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3 - ¢ : . SUMMARY OF THE | NVENTI ON 0(30?“%% cﬁj ect of
the present invention to aneliorate one or nore disadvantagF,u@?z t he ruor
art. According to one aspect of the present invention the ‘?
provi ded a met hod conprising: a nethod of operating a processing system
conprising: executing instructions in said processing systemusing data
bits | oaded froma nenory; operating said processing systemin a first
power node during which load circuitry in said processing system | oads up
to N nunber of data bits fromsaid nmenory per cycle of said load circuitry
wherein Nis an integer nunber. and N > 1, and operating said processor
systemin a second power node duringlmhich said load circuitry loads up to
M nunber of data bits fromsaid nmenory per cycle of said |load circuitry,
wherein Mis an integer nunber apd O < M < N Accordi ng to anot her
aspect of the present invention tﬂﬁgﬂ@—&ovi ded circuitry in a data
processi ng system conprising: neans for executing instructions in said
processing system using data blts Ioaded froma mermory; neans for |oading

up to N nunber o _ l f ad circuitry in
a first power.

said proce55|ng 5y

Tode, - wher ein '?Mﬁwgﬂm

CROSS-REFERENCES TO RELATED APPLICATIONS

This patent application is related to copending United States patent
application Serial No.08/726, 871 Attomey Docket No. AA9-96-071,
entitled System and Method for Reducing Power Consumption in an
Electronic Circuit, by Loper et al., and to copending United States patent
application Serial No.08/726, 3 95 Attorney Docket No. AT9-96-198,
entitled System and Method for Reducing Power Consumption in an
Electronic Circuit, by Loper et al., and to copending United States patent
application Serial No.08/726, 370 Attorney Docket No. AT9-96-199,
entitled System and Method for Reducing Power Consumption in an

Electronic Circuit, by Loper et al., each filed concurrently herewith.

TECHNICAL FIELD
- This patent application relates in general to electronic circuitry and
in particular to a method and system for reducing power consumption in

an electronic circuit.
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1; dnd neans for loading up to M nunber of data bits fromsaid nenory per
cycle of said load circuitry while said load circuitry operates in a second
power node, wherein Mis an integer nunber and 0 < M< N
2 BACKGROUND In recent years, portable | aptop conputers have becone
I ncreasi ngly popul ar. Frequently, such | aptop conputers-are battery powered
in order to enhance their portability. Preferably, a battery powered | aptop
conput er operates for an extended period of time under battery power before
its battery is either recharged or. replaced. Accordingly, it is
I nportant to reduce power consunption within an electronic circuit of the
| apt op conputer, in order to extend {he period of tinme during which the
el ectronic circuit operates before charging or replacing the battery. For

this purpose. sone previous techniques disable power or disable clock
signal s Eﬁ!ﬂﬁéﬁﬁ&ﬂﬂgﬂﬂnlc circuit in response to a specified tine el apsing
W t hout sensing a particular type of activity. A shortcom ng of such
previ ous "ti mbi reeendyeagsiportablelaptomeomputsrs dave become

increasingly popular. Frequently, such laptop computers-ar¢-battery

powered in order to enhance their portability. Preferably, a battery

powered laptop computer operates for an extended period of time under

battery power before its battery is either recharged or replaced.

Accordingly, it is important to reduce power consumption within an

electronic circuit of the laptop computer, in order to extend the period of

time during which the electronic circuit operates before recharging or

replacing the battery. For this purpose, some previous techniques disable .

power or disable clock signals to the electronic circuit in response to a

specified time elapsing without sensing a particular type of activity. A

shortcoming of such previous "timer" techniques is that the electronic

circuit can unnecessarily consume excess power while waiting for the

timer to expire, even when the electronic circuit is not performing an

operation. _

| Thus, a need has arisen for a method and system in which an

electronic circuit consumes less excess power relative to previous

techniques.



cir€uit can unnecessarily consune excess power while waiting for the tiner
to expire, even when the electronic circuit is not perform ng an operation.
Fhus, a need has arisen for a nethod and systemin which an electronic
circuit consunes | ess excess power relative to previous techniques.

3 SUMVARY VWhile load circuitry operates in a first power node, per
cycle of the load circuitry, up to N nunber of data bits are | oaded froma
menory, where N is an integer nunmber and N> 1. Wiile the load circuitry
operates in a second power node, per cycle of the load circuitry, up to M
nunber of data bits are |oaded fromthe nenory, where Mis an integer

nunber and 0 < M< N It is a fechnical advantage that an el ectronic
circuit consumes | ess excess power relative to previous techniques.
SUMMARY

While load circuitry operates in a first power mode, per cycle of the
load circuitry, up to N number of data bits are loaded from a mémory,
where N is an integer number and N > 1. While the load circuitry
operates in a second power mode, per cycle of the load circuitry, up to M
number of data bits are loaded from the memory, where M is an integer
number and 0 <M <N.

It is a technical advantage that an electronic circuit consumes less

excess power relative to previous techniques.
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4 BRIEF DESCRI PTI ON OF THE DRAW NGS An illustrative enbodi nent and
Its advantages are better understood by referring to the foll ow ng

descri ptions and acconpanyi ng draw ngs, in which: - ‘FIGURE 1 is a block
di agram of a processor systemfor processing information according to the
Il lustrative enbodi nent; FIGURE 2 is a block diagram of a sequencer
unit of the processor of FlIGURE 1, FIGURE 3 is a bl ock diagram of an
i nstruction buffer queue of the sequencer unit of FlIGURE 2; FI GURE 4
is a conceptual illustration of a reorder buffer of the sequencer unit of

FI GURE 2; FIGURE 5 is a conceptual illustration of renane buffers of
t he processor of FlIGURE 1, FIG%FE 6 is a block diagramof an

i nstruction cache of the processor of* FIGQURE 1; and

BRIEF DESCRIPTION OF THE DRAWINGS

An illustrative embodiment and its advantages are better understood

...~ . by referring to the following descriptions and accompanying drawings, i

which:

FIGURE 1 is a block diagram of a processor system for processing
information according to the illustrative embodiment;

FIGURE 2 is a block diagram of a sequencer unit of the processor
of FIGURE 1; _

FIGURE 3 is a block diagram of an instruction buffer queue of the
sequencer unit of FIGURE 2; | ;

FIGURE4isa cohceptual illustration of a reorder buffer of the
sequencer unit of FIGURE 2;

FIGURE 5 is a conceptual illustration of rename buffers of the
processor of FIGURE 1;

FIGURE 6 is a block diagram of an instruction cache of the
processor of FIGURE 1; and __

FIGURE 7 is a schematic electrical circuit diagram of sense
amplification circuitry of the instruction cache of FIGURE 6.



FIGURE 7 is a schematic electrical circuit diagramof sense anplification
circuitry of the instruction cache of FlI GURE 6.

5 DETAI LED DESCRI PTI ON An illustrative enbodi ment and its advant ages
are better understood by referring to FIGQURES 1-7 of the draw ngs.

FIGURE 1 is a block diagramof a processor 10 system for processing

I nformati on according to the illustrative enbodinent. In the illustrative
enbodi ment, processor 10 is a single integrated circuit superscal ar

m croprocessor. Accordingly, as discussed further hereinbel ow, processor 10
I ncludes various units, registers, buffers, nenories, and other sections,
all of which are forned by integrateg circuitry. Also, in the illustrative
enbodi ment, processor 10 operates actording to reduced instruction set
conput i ng-{~R : < L que shown in FIGURE 1, a systembus 11 is

[AILET
L

connect eG diee o hele RaCeMN t ("BIU') 12 of processor 10. Bl U 12
cont 10l S e AR feaRle ot And s SRR 5 et e B ™ P

by referring to FIGURES 1-7.of the drawings..

FIGURE 1 is a block diagram of a processor 10 system for
processing information according to the illustrative embodiment. In the
illustrative embodiment, processor 10 is a single integrated circuit
superscalar microprocessor. Accordingly, as discussed further
hereinbelow, processor 10 includes various umts, registers, buffers,
memories, and other sections, all of which are formed by iﬁtegrated
circuitry. Also, in the illustrative embodiment, processor 10 operates
according to reduced instruction set computing ("RISC") techniques. As
shown in FIGURE 1, a system bus 11 is connected to a bus interface unit
("BIU") 12 of processor 10. BIU 12 controls the transfer of information
between processor 10 and system bus 11.

BIU 12 is connected to an instruction cache 14 and to a data cache
16 of processor 10. Instruction cache 14 outputs instructions to a
sequencer unit 18. In response to such instructions from instruction cache
14, sequencer unit 18 selectively outputs instructions to other execution
circuitry of processor 10.

In addition to sequencer unit 18, in the illustrative embodiment the
execution circuitry of processor 10 includes multiple execution units,

namely a branch unit 20, a fixed point unit ("FXU™) 22, a complex fixed



BIU 12 is connected to an instruction cache 14 and to a data cache 16 of
processor 10. Instruction cache 14 outputs instructions to a sequencer unit
18" In response to such instructions frominstruction cache 14, sequencer
unit 18 selectively outputs instructions to other execution circuitry of
processor 10. In addition to sequencer unit 18, in the illustrative
enbodi ment .t he execution circuitry of processor 10 includes multiple
execution units, nanely a branch unit 20, a fixed point unit ("FXU') 22, a
conpl ex fixed 6 point ‘unit
("CFXU') 26, a load/store unit ("LSU') 28 and a floating point unit ("FPU")
30. FXU 22, CFXU 26 and LSU 28 inputgtheir source operand information from
general purpose architectural registers ("GPRs") 32 and fixed point renane

rogi ot or Bt BRECETXD 260 a IRRSER Y28 ad 3 fodhe hotiton oper and
poi nt e S CEROEF 30, FPR0PLA PRI 2608 ERTL 38 8PuCi sO858r ce operand
o e iRr B iRt f1Bn? BEAGIAT phfic¥e BehfBc Par YeBidb UL PUTPOSE

32 and fixed point rename buffers 34. Moreover, FXU 22 inputs a "carry

bit" from a carry bit ("CA") register 42. FXU 22, CFXU 26 and LSU 28

output results (destination operand information) of their operations for

storage at selected entries in fixed point rename buffers 34. Also, CFXU

26 inputs and outputs source operand information and destination operand
information to and from special purpose registefs" ("SPRs") 40.

FPU 30 inputs its source op_erand information from floating point
architectural registers ("FPRs") 36 and floating point rename buffers 38.
FPU 30 outputs results (destinaﬁon operand information) of its operation
for storage at selected entries in floating point rename buffers 38.

In response to a Load instruction, LSU 28 inputs information from
data cache 16 and copies such information to selected ones of rename
buffers 34 and 38. If such information is not stored in data cache 16, then
data cache 16 inputs (through BIU 12 and system bus 11) such |
information from a system memory 39 connected to system bus 11.
Moreover, data cache 16 is able to output (through BIU 12 and system bus
11) information from data cache 16 to system memory 39 connected to
system bus 11. In response to a Store instruction, LSU 28 inputs



FPU®30 inputs its source operand information fromfloating point
architectural registers ("FPRs") 36 and floating point renane buffers 38.
PPU 30 outputs results (destination operand information) of its operation
for storage at selected entries in floating point renane buffers 38.

In response to a Load instruction, LSU 28 inputs information from data
cache 16 and copies such information to selected ones of renane buffers 34
and 38. If such information is not stored in data cache 16, then data cache
16 inputs (through BIU 12 and system bus 11) such information froma system
menory 39 connected to system bus 11. Mreover, data cache 16 is able to
out put (through BIU 12 and systen1bﬁ? 11) information fromdata cache 16 to
system nenory 39 connected to systenlbus 11. In response to a Store

o ot iAo om 2.felested ongrof BER AR and FRRs 36 and-eopiss sushs uch

I nformati.,op to data ache . Sequencer unit 18 inputs and outputs
i nf or mat ABHOTRALQMYL qaa @ﬂ}@@z and FPRs 36. From sequencer unit 18, branch

uni't 20 input “Sequencer unit 18 inputs and outputs information to and from GPRs

7

32 and FPRs 36. From sequencer unit 18, branch unit 20 inputs |
instructions and signals indicating a present state of processor 10. In
response to such instructions and signals, branch unit 20 outputs (to
sequencer unit 18) signals indicating suitable memory addresses storing a
sequence of instructions for execution by processor 10. In response to
such signals from branch unit 20, sequencer unit 18 inputs the indicated
séquence of instructions from instruction cache 14. If one or more of the
sequence of in;u'uctions is not stored in instruction cache 14, then
instruction cache 14 inputs (through BIU 12 and system bus 11) such
instructions from system memory 39 connected to system bus 11.

In response to the instructions input from instruction cache 14,
sequencer unit 18 selectively dispatches the instructions to selected ones
of execution units 20, 22, 26, 28 and 30. Each execution unit executes
one or more instructions of a particular class of instructions. For example,
FXU 22 executes a first class of fixed point mathematical operations on
source operands, such as addition, subtraction, ANDing, ORing and
XORing. CFXU 26 executes a second class of fixed point operations on
source operands, such as fixed point multiplication and division. FPU 30



i nstructions and signals indicating a present state of processor 10. In-
response to such instructions and signals, branch unit 20 outputs (to
sequencer unit 18) signals indicating suitable nenory addresses storing a
sequence of instructions for execution by processor 10. In response to such
signals frombranch unit 20, sequencer unit 18 inputs the indicated
sequence of instructions frominstruction cache 14. If one or nore of the
sequence of instructions is not stored in instruction cache 14, then

i nstruction cache 14 inputs (through BIU 12 and system bus 11) such
instructions fromsystem nenory 39 connected to system bus 11. In
response to the instructions input fgominstruction cache 14, sequencer
unit 18 selectively di spat ches the inhstructions to sel ected ones of
execution unif Aio 22, 26, 28 and 30. Each execytion,uni{, executes one or
more i nsEXEEVLES W&PBH%&QME?H%PMQW OPEARES: SUGsas HOAUBRapl e, FXU
22 executes a f class flxed poi nt mat hemati cal operations on source
oper andsP O%WHQ%P QIFB-H divisioticti on, ANDi ng, ORing and XORing. CFXU 26

executes a secpnd cl ass. f flxe oi nt, oper ati ons on S e erands such
as fixed poi nt‘%ﬂﬂfﬁ %ng?@ﬁ Iﬁ:ﬁ?f' ¢ buffers 3K,

8 such information is assoclated with a storage location (e.g. one of GPRs
32 or CA register 42) as specified by the instruction for which the selected

rename buffer is allocated. Information stored at a selected one of rename
buffers 34 is copied to its associated one of GPRs 32 (or CA register 42)
in response to signalé from sequencer unit 18. Sequencer unit 18 directs
such copying of information stored at a selected one of rename buffers 34
in response to "completing" the instruction that generated the information.
Such copying is called "writeback".

As information is stored at a selected one of rename buffers 38,
such information is associated with one of FPRs 36. Information stored at
a selected one of rename buffers 38 is copied to its associated one of FPRs
36 in response to signals from sequencer unit 18. Sequencer unit 18
directs such copying of information stored at a selected one of rename
buffers 38 in response to "completing” the instruction that generated the
information.

Processor 10 achieves high performance by processing multiple
instructions simultaneously at various ones of execution units 20, 22, 26,
28 and 30. Accordingly, each instruction is processed as a sequence of

stages, each being executable in parallel with stages of other instructions.



executes floating point operations on source operands, such as floating
point multiplication and division. As information is stored at a
sel ected one of renane buffers 34, such information is associated with a
storage location (e.g. one of GPRs 32 or CA register 42) as specified by
the instruction for which the selected renane buffer is allocated.
Information stored at a sel ected one of renane buffers 34 is copied to its
associ ated one of GPRs 32 (or CA register 42) in response to signals from
sequencer unit 18. Sequencer unit 18 directs such copying of information
stored at a sel ected one of renane buffers 34 in response to "conpleting”
the instruction that generated the igfornation. Such copying is called
"writeback". As information is”stored at a sel ected one of renane
buffers such i nformatign. i s.assqciated with one of FPRg 36. |Information
st or ed a?g‘gcgéﬁﬁﬁmut?% fled &'p 'ﬁeﬁkﬂ@éh%tf@’éﬁ?@mh entadBoci at ed
one of FPRs, 36..in.response to signals from sequencer, unit, 18, Sequencer
unit 18 dJosEpeaoujsn Y ROGFS %??Fﬁtqg'{‘ﬁ?ssﬂﬁﬁn@ fetch, desedé.ed one of

ggﬂgrgtgﬁhgﬁéﬁ*ggﬁkﬁﬁﬁfi 8ﬁﬁgﬁ68’£é$§§@§§%ag;Ppggh:gié;uﬁ}gﬁnpérﬁérnance by
bxecut on uni 1 B TekEH Stage, s&ilerilelymi I hlBestydly MBS RO Ll on 1 <
D oc o3o e m3fiuBrifif UABHE 13) obe bt ihoré HitruBioRs A5 WY fokd nithdry ' "

st ages of
addresses storing the sequence of instructions discussed further

hereinabove in connection with branch unit 20 and sequencer unit 18.

In the decode stage, sequencer unit 18 decodes up to two fetched
instructions.

In the dispatch stage, sequencer unit 18 selectively dispatches up to
two decoded instructions to selected (in response to the-decoding in the
decode stage) ones of execution units 20, 22, 26, 28 and 30 after reserving
rename buffer entries for the dispatched instructions' results (destination
operand information). In the dispatch stage, operand information is
supplied to the selected execution units for dispatched instructions.
Processor 10 dispatches instructions in order of their programmed
sequence.

In the execute stage, execution units execute their dispatched
nstructions and output results (destination operand information) of their
operations for storage at selected entries in rename buffers 34 and rename

| buffers 38 as discussed further hereinabove. In this manner, processor 10



9 Such a technique is called "pipelining". In the illustrative enbodi nent,
an instruction is normally processed as six stages, nanely fetch, decode,
di spat ch, execute, conpletion, and witeback. In the fetch stage,
sequencer unit 18 selectively inputs (frominstructions cache 14) one or
nore instructions fromone or nore nenory addresses storing the sequence of
I nstructions discussed further hereinabove in connection with branch unit
20 and sequencer unit 18. In the decode stage, sequencer unit 18
decodes up to two fetched instructions. In the dispatch stage,
sequencer unit 18 selectively dispatches up to two decoded instructions to
selected (in response to the decodinpg in the decode stage) ones of
execution units 20, 22, 26, 28 and 30 after reserving renane buffer entries

I the. ol O EeryliS iHEIRAR ouCOttden RN R RE SR ARlIned) 0ci2y °
gxecutiog q@éﬁa&for di spatched instructions. Processor 10 dispatches
i nstruct 8 I'horder of their progranmed sequence. In the execute

st age, exeout TRt Bk plEnSh tided. Wi AbanaC I8 nditaloum et RULPUC
at sel eCt'EgnﬁﬂEl{?" e Pﬁéﬁﬁ?um;g@s-%ﬁﬂgﬁbﬁg ﬁﬁr&’éﬂf 6Pfhcen38 as di scussed

further heéererfnabove. processor

programmed sequence. '
In the writeback stage, sequencer 18 directs the copying of

information from rename buffers 34 and 38 to GPRs 32 and FPRs 36,
respectively. Sequencer unit 18 directs such copying of information stored

(@] —~

at a selected rename buffer. Likewise, in the writeback stage of a
particular instruction, processor 10 updates its architectural states in
response to the particular instruction. Processor 10 processes the
respective "writeback" stages of instructions in order of their programmed
sequence. Processor 10 advantageously merges an instruction's
completion stage and writeback stage in specified situations.

In the illustrative embodiment, each instruction requires one
machine cycle to complete each of the stages of instruction processing.
Nevertheless, some instructions (e.g., complex fixed point instructions
executed by CFXU 26) may require more than one cycle. Accordingly, a
variable delay may occur between a particular instruction's execution and
completion stages in response to the variation in time required for

completion of preceding instructions.



10 s able to execute instructions out-of-order relative to their

progranmed sequence. In the conpletion stage, sequencer unit 18
ihdicates an instruction is "conplete". Processor 10 "conpl et es"
instructions in order of their progranmed sequence. In the witeback

stage, sequencer 18 directs the copying of information fromrenanme buffers
34 and 38 to GPRs 32 and FPRs 36, respectively. Sequencer unit 18 directs
such copying of information stored at a sel ected renanme buffer. Likew se,
in the witeback stage of a particular instruction, processor 10 updates
Its architectural states in response to t he particular I nstruction.
Processor 10 processes the respectlﬁg "'writeback"” stages of instructions in
order of their progranned seqguence rocessor 10 advantageously mer ges an

instruction' s _conpl eti ge and writéback stagg in specified situations.

In the illust rParpp%scg pfementéaendmgratg%ac@m {0,186 PAWSFachi ne cycl e
to conplete eac %Qh es of ins ruct|%) roces.su;gg veLt hel ess,

sone i nsHQAE uy @ P@Y"?ﬂ%@ e%@“h St PAANEo MO OLt ed by CFXU

ﬁgn e \r}g rf)o%&]e% 10 es are selec A fivel Ie\{labfed and:disabled in

26) may regw
response to states of control bits in a machine state register (“MSR”) and
hardware implementation register. These registers are located in SPRs 40.
Accordingly, the control bits are set and/or cleared in response to CFXU
26 executing move instructions directed to SPRs 40. The five power
modes are Full-power, Doze, Nap, Sleep, and, in a significant aspect of

- the illustrative embodiment, Special.

1. Full-power mode. The Full-power mode is the default power
mode of processor 10. In the Full-power mode, processor 10 is fully |
powered, and units operate at the processor clock speed of processor 10.
Processor 10 further implements a dynamic power management mode
which can be selectively enabled and disabled. If the dynamic power
management mode is enabled, then idle units within processor 10
automatically enter a low-power state without affecting performance,
software execution, or external hafdware circuitry.

The aforementioned dynamic power management mode, and the
Full-power, Doze, Nap, and Sleep power modes, are more completely
described in the publication entitled PowerPC 603e RISC Microprocessor
User’s Manual, published by IBM Microelectronics Division, Hopewell
Junction, New York, Telephone 1-800-PowerPC, which is hereby fully



vari'abl e del ay may occur between a particular instruction's execution and
conpl etion stages in response to the variation in tinme required for

conpl eti on of preceding instructions. Processor 10

i npl ements, and operates according to, five power nodes. Four of these five
power nodes are "power saving" nodes of operation. The five power nobdes are
sel ectively enabled and disabled in response to states of control bits in a
machi ne state register ("MSR') and hardware inplenentation register. These
registers are located in SPRs 40. Accordingly, the control bits are set
and/or cleared in response to CFXU 26 executing nove instructions directed
to SPRs 40. The five power nodes arnguII-pomer, Doze, Nap, Sleep, and, in

a significant aspect of the iIIustr i ve enbodi ment, Speci al. 1.

Ful | - power node. e Full - power IS thetggf ult .power node of processor
10. In tmc@moratﬁg\%& HRIC Qf@&tfs OTPOVP% apy *T and units
operate at the proces or Ioc 0cesgor : ssqr. 10 further
i ﬁpl emenfBang. 1RO ﬂ} tes aten’tL g,4fd,§ﬁ§, w(incﬁ

is hereby fully incorporated by reference herein. In the illustrative
embodiment, processor 10 is an enhanced version of the PowerPC 603e
RISC microprocessor available from IBM Microelectronics Division,
Hopewell Junction, New York. Processor 10 is enhanced relative to the
PowerPC 603e RISC micrbprocessor,_ as processor 10 implements the
Special power mode. Accordingly, the Special power mode is a
significant aspect of the illustrative embodiment.”

2. Doze mode. In the Doze mode, all units of processor 10 are
disabled except bus snooping logic of BIU 12, time base/decrementer
registers (not shown in FIGURE 1) of processor 10, and a phase-locked
loop (“PLL") (not shown in FIGURE 1) of processor 10. In the Doze
mode, the PLL of processor 10 continues in a fully powered state and
remains synchronized to an external system clock of system bus 11, so
that any return to the Full-power mode occurs within only a few clock
cycles of processor 10.

From the Doze mode, processor 10 returns to the Full-power mode
in response to an external asynchronous interrupt via assertion of an
interrupt line INT, so that INT provides a signal having a logic 1 state to
processor 10. Likewise, from the Doze mode, processor 10 returns to the

Full-power mode in response to a system management interrupt via



whi ch can be selectively enabled and disabled. |If the dynanic power
managenent node is enabled, then idle units within processor 10
automatically enter a | ow power state w thout affecting perfornance,

sof tware execution, or external hardware circuitry. The

af orenmentioned dynam ¢ power managenent node, and the Full-power, Doze,
Nap, and Sl eep power nodes, are nore conpletely described in the
publication entitled Power PC 603e Rl SC M croprocessor User's Manual,
publ i shed by 1BM M croel ectronics Division, Hopewell Junction, New York,
Tel ephone 1-800- Power PC, which is hereby fillly

12 incorporated by reference herei? Mor eover, the dynam c power
managenent node is described in Uni %d States Patent 5,420,808, which is

embod, meAESSrHOBGIsh 8y Siet: MmAhegORIGRE AUSTDL B SMbrsa RatEMr PG 603e R SC
Sunct | onPraEes & enl beeaBs logie . taietaeacsar 10 Marsorb afier e 603
RISC M P Dz mode, prodessor 10 Feturns to the Fall-powds mode in response

to a decrementer exception, a hard or soft reset, or a machine check input.

A hard reset occurs in response to a voltage supply node Vdd
switching from a low voltage (e.g. 0 volts) to a predetermined voltage (e.g.
2.5 volts) relative to a voltage reference node GND. Noté.bly, for clarity,
FIGURES 1-6 show less than all connections from INT, SMI, Vdd, and
GND to various circuitry throughout processor 10. From any power
saving mode, processor 10 returns to the Full-power mode in response to a
soft reset, in which control bits are set and/or cleared in response to |
CFXU 26 executing suitable move instructions directed to SPRs 40, where
such move instructions are part of a software reset sequence of
instructions. .

3. Nap mode. Relative to the Doze mode, the Nap mode further
reduces power consuinption of processor 10 by disabling bus snooping
logic of BIU 12, so that only the PLL and time base/decrementer registers
of processor 10 remain in the full-power state. From the Nap mode,
processor 10 returns to the Full-power mode in respdnse to an external
asynchronous interrupt via assertion of interrupt line INT, a system
management interrupt, a decrementer exception, a hard or soft reset, or a

machine check input. As with the Doze mode, any return from the Nap



Speci al power node. Accordingly, the Special power node is a significant
aspect of the illustrative enbodi nent. 2. Doze node. In the Doze
nmode, all units of processor 10 are disabl ed except bus snoopi ng | ogic of
BIU 12, tinme base/decrenenter registers (not shown in FIGURE 1) of
processor 10, and a phase-locked | oop ("PLL") (not shown in FIGURE 1) of
processor 10. In the Doze node, the PLL of processor 10 continues in a
fully powered state and remai ns synchroni zed to an external system clock of
system bus 11, so that any return to the Full-power node occurs within only
a few clock cycles of processor 10. From t he Doze node, processor 10
returns to the Full -power node in regponse to an external asynchronous
interrupt via assertion of an interrupt line INT, so that |INT provides a
signal having a l.ogjc,,1 state t.o processqgr. 10 ébgemﬁ e, framthe Doze
mode,  pr oBadefo te Fullspaier modedaeurs wihin only 3o olock GYEIES 08 o syst em
managenent interrg t via 13

assert i onPEPCESSQy
4. Sleep mode. In the Sleep mode; power consumption is reduced

em managenent interrupt line SM, so that SM

to near minimum by disabling all units of processor 10, after which logic
external to processor 10 can disable the PLL and the external system
clock. From the Sleep mode, processor 10 returns to the Full-power mode
in response to a reenabling of both the PLL and the external system clock,
followed by a suitable minimum time elapsing for PLL to become
synchronized to the external system clock, and thien followed by assertion
of interrupt line INT, a sjrstem management interrupt, a decrementer
exception, a hard or soft reset, or a machine check inl;ut.

5. Special mode. In a'signiﬁcant aspect of the illustrative
embodiment, processor 10 enters the Special mode in response to either
(1) a hardware event or (2) a software event. In the illustrative
embodiment, the hardware event occurs when transducers 41 output a
signal having a logic 1 state on a line HPS (Hardware event, Power
saving, Special mode). Similarly, the software event occurs when SPRs
40 output a signal having a logic 1 state on a line SPS (Software event,
Power saving, Special mode). SPRs 40 output such a signal on SPS in
response to CFXU 26 executing a suitable “Move to Special Purpose
Register” (“MTSPR”) instruction directed to a predetermined bit of a
“HIDO0" register of SPRs 40. ' |



provi des a signal having a logic 1 state to processor 10. Mreover, from

t he '‘Doze node, processor 10 returns to the Full -power node in-response to a
decrenenter exception, a hard or soft reset, or a machine check input.

A hard reset occurs in response to a voltage supply node Vdd swi tching from
a lowvoltage (e.g. 0 volts) to a predeterm ned voltage (e.g. 2.5 volts)
relative to a voltage reference node GND. Notably, for clarity, FIGJRES 1-6
show | ess than all connections fromINI, SM, Vdd, and G\D to vari ous
circuitry throughout processor 10. From any power savi ng node, processor 10
returns to the Full-power node in response to a soft reset, in which
control bits are set and/or clearedI%n response to CFXU 26 executi ng

sui tabl e nove instructions directed*to SPRs 40, where such nove
instructions are part of a software reset sequence of instructions.

3. Nap node. Rspasdueersdlimeluds hempabsensoss fomsensing arelatsre r educes powver
consunption of processor 10 by -djsabling bus snooping_logic of BIU 12, so

that onl {emperature ghmtegrated girentey: wlrioh ferms preeasset 10 Hiecessor 10
the Ful | Bbhare,swat opcus (on iansducercal GuRaw: & Signeh PaVER 10BiErT upt vi o
door erenti@tc oRJaEE) 3R responisedodhe dbsinalarmsors oidrmAserE AL Mnput . As
with th esg&zuelg %Dr% ative ¥enrqe>ér%rttr1'ref that ¢ e%geeeciga & threshold temperature. In the

illustrative embodiment, the threshold temperature is preselected to be a

maximum safe temperature of processor 10 operating in the Full-power

mode. Accordingly, if the temperature of processor 10 were to exceed the

maximum safe temperature of processor 10 operating in-the Full-power

mode, then damage to processor 19 would likely result from continued

operation of processor 10 in the Flﬂl-power mode. Advantageously, such

damage is substantially avoidéd by processor 10 entering the Special

“power saving” mode of operation in response to the hardware event.

If processor 10 enters the Special mode in response to the hardware

event, processor 10 reduces the maximum number of instructions fetched

during a single cycle of processor 10, so that fewer instructions are

dispatched per cycle of processor 10 as discussed further hereinbelow in

connection with FIGURES 2 and 3. In this manner, execution units are

more likely to be idle, and consequently the low-power state of the

dynamic power management mode (described in United States Patent

5,420,808) advantageously is more readily invoked. Moreover, if

processor 10 enters the Special mode in response to the hardware event,



14 "node to the Full-power node occurs within only a few cl ock cycl es of
processor 10. _ 4. Sleep node. In the Sl eep node, power consunption is
reduced to near mninum by disabling all units of processor 10, after which
| ogi c external to processor 10 can disable the PLL and the external system
clock. Fromthe Sl eep node, processor 10 returns to the Full-power node in
response to a reenabling of both the PLL and the external system cl ock,
followed by a suitable mnimumtinme elapsing for PLL to beconme synchroni zed
to the external systemclock, and then followed by assertion of interrupt
line I NT, a system nanagenent interrupt, a decrenenter exception, a hard or
soft reset, or a nmachine check inpuH. 5. Special node. In a
significant aspect of the iIIustrati&e enbodi ment, processor 10 enters the
Speci al node in response to either. (1) a hardware event or, (2) a software
event . | proaessor|lésechangesdheraperation of [:S1d %&&id@ﬁ&sﬁﬁﬁ{aﬂlnhﬁ!'cur s when
transducers 41 output a signal having a logic 1 state on a |ine BPS
(Fbrdwar@ﬁﬂﬁ@bﬁkﬂpdnéxﬂﬁ@q ﬁgﬁm$béHC&mRﬁﬁﬁe). Simlarly, the software event
occurs when SPRs 40 output .a signal having I ichi state on a |line SPS
(Sof tware everY COBIRATISON, i proogsser X eﬂiﬁl&;lle%%ﬁﬁl @Q&Q Jurespange; si gnal

Rogi ot er 10 hé/PORRVATC GHATLBIOCERSEN [0 (FErduges U BRI RUREOTor o 1 DO
"eg _St o iggﬁgt%nswétched during a single cycle of processor 10 as discussed

further hereinbelow in connection with FIGURES 2 and 3, (b) changes the

operation of LSU 28 as discussed further hereinbelow in connection with

FIGURE $§. and (c) reduces power consumption within instruction cache

14 and data cache 16 by reducing their number of “ways™ as discussed

further hereinbelow in connection with FIGURE 6.

From the Special mode, processor 10 returns to the Full-power
mode in response to neither SPS nor HPS having a logic 1 state.
Moreover, if processor 10 entered the Special mode in response only to
the software event (i.e. SPS has a logic 1 state while HPS has a logic 0
state), then processor 10 further returns to the Full-power mode (from the
Special mode) in response to. (1) an external asynchronous intennl;t via
assertion of INT, or (2) a hard or soft reset, or (3) a machine check input.
In an alternative embodiment, if processor 10 entered the Special mode in
response only to the software event, processor 10 further returns to the
Full-power mode (from the Special mode) in response to a system
management interrupt via assertion of SMI. In such an alternative

embodiment, processor 10 would return to the Full-power mode in



15 ° Transducers 41 include thermal sensors for sensing a relative
tenperature of integrated circuitry which fornms processor 10. The hardware
event occurs (i.e. transducers 41 output a signal having a logic 1 state on
BPS) in response to the thermal sensors (of trandsducers 41) sensing a
relative tenperature that exceeds a threshold tenperature. In the

il lustrative enbodi mnent, the threshold tenperature is preselected to be a
maxi nrum saf e tenperature of processor 10 operating in the Full-power node.
Accordingly, if the tenperature of processor 10 were to exceed the maxi mum
safe tenperature of processor 10 operating in the Full-power node, then
damage to processor 10 would likely result fromcontinued operation of
processor 10 in the Full-power nDde.rhdvantageously, such danmage is
substantially avoided by processor 10 entering the Special "power saving"
node of aespensoto assertionofSMipanalegoaskyvtartheanammer in which f processor 10

enters the Special node in response to the hardware event, processor 10
reduces tprocessomlfrehumeto tife Fullipawer moddefintresponsaita assestionafl e cycl e of
Pt ocossorNT. as di seussed further her el nbel ow i i connect | on w th Fi GURES™2"
and S In thi Slnngegtngxidthg? gl(iglglia%q'euenlilf)gdi%gnt, processor 10 also returns to

the Full-power mode in response to a decrementer exception. SPRs 40

include circuitry for decrementing a count in response to a processor clock

signal (not shown in FIGURE 1 for clarity). A decrementer exception is

generated in response to such a count being decremented to a value of

Zero. |

FIGURE 1 shows the single SPS line connected to each of

instruction cache 14, data cache 16, sequencer unit 18 and LSU 28.

Likewise, FIGURE 1 shows the single HPS line connected to each of

instruction cache 14, data cache 16, sequencer unit 18 and LSU 28.

Similarly, FIGURE 1 shows the single INT line connected to each of

instruction cache 14, data cache 16, sequencer unit 18 and LSU 28.

FIGURE 2 is a block diagram of sequencer unit 18. As discussed

hereinabove, in the fetch stage, if processor 10 (and hence also fetch logic

71) is operating in the Full-power mode, then fetch logic 71 selectively

requests up to a maximum number of two instructions (per cycle of

processor 10 and hence also of fetch logic 71) from instruction cache 14

and stores such instructions in an instmction buffer 70. Accordingly,

during a particular cycle of processor 10, sequencer 18 requests a variable



nore i kel y to be idle, and consequently the | ow power state of the dynamc
power managenment node (described in United States Patent 5,420, 808)
advant ageously is nore readily invoked. Moreover, if processor 10 enters
t he Special node in response to the hardware event,
16 processor 10 changes the operation of LSU 28 as di scussed further
her ei nbel ow i n connection wth FlI GURE 5. By conparison, if processor
10 enters the Special node in response to the software event, processor 10
(a) reduces the maxi mum nunber of instructions fetched during a single
cycl e of processor 10 as discussed further hereinbelowin connection with
FI GURES 2 and 3, (b) changes the opegation of LSU 28 as di scussed further
her ei nbel ow i n connection with FIGURE 5. and (c) reduces power consunption
within instruction cache 14 and data cache 16 by reducing their nunber of
"ways" aBumber(sangingfrome} th3) ef instrustions fromriastmetionicagheldURE 6.
From the Speci al node, processor 1Q returns to _the Full-power node in
r espons e Wheradhe veriablesnumberdepends vgon the gumber nfadditional

mstructions able to be stored in instruction buffer 70 (i.¢: depends upon

the number of available buffers in instruction buffer 70).

In the decode stage, if processor 10 (and hence also decode logic

72) is operating in the Full-power mode, then decode logic 72 selectively

inputs and decodes up to a maximum number of two fetched instructions

(per cycle of processor 10 and hence also of decode logic 72) from

instruction buffer 70. Accordingly, during a particular cycle of processor

10, decode logic 72 inputs and decodes a variable number (ranging from 0

to 2) of instructions from instruction buffer 70, where the variable number

depends upon the number of instructions to be dispatched by dispatch

logic 74 during the particular cycle.

In the dispatch stage, if processor 10 (and hence also dispatch logic

74) is operating in the Full-power mode, then dispatch logic 74 selectively

dispatches up to a maximum number of two decoded instructions (per

cycle of processor 10 and hence also of dispatch logic 74) to selected (in

response to the decoding in the decode stage) ones of execution units 20,

22, 26, 28 and 30. Accordingly, during a particular cycle of processor 10,

dispatch logic 74 dispatches a variable number (ranging from 0 to 2) of

decoded instructions to the execution units, where the variable number

depends upon the number of additional instructions able to be stored in the



Moreover, if processor 10 entered the Special node in response only to the
software event (i.e. SPS has a logic 1 state while BPS has a logic O
state), then processor 10 further returns to the Full-power node (fromthe
Speci al node) in response to (1) an external asynchronous interupt via
assertion of INT, or (2) a hard or soft reset, or (3) a machine check
input. In an alternative enbodi nent, if processor 10 entered the Speci al
node in response only to the software event, processor 10 further returns
to the Full-power node (fromthe Special nbde) in response to a system
managenment interrupt via assertion of SM. In such an alternative

enbodi nent, processor 10 would returigto the Full-power node in

17 response to assertion of SM, ana?ogously to the manner in which

Pre S kol i ehEafil (25 o Shiasuron i Agpbes b aPalipis o0

returns to the FuII ower. de in r.esponse to a decrenenter exce t|on SPRs
40 fesetvation stdtions mrﬁ?le execu{lon I%mtsja P

By comparison, in the illustrative embodiment, if processor 10 is
operating in the Special power mode, then fetch logic 71 (in response to
logic states of SPS, MPS and INT) requests a maximum of one instruction
per cycle of processor 10 (instead of two instructions) from instruction
cache 14 and stores the one instruction in instruction buffer 70. In this
manner, (a) decode logic 72 inputs and decodes (on average)
approximately one fetched instructions from instruction buffer 70 per cycle
of processor 10, (b) dispatch logic 74 dispatches (on average) :
approximately one instruction (per cycle of processor 10) to a selected 'one
of execution units 20, 22, 26, 28 and 30, and (c) completion logic 80
indicates (on average) "completion" (as discussed further hereinbelow) of
approximately one instruction per cycle of processor 10. Accordingly, the
execution units are more likely to be idle (relative to the Full-power |
mode), and consequently the low-power state of the dynamic power
management mode (described in United States Patent 5,420,808)
advantageously is more readily invoked. .

~ Inan alternative embodiment, if processor 10 is operating in the
Special power mode, then dispatch logic 74 (in response to logic states of
SPS, MPS and INT) dispatches a maximum of one instruction per cycle of

processor 10 (instead of two instructions) to a selected one of execution



include circuitry for decrenenting a count in response to a processor clock
signal (not shown in FIGURE 1 for clarity). A decrenenter exception is
generated in response to such a count being decrenented-to a val ue of zero.
FIGURE 1 shows the single SPS |ine connected to each of instruction cache
14, data cache 16, sequencer unit 18 and LSU 28. Likew se, FIGURE 1 shows
the single BPS |ine connected to each of instruction cache 14, data cache
16, sequencer unit 18 and LSU 28. Simlarly, FIGURE 1 shows the single INT
| ine connected to each of instruction cache 14, data cache 16, sequencer
unit 18 and LSU 28. FIGURE 2 is a bl ock diagram of sequencer unit
18. As discussed herei nabove,-in thﬁyietch stage, if processor 10 (and
hence al so fetch logic 71) is operatihg in the Full-power node, then fetch

(per "cyclwnits o 33636098 B00c thisrisehaiE:s of theclismnntiye eibdimieginis

70, hocormstapd,of gtioas alsp Dednasidiion jo) theHlusHauS bodnecE cncer 18°

requests faec\lg%{ciuaebcl) reducing the maximum number of instructions fetched during18
a single cycle of processor 10. Hence, FIGURE 2 shows SPS, HPS and
INT connected to both fetch logic 71 and dispatch logic 74.

FIGURE 3 is a block diagram of instruction buffer 70. Instruction
buffer 70 stores an I0 instruction and an I1 instruction in a buffer I0 and a
buffer I1, respectively, of dispatch buffers 56. In the illustrative
embodiment, in response to a cycle of processor 10, either the I0
instruction is dispatched by itself to decode logic 72 (FIGURE 2), both the
10 and I1 instructions are dispatched together to deco'de logic 72, or the I1
instruction is dispatched by itself to decode logic 72. The contents of
buffers 10 and I1 are output to decode logic.72 through lines 55a-b,
respectively.

In the illustrative embodiment, instruction buffer 70 is able to input
up to two 32-bit instructions in parallel from instruction cache 14 through
64-bit bus 50 during a single cycle of processor 10. In response to both
the I0 and I1 instructions being dispatched together to decode logic 72,
instruction buffer 70 transfers any previously stored instructions from
instruction buffers 54a-b to buffers I0 and I1, respectively. Also, in such a
situation, instruction buffer 70 transfers any previously stored instructions
from instruction buffers 52a-b to instruction buffers 54a-b, respectively.



nunber (ranging fromO to 2) of instructions frominstruction cache 14,
where the variabl e nunber depends upon the nunber of additional
ihstructions able to be stored in instruction buffer 70 (i.e. depends upon
t he nunber of available buffers in instruction buffer 70). In the
decode stage, if processor 10 (and hence al so decode logic 72) is operating
in the Full-power nbde, then decode |logic 72 selectively inputs and decodes
up to a maxi num nunber of two fetched instructions (per cycle of processor
10 and hence al so of decode logic 72) frominstruction buffer 70.
Accordingly, during a particular cycle of processor 10, decode logic 72

I nputs and decodes a vari abl e nunber,4(ranging fromo0O to 2) of instructions
frominstruction buffer 70, where t vari abl e nunber depends upon the

nunber of jnstructions, to be dispatched by, dispatch. | ogi 4 _during the
par ti cul dvioggever, in such a situationy ik peacessat asopﬂaangdgstﬁ@i’uig (and hence

ogi c. 72 BROVELEIOVE, jusirugHion RESet JOdapHIS R iRy AnBRAnSRIGH IS cooded.
78y 1o sdroR waRehoRsasBrdd HE0RaE el sl wd sritsith 's: age) onee of
cyol o of 1BEbeAest in fie i svaUADlc e opbiy, Bpbaliedy Sori de number
the. var | dBPEUHobERal B AESRLEF. BT PuBRS I AR o0y S0 Al ns 201 ¢
to be stgad dite) $9b and 52a, beginning with buffer I0.

In response to the I0 instruction being dispatched by itself to decode

logic 72, instruction buffer 70 transfers any previously stored instruction
from buffer I1 to buffer I0. Also, in such a situation, instruction buffer 70

. transfers any previously stored instructions from instruction buffer 54a to
buffer 11, from instruction buffer 5'4b to instruction buffer 54a, from
instruction buffer 52a to instruction buffer 54b, and from instruction buffer
52b to instruction buffer 52a. Moreover, in such a situation, instruction
buffer 70 inputs a single 32-bit instruction from instruction cache 14 -
through 64-bit bus 50 and stores this instruction in the first available
buffer, i.e. either in buffer I0, I1, 54b, 54a, 52b or 52a, beginning with
buffer 10.

If processor 10 is operating in the Full-power mode, then instruction
buffer 70 is able to input up to two 32-bit instructions in parallel from
instruction cache 14 through 64-bit bus 50 during a single cycle of
processor 10. In this manner, as an example, since instruction cache 14 is

a four-way set-associative cache, at leaét_256 sense amplifiers (64



19 execution units for execution (e.g. depends upon the nunber of
avai l abl e reservation stations in the execution units). By
conparison, in the illustrative enbodinent, if processor 10 is operating in
t he Special power node, then fetch logic 71 (in response to |logic states of
SPS, MPS and I NT) requests a nmaxi mum of one instruction per cycle of
processor 10 (instead of two instructions) frominstruction cache 14 and
stores the one instruction in instruction buffer 70. In this manner, (a)
decode logic 72 inputs and decodes (on average) approximately one fetched

I nstructions frominstruction buffer 70 per cycle of processor 10, (b)

di spatch logic 74 dispatches (on ave%%ge) approxi mately one instruction
(per cycle of processor 10) to a sel€Cted one of execution units 20, 22,

26, 28 an and conpl etion |.ogic .80 jndicates ( ver age)

"conpl et BH’SPW g\‘ﬁ{)@s’é s MP%T@IMWUQ 0&&9@3&?4&1@ y one

i nstructign,.per, cycl e pro esso Accor gly t he e ution units are
nore |ikeP§ tl‘p db‘E%ﬁﬁ W@cpﬁﬁqr hNBB@? atﬁﬁs‘?:onsequent |y
the lowp of th m ower nmanagenment node (d scribed in
United St g&@? %&ﬁhﬁpr%cgg t%MﬁYg&gﬁmv&r 'y nvoked.

In an altﬁh&%# ﬁF ﬁnbodlnent |f processor 10 is operatlng I n the Speci al
power S & spatch logic 74 (in response to logic states of SPS, MPS

o N P BB g lte o Al B dpbbhober > 1
mode, then instruction buffer 70 is able to input a single 32-bit instruction
from instruction cache 14 through 64-bit bus 50 during a single cycle of
processor 10. In this manner, as an example, 128 sense amplifiers (32
bits/way x 4 ways x 1 sense amplifier/bit) of instruction cache 14 are
active during eiaqh cycle of processor 10 (while the other 128 sense
amplifiers of iﬁstruction cache 14 are disabled). Advantageously, by
activating only 128 sense amplifiers (in the Special mode) instead of 256
sense amplifiers (in the Full-power mode), the average power consumption
of processor 10 is reduced, because only 1/2 as many of these sense -
amplifiers are activated per cycle of processor 10.

Additional reductions are achieved if prbcessor 10 enters the
Special “power saving” mode in response to the software event, because
in that situation processor 10 reduces the number of “ways” within
instruction cache 14 and data cache 16 as discussed ﬁﬂher hereinbelow in
connection with FIGURE 6. For example, if processor 10 reduces the
number of “ways” within instruction cache 14 to two-way instead of four-

way in response to the software event, then 64 sense amplifiers (32



20 wunits 20, 22,26,28 and 30; this technique of the alternative enbodi nent
Is instead of (but can also be in addition to) the illustrative

enbodi ment' s techni que of reducing the maxi num nunber of instructions
fetched during a single cycle of processor 10. Hence, FIGURE 2 shows SPS,
BPS and I NT connected to both fetch logic 71 and di spatch |ogic 74.

FIGURE 3 is a bl ock diagramof instruction buffer 70. Instruction buffer 70
stores an 10 instruction and an 11 instruction in a buffer 10 and a buffer
| 1, respectively, of dispatch buffers 56. In the illustrative enbodi nent,
In response to a cycle of processor 10, either the I0_instruction is

di spatched by itself to decode | ogi 2 (FIGURE 2), both the O and I1

i nstructions are di spatched together™to decode logic 72, or the I1

instruction js digpatched by itself.to,decqde logi.c 72.. The contents of
buTf or <. | BHSREN % Z5WaySar b obnse Selifea/ g Gl Inswocim ashe IReEes5a. b
respectivel.y. . In the illustratiye enbpdi nent., insiruction buffer 70
is able tﬁpﬁl%whﬁﬁt?%m@ BPRSG AP, gﬁng‘EHCbQPéianF 8tf i nstruction
cache 14 &*&581&36 during each of the aforementioned two cycles of processor 10

while processor 10 is operating in the Special power mode.
Advantageously, by activating only 64 sense amplifiers (if processor 10
“enters the Special “power saving” mode in response to the software event)
instead of 256 sense amplifiers (in the Full-power mode), the average
power consumption of processor 10 is reduced, because only 1/4 as many
. of these sense amplifiers are activated per cycle of processor 10.

FIGURE 4 is a conceptual illustration of a reorder buffer 76 of
sequencer unit 18 of the illustrative embodiment. As shown in FIGURE 4,
reorder buffer 76 has ﬁve entries respectively labelled as buffer numbers
0-4. Each entry has five primary fields, namely an "instruction type" field,
a "number-of-GPR destinations" field, a "number-of-FPR destinations"
field, a "finished" field, and an "exception” field.

Referring also to FIGURE 2, as dispatch logic 74 dispatches an
instruction to an execution unit, sequencer unit 18 assigns the dispatched
instruction to an associated entry in reorder buffer 76. Sequencer unit 18
assigns (or "associates") entries in reorder buffer 76 to dispatched
instructions on a first-in first-out basis and in a rotating manner, such that
sequencer unit 18 assigns entry 0, followed sequentially by entries 1-4,
and then entry 0 again. As the dispatched instruction is assigned an



64-bit bus 50 during a single cycle of processor 10. In response to both
the 10 and I1 instructions being dispatched together to decode logic 72,
i nstruction buffer 70 transfers any previously stored instructions from
i nstruction buffers 54a-b to buffers 10 and 11, respectively. Al so,
a situation, instruction buffer 70 transfers any previously stored
I nstructions frominstruction buffers 52a-b to instruction buffers 54a-b,

respectively.

in such a situation, if processor 10 is operating in the Full- power
I nstruction buffer 70 inputs up to two.32-bit instructions frominst
cache 14 through 64-bit bus 50 and s4res such instructions in the first

avai lable (i.e. enpty, not already storing an instruction) pair of buffers,

begi nni ng" W't

. €.

nres

.uctiron frombuffer 11 to buffer 10. Al so,

4a to
For example, in entry 1 of FIGURE 4, reorder buffer 76 indicates

the instruction is dispatched to FXU 22. In other aspects of the illustrative
embodiment, entry 1 further indicates the dispatched instruction has one
GPR destination register (such that "number-of-GPR destinations” = 1),
has zero FPR destination registers (such that "number-of-FPR
destinations" = 0), is not yet finished (such that "finished" = 0), and has
not yet caused an exception (such that "exception” = 0).

As an execution unit executes a dispatched instruction, the
execution unit modifies the instruction's associated entry in reorder buffer
76. More particularly, in response to finishing execution of the dispatched
instruction, the execution unit modifies the entry's "finished" ﬁe;ld (such
that "finished" = 1). If the execution unit encounters an exception during
execution of the dispatched instruction, the execution unit modifies the
entry's "exception" field (such that "exception” = 1). |

FIGURE 4 shows an allocation pointer 173 and a completion
pointer 175. Processor 10 maintains such pointers for controllihg reading
from and writing to reorder buffer 76. Processor 10 maintains allocation
pointer 173 to indicate whether a reorder buffer entry is allocated to (or
“associated with") a particular instruction. As shown in FIGURE 4,

in such
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buffer 11, frominstruction buffer 54b to instruction buffer 54a, from

I nstruction buffer 52a to instruction buffer 54b, and frominstruction
buffer 52b to instruction buffer 52a. Mreover, in such a situation,
instruction buffer 70 inputs a single 32-bit instruction frominstruction
cache 14 through 64-bit bus 50 and stores this instruction in the first
avail abl e buffer, i.e. either in buffer 10 11, 54b, 54a, 52b or 52a,

begi nning with buffer 10. | f processor 10 is .operating in the

Ful | - power node, then instruction buffer 70 is able to input up to two
32-bit instructions in parallel frominstruction cache 14 through 64-bit
bus 50 during a single cycle of pro sor 10. In this manner, as an
exanpl e, since instruction cache 14 95 a four-way set-associative cache, at
| east 256 ense

J f e gi e
22 bits/ catwy I Ii5§ oo 49&#9nk5&uﬁhgem§y3nﬂ¥$§bym@#caaage 14 are

active dugi nc ycl.e of processor 0 ACtIV of these
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10. aﬂ%@éﬁ 1;53%3 éu rocessor 10 S operatlng in_the Special power

Also, processor 10 maintains completion pointer 175 to indicate (for
a reorder buffer entry previously allocated to a particular instruction)
whether the particular instruction satisfies the following conditions:

Condition 1 - The execution unit (to which the instruction is
dispatched) finishes execution of the instruction;

Condition 2 - No exceptions were encountered in.connection with
any stage of processing the instruction; and

Condition 3 - Any previously dispatched instruction satisfies
Condition 1 and Condition 2.

As shown in FIGURE 4, completion pointer 175 points to reorder
buffer entry 1, thereby indicating that reorder buffer entry 1 is the next
reorder buffer entry capable of satisfying Conditions 1, 2 and 3.
Accordingly, "valid" reorder buffer entries can be defined as the reorder
buffer entry pointed to by completion pointer 175 and its subsequent
reorder buffer entries that precede the reorder buffer entry pointed to by
allocation pointer 173.

Referring again to FIGURE 2, the entries of reorder buffer 76 are
read by completion logic 80 and exception logic 82 of sequencer unit 18.

In response to the "exception"” fields of reorder buffer 76, exception logic



node, then instruction buffer 70 is able to input a single 32-bit
instruction frominstruction cache 14 through 64-bit bus 50 during a single
cycle of processor 10. In this manner, as an exanple, 128 sense anplifiers
(32 bits/way x 4 ways x 1 sense anplifier/bit) of instruction cache 14 are
active during each cycle of processor 10 (while the other 128 sense
anplifiers of instruction cache 14 are disabl ed). Advantageously, by
activating only 128 sense anplifiers (in the Special node) instead of 256
sense anplifiers (in the Full-power node), the average power consunption of
processor .10 is reduced, because only 1/2 as many of these sense anplifiers
are activated per cycle of processor : Addi ti onal reductions are
achieved if processor 10 enters the §%20|al "power saving" node in response

to the sof re event ecause in that sltuatlor progessor .10, reduces the
number of é?ﬁvgxﬁ q* 3éhnanﬁqx é. pateheds as di scussed
further herein omlln connectlo Wt h Fl § exanpl ¢ processor
10 reduceslqsh@ MBe h‘?@%@ﬁ 36’!40(%?9 tion tﬁﬁldﬁv@f

i nstead of_four S nse sof tware eyent the se
anplifier Sre(ogger buftér '7% onf)p etion oglchf() -outputs signals to dispatc qulc%

and to reorder buffer 76. Through these signals, completion logic 80

indicates "completion” of instructions in order of their programmed
sequence. Completion logic 80 indicates "completion" of an instruction if
it satisfies the following conditions:

Condition 1 - The execution unit (to which the instruction is
dispatched) finishes execution of the instruction (such that "finished” = 1
in the instruction's associated entry in reorder buffer 76);

Condition 2 - No exceptions were encountered in connection with
any stage of processing the instruction (such that "exception" = 0 in the
instruction's associated entry in reorder buffer 7 6); and

Condition 3 - Any previously dispatched instruction satisfies -
Condition 1 and Condition 2.

In response to information in reorder buffer 76, dispatch logic 74
determines a suitable number of additional instructions to be dispatched.

FIGURE 5 is a conceptual illustration of floating point rename
buffers 38. As shown in FIGURE 5, rename buffers 38 include four
rename buffers respectively labelled as buffer numbers 0-3. Sequencer
unit 18 allocates (or "associates") rename buffer numbers 0-3 to

dispatched instructions on a first-in first-out basis and in a rotating



bits/way x 2 ways x 1 sense anplifier/bit) of instruction cache 14 are
active (while the other 192 sense anplifiers of instruction cache 14 are

di sabl ed) during each of the aforenentioned two cycles of processor 10
whi l e processor 10 is operating in the Special power node. Advantageously,
by activating only 64 sense anplifiers (if processor 10 enters the Speci al
"power saving" node in response to the software event) instead of 256 sense
anplifiers (in the Full-power node), the average power consunption of
processor 10 is reduced, because only 1/4 as many of these sense anplifiers
are activated per cycle of processor 10. FIGURE 4 is a conceptua
illustration of a reorder buffer 76 9f sequencer unit 18 of the
illustrative enbodi nent. As shown i i'FI GURE 4, reorder buffer 76 has five
entries respectively | abelled as buyff nunbers 0-4. Fach entry has five
primary FF%&H?;S sngnm@nunﬁﬁﬁdﬁﬁwaﬁﬁwqmanPUrin Igf-GPR
destinatij.qns" field, a »nynber-of-FPR destinatiqgns" field, a "finished"

el d aRoliawed.sequgniighy b mame butter RUBRFS hob A0 hen TERBTE 2 o

di spatch, | agi c 7 di@patches an instruction to an execution unit, sequencer
unit 18 99@&5H§“¥M@ ' -ched instruction to an associated entry in

ﬁ géﬁ dor but f oRBHTiRE Se%?ﬁmﬁgﬁﬁmﬁs BHEAC2 IR ALoBRBAIOMOR | o out basi s
: er”  ched SANGI 0

S e

di spat chighibhk GURE 23. FIGTRE s 3Bows an allocation pointer 180, a

writeback pointer 182, and a completion pointer 184. Processor 10

maintains such pointers for controlling reading from and writing to rename
buffers 38. Processor 10 maintains allocation pointer 180 to indicate
whether a rename buffer is allocated to a particular instruction. As shown
in FIGURE 35, allocation pointer 180 points to rename buffer 3, thereby
indicating that rename buffer 3 is the next rename buffer available for
allocation to an instruction.
Processor 10 further maintains writeback pointer 182 to indicate
whether a rename buffer (previously allocated to a particular instruction) is
| available for reallocation to another instruction. As shown in FIGURE 5,
writeback pointer 182 points to rename buffer 2, thereby indicating that
rename buffer 2 is the next rename buffer from which processor 10 will
copy destination operand information (as stored in the rename buffer's
"information" field of FIGURE 5) to one of FPRs 36 (as specified in the
rename buffer's "register number” field of FIGURE 5).



24 associated entry in reorder buffer 76, dispatch logic 74 outputs

I nformati on concerning the dispatched instruction for storage in the
various fields and subfields of the associated entry in reorder buffer 76.
For exanple, in entry 1 of FIGURE 4, reorder buffer 76 indicates the
instruction is dispatched to FXU 22. I'n other aspects of the illustrative
enbodi nent, entry 1 further indicates the dispatched instruction has one
GPR destination register (such that "nunber-of-GPR destinations" = 1), has
zero FPR destination registers (such that "nunber-of-FPR destinations" =
0), is not yet finished (such that "finished" = O, and has not yet caused
an exception (such that "exception" 380). As an execution unit
executes a dispatched i nstruction, the execution unit nodifies the

- osponse Lo ?.%@ﬁ?ﬁ%@e@@%%ﬁﬂdﬁﬁ%esp kol PZ bR '
Sxecut Oy Bt o evichne AN obi 1 B Hia ol St BBbest of the
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Processor | [ reor der
buf f er e_nrt y tleg a I ocate i’? e&%gslg:ﬁg%vﬁﬂl@é parti cul aﬁ‘la
i nstruct i@Nstofé tid petlt (Hé:s'tﬁdﬁgn‘bperand information) of the particular

instruction until processor 10 copies the result to an architectural register.

-

)

Also, processor 10 maintains completion\pointer 184 to indicate (for
a rename buffer previously allocated to a particular instruction) whether
the particular instruction satisfies the following conditions: _

Condition 1 - The execution unit (to which the instruction is
dispatched) finishes execution of the instruction;

Condition 2 - No exceptions were encountered in connection with
any stage of processing the instruction; and

Condition 3 - Any previously dispatched instruction satisfies
Condition 1 and Condition 2. _

As shown in FIGURE 5, completion pointer 184 points to. rename
buffer 2, thereby indicating that rename buffer 2 is the next rename buffer
capable of satisfying Conditions 1, 2 and 3. In the illustrative embodiment,
processor 10 maintains completion pointer 184 independent of whether the
instruction's result is copied from the rename buffer for storage in an

architectural register.



25 éllocation pointer 173 points to reorder buffer entry 3, thereby

i ndi cati
avai | abl

ng that reorder buffer entry 3 is the next reorder buffer
e for allocation to an instruction. Al so,  processor

mai nt ai ns conpl etion pointer 175 to indicate (for a reorder buffer
previously allocated to a particular instruction) whether the part

i nstruct

lon satisfies the foll ow ng conditions: Condition 1

entry
10

entry
i cul ar
- The

execution unit (to which the instruction is dispatched) finishes execution
nstructi on; Condition 2 - No exceptions were encountered in

of the i
connecti

Condition 3 - Any previously dispat

on with any stage of processing the instruction; and

ed instruction satisfies Condition 1

and Condition 2. As shown in GURE 4, conpletion pointer 175 points

to reorder bu
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-that precede the rename buffer pointed to by allocation pointer 180.

"Writeback entries" can be defined as the rename buffer pointed to by
writeback pointer 182 and its subsequent rename buffers that precede the
rename buffer pointed to by completion pointer 184. The writeback
entries store résults of instructions that are "complete"” but whose results
have not been copied from the rename buffers to architectural registers, as
for example due to unavailability of write ports to the architectural
registers. .

Conceptually, the writeback entries are located be!tween the rename
entries and the architectural registers. .Advantageously, a result may
bypass the writeback entries and be written directly into the architectural
registers if a writeback port is available at the completion stage.
Moreover, like the rename entries, processor 10 operates the writeback
entries to output information to an execution uﬁit in situations where the
execufion unit executes an instruction specifying an architectural register
associated with such information. .

FPU 30 is fully IEEE 754-compliant for both single-precision (i.e.
32-bit) and double-precision (i.e. 64-bif) operands. Accordingly, for
supporting double-precision operations, each rename buffer's
"information" field of FIGURE S5 is 64-bits wide. Referring also to

r entry 1

1, 2 and
he

:l.'



buf f er entry pointed to by conpletion pointer 175 and its subsequent
reorder buffer entries that precede the reorder buffer entry pointed to by
al l ocation pointer 173. Referring again to FIGURE 2, the entries of
reorder buffer 76 are read by conpletion logic 80 and exception | ogic 82 of
sequencer unit 18. In response to the "exception" fields of reorder buffer
76, exception logic 26 82
handl es exceptions encountered during execution of dlspatched i nstructions.
In response to the "finished" fields and "exception"” fields of reorder
buffer 76, conpletion |ogic 80 outputs signals to dispatch logic 74 and to
reorder buffer 76. Through these sigsa conpletion logic 80 indicates
conpletlon i nstructions |n orderYof their progranmed sequence.
Conpletlo fo I ndi cates "conpletion” of _an instruction if it
sati sfi es dﬁmgcemrm isreperating in the Fullspowenmodey ¢henx BSW i on uni t
(to which % e instruction is_dispatched) finishes execution of the
i nstructi @ mmmmpme 0 4J 28-exequtingra:* loadf rnstruocion dirested to ed entry
i n reorde Condition, 2 - exceptions were encountered
in Conneci",l%;s 35 ﬁ_4€31ts of information from data cache 16 intoa single reiame
buffer’s “information” field (of rename buffers 38) during a single cycle
(i.e. 64 bits of information per cycle) of processor 10. In this manner, as
- an example, since data cache 16 is a four-way set-associative cache, at
least 256 sense amplifiers (64 bits/way x 4 ways x 1 sense amplifier/bit) of
data cache 16 are active during such a single cycle of processor 10.
Activation of these sense amplifiers contributes to the average power
consumption of processor 10. .
By comparison, if processor 10 is operating in the Special power
mode, then LSU 28 loads (in response to LSU 28 executing a “load”
instruction directed to FPRs 36) 64 bits of information from data cache 16
into a single rename buffer’s “information” field (of rename buffers 38)
during two cycles (i.e. 32 bits of information per cycle) of processor 10.
In this manner, as an example, 128 sense amplifiers (32 bits/way x 4 ways
x 1 sense amplifier/bit) of data cache 16 are active (while the other 128
sense amplifiers of data cache 16 are disabled) during each of these two
cycles of processor 10. Advantageously, by activating only 128 sense
amplifiers (in the Special mode) instead of 256 sense amplifiers (in the -

Full-power mode), the average power consumption of processor 10 is



any st age of processing the instruction (such that "exception" = 0 in the
instruction's associated entry in reorder buffer 76); and Condi ti on
3 - Any previously dispatched instruction satisfies Condition 1 and
Condition 2. In response to information in reorder buffer 76,
di spatch logic 74 determ nes a suitable nunber of additional instructions
to be di spatched. FIGURE 5 is a conceptual illustration of floating
poi nt renanme buffers 38. As shown in FIGURE 5, renane buffers 38 include
four renane buffers respectively |abelled as buffer nunbers 0-3. Sequencer
unit 18 allocates (or "associates") renane buffer nunmbers 0-3 to dispatched
i nstructions on a first-in fi rst-out3€asi s and in. a rotating
27 manner, such that sequencer unit-18 all ocates renane buffer nunber O,
foll onwed sequentially by renanme buffer nunbers 1-3, and then renanme buffer
nunber 0 qGed, becausepnlyr /285 many| afishess senssamplifiers are activated| ocat ed
to store desti riati n operand information for instructions dispatched by
di spat ch Per cycle of processor 10.
Additional reductions are -achieved if processor 10 enters the

Special “power saving” mode in response to the software event, because

in that situation processor 10 reduces the number of “ways™ within

instruction cache 14 and data cache 16 as discussed further hereinbelow in

connection with FIGURE 6. For example, if processor 10 reduces the

number of “ways” within data cache 16 to two-way instead of four-way in

response to the software event, then 64 sense amplifiers (32 bits/way x 2

ways x 1 sense amplifier/bit) of data cache 16 are active (while the other

192 sense amplifiers of data cache 16 are disabled) during each of the

aforementioned two cycles of processor 10 while processor 10 is

operating in the Special power mode. Advantageously, by activating only

64 sense amplifiers (if processor 10 enters the Special “power saving”

mode in response to the software event) instead of 256 sense amplifiers (in

the Full-power mode), the average power consumption of processor 10 is

reduced, because only 1/4 as many of these sense amplifiers are activated

per cycle of processor 10. _

" FIGURE 6 is a block diagram of instruction cache 14. Instruction
cache 14 of FIGURE 6 is likewise representative of data cache 16. Each

of instruction cache 14 and data cache 16 is a 16-kilobyte, four-“way” set-



logic 74 (FIGURE 2). FIGURE 5 shows an allocation pointer 180, a witeback
poi nter 182, and a conpletion pointer 184. Processor 10 mai ntains such
pointers for controlling reading fromand witing to renane buffers 38.
Processor 10 nmaintains allocation pointer 180 to indicate whether a renane
buffer is allocated to a particular instruction. As shown in FI GURE 5,

all ocation pointer 180 points to renane buffer 3, thereby indicating that
rename buffer 3 is the next renanme buffer available for allocation to an

i nstruction. Processor 10 further maintains witeback pointer 182 to
I ndi cate whether a renane buffer (previously allocated to a particular

I nstruction) is available for realloggtion to another instruction. As shown
in FIGURE 5, writeback pointer 182 pdoints to renanme buffer 2, thereby
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memory management unit (“MMU”) for translating effective addresses to

associated physical addresses. For example, effective addresses are

received from fetch logic 71 (FIGURE 2) of sequencer unit 18. In the

illustrative embodiment, an effective address’s bits 2° through 2! are

Unchanged by translation into its associated ph)fsical address, so the

effective address’s bits 2° through 2" have the Same digital logic values as

the associated physical address’s bits 2° through 2".

Each of instruction cache 14 and data cache 16 is logically arranged

into 128 congruence classes (i.e. Sets) as shown in FIGURE 6. As an

example, for instruction cache 14, each set has a respective preassigned

associated group of four lines (i.e. four “ways”, Blocks 0-3) within .

instruction cache 14. Each line is able to store a respective address tag,

respective state bits (e.g. including a “valid” bit), and a respective group

of eight words of information. Each word has 4 bytes (i.e. 32 bits).

Thus, Block 3 of Set 0 is able to store an Address Tag;,, state bits

State,,, and words W, through W,,,. Likewise, each Block y of Set x is

able to store an Address Tag,,, state bits State,,, and words W, , through -

W,,, where X is a variable integer set number ranging from 0 through 127,

and where y is a variable integer block number ranging from 0 through 3.



rename buffer previously allocated to a particular instruction) in response
to processor 10 copying the result (destination operand information) of the
particular instruction fromthe renane buffer for storage in an
architectural register. In this manner, processor 10 reserves an allocated
renanme buffer to store the result (destination operand information) of the
particular instruction until processor 10 copies the result to an
architectural register. Al so, processor 10 nmintains conpletion
pointer 184 to indicate (for a rename buffer previously allocated to a
particul ar instruction) whether the particular instruction satisfies the
follow ng conditions: Cbndltégn 1 - The execution unit (to which the
i nstruction is dispatched) finishe xecution of the instruction;

Condition 2 - No exceptlljgxi were encountered in connectjon wWth any stage

of processi ngAtﬁﬂétlSﬁﬁ?G 'é)ﬁalﬁli@wala dresssrits 2 ﬂlrgu [\’nl §i ousl y

Shown | reASHEEREDG “fucteé uiiple Adggesees; all of whieh shared d;staéﬁ%sm er 2,
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st ?35?{115#@%2‘%%&* SBrSintbPoRioR Of uAdRdoBLPRENCALAIGES e | n an
archi tecgy ongmg L %tp%?tlcular Set x, as speclﬁed by Address Tag,, through

Address Tag,, stored in Set x's associated group of four lines within

instruction cache 14.

For example, (a) in Block 0 of Set 0, instruction cache 14 can store

Address Tag,, including a first address's bits 2' through 2*, (b) in Block 1

of Set 0, instruction cache 14 can store Address Tag,, including a second.

address's bits 2'2 through 2%, (c) in Block 2 of Set 0, instruction cache 14

can store Address Tag,, including a third address's bits 2'* through 2*', and

(d) in Block 3 of Set 0, instruction cache 14 can store Address Tag,,

including a fourth address's bits 2'2 ﬁuough 2%, Thus, each Address Tag,,

has 20 bits.

FIGURE 7 is a schematic electrical circuit diagram of sense

amplification circuitry, indicated generally at 121, of instruction cache 14

of FIGURE 6. Sense amplification circuitry 121 is a representative sense

amp of sense amps 104, 106 and 108a-h of FIGURE 6. Accordingly,

since each Address Tag,, has 20 bits, sense amps 104 includes 80 sense .

amps (20 sense amps multiplied by 4 Blocks 0-3) each substantially

identical to circuitry 121.



29 Accordingly, "rename entries" can be defined as the renane buffer
pQinted to by conpletion pointer 184 and its subsequent renane buffers that
precede the renane buffer pointed to by allocation pointer 180. "Witeback
entries"” can be defined as the renane buffer pointed to by witeback
pointer 182 and its subsequent renanme buffers that precede the renane
buffer pointed to by conpletion pointer 184. The witeback entries store
results of instructions that are "conplete" but whose results have not been
copied fromthe rename buffers to architectural registers, as for exanple
due to unavailability of wite ports to the architectural registers.
Conceptual ly, the witeback entriesvg%e |-ocat ed between the renane entries
and the architectural registers. Ad tageously, a result may bypass the
writeback entries.and be witten directly into the_architectural_ registers
i f a writebackSpgatarlyssimegicaghiword Wye(¥heis 2is aminfegefeword maunber | i ke
the rena entries, processar. 10 operates the witeback entries to out put

i nf or mat i 1AM O ugh:4 ) has 32bits, eachwofisease ampsHiSa-hineludesaut i on uni t
executes an instruction seﬁfifying an fﬁchitectural Legg er ~associ at ed

wi th sucHrespesveaerewp of 128 setisg amps {34 sense amps: 3%131 4nt for both

single-precision.(i.e, 32-bit ngd, doub] e- preci si (i.e.,64-bit) operands.
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amps multiplied by 8 Words 0-7). Likewise, the number of sense amps in

sense amps 106 is equal to four times the number of bits per State,,, and
each of these sense amps is substantially identical to circuitry 121.

Each 20-bit Address Tag,, includes a respective group of 20
dynamic random access memory (“DRAM”) cells, eéch‘ DRAM cell being
able to store a respective single bit of digital information. Similarly, each
32-bit word W,, includes a respective group of 32 DRAM cells, each
DRAM cell being able to store a respective single bit of digital
information. Likewise, the number of DRAM cells in each State,, is equal
to the number of bits per State,,.

The 80 sense amps of sense amps 104 are organized so that (1)
each of the 128 sets of 20 DRAM cells denoted as Address Tag,, (where x
is the set number) is coupled to a first group of 20 sense amps (of sense
anibs 104), respectively, (2) each of the 128 sets of 20 DRAM cells
denoted as Address Tag,, is coupled to a second group of 20 sense amps -
(of sense amps 104), respectively, (3) each of the 128 sets of 20 DRAM
cells denoted as Address Tag,, is coupled to a third group of 20 sense



30 FIGURE 1, if processor 10 is operating in the Full-power node, then LSU
28 loads (in response to LSU 28 executing a "load" instruction directed to
FPRs 36) 64 bits of information fromdata cache 16 into a single renane
buffer's "information" field (of rename buffers 38) during a single cycle
(i.e. 64 bits of information per cycle) of processor 10. In this manner, as
an exanple, since data cache 16 is a four-way set-associative cache, at

| east 256 sense anplifiers (64 bits/way x 4 ways x 1 sense anplifier/bit)
of data cache 16 are active during such a single cycle of processor 10.
Activation of these sense anplifiers contributes to the average power
consunption of processor 10. B% conparison, if processor 10 is
operating in the Speci al power node, Shen LSU 28 | oads (in response to LSU
28 executing a "load" instruction directed to FPRs 36) 64 bits of

i nf or mat i amps (of stmse amphHd 04} respecmveiy,rtmcb@)em:hm efi28 setsioff2( mat i on”
field (of renane buffers 38) during two cycles é. . 32 bits of information
per cycl eDRAMQﬁiBsdenottd as| Address 'Fmrsrqounie to afamoupeomse
anplifiers (32 bits/way x 4 ways x 1 sense anplifier/bit) of data cache 16
are acti vsemanmaﬂﬁscnaeanml%);gesmwb« er's of data cache 16 are

di sabl ed) duri h of th t
i sabl ed) duri f}gcgo‘}&mg%y, eac(:ahS gensvénamp (of sense amps 104) is coupled to a

respective family of 128 DRAM cells which store digital information for
bit 29 of Address Tag,,, where: (a) qis a constant (i.e. common to all
DRAM cells of the family) bit number from 0 through 19, (b) x is a
variable (i.e. different for all DRAM cells of the family) set number from 0
through 127, and (¢) y is a constant block number from 0 through 3.

As shown in FIGURE 7, each sense amp (circuitry 121) has an
ENABLE line. With reference to FIGURE 6, enable lines 102 include a
total of 4 address tag ENABLE lines (i.e. 4 blocks * 1 address tag
ENABLE line per block). Each such address tag ENABLE line is
connected from control logic 100 to a respective one of the four groups of
sense amps 104, where the respective group is coupled to a family of
DRAM cells which store digital information for Address Tag,,, where (a)
X 1s a variable set number from 0 through 127, and (b) y is a constant
block number from 0 through 3.

" The 1024 sense amps of sense amps 108a-h are organized so that
(1) each of the 128 sets of 256 DRAM cells denoted as W,,, is coupled
through a first group of 256 sense amps (of sense amps 108a-h),
respectively, to a multiplexer 114a via a bus 120a, (2) each of the 128 sets



cycl es of processor 10. Advantageously, by activating only 128 sense
anplifiers (in the Special node) instead of 256 sense anplifiers (in the
Ful | - power node), the average power consunption of processor 10 is.
31 reduced, because only 1/2 as many of these sense anplifiers are
activated per cycle of processor 10. Addi tional reductions are
achieved if processor 10 enters the Special "power saving"” node in response
to the software event, because in that situation processor 10 reduces the
nunber of "ways" within instruction cache 14 and data cache 16 as di scussed
further hereinbelowin connection with FIGURE 6. For exanple, if processor
10 reduces the nunber of "ways" wt %n data cache 16 to two-way instead of
four-way in response to the softwaré&“event, then 64 sense anplifiers (32
bits/way x 2 ways x 1 sense anplifier/bit) of data_ cache 16 are active
(whil e tRE 2561DRAME celis denatad a3 Wy,siseoupled through a seeond greumpd) duri ng
each of the aforenentioped two cycles qQf processor 10 whjl e processor 10 is

256 sense amps (of sense amps 108a-h), respectively, to a multiplexer

114b via a bus 120b, (3) each of the 128 sets of 256 DRAM . cells=denoted

as W, is coupled through a third group of 256 sense amps (of sense amps

108a-h), respectively, to a multiplexer 114c via a bus 120c, and (4) each

of the 128 sets of 256 DRAM cells denoted as W,,, is coupled through a

fourth group of 256 sense amps (of sense amps 108a-h), respectively, to a

multiplexer 114d via a bus 120d. ,

Accordingly, each sense amp (of sense amps 108a-h) is coupledto

a respective family of 128 DRAM cells which store digital information for

bit 29 of words W, ,, where: (a) q is a constant bit number from 0 through

31, (b) x is a variable set number from 0 through 127, (¢) y is a constant

block number from 0 through 3-, and (d) s is a constant word number from

0 through 7.

Enable lines 102 include a total of 32 word ENABLE lines (i.e. 4

blocks * 8 words/block * 1 word ENABLE line per word). Each such

word ENABLE line is connected from control logic 100 to a respective

subgroup of the four groups of sense amps 108a-h, where the respective

subgroup is coupled to a family of DRAM cells which store digital

information for words W,,,, where (a) x is a variable set number from 0

through 127, (b) y is a constant block number from 0 through 3, and (c) z

is a constant word number from 0 through 7.



operating in the Special power node. Advantageously, by activating only 64
sense anplifiers (if processor 10 enters the Special "power saving” node in
response to the software event) instead of 256 sense anplifiers (in the

Ful | - power node), the average power consunption of processor 10 is reduced,
because only 1/4 as many of these sense anplifiers are activated per cycle
of processor 10. FIGURE 6 is a bl ock diagram of instruction cache 14.
I nstruction cache 14 of FIGURE 6 is |ikew se representative of data cache
16. Each of instruction cache 14 and data cache 16 is a 16-kil obyte,

four-"way" set- 32
associ ative cache. Instruction cach; 4 and data cache 16 are addréssed in
response to physical (i.e. "real") dr esses. Accordi ngly, FIGURE 6

shows control |gogic 100 whichincludes a nmenory managenenf upit ("MW') for
transl ating eflikewise, senscanps 106 are osganized spibat (ddieaghnidhed28 For
exanpl e, effective addresses are received fromfetch logic 71 (FI GURE 2) of

sequencerSeth AM cells-denated as Mateg i e sghngmher) iSe address' s

' 2 h h, 2
bits 2| ercro]uptlecri 10 % firs -egrl'(r)l]lp of sense amps (of sense amps 106), (2) each of the

128 sets of DRAM cells denoted as State,, is coupled to a second group of
sense amps (of sense amps 106), (3) each of the 128 sets of 20 DRAM
cells denoted as State,, is coupled to a third group of sense amps (of sense
amps 106), and (4) each of the 128 sets of DRAM cells denoted as State,,
is coupled to a fourth group of sense amps (of sense amps 106).

Accordingly, each sense amp (of sense amps 106) is coupled to a
respective family of 128 DRAM cells which store digital information for
bit 29 of Statexy, where; (a) q is a constant bit number, (b) x is a variable
set number from O through 127, and (c) y is a constant block number from
0 through 3.

Enable lines 102 include a total of 4 state ENABLE lines (i.e. 4
blocks * 1 state ENABLE line per block). Each such state ENABLE line
is connected from control logic 100 to a respective one of the four groups
of sense amps 106, where the respective group is coupled to a family of
DRAM cells which store digital information for State, , where (a) xisa
variable set mumber from 0 through 127, and (b) y is a constant block
.number from 0 through 3.

With reference to FIGURE 7, each sense amp (circuitry 121) inputs
a differential voltage through lines D and. D from one of its 128 coupled



unchanged by translation into its associ ated physical address, so the
effective address's bits 2[err] through 2[err] have the sane digital logic
val ues as the associ ated physical address's bits 2[err] through 2[err].
Each of instruction cache 14 and data cache 16 is logically arranged into
128 congruence cl asses (i.e. sets) as shown in FIGURE 6. As an exanple, for
I nstruction cache 14, each set has a respective preassi gned associ at ed
group of four lines (i.e. four "ways", Blocks 0-3) within instruction cache
14. Each line is able to store a respective address tag, respective state
bits (e.g. including a "valid bit), and a respective group of eight words
of information. Each word has 4 byt (i.e. 32 bits). Thus, Block 3
of Set 0 is able to store an Address Tag[err] state bits State[err], and

22s DR ol SRS s RO bl e Lo
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Soci 11 ofebpumbsH(Le-accopipg to an agdressi bits 2° throydfl 2"y ps diserSeRls ' °
hereinabove). If ENABLE has a logic 1 state, then circuitry 121 is

activated; otherwise, circuitry 121 is not activated. If circuitry 121 is not

‘)

activated, processor 10 consumes less power, and an output node OUT
has a high impedance state. If D has a voltage greater than D while
circuitry 121 is activated, then OUT has a voltage substantially equal to
Vdd (i.e. alogic 1 state). By comparison, if D has a voltage less than D
while clrcultry 121 is activated, then OUT has a voltage substantially
equal to GND (i.e. a logic 0 state).

Through a bus 110, address tag information is transferred between
control logic 100 and Address Tag,, and state information is transferred
between control logic 100 and State,,. Through buses 116, 118 and 120a-
d, instruction information (or data information in the case of data cache
16) is transferred between control logic 100 and W, __

In an example instrubtion fetch operation, control logic 100 receives
an effective address from sequencer unit 18. Control logic 100 determines
a particular Set x in response to the received effective address’s bits 2°
through 2" (as discussed hereinabove), and control logic 100 inputs
information from Blocks 0-3 of Set x. More particularly, through bus 110,
control logic 100 reads the four address tags, Address Tag,,, Address



each- set incl udes mul ti pl e addresses, all of which share the sane seven
et - i nstruction cache 14 Stores informaiion for us 16 four physisal
addresses belonging to a particular Set x, as specified by Address Tag[err]
W thin instruction cache 14 | For examle. (a) in Block 0 of Set 0.
instruction cache 14 can store Address Tag[err] including a first address's
Bgassfgfgrkdérgggg¥aé%g;;%ingFLdngBgoggc;ngfaggﬁegé';nzfigcgigprfafﬂfoagh
Taglert] i hol uding & third addréss Sbits 2[err] through 2[err], and (d) in
= f our  h agan Addeesy Teigomad AdHESS Theqp potthelr Frgtectiily aadorialad Tag  orr] -
has 20, Ut sttes, Staleus SieLy Sty BT Shhigo ol 011 C21 Shreu T, oL agram of
cache 14 of P EoHier coMRREART0LBbsheres e et b o7 ol e
(20 sens DB it 71 fo iipisert a14aREtatuBudntiof RS AL ) Toenti ca o
Cireui tryedidnse to the logic states of control lines 122, multiplexer 114a outputs

a selected double-word from Block 0 of Set x to bus 118. For example,

the selected double-word is from either (a) the DRAM cells denoted as

W;wo and W,g,, (b) the DRAM cells denoted as W, and W,;, (c) the

DRAM cells denoted as W,,, and W, or (d) the DRAM cells denoted as

W, and W,

Likewise, in response to the logic states of control lines 122,

multiplexer 114b outputs a selected double-word from Block 1 of Set x to
bus 118, multiplexer 114¢ outputs a selected double-word from Block 2 of
Set x to bus 118, and multiplexer 114d outputs a selected double-word
from Block 3 of Set x to bus 118. Through bus 118, multiplexer 112
receives all four double-words from multiplexers 114a-d. ._

MMU of control logic 100 translates the received effective address
into a specific physical address. Control logic 100 compares the specific
physical address’s bits 2'* through 2*' against any valid Address Tag,,
from bus 110. Validity of an Address Tag,, is indicated by a digital logic
value of the “valid” bit in State,, associated with Address Tag,,. In

response to such a comparison, if the specific physical address’s bits 2'2



34 . Simlarly, since each word Werr] (where;z is an integer word
nunber from O through 7) has 32 bits, each of sense’anps 108a-h includes a
respective group of 128 sense anps (32 sense anps nmultiplied by 4 Bl ocks
0-3) each substantially identical to circuitry 121, so that sense anps
108a-h include a conmbined total of 1024 sense anps (128 sense anps
multiplied by 8 Woirds 0-7). Likew se, the nunber of sense anps in sense
anps 106 is equal to four times the nunber of bits per Stated[err] and each

of these sense anps is substantially identical to circuitry 121. Each
20-bit Address Tag[err] includes a respective group of 20 dynam c random
access nenory ("DRAM') cells, each M cell being able to store a

respective single bit of digital information. Simlarly, each 32-bit word
Werr] includes 2 respective group of 32 DRAM cells, each DRAM cel| being
abl e to dhoough 2 qangsr mateh svithyany walidohddregs (kag,,. then eentrohlogickewi se, the
nunber of L DRAM cell s, in each State[err] is_equal to the nunber of bits per
st at e[ er r}00 outputs suitable eenisel sigpalsdo as@ﬂlﬂ;]GWsl 12 QptEoled so t hat
(whor & x lines hE6,56 thek mauldplexerAhpetputs,(a GamtEn 192io 00 Rnemalcies ips
SHBCHEE TN IR IR R 5 PR S
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with Address Tag,,, (c) the double-word from multiplexer 114c if the
match is with Address Tag,, or (d) the double-word from multiplexer 114d
if the match is with Address Tag,,.
Accordingly, control logic 100 inputs a double-word from
multiplexer 112. If processor 10 is operating in the Fﬁ]l-power mode, then
control logic 100 outputs the double-word from multiplexer 112 to
sequencer unit 18 as part of the example instruction fetch operation.
By comparison, if processor 10 is operating in the Special power
mode, then control logic 100 outputs only a single word (i.e. half of the
double-word) from multiplexer 112 to sequencer unit 18. Control logic
100 selects the single word in response to the effective address’s bit 22
This is because, if processor 10 is operating in the Special power mode,
then instruction buffer 70 (FIGURE 3) is able to input only a single 32-bit
instruction (instead of up to two 32-bit instructions) from instruction cache
14 through 64-bit bus 50 during a single cycle of processor 10.
In the Special power mode, control logic 100 outputs suitable

signals on ENABLE lines 102, so that only selected subgroups of sense



35 anps (of sense anps 104), respectively, and (4) each of the 128 sets of
20 DRAM cel I's denoted as Address Tag[err] is coupled to a fourth group of
20 sense anps (of sense anps 104), respectively. Accordi ngly, each
sense anp (of sense anps 104) is coupled to a respective famly of 128 DRAM
cells which store digital information for bit 2q of Address Tag[err],
where: (a) g is a constant (i.e. common to all DRAM cells of the famly)
bit nunmber fromO through 19, (b) x is a variable (i.e. different for al
DRAM cell's of the famly) set number fromO through 127, and (c) y is a
constant bl ock nunber from O through 3. As shown in FIGURE 7, each
sense anp (circuitry 121) has an E LE line. Wth reference to FlI GURE 6,
enable lines 102 include a total of address tag ENABLE lines (i.e. 4

i e T's pAdLga0D Ao AebyAtedow G G selScted Sibergis oF SELHEER  ho four
o DR LOBSE g, SRaled <Th selested spbsiuDs aie i SMuPauSRET or 11 “whore
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a variable set number from 0 through 127, (b) y is a variable block number

from O through 3, and (c) z is a constant word number from 0 through 7

which is selected in response to the effective address’s bits 22 through 2*.

In this manner, processor 10 activates fewer (relative to the Full-power

mode) sense amplifiers of instruction cache 14 ]éer cycle of proceslsor. 10,

so the average power consumj:tion of instruction cache 14 (and hence of

processor 10) is reduced.

' Additional reductions are achieved if processor 10 enters the

Special “power saving” mode in response to the software event (1.e. SPS

has a logic 1 state), because in that situation control logic 100 reduces the

number of “ways” within instruction cache 14 to two-way instead of four-

way. Accordingly, while processor 10 operates in the Special “power

saving” mode, control logic 100 operates in a manner which ensures that

Address Tag,, and Address Tag,, are not valid (as indicated by digital

logic values of “valid” bits in State,, and State,;, respectively) and (b) only

Address Tag,, and Address Tag,, are allowed to be valid (as indicated by

digital logic values of “valid” bits in State,, and State,,, respectively).

| Accordingly, for an instruction fetch operation in that situation, 64
sense amplifiers (1 word/way x 4 bytes/word x 8 bits/byte x 2 ways x 1



bl ock, nunber from 0 through 3. The 1024 sense anps of sense anps
108a-h are organi zed so that (1) each of the 128 sets of 256 DRAM cel|ls
denoted as Werr] is coupled through a first group of 256 sense anps (of
sense anps 108a-h), respectively, to a nmultiplexer 114a via a bus 120a, (2)
each of the 128 sets 36 of
256 DRAM cells denoted as Werr] is coupled through a second group of 256
sense anps (of sense anps 108a-h), respectively, to a nultiplexer 114b via
a bus 120b, (3) each of the 128 sets of 256 DRAM cells denoted as Werr] is
coupl ed through a third group of 256 sense anps (of sense anps 108a-h),-
respectively, to a nmultiplexer 114c p4a a bus 120c, and (4) each of the 128
sets of 256 DRAM cel |l s denoted as VWerr] i's coupl ed through a fourth group

Caa v o SHse ARplfebRS 7€ afERaed RGN oL T S ARINR R lnse Ao
di'gital I WOSARRYRGR 4 byBshrorE 8 biishBt st Maypd | el Al o Sr ’
constant &lljsI hlsrélﬁsms)ee f&rrtﬁ)er? Rerblabd%2 in connection with FIGURES 2 and 3. e
Advantageously, this significantly reduces the average power consumption
of instruction cache 14 (and hence of processor 10).
Likewise, if processor 10 enters the Special “power saving” mode
in response to the software event, processor 10 reduces the number of
“ways™ within data cache 16 to two-way instead of four-way.
Accordingly, for an LSU 28 floating point load operation in that situation,
64 sense amplifiers (1 word/way x 4 bytes/word x 8 bits/byte x 2 ways x 1
sense amplifier/bit) are activated instead of 256 sense amplifiers (2
words/way x 4 bytes/word x 8 bits/byte x 4 ways x 1 sense amplifier/bit),
as discussed further hereinabove in connection with FIGURE 5.
Advantageously, this significantly reduces the average power consumption
of data cache 16 (and hence of processor 10).
The software event occurs at a moment when SPS transitions from a
logic 0 state to a logic 1 state. SPS transitions to the logic 1 state in
response to CFXU 26 executing a first MTSPR instruction directed to a
predetermined bit of a “HIDO" register of SPRs 40. The first MTSPR
instruction specifies the logic 1 state of SPS..
Immediately before the first MTSPR instruction, it is helpful (in

order to reduce complexity of circuitry within processor 10) for the



31, (b) x is a variable set nunber fromO through 127, (c) y is a constant
bl ock nunmber fromO through 3, and (d) s is a constant word nunber from O
t hrough 7. Enable lines 102 include a total of 32 word ENABLE | i nes
(i.e. 4 blocks * 8 words/block * 1 word ENABLE |ine per word). Each such
word ENABLE |ine is connected fromcontrol logic 100 to a respective
subgroup of the four groups of sense anps 108a-h, where the respective
subgroup is coupled to a famly of DRAM cells which store digital
information for words Werr], where (a) x is a variable set nunber fromO
through 127, (b) y is a constant bl ock nunber fromO through 3, and (c) z
is a constant word nunber from O thrgggh 7.

37 Li kewi se, sense anps 106 are organi zed so that (1) each of the
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following the first MTSPR instruetion, it is helpful for the software to
specify another ISYNC instruction.

As just discussed hereinabove, if processor 10 enters the Special
“power saving” mode in response to the software event (i.c. SPS has a
logic 1 state), processor 10 reduces the number of “ways” within
mstruction cache 14 and data cache 16 to two-way instead of four-way.
Accordingly, immediately before the SYNC instruction that precedes the
ﬁrst MTSPR mstructlon, itis 1mportant for the software to specify “Data
Cache Block Flush” (“DCBF”) and “Instruction Cache Block Invalidate”
(*“ICBI”) instructions.

Similarly, SPS transitions to a logic O state in response to CFXU 26
executing a second MTSPR instruction directed to the predetermined bit
of the “HIDO0" register of SPRs 40. The second MTSPR instruction
specifies the logic 0 state of SPS. Immediately before the second MTSPR
instruction, it is helpful for the software to specify a SYNC instruction,
followed by an ISYNC instruction. Immediately following the second
MTSPR instruction, it is helpful for the software to specify another
ISYNC instruction.

o The DCBF instruction specifies an effective address. In response to
the DCBF instruction, if any line within data cache 16 stores information



sense anps (of sense anps 106), (3) each of the 128 sets of 20 DRAM cel | s
denoted as State[err] is coupled to a third group of sense anps (of sense
anps 106), and (4) each of the 128 sets of DRAM cells denoted as State[err]
is coupled to a fourth group of sense anps (of sense anps 106).

Accordi ngly, each sense anp (of sense anps 106) is coupled to a respective
famly of 128 DRAM cells which store digital information for bit 2[err] of
State[err], where; (a) q is a constant bit nunber, (b) x is a variable set
nunber from O through 127, and (c) y is a constant bl ock nunber fromO

t hrough 3. Enabl e lines 102 include a total of 4 state ENABLE |ines
(i.e. 4 blocks * 1 state ENABLE Iing4per bl ock). Each such state ENABLE
line is connected fron1contro| |l ogic 100 to a respective one of the four
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modified by processor 10 relative to an original version of the information
stored within memory 39 (FIGURE 1) at the same physical address
(translated in response to the effective address), then processor 10 updates
memory 39 by copying the modified information from data cache 16 to the
same physical address within memory 39. Befbge transitioning SPS to a
logic 1 state, it is important for the software to specify enough DCBF
instructions to ensure that all lines are invalidated within Blocks 2 and 3 of
all 128 sets within data cache 16.

The ICBI instruction specifies an effective address. In response to
the ICBI instruction, if any line within instruction cache 14 stores
information (e.g. instructions) at the effective address, then processor 10
invalidates the line by clearing the line’s “valid” bit in State,,. Before
transitioning SPS to a logic 1 state, it is important for the software to
specify enough ICBI instructions to ensure that all lines are invalidated
within Blocks 2 and 3 of all 128 sets within instruction cache 14,

~ The SYNC instruction provides an ordering function for the effects
of all instructions executed by processor 10. In executing the SYNC
instruction, before processor 10 executes any subsequent instructions (i.e.

instructions following the SYNC instruction within the programmed



38 DRAMcells, where the one DRAM cell is selected in response to |ogic
states of control lines 124 output fromcontrol |ogic 100 according to the
set nunber (i.e. according to an address's bits 2[err] through 2[err] as
di scussed hereinabove). If ENABLE has a logic 1 state, then circuitry 121
Is activated; otherwise, circuitry 121 is not activated. If circuitry 121
I's not activated, processor 10 consunes | ess power, and an output node OUT
has a hi gh i npedance state. If D has a voltage greater than [err] while
circuitry 121 is activated, then OUT has a voltage substantially equal to
Vdd (i.e. alogic 1 state). By conparison, if D has a voltage |ess than
[err] while circuitry 121 is activat g, then QUT has a vol tage
substantially equal to G\D (i.e. a Ioglc 0 state). Through a bus

Add o5 TR tm% LR 7 oA, PSR EE B A 2, 12,
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100 readseiégbﬁéﬁy address tags, Address Tag[err] Addr ess

When processor 10 completes the SYNC instruction, processor 10

will have performed (with respect to all other mechanisms that access

 memory 39) all external accesses initiated by prbcessor 10 prior to the
SYNC instruction. Further, processor 10 will have completed all its load
and store cache/bus activities initiated in response to prior instructions.
Processor 10 delays completion of the SYNC instruction until all prior
“Data Cache Block Touch” (“DCBT”) and “Data Cache Block Touch for
Store” (“DCBTST”) instructions have completed, at least through address
translation, but without regard to whether such DCBT and DCBTST
instructions have completed on system bus 11. The SYNC, DCBT and
DCBTST instructions are more completely described in the PowerPC
603e RISC Microprocessor User’s Manual, identified hereinabove.

In response to the ISYNC instruction, processor 10 waits until it is
able to complete all prior instructions (i.e. instructions preceding the
ISYNC instruction within the programmed sequence of instructions for
execution). Then, processor 10 discards any fetched instructions, so that



39 Tag[err], Address Tag[err] and Address Tag[err], and their respectively
associ ated four states, State[err], State[err], State[err] and State[err].
Further, control logic 100 outputs the received effective address's bits
2[err]and 2[err] to nmultiplexers 1 14a-d through control lines 122. In
response to the logic states of control lines 122, nultiplexer 114a outputs
a selected double-word fromBlock O of Set x to bus 118. For exanple, the
sel ected double-word is fromeither (a) the DRAM cells denoted as Werr]
and Werr], (b) the DRAM cells denoted as Werr] and Werr], (c) the DRAM
cells denoted as Werr] and Werr], or (d) the DRAM cells denoted as Werr]
and Werr]. Li kewi se, in respaﬁse to the logic states of control
lines 122, nultiplexer 114b outputs sel ect ed doubl e-word from Bl ock 1 of

Set x to bus 118, nultlplexer 114c o tput el ect eq .doubl e-word from
instruciionseare shed)and

Bl ock 2 Satugednstry executed jnthe gontexsct ed

doubl e-word_fr 3 of Setxto bus 118.. Thro 118 nultlplexer
112 r ecefstablished gzv edmmmsuvpagns{ (ﬁmeutlpnm GES tion MU of
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instructions (i.e. instructions following the ISYNC instruction within the
programmed sequence of instructions for execution), processor 10 ensures
that (a) all prior instructions have completed, at Jeast to the point where
such prior instructions are no longer able to causé an exception, and (b) all
prior store operations have completed, at least through address translation.
These subsequent instructions are subject to all effects of the prior
mstructions. The ISYNC instruction is context synchronizing.
The hardware event occurs at a moment when HPS transitions from
a logic 0 state to a logic 1 state. In response to HPS transitioning from a
logic O state to a logic 1 state, processor 10 performs the following
enumerated actions.
1. Sequencer unit 18 (FIGURE 1) aborts any pending instructions
in instruction buffer 70 (FIGURE 3) which have not already been
disﬁatched to execution units of processor 10.
2. Processor 10 aborts any pending instructions in the execution
units (branch unit 20, FXU 22, CFXU 26, LSU 28 and FPU 30), so that
such pending instructions are not executed. In that regard, LSU 28



response to such a conparison, if the specific physical address's bits

2[err] 40 through 2[err] are
a match with any valid Address Tag[err]. then control |ogic 100 outputs
suitable control signals to a nultiplexer 112 through control lines 126, so

that multiplexer 112 outputs (to control logic 100 through bus 116) either
(a) the double-word fromnultiplexer 1 14a if the match is with Address
Tag[err], (b) the double-word frommultiplexer 114b if the match is with
Address Tag[err], (c) the double-word fromnultiplexer 114c if the match is
wi th Address Tag[err] or (d) the double-word fromnultiplexer 114d if the
match is with Address Tag[err]. Accordingly, control logic 100 inputs
a double-word frommultiplexer 112. 4% processor 10 is operating in the
Ful | - power node, then control logic 100 outputs the double-word from
mul ti pl ex@IGURE b) abartsranyrpending sforesinstructionis whiclehavenot alreadyict i on
fetch operation. By conparison, if processor 10 is ogperating in the
Speci al resaltedun storagerofinformatiomin dataocachet Kt Fooexgmple,iinghe word (i . e.
hal f of the double-word) fromnultiplexer 112 to sequencer .unit 18. Contro
| ogi c illustrative embodiment, LSU 28 includes a store queue. Accordingly,
LSU 28 aborts any pending store requests in the store queue, so that such
pending store requests are not performed.
3. Processor 10 invalidates all entries in rename buffers 34 and 38
(FIGURE 1). For example, processor 10 moves writeback pointer 182
(FIGURE 5) and completion pointer 184, so that writeback pointer 182
and completion pointer 184 point to the same rename buffer entry as
allocation pointer 180.
4. Sequencer unit 18 (FIGURE 2) saves the address of the
‘instruction pointed to by completion pointer 175 (FIGURE 4) of reorder
buffer 76. Then, processor 10 invalidates all entries in reorder buffer 76
by moving completion pointer 175, so that completion pointer 175 points
to the same reorder buffer entry as allocation pointer 173.
After processor 10 performs the foregoing enumerated actions,
fetch logic 71 (FIGURE 2) resumes fetching instructions, beginning at the
address saved by sequencer unit 18 as discussed hereinabove in the
imﬁiediately preceding paragraph (i.e. in enumerated action 4
hereinabove).
In an alternative embodiment, processor 10 reduces the number of

“ways” within instruction cache 14 and data cache 16 to two-way instead



100 selects the single word in response to the effective address's bit
2[err]. This is because, if processor 10 is operating in the Special power
node, then instruction buffer 70 (FIGURE 3) is able to input only a single
32-bit instruction (instead of up to two 32-bit instructions) from

I nstruction cache 14 through 64-bit bus 50 during a single cycle of

processor 10. In the Special power node, control |ogic 100 outputs
suitabl e signals on ENABLE |ines 102, so that only sel ected subgroups of
sense 41 anps 108a-h are

activated while non-sel ected subgroups of sense anps 108a-h are di sabl ed.
The sel ected subgroups are the ones E&ﬂpled to DRAM cel |l s which store
digitaLi nformation for words Werr], ere (a) x is a variable set nunber
fromO through 127, (b) 'y is a variable block nunber fromO through 3, and
(c) z is af fourswaytanytimie pracessof rlénemersthe SpecralWipower savgsgéct ed in
response to the effective address's bits 2[err] through 2[err]. In this
manner, pmase; svithawt regard to adhetherpraceason 10/ entess the:Special fp@wermode)

sense anplifjiers of instruction cache 14 per cycle of Processor so the

average psadngcanededn respaseitashe sofimare exenton the Vﬁﬂﬁﬁ@"ﬁﬁ-%g’
such an alternative embodiment, in response to HPS transitioning from a
logic 0 state to a logic 1 state: |
(1) control logic 100 (FIGURE 6) ensures that all lines within
Block 2 and Block 3 of all 128 sets within instruction cache 14 are
invalidated, such that the “valid” bits in State,, and State,; are cleared;
(2) likewise the control logic of data cache 16 ensures that all lines
within Block 2 and Block 3 of all 128 sets within data cache 16 are
invalidated; and |
(3) if any such invalidated line within data cache 16 stores
information which has been modified by processor 10 relative to an
original version of the information stored within memory 39 (FIGURE 1)
at the same physical address (translated in response to the effective
address), then processor 10 updates memory 39 by copying the modified
information from data cache 16 to the same physical address within
memory 39.
" Control logic 100 implements a least recently used (“LRU™)
replacement policy for storing new information within instruction cache

14. In that regard, data cache 16 is substantially identidal to instruction
cache 14. Relative to instruction cache 14, data cache 16 additionally



processor 10) is reduced. Addi ti onal reductions are achieved if
processor 10 enters the Special "power saving"” node in response to the
software event (i.e. SPS has a logic 1 state), because in that situation
control logic 100 reduces the nunber of "ways" within instruction cache 14
to two-way instead of four- way. Accordingly, while processor 10 operates
I n the Special "power saving" node, control |ogic 100 operates in a manner
whi ch ensures that Address Tag[err] and Address Tag[err] are not valid (as
indicated by digital |ogic values of "valid" bits in State[err] and
State[err], respectively) and (b) only Address Tag[err] and Address
Tag[err] are allowed to be valid ( I ndi cated by digital |ogic val ues of
"valid" bits in State[err] and State€|err], respectively).
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read-modify-write operation to data cache 16 in a single cycle of

processor 10. Data cache 16 selectively operates in either write-back or

write-through mode, and it implements control of cacheability, write )

policy, and memory coherency on a page-by-page and line-by-line basis.

Although an illustrative embodiment and\jts advantages have been

described in detail hereinabove, they have been described as example and

not as limitation. Various changes, substitutions and alterations can be

made in the illustrative embodiment without departing from’ the breadth,

scope and spirit of the present inventions.
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processor 10 enters the Special "power saving" node in respohsef td tHe
software event, processor 10 reduces the nunber of "ways" within data cache
16 to two-way instead of four-way. Accordingly, for an LSU 28 fl oating
point | oad operation in that situation, 64 sense anplifiers (1 word/way x 4
bytes/word x 8 bits/byte x 2 ways x 1 sense anplifier/bit) are activated

i nstead of 256 sense anplifiers (2 words/way x 4 bytes/word x 8 bits/byte x
4 ways x 1 sense anplifier/bit), as discussed further herei nabove in
connection with FIGURE 5. Advant ageo y, this significantly reduces the
average power consunption of data cache 16 (and hence of processor 10).

The software event occurs at a none en SPS transitions froma logic O
state to a logic 1 state. SPS transid othe logic 1 state in response
to CFXU 26 executing a first MISPR instruction directed to a predeterm ned
bit of a "HHDO' register of SPRs 40. The first MISPR i nstruction specifies

the logip&é&iﬁﬂj&;ﬂ;;iﬁ%ﬁi%ﬁ% | medi ately before the first MISPR
I nstructi o order to reduce conplexity of circuitry
wi thin processor 10) for the
1. A method, comprising:
while load circuitry operates in a first power mode, per cycle of said
load circuitry, loading up to N number of data bi}s from a memory,
wherein N is an integer number and N > 1; and
while said load circuitry operates in a second power mode, per
cycle of said load circuiﬁy, loading up ‘fo M number of data bits from said

memory, wherein M is an integer number and 0 <M <N.

2. The method of Claim 1 wherein said first power mode is a full

power mode, and said second power mode is a low power mode.

3. The method of Claim 1 wherein said load circuitry operates n

said second power mode in response to a software event.

4. The method of Claim 1 wherein said load circuitry operates in

said second power mode in response to a hardware event.
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43 software to specify a "Synchronize"” ("SYNC') i nstrucf
an "Instruction Synchronize" ("ISYNC') instruction. | mul%illumwﬂmlm
the first MISPR instruction, it is helpful for the software €0 Spacl 5y =
anot her | SYNC i nstruction. As just discussed hereinabove, if
processor 10 enters the Special "power saving" node in response to the
software event (i.e. SPS has a logic 1 state), processar 10 reduces the
nunber of "ways" within instruction cache 14 and data cache 16 to two-way
i nstead of four-way. Accordingly, inmediately before the SYNC instruction
that precedes the first MISPR instruction, it is inportant for the software
to specify "Data Cache Bl ock Flush" 5(1" DCBF") and "Instruction Cache Bl ock
I nval i date™ ("I1CBI") instructions. Simlarly, SPS transitions to a

logic O state d esponse t -XU, 26 execut,i second MISPR instruction
directed o tHe SREAMOOR aam%v%mmaﬂ%%rgwa&mm @FCWBRs 40. The
second M. I Rstruct.ion ecdfi .the |l ogic state . of ,SPS. | medi ately
bef ore tﬁgfgbé PRASBES Pﬁ&ﬁd@@ﬁi“rﬁ%@ﬁ&%@&%ﬁdﬁ@%ﬁ femperatiEs-c to

specify a SYNC instruction, followed by an I SYNC i nstruction. Imrediately
followi ng the second MISPR instruction, it is helpful for the software to

FTect]ve addihsbhe pethT A Ciaters whersia:faid fieshold Bmberadiy 5 ne. w ¢ hi n
data cachrifinh Saftdrip@alite' GF'said load circuitry operating in said first

power mode.

7. The method of Claim 1 wherein said memory is cache memory.

8. The method of Claim 7 wherein said cache memory is a data

cache memory.

9. The method of Claim 7 and comprising disabling a group of
sense amplifiers coupled to cells of said cache memory storing data bits
other than said M data bits while said load circuitry operates in said

second power mode.

10. The method of Claim 1 wherein said N data bits are a double-

precision floating point operand.

11. The method of Claim 1 wherein said M data bits are a single-

precision floating point operand.
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44 (e.g. data) at the effective address, then processor 1Qpmj I“mu M'H
line by clearing the line's "valid" bit in State[err]. Furﬂmmm m

to the DCBF instruction, if the invalidated |ine stores infdrmitibn %Which®
has been nodified by processor 10 relative to an original version of the

I nformation stored within menory 39 (FIGURE 1) at the sane physical address
(translated in response to the effective address), then processor 10
updates nmenory 39 by copying the nodified informati on fromdata cache 16 to
t he sanme physical address within nenory 39. Before transitioning SPSto a
logic 1 state, it is inportant for the software to specify enough DCBF

I nstructions to ensure that all Iinegzare I nvalidated within Blocks 2 and 3
of all 128 sets within data cache 16! The ICBI instruction specifies
an effective aoidi’e . Ln response to the ICBI instruction, if any line

wi t hi n i nst r ucth%on ASUHEY,1Q0IBPHSHIE:| nf or mation (e.g. instructions) at the
effective address, then pr.ocessor 10 invalidates the line by clearing the
line's "valid" 199d CIreuBrRf@Yerr|. Before transitioning SPS to a logic 1

fo ensure that ol IPRGEEHRLS N B of et B AomakeieoncPer eclgl | 128
o dor 1 ng P88610 It BireRioe” Bfle Said Jpad circitSt PHEBIGHE & LESLBENRS, pr oceesor
10 1n exges8s "ghbfSn i an integer number and N > 1; and
loading up to M number of data bits from said memory per
cycle of said load circuitry while said load circuitry operates in a second

power mode, wherein M is an integer number and 0 <M <N.

13. The circuitry of Claim 12 wherein said first power mode is a

full power mode, and said second power mode is a low power mode.

14. The circuitry of Claim 12 wherein said load circuitry operates

in said second power mode in response to a software event.

15. The circuitry of Claim 12 wherein said load circuitry operates

in said second power mode in response to a hardware event.

16. The circuitry of Claim 15 wherein said hardware event occurs

when a temperature of said load circuitry exceeds a threshold temperature.
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I nstruction, before processor 10 executes any subsequent | r | CY
I nstructions followng the SYNC instruction within the plrmilw Hﬂwmmlll
45 sequence of instructions for execution), processor -e *
prior instructions (except "touch | oad" operations and instruction fetches)
have conpl eted, at |east to the point where such prior instructions (i.e.

I nstructions preceding the SYNC instruction within a programmed sequence of
i nstructions for execution) are no |onger able to cause an exception.

When processor 10 conpletes the SYNC i nstruction, processor 10 will have
performed (with respect to all other mechani sns that access nenory 39) al
external accesses initiated by pro sor 10 prior to the SYNC instruction.
Further, processor 10 will have conpleted all its | oad and store cache/ bus
activities inggiapged in res 8 to, prdor.instructio Processor 10 del ays
conpl etion of i?h?@ﬂ@%&ﬁ@fmﬂﬁﬁwqmg $alﬂﬁﬁ€ﬁsb°ﬁ€%m92@§\¥%l%ck Touch”
(" DCBT")

have corfRbpuntiEh SafEiioRls i Hii1oa orbaley operdtilih said Fibe V¢! "¢

power mode.

18. The circuitry of Claim 12 wherein said memory is cache

memory.

19. The circuitry of Claim 18 wherein said cache memory is a data

cache memory.

20. The circuitry of Claim 18 and comprising circuitry for disabling
a group of sense amplifiers coupled to cells of said cache memory storing
data bits other than said M data bits while said load circuitry operates in

said second power mode.

21. The circuitry of Claim 12 wherein said N data bits are a

double-precision floating point operand.

22. The circuitry of Claim 12 wherein said M data bits are a single-

precision floating point operand.
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transl ation, but without regard to mhether such DCBT and DCBTST

i nst;ructions have conpleted on systenﬂbus ‘11:,.The SYNC, DCBT and DCBTST
|nstruct|ons are nore conpl etely described in the Power PC 603e RI SC

M croprocessor User's Manual, identified herei nabove. In response to
the 1 SYNC i nstruction, processor 10 waits until it is able to conplete al
prior instructions (i.e. instructions preceding the I SYNC instruction

wi thin the progranmed sequence of instructions for execution). Then,
processor 10 di scards any fetched instructions, so that

46 future instructions are_fetched (or refetched) and executed in the
context established by the prior instgpgctions. Execution of the | SYNC
instruction by processor 10 has no efféct on other processors or their
caches. ' 10 achi eves
refetch serializa L AN MEZHOD HOHo REICANG & ‘EBkecutes any
subsequent |nstruct|ons il |nstruct|02§ ? I ke YNC i nstruction
wi thin the progra ), processor 10
ensures that (a) all prior instructions have conpleted, at least to the
poi nt where

ABSTRACT OF THE DISCLOSURE

While load circuitry operates in a first power mode, per cycle of the
load circuitry, up to N number of data bits are loaded from a memory,
where N is an integer number and N > 1. While the load circuitry
operates in a second power mode, per cycle of the load circuitry, up to M
number of data bits are loaded from the memory, where M is an integer

number and 0 <M <N.
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such prior instructions are no |longer able to cause an exception, and (b)
all prior store operations have conpl eted, at |east through address
transl ati on. These subsequent instructions are subject to all effects of
the prior instructions. The I SYNC instruction i s icontext synchronizing.
The hardware event occurs at a nonment when BPS transitions froma logic O
state to a logic 1 state. In response togyPS transitioning froma logic O
state to a logic 1 state, processor ﬂ forms the foll owi ng enunerated

actions. 1. Sequencer unit 18 (FIGURE 1) aborts an endi ng
instructifons 1n 1nstruction buffer 70 (FI GURE 3) which have n al ready~
been disﬂathea TO execurion units of processor 10. 2. 0CesSor,q0
aborts arfy pending i Cti ONSud jon unitg (branchf unit 20s=FXU
22, CFXU|[Zo, LJU 28 and HPU 30)|, ¢¢0 that ngh pendi ng{i nstructj ons ar ot
executed.| JIn tHat regard,] LSU 38 EL ®
47 (FIGWII E 1) Jabort$ any] pendi ng§§re I nstructi ons Which have ot al ready
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resul ted-in storage of |nfornat|on in data cache 16. For exanple, in the ,
illustrative enbodinent, LSU 28 includes a store queue. Accordingly, LSU 28
aborts any pendi ng store requests in the store queue, so that. such pendlng
store requests are not performned. 3. Processor 10 invalidates al
entries in renane buffers 34 and 38 (FIGURE 1). For exanple, processor 10
noves writeback pointer 182 (FIGURE 5) and conpl etion pointer 184, so that
writeback pointer 182 and conpletion pointer 184 point to the sane renane
buffer entry as allocation pointer 180. 4. Sequencer unit 18 (FI GURE
2) saves the address of the instruction @yfnted to by conpletion pointer
175 (FIGURE 4) of reorder buffer 76. Then, processor 10 invalidates al
entries in reorder buffer 76 by noving conpl etion pointer 175, so that

conpl etion pointer 175 points to the sane reorder buffer entry as

al | ocati on pointer 173. After processor 10 perforns the foregoing
enuner at ed .act . f logic 71 (Fl GJRE resunmes fetching
i nstructi oﬁz)'hﬁgﬁﬁmq(i\g‘f&%“fﬂ‘e adEﬁéMéN% |WC§QH§éﬂcer unit 18 as
di scussed hereinabovgé in the imedi ately pr¥cedi ng paragraph (i.e. in
enunerated action 4 herei nabove). Infan alternative enbodi nent,
processor 10 reduces the nunber of - *ways™ w thrn-imstruoqgti on cache 14 and
data cache 1p—t+o—twolway i““teéd !
FETCHLOGIC ;| 1, [ INSTRUGTION BUFFER 7 i
—_— ] R
. 1 1
A A : i :
SPS >—I | DECODELOGIC 72 |
) ; — 1 18
HPS >——¢ i ] ! /
INT > ¢ > ?
—> DISPATCHLOGIC 74 | |
v A ' :
] I O !
TO .
EXECUTION < ; >
UNITS : INSTRUCTION REORDER
) TYPE BUFFER
FROM 76
EXECUTION > > 2

UNITS

l I

COMPLETION EXCEPTION
LOGIC "~ LOGIC
& I

FIG. 2



48 of four-way anytine processor 10 enters the Special "power saving"
node, w thout regard to whet her processor 10 enters the Special "power
savi ng" node in response to the software event or the hardware event. In
such an alternative enbodinent, in response to HPS transitioning froma

logic O state to a logic 1 state: (1) control logic 100 (FI GURE 6)
ensures that all lines within Block 2 agg Block 3 of all 128 sets within
instruction cache 14 are invalidated, ﬁ that the "valid" bits in
State[err] and State[err] are cleared, (2) likewi se the control logic
of data cacheFROMENSTRUGTIONGAGHE 14 i nes within Block 2 and Bl ock 3 of all
128 sets within data caghe 16 are invalidated; and (3) if any such

invalidated line within spache 16 stores information which has been
nodi fied by processor 1 el ative to an original version of the information
stored within rrermr}TB'Q (FIARE™L) af” The —sare physical —address {0ransl at ed
i n response to the ffegtive addfess), then processor] 10 updates dennry 39
by copyin@ ¢ 8§ |qg on from data cadBe 16 to the sa physi ca
address wit |n nennr Comt-rot—tporc +66—pl ement s a | east
recently used ("LRY') r placenent policy #pr storing new informati mﬁ?hln
instruction cache 14. I that refpard, data cache 16 I}s substantially

1. Relative to iéﬁﬁrLction cache 14, data

identical to instruttio
cache 16 additionally _ |
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49 supports processor 10 wite operations to data cache 16. Processor 10 is
able to performsuch wite operations on a byte-by-byte, half-word, word,
or doubl e-word basis. Moreover, processor 10 is able to performa ful
read-nodi fy-wite operation to data cache 16 in a single cycle of processor
10. Data cache 16 selectively operates in either wite-back or
write-through node, and it inplenents codﬂiol of cacheability, write76
policy, and nenory coherency on a page-by-page and |ine-by-1ine 3g§fs.
Al t hough an illustrative enbodi nent andits advant ages have been scri bed

In detail hereinab Lhed gs exanple and not.as
limtation. Various ch%p efs, INSTREETION TYFES angPaIterat ons can| be nade i{n
the illustrajjsve er%@; ' Hn q arld
spirit of the)presg NEXECISTION UNIT BeSH | BEdk | madks) etcbfod
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50 ' CLAIMS 1. A nethod of operating a
processi ng system conpri sing: executing instructions in said
processing systemusing data bits |oaded froma nenory; ~operating
sai d.processing systemin a first power “nmode during which load circuitry
In said processing systemloads up to N nunber. of data bits fromsaid '
menory per cycle .of said load circuitrywherein N is an integer nunber- and
N> 1; and operating said processor systemin a second power node
during which said load circuitry |loads up to M nunber of data bits from
said nmenory per cycle of said load circuitry, wherein Mis an integer
nunber and O < M< N. 2. The nethod of5/8 aim 1 wherein said first power
mode is a full power node, and said second power node is a | ow power node.
3. The nethod of Claim1 wherein said load circuitry operates in said
second power node in response to a software event.
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402988 -
4. "The method of. Claim 1 wherein said |oad circuitry operates in"sal

'second power node in response to a hardware event. 5. The nﬁlﬁm@phf.‘,,@,l fn
4 wherein said hardware event occurs when a tenperature of said procesm%
syst em exceeds a threshold tenperature, 6. The met hod of claimb5 wherein

- said threshold tenperature is a maxi num safe tenperature of said

processi ng systemoperating in said first power node. 7. The nethod of
claim1 wherein saiSYSTEM AND METHODWOR REDOCINGPOWERd of claim?7
wherein said” cache ‘menory is a data cache nenory. 9. The nethod of claim?7
and conpri si ng_di sabCONPEMPTION BN ANk ECFRONICCERCUSTpl ed to cel |l s of
said cache nenory storing data bits other than said Mdata bits while said
|l oad circuitry operates in said second power node. 10. The nethod of claim
1 wher eiRBgm&f data bits are a double-precision floating point operand.

While load circuitry operates in a first power mode, per cycle of the load circuitry,
up to N number of data bits are loaded from a memory, where N is an integer number
and N > 1. While the load circuitry operates in a second power mode, per cycle of the
load circuitry, up to M number of data bits are loaded from the memory, where M is an

integer number and 0 < M < N.

Fig. 1
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51 11. The method of claim1 \/\herel n sald M data bits ﬂ’h’nﬁ
single-precision floating point operand 12, CGrceuitry in a@-&lus&?f

processing system conprising: ' means for executing i nstruwfqn!s in
sai d processing systemusing data bits |oaded :froma nenory; means
for loading up to N nunber of data bits fromsaid nenory per cycle of |oad
circuitry in said processing systemwhilegsaid |load circuitry operates in a
first power node, wherein Nis an integer nunber. and N > 1; and :

means for |oading up to M nunber of data bits from said menory per cycle of
said load circutry while salﬂ"WilOFc'ﬂHErW}&’I&\és in a second power
node, wherein |V|IS an |ntetg nunber and O < M < N 13. The circuitry of
cl ai m 12 wher ei nlisigi2a objecs o i&emsemwnngnw grogliorateoORer orimere disadvantages of

the prior art,

According to one aSpect of the present invention there is provxded a method
comprising: -2 method of operating a processing system, compnsmg executmg
instructions in said processing system using data bits loaded from a memory; operating
said processing system in a first power mode during which load circuitry in said
processing system loads up to N number of data bits from said memory per cycle of said
load circuitry wherein N is an integer number and N > 1; and operating said processor
system in a second power mbde'during which said load circuitry loads up to M pumber
of data bits from said memory per cycle of said load circuitry, wherein M is an integer
mmberand O < M < N,

According to another aspect of the present invention there is provided circuitry in a
data processing system, comprising: means for executing mstruct.lon:s in said processing
system using data bits loaded from a memory; means for loading up to N number of data
bits from said memory pcr cycle of load circuitry in said processing system while said
load circuitry operates in a first power mode, wherein N is an integer number and N >
1; and means for loading up to M mumber of data bits from said memory per cycle of
said load circuitry while said load circuilry operates in a second power mode, wherein M

is an integer number and O < M < N.
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éai d second power node is a | ow power node. 14. The gj [l gt M 12
wherein said load circuitry operates in said second Mu !ﬂﬂlﬂ“i&ponse
to a software event. 15. The circuitry of claim 12 LSdlm 0

circuitry operates in sai-d second power .node in response to a hardware
event. 16. The circuitry of claim 15 wherein said hardware event occurs
when a tenperature of said processing stem exceeds a threshold
tenperature. 17. The circuitry of claim 16 wherein said threshold
tenperature is a maxi num safe terrperéqmof sai d processing system
operating in satd first power node he circuitry of claim 12 wherein

d I 18 wh d
(Szglchenenemno?/yl | sn%a caﬁﬁ% r%@cessﬁf%leﬁﬁ,'dbﬁxvl rlgu frsl (Tf cl ai (ranr iénaﬁgl
colTs of "oa R ‘fé“"*‘f‘k“%ﬁ%*dﬁ%%gﬁéft}@%e@‘%ﬁ% s i Toadel fthpa COLP! PO O

cells of said cach€ nenory stori ata bits
whi | e sai gﬁﬁnggd circuitry operates in said second power node. 21. The
circuitry o I'ai m 12 wherein said N data bits are a doubl e-precision

floating poi gherPsaM processing system in 2 first power mode during which load circuitry

in said processing system loads up to N number of data bits from said memory per cycle

of said load circuitry,wherein N is an integer pumber and N > 1; and
operating said processor system in & second power mode during which said load

circuitry loads up to M number of data bits from said memory per cycle of said load
cu'cmn'y, wherein M is an integer number and 0 < M < N, '
2. The method of Claim 1 wherein said first power mode is a full power mode, and
said second power mode is a low power mode..

3. The method of Claim 1 wherein said load circuitry operates in said second power
mode in response to a software event. |
4. The method of Claim 1 wherein said load circuitry operates in said second power
mode in response to & hardware event.
5. The method of claim 4 wherein said hardware event occurs when a temperature of -
said processing system exceeds a threshold temperature. |
6. The method of claim 5 wherein said threshold temperature is a maximum safe
temperatre of said processing system operating in said first power mode.
7.  The method of claim 1 wherein said memory is cache memory.
8.  The method of claim 7 wherein said cache memory is a data cache. memory.
9. The method of claim 7 and comprising disabling a group of sense amplifiers
coupled to cells of said cache memory storing data bits other than said M data bits while
said load circuitry operates in said second power mode.

10. The method of claim 1 wherein said N data bits are a double-precision floating

" poimt operand. REPLACEMENT SHEET
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11. Thé method of claim I wherein said M data bits are a single-precision loating
point opera;xd.
12. Circuitry in a data processing system, comprising:
'means for executing instructions in said processing system using data bits loaded
from a memory; |
means for loading up to N number of data bits from said memory per cycle of load
circuitry in said processing system while said load circuitry operates in a first power
mode, wherein N is an integer number and N > 1; and |
means for loading up to M number of data bits from said memory per cycle of said
load circuitry while said load chcﬁuy operates in a second powef mode, wherein M is
an integer mumber and O < M < N,
13. The circuitry of claim 12 wherein said first power mode is a full power mode, and
said second power mode is a low power mode.
14. The circuitry of claim 12 wherein sa;d load circuitry operates in said second power
. mode in response to a software event.
15. The circuitry of claim 12 wherein said load circuitry operates in said second power
mode in response to a hardware event.
16. The circuitry of claim 15 wherein said bardware event occurs when a temperature
of said processing system exéeeds a threshold temperature.
17. The circuitry of claim 16 wherein said threshold temperature is a2 maximum safe
temperature of said processing system operating in said first power mode.
18, The circuitry of claim 12 wherein said memory is cache memory. |
19. The circuitry of claim 18 wherein said cache memory is a data cache memory.
20. The circuitry of claim 18 and comprising circuitry for disabling a group of sense
amplifiers coupled to cells of said cache memory storing data bits other than said M data
~ bits while said load circﬁitry operates in said second power mode.

21. The circuitry of claim 12 wherein said N data bits are a double-precision floating

point operand,



53 17. The circuitry of Caim-16 wherein said thres
is a maximum safe tenperature of said load circuitry oper

first power node. 18. The circuitry of Caim 12
menory i s cache nmenory. 19. The circuitry of Caim18 wher ein sa| d
cache menory is a data cache nenory. 20. The circuitry of Claim18

and conprising circuitry for disabling a group of sense anplifiers coupled
to cells of said cache nenory storing data bits other than said Mdata bits

while said load circuitry operates in said second power node. - 21,
The circuitry of ¢l aim 12 wherein said N daga bits are a doubl e-precision
floating point operand. 22. The circuitry of Caim1l2 wherein said

~Mdata bits ane nal e- ) i ,
227 ' citultry of claim 12 wherein said M datg bits are a single-precision floating

point operand,
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~ precision floating point operand.
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SYSTEM AND METHOD FOR REDUCING POWER
CONSUMPTION IN AN ELECTRONIC CIRCUIT

ABSTRACT

" While load circuitry operates in a first power mode, per cycle of the load dircuitry,
up to N pumber of data bits are loaded from 2 memory, where N is ap integer number
and N > 1. While the load circuitry operates in a second power mode, per cycle of the
load circuitry, up to M nurnber of data bits are loaded from the niemory, where M is an
integer pumber and 0 < M < N..
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