are inserted by a code %gnerator of a conpiler described as
fol | ows Special purpose unit 150 including a power map register 152.
The values in register 152 are set by a special immediate
instruction which loads a value from an instruction text into
register 152. These instructions are inserted by a code
generator of a compiler described as follows.
Referring to FIG. 4, during the end of the code
assignment phase of compilation, a compiler constructs a table
200 with the information illustratively shown in FIG. 4. Each
column of table 200 corresponds to a group of logic (groups
labeled 101-107 in FIG. 3) with individually controlled
header/footer FETs 108 (FIG. 3), and each of rows 201
corresponds to an instruction labeled 1-10 in execution order.
A check mark is placed in a cell of table 200 to represent
when that resource (e.g., logic groups) is used by the
instruction of the corresponding row. The longer the distance
in each column between check marks, the longer a logical group
(101-107) may be powered off. In a preferred embodiment, the

compiler preferably reorders the code to maximize the distance

between check marks in each column consistent with the
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Referring to FIG 4, during the end of the code assignnent phase of
conpilation, a conpiler constructs a table 200 with the information

il lustratwoaBpowhdpwn in FIG 4. Each columm of table 200 Pcaruseypmaels to a
group of logic (groups Ilabeled 101-107 in FIG 3) with individually
controlled header/footer FETs 108 (FIG 3), and each of rows 201
corresponds to an instruction |abeled 1-10 in execution order. _A _check
mark i sOptdddation CErecsiveshPé 586 CoMPéprEsent WRER LRRLSr &88ure
(e.g., logic gnoups%ﬁ%s used by the instruction of the corresponding row.
The | ondérl lesk idi: s ttagc @ethrde §ERVEo R Onf [Het vedl EHBckOnHPREX2tRe "F8AFer a

| ogi cal group (101-107) may be powered off, In a preferred enbodi nent, the
conpi | ePoweat Mexb ReIiesedér INEREUESIENEoWiERi f2e2PRECBIiRARce bet ween
check marks in each colum consistent with the -15 WD 03/ 090055

PCT/ USO2miedg@ teosleitai Zalues -di Faet mesiodf ofhEIConpi L&r PrefeEaball e 200 is
filled-in, the method shown in FIG 5 is run to generate "Load Power Map
Regi st eempleyadudni 6of twirkle wha Chppesesi ase inPriredi BLELEHt 2TvEVGESS The
method of FIG 5 is preferably enployed in software which needs as input a
nunber ePnsjdessed eomsindauad nambeni pincHGAser thRtcfcrad tt FrevaduRet shoul d
be shut off before a real power savings is seen. Referring to FIG 5,
assum nghutoo fdx gfloge ehaeatlh@oweirnisRYANGSNBEr S6RNeycl es that a unit

shoul d be shut off before a real power savings is seen is 5-cycles
(instructionRefemring to FIG. 5, assuming, for example, that the

minimum number of cycles that a unit should be shut off before
a real power savings is seen is 5-cycles (instructions). An
input table 300 is constructed with the same number of rows
and columns as table 200 of FIG. 4 with each check mark in
FIG. 4 represented by a logical “1" value in input table 300.
An output table 301 has the same number of rows and columns as
input table 300 and has a value of “1" when the control
signals to switches 108 (FIG. 3) for the logic (none or more
of groups 101-107) corresponding to that column are to be set
to NOT SLEEP (i.e., logic is to be powered). In block 304,
the method is initialized and begins with a first row of input
table 300.

The method looks ahead a minimum number cycles desired
for power savings (in this illustrative case the minimum
number of cycles (or instructions) is 5) to see if the unit
can be powered off, and if so, sets a corresponding cell in
output table 301 to "1". This is performed by checking each

cell in a first row of input table 300, in block 306. The
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i nput table 300 is constructed with the sanme nunber of rows and colums as
table 200 of FIG 4 with each check mark in FIG 4 represented by a

| ogi cal "wWoOosabaesin i nput table 300. An output table 30Pdrasor/inmseane
nunber of rows and colums as input table 300 and has a val ue of "1" when
the control signals to switches.108 (FIG 3) for the logic (none or nore
of groups 101-107é corresponding to thaé golgnp arg to be set _to NOT SLEEP
(i.e., FYgrentscedlb¥apyfet&dy PrRSEPGER B84, C"t ABInERROBVE FhAPti al i zed
and begins with a first row of input table 300. The method | ooks ahead a
mi ni nunVAd#BePIcydl'e8rdédi' red® PERVHBWEr TSYVIVARGES(LR PHFBYFI FE8LFatPve. case
the m ni mum nunber of cycles (or instructions) is 5 to see if the unit
can be pBEREEEENSEE PandP't sdL sBPyld PBBrreSEEnErAy eePFerRCe88PputOabl e
301 to "1". This is perfornmed by checking each <cell in a first row of

i nput taﬁléléoéfsiHanB@EUQOG?b¥ﬁe3916C?E>@3/GQQéBBGﬁCfPUsééﬁlﬁegét current
cell value is represented by "C' and can _have the value of "1" or "0". A
pr evi ou¥oroRekapuEONS 186 EGt PYabhe Methpdpr eNent 8ddgyerpinatiogngfi d be
noted that a predecessor row, of all 1's in output table 301 can be

enpl oyednssruchéoni pstivisy BEi Agtesnirger By bootreliwt ABANINGw a

determ nation of instruction activity i s determned by logically ORing a
i ni nuNTMABABER aRmbews OfokPESpEREFREPPBAERE KPnERENTATANER BRMDEYCPEs

(e.g., 5). The result of this logical OR operation is . ,
cycles (e.g., 5). The result of this logical OR operation is

represented by N.

In block 308, if C = 1, then the program path continues
with block 310. Otherwise, the program path continues with
block 312. 1In block 310, the logic device or group
corresponding to the cell with C = 1 should remain on.
Therefore, the corresponding position in output table 301 is
set to "1". In block 312, if the logic unit or group (e.g.,
one of groups 101-107) will not be used within 5 cycles (C=0,
N=0), or will be used within 5 cycles but is already powered
off (C=0, P=0) then the logic unit or group corresponding to
that cell is to be left off until needed. If these conditions
exist, a "0" is placed in the corresponding position in output
table 301.

In block 314, a check is made as to whether all rows are
finished. If all rows are not finished, the program path goes
to the next row in block 316 and returns to block 306.

Otherwise, the program path continues with block 318.
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represented by N. In block 308, if C =1, then the program path conti nues
with block 310. O herwi se, the program path continues with block 312. In
bl ock 310wotod@odosyyi c devi ce or group correspondi ng to theprcalusomizoke C = 1
should remain on. Therefore, the correspondi ng position in output table
301 is set to "1". In block 312, if the logic unit or group (e.g., one of
groups 101-1Q07) will not be used.w thin cycles (C=O, _Nz0), or wll be
used within §%§>&P€i‘ Bae i dREFFEAAY BS\NEB&d OYFf %@Eé,roﬁzéPSFHBﬁt%RE% ogi ¢
unit or %rou corres%ondin% to tgat Cﬁ|| is.to bg |l eft off until needed.
If t hes&ORBNEPWES YAPeiSsPerorped;. s Thg -BHMPRTL RE LOPAPeERYRE M Fposi ti on
in output table 301. In block 314, a check is ngd as to whether_all rows
are finFEHed inEtrRCtiprtRs 1RFETREE FFRFSRERCS: Re ﬁ&65F3WP5§WﬁeBOEEe to the
next row in block 316 and returns to bl ock _306. O herwi se, th r r?n1path
cont | nUBSWEL FOBEESR 918 EUrninoVBEargBg0ss BBt/ UBSF14888 | ROBroEK 318,
insertion of the power control instructions LOAD PONER MAP is perforned.
The nunB8f &heLPRPWEPORER RBPLILEPIMPT ABRFGCYRERST WiERt EBSr BfFesent s a

bal ance between the power savings of turning off sonme of the_units (e.g.,
101- 107} NS&XYCtERONSone A NakBei REEE GREI 6ASSpatenf¥sPeyeH FANEREInERI Ve
instructions. In the extrenme case, a new power control value could be

| oaded €QBA] BgcleaderusvesibrYRget hEhHgnBenbéing the number of

instructions. In other cases, the power control instruction
may be performed every x cycles. Thus, a maximum number of
power control instructions per unit of code is preferably
adhered to, the actual value of x can be set by considering
the total size of the program with and without the LPM
instructions and the total power expended in executing the LPM
instructions inserted. Each LPM instruction inserted may
degrade program performance since the instruction takes up one
execution cycle which could be used for other instructions and
may expend power during it fetching and execution. The total
of the power expended executing LPM instructions should remain
well below the power saved by turning off the virtual
vdd/ground of the units 101-107 (FIG. 3).

Referring to FIG. 6, an example is presented for
implementing table 200 of FIG. 4 which has power control
instructions added according to output table 301 of FIG. 5.
Note that in this example, units are turned off in the cycle
in which their output table value goes from 1 to 0. As shown

in FIG. 6, an instruction sequence includes a LoadPowerMap
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instructions. In other cases, the power control instruction may be
performed every x cycles. Thus, a nmaxi mum nunber of power control

i nstruct iwo93pesunit of code is preferably adhered to, trlag/mot/umBe val ue
of x can be set by considering the total size of the programw th and

wi thout the LPM instructions and the total power expended in executing the
LPM instructions inserted. Each LPMipstruction inserted ma degr ade

pr ogr am(pEM o REREECERRBe 1PREUARST HRcEPEn 1 PEREECHHOBnER ARREHERER cycl e

whi ch coul d be used for other instructions.and  nay_expend power during it
fetchin&lgﬁ&aéxgéﬁﬁi5&91@h8ft0€a9"oiaﬁﬁQSBomﬂplﬁ péﬁﬁgﬁ E?gﬁnﬁFﬁthEM

instructions should remain well bel ow the_power saved b¥ turnigg of f the
vi rt ual YoYddAgEeuREWEr PRR tRPLSteH11267 (FEPG >3) IXREf 8MFPHY EBPEFG 6, an
exanple is presented for ,inglenenting tabl e 200_of FI G .4 which has power
cont r ol 301n&er gBRPARs C&dddGaRC0PAPRy £6MEUPPURitaBEel88iCof FIG 5. Note

that in this exanple, units are turned off _in the cycle _in which their
out put HBBES/PEPYESyeEd-LPdm Int §has RXaBRLGm tPR PRLEitsl WATfAnstruction

sequence includes a_LoadPower Map -18 WO _03/ 090055 PCT/ US02/ 12086 (LPM

instrucﬂﬂéﬁopﬁcpaéééeﬁnunhéSiﬁQHr&@éiéﬁdaﬁlﬁﬁﬁééﬁapé Mgigtearsdafacei el d
of, e.g., 1111000, which loads this digital word into power map register
152 (FI &05310fr 6m out phf e&BLe- 39eXto @REBKFECELCB dabFePREARIMSENE or al

of logic units/%roups 101-107. In this exanple, the digital word
followed by another LPM instruction (0111000), instructions 2

and 3, LPM instruction (0011000) and instructions 4 and 5.
Then, the LPM instruction inserted between instruction 5 and 6
turns on an additional unit one cycle early to avoid inserting
another power mask instruction on the next cycle. Then,
instructions 6, 7, 8 LPM (1000110), 9 and 10 are performed.
Correct operation of programs which actively control
power map register 152 with LPM instructions provides that the
correct state of the register be maintained across program
interrupts. Processing of the state of power map register 152
is preferably integrated with the interrupt handling program.
When a program interrupt occurs, usually as the result of an
external event, the currently running program with its
associated power map register state is halted and the
interrupt handling program is invoked. The interrupt handling
program first ensures that all the execution resourcés the
program needs are powered by setting a value appropriate to
the program's needs into power map register 152. The program

delays until the LPM instruction is executed and the state of
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1111000 enables units 101-104 and disables or maintains units 105-107 in
an off state. Next, instruction 1 is perforned followed by another LPM

i nstruct iwo o304MINV00), instructions 2 and 3, LPM i nstructrcomnsipizbd®©00) and
instructions 4 and 5. Then, the LPMinstruction inserted between
instruction 5 and 6 turns on an additional unit one cycle early to avoid
inserting anot her, power, nmask instruction og t he ngxt C cIe1 Taeg,

i nst r uctPEn§*6CuEiog Ut BoBOYEE) COFTERRCTGSaFe HBFf SERES. LeBFFECt
operation of prograns _which aqtivelg control power map register 152 with
LPM i nstF&et F664 Shedvildes t AR St A8L2¥orPFeliesEt BOGMaLhBiPES-BFfer be
mai nt ai ned across program _interrupts. Progessing of .the state of Bpmer map
regi st ef€18Ys pstyeere fEHCR1IRGt 8r AREGTHFERCPhE IntBEPuFESRahBri R§MPr ogr am
When a programinterrupt occurs, usually as the result of an, external
event, BRE dbEr SFECHAGRNI(Fg Spr oGRPEMEWFRATPL 87 8Ss88Yaréd PBWEF WhRpCh

register state is halted and the interrupt handling programis invoked.
The i nt 82¥upe R&sdePAg programfirst ensures that all the execution
resources the program needs are_ powered by setting a value appropriate to
t he progran §Mneags erbedipenér fRE FEégret e the. PPWETpragr aRFIGEPAYs unti |
the LPMinstruction is executed and the state of -19 WD 03/090055 |

PCT/ US02P 22086 thend ngesaypited garerampspiddcber 3p6RIPTEHTt ke 4PafdnPoaded
into register 152. This delay is due to nornal pipeline delays between

f et chi nghannensvedee eorgesronfingase the epRfpution resource needs of

the interrupt handler program. This would permit the
interrupt handler to restore the value to the power map
register just prior tolthe resumption of the interrupted
program. This is not required for correct program operation,
however.

Alternatively, the interrupted program could be resumed
with a value of all “1"s in the power mask register at a
slight loss of power savings. The next LPM instruction
executed in the resumed program will set the power mask
register to the correct value.

The above disclosure of the present invention provideé an
apparatus and compiler methods with reference to a single
issue, in order processor. The compiler described herein
assumes instructions executed in conceptual machine order, and
the compiler performs its analysis on that basis. However,
the present invention is applicable to multi-issue, out of
order machines as well. This may be implemented by employing

additional hardware for the issue logic of such machines to
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and its execution (i.e., the turning on of any off units which may be
needed). In one enbodi nent, the state of the power nmap register 152 of the
i nt erruptwod @dnegsam coul d be saved prior to | oading the mrem/usabumse
corresponding to the execution resource needs of the interrupt handler
program This would permt the interrupt handler to restore the value to
the power map register just prior to the resunption. of_the interrupted
progranﬁn?HV§ei§hﬁoﬁaﬁgq8ﬁréaefBPMCbP?EEFCE?BQ?an1SBéFa}PSﬁ? YABnevar.
Alternatively, the interrupted programcould be resuped wth a val ue of

all "I"8§imdleRetBoee ARIRCr BEPEEEr tat SGOTEPPYRE FEYLSEPT pbfiRPesaWfings. The
next LPMinstruction executed in the resuned_programw ||l set the power
mask r#@gidtefecECRRE éBPr@EWeVaF6¥?n$ﬁea858€§lﬂgg¥lGEErEOOFh?he present
invention provides an apparatus and conpiler nethods with reference to a
si ngl e adsdgéoni afoEher 1pedEessor. The conpiler described herein assunes
instructions executed in conceptual nmachine order, and the conpiler
perforns itsHanangspssenibrat PEgspErefofbeflimenhe SPESBAYSr nGeREFBh is
applicable to nmulti-issue, out of order machines as well. This may be

i mpl emertfed BYyoErprEOYi H§inadBREAWAEE RAFUGERESFOFORRECTL$8HePY0Bi ¢ of such
machi nes to -20 WD 03/090055 PCT/ USO02/ 12086 anal yze the mask of the LPM
instrucpp@@élexhwéthogpca@ggmglgéed instruction profile (which are

intended to be illustrative and not limiting), it is noted
that modifications and variations can be made by persons
skilled in the art in light of the above teachings. It is
therefore to be understood that changes may be made in the
particular embodiments of the invention disclosed which are
within the scope and spirit of the invention as outlined by
the appended claims. Having thus described the invention with
the details and particularity required by the patent laws,
what is claimed and desired protected by Letters Patent is set

forth in the appended claims.
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simlar to the |logic needed to scoreboard regi ster usage and would
decrease the power savings accordingly due to the addition of the | ogic.
Havi ng deworasheaspr ef erred enbodi nents for power control Pofi/i@opImsessor
usi ng hardware structures controlled by a conpiler with an accunul at ed
instruction profile (which are intended to be illustrative and not
limting), it is noted that nodifications and variations can be nade by
per sonsWHAR| [ScQLARMEReIS¢t in |ight of the above teachings. It is
therefore to be understood that changes may be made in the particular
enbodi nents &f thé mAguapronedsstl oseBPHhPERJare within the scope and
spirit of the invention as outlined by the appended clains. Having thus
descri bed theti heesti onewilphict hérdeitils and particularity required by the
patent |aws, what is clainmed and desired protected by Letters Patent is
set forth ia tkéeappenddévitei meupled VO bBL0D0EEaPLTPUSO2PIR086 WHAT IS
CLAIMED I'S: 1. A mcroprocessor, conprising: at |least one logic circuit; a
selectiomrdaﬂtcetheupbééCtéonhéeaiCEeBSDVbﬂénQo§Wétchﬁngubf,Onﬁéfﬁelection
device providing switching of on/off states of the at |east one logic
circuit sbased ofi ahst atedeakogbuel legiaesiandin pasgdanni assracedon which
sets the stored | ogical value

logical value; and

a program instruction which sets the stored logical value
to control the on/off states of the at least one logic circuit
based on anticipated usage of the at least one logical circuit
in accordance with an instruction sequence of the

microprocessor.

2. The microprocessor as recited in claim 1, wherein
the selection device includes a switch which provides a
connection from a supply voltage to a power line of the at

least one logic circuit in an on state.

3. The microprocessor as recited in claim 1, wherein
the selection device includes a switch which provides a
connection from ground to a power line of the at least one

logic circuit in an on state.
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to control the on/off states of the at |east one logic circuit based on
antici pated usage of the at | east one logical circuit in accordance with
an i nstruwbisni®esiuence of the mcroprocessor. 2. The m @ECAUVZEWSOr as
recited in claim1, wherein the selection device includes a switch which
provides a connection froma supply voltage to a power line of the at

| east one logic circuit in an on state. 3. The mcroprocessor as recited in
claim 1, whefein ThReM3greprPERsSEeYi 88 FREFEEEsIA SHWREBRhLIwhfRRERRBVI des a
connection fromground to a power _line of the at |east one logic circuit
in an ofoBPaiEing22 Weodstevogssried/ tRodRE2B8ESCRIONhEeHEEROPPOEESEBr as
recited in claiml1, further conprising a register coupled to the selection
devi ce thessbpredt hegscovadupegi c val ue. 5. The microprocessor as recited
inclaim4, wherein the register is updated after a nunber of instruction
cycles. 6. The mcroprocessor as recited in claim1, further conprising an
input table including an instruction sequence_ and associ ated resource
needs for thé-at Thasmiemerkegeeabr afi Feahbedi ANt Réaafnt feci paEEIGsage i s
determ ned in accordance wth the input table. 7. The m croprocessor as
reci tedthe cthaister wWierpdatedhafsari ei parkarushgénstrupbian FE¥&seSone

| ogi cal unit

6. The microprocessor as recited in claim 1, further
comprising an input table including an instruction sequence
and associated resource needs for the at least one logical
unit wherein the anticipated usage is determined in accordance

with the input table.

7. The microprocessor as recited in claim 1, wherein
the anticipated usage of the at least one logical unit
includes usage of the at least one logical device after a

number .of instruction cycles.

8. The microprocessor as recited in claim 1, further
comprising an output table including logical states
corresponding to power-saving on/off states of the.at least
one logical device and the program instruction sets the stored
logical value to control the at least one logic circuit in

accordance with the power-saving on/off states.
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i ncl udes usage of the at |east one |logical device after a nunber of
instruction cycles. 8 The mcroprocessor as recited in claim1, further
conpri si ngoan/oemsput tabl e including |ogical states corr ®sgparsd2/mmysé o
power - savi ng on/ off states of the at |east one |ogical device and the
programinstruction sets the stored |ogical value to control the at |east
one logic circuit in_ accordance with the power-saving on/off states. -23
WO 03/ 0900559 PCT/ BSO2FEI2DBBCEHSOR, nFe¥Bht BtBEs0r, conprising: a plurality
of logic circuits divided into functional _groups; . a selection device
coupl ed to eacRlBratpeyf afictPohal C1EFBLps, dé&bﬂegeF%E?lgﬁneé%P%% provi di ng
switching of on/off states of the correspondi ng functional group based on
| ogi cal 9¥rQBPEes stored in a register; a programinstruction which sets the
| ogi cal values in the register to control the on/off states of the
functional @greepsctans devdapi Ferbprdgrantarical geher fuestinealogi cal
values to be set in the register based on instruction sequences which
anti ci pareunsageach eadRrcsionrhdevinet PoAuldgReupyltebinghefnpefopFfocessor
as recited in claim9, wherein the selection devices each include a switch
whi ch pebakeesof tbenAecrreRORAENgafunpplgnasdl eagEDt BageRoRRr LPEREASF t he

values stored in a register;

a program instruction which sets the logical values in
the register to control the on/off states of the functional
groups; and
a compiler program which generates the logical values to
be set in the register based on instruction sequences which

anticipate usage of each of the functional groups.

10. The microprocessor as recited in claim 9, wherein
the selection devices each include a switch which provides a
connection from a supply voltage to a power line of the

functional group in an on state.

11. The microprocessor as recited in claim 9, wherein
the selection devices each include a switch which provides a
connection from ground to a power line of the functional group

in an on state.
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functional group in an on state. 11. The m croprocessor as recited in claim
9, wherein the selection devices each include a switch which provides a
connect i owofmsomogs ound to a power |ine of the functional @causo2iazesan on
state. -24 WD 03/090055 PCT/ US02/ 12086 12. The mi croprocessor as recited
inclaim9, wherein the register includes one nenory |ocation for each
functi onal 9roup. 13. ' The m croprocessor as reciteg in glaig19,,mherein
the registeriRs upBSt BYCEPPEPCESRORDBF BHFCThEHr iRt FORIRyEr eWNETEAN The

m croprocessor as recited_in claim9, further conprising an input table
generatéEeb?eghétSBnﬁPFéPdﬁﬁoﬁﬁﬁn?e%ﬂHyiﬁ@FﬁH?ﬂﬁngﬂriﬁggPuEPPS 18Baience
and associ ated resource needs for the each of the functional groups

wher ei ng9¥RABPusage of the functional groups is deternmi ned in accordance
with the input table. 15. The m croprocessor as recited in claim9,
wherein the usage of the functional groups includes usage of the
functional groups after a nunber of instruction cycles. 16. The

i cropr ocessép - asThecTE EHOPROEREFRT 925 LRERERT &BnBLRIMNY  aWPBLEPEt tabl e

including |ogical states corresponding to power-saving on/off states of
t he funggpoﬁgglsgg§up§_upggted after a number of instruction cycles.

14. The microprocessor as recited in claim 9, further
comprising an input table generated by the compiler program
and including an instruction sequence and associated resource
needs for the each of the functional groups wherein the usage
of the functional groups is determined in accordance with the

input table.

15. The microprocessor as recited in claim 9, wherein
the usage of the functional groups includes usage of the

functional groups after a number of instruction cycles.

16. The microprocessor as recited in claim 9, further
comprising an output table including logical states
corresponding to power-saving on/off states of the functional

groups.
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WO 03/ 090055 PCT/ US02/12086 17. A nethod for generating enbedded

i nstruction sequences to control power to logic circuits in a

m cr opr ocwe0/09006HNPri sing the steps of: generating an i nPCTUESH2/O86equence
whi ch controls a functional programfor the mcroprocessor; analyzing the
instruction sequence to determne which of the logic circuits are active
on each instruction cycle; _ conparing.a nunper. .of instruction cycles for

whi ch each | édi-c AcWF%ﬁPg HWPFI 9 Eerﬁgépﬁvs FEEPIaIREFFBAE PRt ruct i on
cycle to a value for each_instruction cycle.of the functional program

and i ns8PEPRGCRAsFPUEPPERCLeHBBRESCt °9ancé£EHlBF the? logical circuits
on or off based on the conparing step. 18. The nethod as recited in claim
17, mheWéFﬁOPﬁ8c§?§Br'oFOWﬁ§éF%gﬁgtﬁgsFF8€Fi8 ‘sequences i ncl ude
programming a register with | ogical val ues wherein each of _the | ogical
circuits are9FHFREG1BA BF oFFChHSEYOBnSPABCREGi WA “haftB5T°18. 2The net hod
as recited in claim17, wherein the value of the conparing step includes a
number EREEAPREd PEOPFBYTI §ar RBE POGEPPERGPA§STin the logical circuits.

20. A program storage devi ce readabl e by machine, tangibly enbodying a
program of i ABRLYELREnEhExEREGEABFELRY EREVCREENFReIBECHBEREr P AERNBE st eps

as recited in claim1l7. -26 ) _ )
the logic circuits are active on each instruction cycle;

comparing a number of instruction cycles for which each logic
circuit will be inactive after a current instruction cycle to
a value for each instruction cycle of the functional program;
and

inserting instruction sequences to turn each of the

logical circuits on or off based on the comparing step.

18. The method as recited in claim 17, wherein the step
of inserting instruction sequences include programming a
register with logical values wherein each of the logical

circuits are turned on or off based on the logical wvalues.

19. The method as recited in claim 17, wherein the value
of the comparing step includes a number determined to provide

net power savings in the logical circuits.

20. A program storage device readable by machine,
tangibly embodying a program of instructions executable by the

machine to perform method steps as recited in claim 17.
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