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The present invention relates generally to the architectural state of a

m croprocessor. SHMETHQB AND ARPARA: FOR ¥RANSFERRING DATA BEFWEEN A
and apparatus for transferr RRGISPER SPAPRCAND WWIEMOR ¥ RESOBREES

backi ng store defined in the nenory of € m croprocessor. BACKGROUND OF
THE | NVENTI ON A register stack may conprise a nunber of general
regi sters.of a m croprocessor, which have been designated for the storage
of data requireg . g to, procedures of a stored program
bei ng executed ! F §or. Specifically, upon execution of a
particul ar pr ocedur e',I‘ha presﬁ:mhcﬂnvﬁenaon mme&gemmllwmﬁhhmhneﬁuwur eis
created within [ K. C

regi sters (cont g&ﬁ? %?gvlgédprg Oég%q: -EQﬁm":ﬂl }?1 vé@&é ?;'eglg‘?é)r%f’a\{&dto a
activation recomethad ands ?Iépﬁé'awrfl@éﬁl‘awfﬁéﬁng dat@b@@’é@ﬂ]\f%@ﬁiﬁﬁ% stackiancher
procedure, the patikiag sl%fécaéﬂﬁﬁé‘d i) R b 1926 LehelmicrbpfddagéorSt acked frame
on top of the stacked ng_procedure; Accordingly, for a
program in whi cR- LONs are  bei ng executed, the

rA e? |e st e{ e?t atck rkray | mgﬁeﬁsta@kﬁﬁ@jppmle AUNBAbe0bf g eﬁétrabkegﬁstéfﬁisf a

S Stack .accor n e pr.o es 0 e
Share a1 arge r dyrspartPE wBic Bl isrL AesipRitd SOL S ybRieRl 8645 Shtieea,,
regi sters. The byl hnd preutainipgtto eprsedhresygiiacabrec prpgame lwing bkecuiedby the
cal | /return fregue z%ﬁe Ehsggghl:algfmsﬁ&ﬂc’%%&nénr&% aﬁfctﬁéx‘zg%ceglure a

significantly reduces tores . register
procedures cal | §ta§hcframp@§ggc1§qedémthébagp@cedggq sravggtedtwithise thesegistet ur ns,

and thus provi dgtsk. CBt§tack frame includes saved registers (containing variables local to
relevant procedure), an activation record and a frame marker. When a

procedure calls a further procedure, the called procedure in turn creates a
further stacked frame on top of the stacked frame for the calling procedure.
Accordingly, for a program in which a number of nested procedures are
being executed, the register stack may include a corresponding number of
stack frames.

A register stack accordingly allows multiple procedures to effectively
share a large register file by stacking associated stack frames in on-chip
registers. The call/return patterns of typical programs exhibit high
call/return frequencies with small amplitudes. A register stack significantly
reduces the number of stores (i.e. register saves) at procedures calls and
loads (i.e. register restores) at procedure returns, and thus provide a "cache"
of information pertinent to nested procedures. As processor operating
frequencies are increasing faster than the access times to memory resources
(e.g. RAM) are decreasing, reducing the number of memory accesses
performed by a program, as a result of procedure calls and returns, provides
a performance advantage. This advantage is becoming increasingly
significant in view of the popularity of modular and object-oriented
programming, and the use of dynamically linked libraries.

As a register stack has a limited size, it will be appreciated that in a
deeply nested procedure call sequence, the capacity of the register stack may
be exceeded in what is termed a "spill". In such situations, it is necessary to
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of information pertinent to nested procedures. As processor operating
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sone of the Tegisten ¥ack and the pagkingsstar maybe problematicavhers; hearumberk to a

backi ng st ordf Bigs @fr&ﬁfneﬁolrpi e@gletee b ahe kygivdel RtdtktiBaot %Qh%‘lﬁ‘pleséf&%
Simlarly, drdtérhere ter sta

ti rocedure returns
desirabl e t #4B5PBPE SF ag@t%pgfogfg%e#%&g eag}gnf“?‘g(n’é%somecwhﬁﬁ?/g‘%een
stored in tHeackigkstoge sesddes.t o t he regi ster stack. The transfer of stack
frames between the register stack and the backing store may be problematic
where the nunber of bits contained in a register of the register stack is
not a nulti FLEMMARY QFJIIE INVENTEON enpl oyed to address the nenory

resource where thﬁc&ﬁﬁ'ﬁh %%ﬁ@ﬁr@véxﬁﬁh{jﬁfﬁere 1389%4916\601% 4] #M@Eﬁl ON

g\ccordl ng to ? |rnvegta E’ thgrg IS prg\i<e an a)%f)ar at or transferring

ata froma F%‘Z;ﬂ g oy a FegSHFSfag E‘bﬁ MRENGFY E§SOMECFOHBPIREE The

appar at us i nidwictesThe tappaoatas indudesgeefrprhiy Stopagk faclftyfaid transfer
logic. The transfer logic transfers N bits of the contents of a first register in
the register stack to a first location in the memory resource, and also
transfers M bits of the contents of the first register to a first location in the
temporary storage facility. When a predetermined number of data transfers
between the register stack and the memory resource have occurred, the
transferred logic transfers the accumulated contents of the temporary
storage facility to a second location in the memory resource.

Other features of the present invention will be apparent from the

accompanying drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:

Figure 1 is a schematic representation of a computer system in which
the present invention may be implemented and exercised.

Figure 2 is a schematic representation of a processor in which the
present invention may be implemented and exercised.

Figure 3 is a schematic representation of apparatus, according to one
embodiment of the invention, for transferring data between a register stack
and a memory resource.

Figure 4 is a flow chart illustrating a method, according to the present
invention, of storing the contents of a register in a memory resource.
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| ogic. The tgansfer logic transfers N bits of the contents of a first

register in theohegrayer stack to a first location in the mempLLesob-ce,
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| ocati.on in the tenpqrary storage faciljty. \Wen a predetermn ned nunber of
data transfers bet we«fr%gFF%5ﬁ%@%ﬁqv&cﬁ%ﬁa}gﬂﬁéﬁ@g AdNE peeEdmg tetheave

occurred, the trARehesH o6k redftiring B Bbretesits Hfa 26gidte| fadrata etheR} sesdlurédie
tenporary storage fag‘g.l | t% to a ﬁecoﬁnd | ocat |to€ I n tri)e j[zsno%ﬁ{resourdce. ¢
Other features of théd BIESEAT 2PFUREHOFEREEFMBEOR Of 3 PATKIIE YRS fEcording to
acconpanyi.ng dr dhe rpresentdinventionhes denstriietdddasmairpmemonhi ch f ol | ows.

BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is

illustrated by MBiLM%TQR%ﬁiQKNt limtation in the figures of the
acconpanyi ng draw ngs, In rc I ke references indicate simlar e|lenents
and in which: kirpethed andsappasahisniori transirringedata hebween agegisterand

E ystem fzn_ whi ch 4 ARnisESRBbutRRTthirDin iftegbaed McaTERE AlbsaiBed X & ¢heed.
I gure IS a S

mat.i ¢ yepresentati on of "a processor in which the, present
i nvention may b oﬁﬂwlﬁﬁé{ﬁs&dpéﬂﬂ' é’i&%ﬁ’?@%ﬁ oPexp anaion, AEMErQUS SpeCliie nyt j ¢
representati on afetaiparesetsiorthcimosmdiengo tprovide @ timdughninddrstahdingvedie on,
for transferrin ] ISt er. ggga ryai.8asQuhce
Figure 4 is a fﬁ)ggvg%ﬁaﬁ%ﬁﬁﬁﬁs? ; g\tﬂ ﬁnbée %‘Flrcrlé{lﬁgg), ‘acé’otroglgﬁg Sg%'fét%h% %T%e%rér% at
i nvention, of sttbeiprgsarfdngentiemmsaybe pradigedt withput thesespegificedasailse.
- 2- PCT/ US98/ 20746 Figure 5is a flowchart illustrating a

nmet hod, according to the . .
Computer System And Microprocessor Overview

Referring to Figure 1, an overview of a computer system 10, which
may be used in conjunction with any one of the described embodiments of
the present invention, is shown in block diagram form. It will be
understood that, while Figure 1 is useful for providing an overall
description of a computer system, a number of details of the system are not
shown. As necessary for disclosure of the present invention, further detail
is set forth with reference to other figures provided with the specification.
Further, the present invention is described with reference to exemplary
embodiments. Alternative embodiments which may be conceived by one
of ordinary skill in the art are considered within the scope of the invention.
As illustrated in Figure 1, the computer system 10 comprises a processor bus
12 for communicating information between a processor 14 and a bus bridge
16. The processor 14 is also coupled via a dedicated bus to a Level Two (L2)
cache memory 18. The processor 14 communicates with the rest of the
computer system 10 via the bus bridge 16, to which are coupled a Level
Three (L3) cache memory 20 and a main memory 22, which is typically a
Random Access Memory (RAM). A systems bus 24 is also coupled to the
bus bridge 16, and which facilitates communication between a number of
peripheral devices, the processor 14 and the main memory 22. A number of
dedicated input/output (I/O) ports 26 are coupled between the systems bus
24 and associated peripheral devices. The peripheral devices include a
display unit 28, (such as Cathode Ray Tube (CRT) or a Liquid Crystal Display
(LCD)), an alpha-numeric input device 30 (such as a keyboard), a cursor
control device 32 (such as a mouse or other pointing device), a hard copy

-3-



i nvention, of restoring the contents of a register froma negory resource
Figure 6 |W039§%§:mat|c representation of a backing store, accordi ng

t he present invention, as constructed in main nmenory. J/Pgty20746
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Figure 1, tH& ebfiem anaigymearqry2% vifpthedeus Hltplrfécﬁegmtr‘loeué branghf or
g ?(Tcrgglsg?t I Ieuméat&;mhhtoms g@bm%@ spebiReive ot g%o?ig%a b‘é‘?}éﬁ:l‘? 'iﬁéiﬁ?ctbcsr[]sG The
cache menory® i’é ‘Fﬁgyp&ﬁ g ﬂ‘ﬁrﬁ%cﬁﬂ%ﬁ]ﬁé’t"&uﬁ n ingluGtion pentene
conput er sysinelexiky withert mee@umﬁullrﬂemoi:ﬁ addeesshorch thiget etuRbBdaddieyel
Random Acto-eRRD Sttt a BfBis HiRlsked & pillg C%&'aslotgﬁf"qtﬁa%ﬁ% I
bridge 16, am&omnplen Ihatmlctloatﬁ‘es Cmnpuhng 4€I90) bmemra, thenprefetgher 42
peripheral  dsnpagatestiiStrBtAERS 89k detoddlsd RS ARAINE LY st of inftigber  of
operations for down-stream processing. A control read-only-memory
(ROM) 50 is coupled to the decoder 48, and receives entry-points from the
decoder 48. The decoder 48 and the control ROM 50 supply micro-
operations to a control unit 52. It will be appreciated that, in a Reduced
Instruction Set Computing (RISC) embodiment, the instruction decoder 48
and the control ROM 50 may be omitted from the processor architecture.

The control unit 52 supplies an integer execution unit 54 and a
floating point execution unit 56 with integer and floating point instructions,
respectively, for execution. The integer execution unit 54 and the floating-
point execution unit 56 have access to a data cache 58 when executing
instructions. Micro-operations are also supplied from the control unit 52 to
an address generation unit 60, which generates and translates address
information.

Figure 3 is a schematic representation of a set of general registers 80, a
main memory 82, and transfer apparatus 84, according to one exemplary
embodiment of the invention, for facilitating the transfer of information
between the general registers 80 and the main memory 82.

Register Stack And Backing Store
4
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C to procedure B, the stack frame 92 is removed from the register stack 86.

u{;D

It will be appreciated that the register stack 86 is of a fixed and limited
capacity. In the event of a large number of consecutively called procedures,
the register stack 86 may have insufficient capacity to accommodate stack
frames for all called procedures, and the register stack may overflow or
“spill”. In this situation, it becomes necessary to save some of the older
stack frames to a section of main memory 82 designated as a backing store
94. In the event of the procedure call stack in the register stack 86 becoming
too deep, it may thus become necessary to save some of the stack frames 88,
90 and 92 to the backing store 94, as illustrated in Figure 3.

Similarly, as stack frames for procedures subsequent to procedures A,
B and C are removed from the register stack 86, it again becomes desirable
for the stack frames 88, 90 and 92 to reside in the register stack 86.
Accordingly, when capacity becomes available in the register stack 86,
portions of the stack frames 88, 90 and 92 can then again be incrementally
transferred from the backing store 94 to the register stack 86.

Attribute Information

In advanced processor architectures, it may be desirable to associate
attribute information with certain data. For example, in processors capable
of speculative instruction execution, it may be desirable to defer exceptions
generated by such speculative instructions until the relevant instruction
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operations for down-stream processing. A control read-only-nmgnory = (ROM

50 i s couplvedolippothe decoder 48, and receives entry-points
decoder 48. The decoder 48 and the control ROM 50 supply mfééﬁ)ﬁsgﬁﬁms

operations to a control unit 52. It wll be appreC| ated that, in a Reduced

I nst ructi on bsspmssRRRSRecYlative) Innrder teamplement #hais deferred hansling ofig

and the contemé;t:ﬂ&yé genanited dyspecliidiviel ééiﬁe@ﬁﬁ@t@ﬁét%nsartﬁé“tecwre
The control u

52 it 54 and a  fl atlng
poi nt - executdBROGREIERE e Fr %“m%ﬁeﬁ%aha?# GhFI BT PERPo S oL R
respect i vel yhit genemk eegister80 behaugmentpelr withea 65thobit texinhed 4nanttibite bvl\}in
fl oating- ts en
exeout| ng AR eRen@iRE) tegilel Bt is RS BHEWAEARRR @efBuh BFEDF aRA A
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i nvention, fgenefaied a faallt,regspémlzitlhamhi‘adr1n@frulcﬁ6ﬁrwﬁl sedrthe deibiRebit 160,
%23?;?; ' g,?' %&8@3@;@ thehf%{ga e{ég@e@ td aqoglcal one (1). In this way, handling _,_
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register advantageous from an exception handling view point, may give rise to
certain inefficiencies in the saving of data from the register stack 86 to the
backing store 94. As main memory 82 is addressed in terms of 8-bit bytes,
one method of storing the contents of a register to the backing store 94
proposes using 9 bytes for the storage of each general register. However, this
would result in a wastage of seven bits per register, as the Most Significant
Bit (MSB) would be the only bit occupying the final 9th byte transferred to
the main memory 82. This inefficiency is exasperated when memory is
addressed in terms of 16-bit bytes.

Referring specifically to Figure 3, the transfer apparatus 84 comprises
a register stack engine 102, a pair of address registers 104 and 106, and a pair
of collection registers 108 and 110. The register stack engine 102 is
responsible for transferring stack frames from the register stack 86 to the
backing store 94 (spills), and also for transferring stack frames back from the
backing store 94 to the register stack 86 (fills). The register stack engine 102
spills and fills the register stack 86 without explicit program intervention,
and concurrently and asynchronously with respect to instruction execution.
This allows the register stack engine 102 to take advantage of unused
memory band-width to dynamically perform register spill and fill
operations in a preemptive manner. For example, the register stack engine
102 can preempt a register stack 86 overflow by transferring stack frames to
the backing store 94 when it anticipates a register stack overflow may occur.
Similarly, the register stack engine 102 may preemptively transfer stack
frames from the backing store 94 to the register stack 86 prior to the stack
-6-
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contains the attribute bits 100 of up to 63 of the registers most recently saved
to the backing store 94. Similarly, the load collection register 100 contains
the attribute bits 100 of up to 63 of the next registers to be restored.

Methodolo
Methods by which data is transferred between the register stack 86

and the backing store 94, as performed by the transfer apparatus 84, will now
be described with reference to the flow charts shown in Figures 4 and 5. A
method 120 of storing the contents of a general register 96 to a designated
location in the backing store 94, according to one exemplary embodiment of
the invention, is illustrated in Figure 4.

In summary, the exemplary method 120 proposes saving general
registers to the backing store 94 in groups of sixty-three registers, and
concurrently collecting the attribute bits 100 for each these registers in the
store collection register 108. It will be appreciated that the invention is not
limited to groups of sixty-three registers, and register groups of any size
could be transferred. After each group of sixty-three general registers has
been transferred to the backing store 94, the method 120 then proposes
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generated by such speculative instructions until the relevant instguction
-5- VO 99/17280 7 becomes non-specul ative. In order topdrpksile thi s
deferred handling of exceptions generat ed by specul atively- execut e(?

h .t h t [l ystrated Fi 3
b oposes. ¢ haBViHE Hhesollection otabbafe ish 6o soptined s the acsintes 19865t h
bi t I t gr meg4;atn theﬂ:av:hntﬁtbré 94 as Arodebie milmlubk}worzgl Mae s@@aﬁt&ﬂ%ﬁ%& Itﬁ@ﬂwgi :E 0
r attribute
i ncl ude ( 12‘62;I Iehgesg §1{ aggﬁl%n bt 158 SRk # g% eurp'gnworé it} g}qcf;esaso%

bit 100 is uccess or
specul ati ve Wbé@leé phe solleption aegisterntPs has reachedra predateimired miakime | oad

| NSUTUCET ON dPaditpeththil BRI SBOYIRER:, Wr xﬂﬁi’a‘ﬁog} fsfanatsdon faul b,

| at | t tt ted
N thethe 1 argBeeE ghe palleckon zestoigr dAP containa pb At yie iyl the salieetion of
tpe faﬁl tI | sregister 108 hasnhot r@ché@ghé@r@détéfflmr&d tdpaR thérpstéﬁﬁ 12i:lanagsul t
t r cC n 0 er re a Ss
|Onst r uc1(:a i oﬁzﬁe%ﬁ? 19%’*‘?‘%‘5%&608@? &%ﬁﬁF%ﬁbe ‘3@3 ik &ef‘ﬁﬁé regllé?er In - The
creation of thegeglstea:lstacigﬁiést&pedn&cal}lyg s’epG&Zbleqmmagawng\Mltd [6310%i(ig data
cer tai n i el e BeeR rBsBEI b i HgthPildtle BB Blfioh siiEY 46

certain i nefflc
the backi ﬁgathrtg%tom94Aétﬁéﬁm12ﬂem{>¢4hfaq attsibate bitdgo) ﬂf therganepdl 8- bi t

ore 94 B e e i e o ogi ot

store QS eS| es for

However, t h|r§gPS %i@% Ag&f ?ﬂﬁyasmglé gRxy thﬁPﬁ%Wp@gﬂF%ﬁ‘P]&CéWn as

the Mbst Sigeisteral08 had bedrvBBichedthe methdwlmhpyodyeﬁ?@@@wus; abnldethlel nal

9th byte tr h This i i cie

exasper at ed eél:ljitrrsrg)(rirtDti‘8 Stmle C%l%ghg g‘? fe\é ]t%ér%? 67’ e‘.iL@%Bf‘? nsgg{]ggaﬂfble 64-

Ref erring sputiddation in th@! IrFdimg S®r8t9|4e Theaoaritentsaphtheastose edllextiopr i ses
register 108 now having been emptied, the method 120 is repeated with

respect to the next group of sixty-three general registers in the register stack
86.

The determination at step 126 as to whether the store collection
register 108 contains the predetermined number of attributes 100 may be
performed in a number of different ways. In one embodiment, a simple
counter (not shown) may be provided which maintains a count of the
number of register transfers between the register stack 86 and the backing
store 94. In another embodiment, the register stack engine 102 may simply
examine a specific sequence of bits of the address contained in the store
address register 104. In the illustrated embodiment, bits [8:3] of the store
address register 104 provide a count of the number of register transfers from
the register stack 86 to the backing store 94. Accordingly, should the bits [8:3]
in the store address register 104 not be all one's (1’s), this indicates that the
store collection register 108 has not reached its predetermined capacity, and
that steps 122 and 124 should be performed with respect to the next
sequential general register. On the other hand, should the bits [8:3] of the
stored address register 104 be all one's (1’s), this indicates that sixty-three
attribute bits 100 have been saved to the store collection register 108, and
that step 128 should be performed.

Figure 6 shows a more detailed view of the backing store 94, and
provides an illustrative example of how batches 130 of data are stored to
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a register stack engine 102, a pair of address registers 104 and 106, and a
pair of col kassdomor egi sters 108 and 110. The regi ster stack @'P@b 0%§32
i's responsi ble for transferring stack frames fromthe regi ster stack 86

ek ot "ok o egosr 95 bl dh B S%L&:mgp;@zfs BT St
AR et rrwes eatrotih e A
respect to inst?@l‘?‘{t g&eﬁ(ﬁﬁ’gﬁ’ &‘ﬁ‘ﬁqgrc%ltle 8@?5%1 %’r%‘r h&%ﬂ? %’ﬁ‘ i ne
102 to take advgemagéreglstmmdent menory band-wi dth to dynam cally perform
register spill Zgg fe#ekerrm%pz%\gttb%éuwsaﬂ‘f&@?sr@{dx)!ﬁ awe&i?rggfu ﬁ’é%?i%'oasv by

t he regl ster st can-preenpt regl ster over

transferring stHeathed glﬁﬂsat:@rdmg@ paelenrpdimand o shatpsesent inkendenaels a

register stack beﬁg%ﬁ%ﬁn%ﬁybfaseﬁéﬁbf bhétal FdPEsteROB6 HRm ShéBAcl@Ag ne
102 may preenptivel éé ransf er. st ack S from he b 85'&% store 9

the register st3t¥eg4 ip themap F‘r?é“?ﬁ'a@( N essence, the met comprises
- 6- fr arrk)a@hngalnl sttiilentechit eolléotion 13y haeirigos bitrlangihes6s bith) framda

fill t | es,
bt ocessor - pert ol SsaHBR FOHBTHRRR SoRROR theo ARYoHT B FedlBRD 110,07 105 <
coupl ed to the §‘har@ftmdtheo@untemdmfe%:hrcﬁgplmye&seqgm@rahragﬁersrisqmreﬁ with
address regi st eﬁg%@é élﬁte%l z?cﬁﬂ?ﬁtfe Hx?q{o% %Bnhﬁﬁ'ﬁd fErPEE dé?} %J‘Fecﬁ@ﬁ esstdii170he

| ocation in the Ing store 1N

retrieved from BRd fhéd?@%@ﬁgﬁsa@k d@@ angl jaftribate a%S@H\bIYH%t@Pékére&dﬁ} next
regi ster 104 i saya@sble)gehbeal rglistdres6 1§1tt@1‘éi?egi§€§r@eacm ViTR{3 we@@regi@ner al

sl sters, ana Dog secifscaltalng (el oy fe ceuindl o ba fohyt
associated with the attribute bits stored in the load collection register 110.
On completion of the transfer of the contents of the sixty-three general
registers, the load collection register 110 is loaded with the attribute bits for
the next sixty-three registers, and the above procedure is repeated. Referring
now specifically to Figure 5, the method 140 commences at decision block
146, where a determination is made as to whether all attribute bits stored in
the load collection register 110 have been saved to appropriate general
registers. If not, the method proceeds to step 142 and the contents of the
next sequential register are restored from the backing store 94 and the load
collection register 110. Specifically, step 142 requires storing bits [63:0] of a
backing store entry (N) to bits [63:0] of the next 65-bit general register 96. At
step 144, bit (N) (i.e. the attribute bit associated with the bits [63:0]) is saved to
bit [64] of the same general register 96 to which the save was made at step
142. Accordingly, the sixty-four data bits 98 and the single attribute 100 are
again assembled in a general register. as described above. On the other
hand, should it be determined at decision block 146 that the lIoad collection
register 110 has been exhausted, the register 110 is then again filled, at step
148, with the attribute bit collection 132 for the next sixty-three general
registers to be restored.

The determination at decision block 146 as to whether the load
collection register is exhausted may be performed by reference to a simple
counter, which maintains a count of the number of transfers between the
backing store and the register stack. In the embodiment of the invention
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regi ster, and contains the address of the location (8 bytes deeper) in the

backi ng st wioegedd2d7r om whi ch the next 64-bit value will be reg Wgﬂlft@r
transfer back to the regl ster stack 86. This address may si mlar

re red to he 8-b he store and | oad coll ection
r eg:“st ers 10131“&%@5161 g’r%‘grﬂéadbgﬁt[%a] Pf)&ﬁ@gfiéﬁ%?@rvgﬁ@rwwvléﬁ firi bute
EI :s 100t\fllmecmlﬂﬁtdf mmbégdfwmbférheﬁﬁ RV bétiﬁreed)gﬂ(ﬁnltﬁe Ua@lamt gesthedl f
et ween e i C store oper a n o
Phese: ot or aole PeSkElrs! A8 “RANNANG, BPSHIRERE ek bitg 1B S ence
to Figures 4stagkieBgireal? isfahledo detdrauine dhtheclpiadtcallection regldtet]](lOllsasa
64-bit regi sh&n eﬁ&%sséoprﬁ%i&ﬁéaqg Mtsrn@@é]%ﬁf\ei@%ﬂ Qc?@xteéé 9§%L{@g1a§ta£ but
fers t

bits 100 of up t regl recent i ng

store 94. Si WM pyleswf%ess ﬂ%mf@étthewheé@aét@l eibgnééﬁﬁtﬁrnkl@thﬁﬁ not
attribute bibgenl&halsted Mte@ﬁamel shmﬁ&tblfsem :ﬂttfér £ bﬁeewsysfhercﬁﬁlble

Met hodol t d bet
r egi gt gr Og%/aWI?r‘é gL %I@e%%ég?ﬁée §P %éla fsésa%gé? ?‘Ef{a%\?& \{\grﬁpgeé ¥ deer
appar at us 84addvess imdve lmdosddiesd eepisdet 106 &f adaddrém thbdatking stbeg 96 shown

rogister o6 TRoanalodd (AR %eé*érw R B G i O ST

one exenpl ar?e#rﬁi@@iprﬁhty'ﬂﬂee meglistwsam be rrestpsed arm@w&béej in theFreg;ster 4.
In summary, {{ge exenplary nethod 120 proposes saving general registers to

Col 1 ot ng t ho. at F G SUEE POROIE iR i@ bpdynent e samine ot orc
col | ection regcharismd Ohichtis wised foedetppnéed atedhéhee &ﬁﬁﬁbufb\/ @@I‘lé&fbﬂ S not
0, S 6 MebE8 helEh 00, RSB ol 2
been transf eragistet is addedtrtiely databitsdf the hestcrmd'nmgls]téﬂ t hen pr oposes
- 7- Thus, a method and apparatus for transferring data between a register
and a memory resource have been described. Although the present
invention has been described with reference to specific exemplary
embodiments, it will be evident that various modifications and changes
may be made to these embodiments without departing from the broader
spirit and scope of the invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense.
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WD 99/17207 ,; saving the collection of attribute bits 100, now cont ai ned
in the registavo987207 to the backing store 94 as a 64-bit douptexRighorddr e
specifically, the method 120 commences at deci sion box 126, where a

det ernmination i;%as to whether the collection register 108 has
reached a prede d maxi mum capacity. In the illustrated enbodi nent,
a determ nation i s n¥deatais daimedviset her the col | ection register 108
contains 63 attribute bits. If the collection regi ster 108 has not
reached the predeterm ned capacity, then steps 122 and 124 are perforned
with respect to the $equedt methgd péstoringtheatonteniisnfer ragister itha megiozy er
stack 86. SpeC'fés%%'rééﬁ1th§,trﬁ&h%azin'éﬁﬂﬂhg€%ﬁe%?éﬁsrkﬁ; bits [63:0] (i.e. data
bits 98) of a general register Nto the next "avail able 64-bit location in

t he backing store 94. At step 124, bit [64] (i.e. attribute bit 100) of

t he general regi st etorhg B bigy efltHeocdrments@fta fstirégiblee at adist rationtihehe
store collection rggésée}; r 08 s ternatively, should the maxi num capacity
of the collection red’l{1 Pefef0¥ %ave been reached, the nethod 120 proceeds
to step 128, and the contents of the store collection register 108 are
saved at the next aVQ{drﬁJ?%lMﬁﬂs of td I:ox&t@ﬁ%téﬂg\ kst REiQREHS E%ﬁ&&ﬁc‘;‘h 94. The
contents of the store col9ect]on register 1 & how Havi ng been enpti ed,
the method 120 is reé@i@&%lfwlttﬁi respect to the next group of sixty-three
general registers in the register stack 86. The determ nation at
step 126 as to whether the stor ollection  register. 108 contains the
predet er m ned nunberESferg’tlf‘F}gJWtef@gh% em&@les’réon S%%PS%#%&% O fefaitinber of
different ways. |n opeedetentineenhumbesiofifplits of stored mfokmatioshavd) may be
provi ded which mai ntains a count of the nunber of register transfers

bet ween the register stack 86 and the backing store 94. In another

enbodi ment, the regi éft ée enllectionsfpnage fadlifngontains the predetérmdinad spuvbét ¢
sequence of bits of Lbe;RUIRSICHTS AT fé’fﬂ%ﬁt‘r&e‘%ﬁ’ﬁ‘& coftefELsS 1L ster

104. In the illustrated enbodi nent, hi e s&ore. address
register 104 provi de<aleckion stgragentacHitindra $cord gnemery docationeinsthe memoryhe
regi ster stack 86 torédtrurb@&cki ng store 94. Accordingly, should the bits

[ 8: 3]

2. The method of claim 1 wherein, if the collection storage facility
does not contain the predetermined number of bits of stored information,
then storing N bits of the contents of a second register at the second location
in the memory resource, and storing M bits of the contents of the second
register to the collection storage facility.

3. The method of claim 1 wherein the first and second memory
locations are sequential memory locations in the memory resource.

4. The method of claim 1 wherein the first register has a capacity
of N+M bits, the first location in the memory resource has a capacity of N
bits, and the predetermined number of bits of stored information comprises
N bits.

5. The method of claim 1 wherein the first register comprises a
general purpose register of a register stack, and the memory resource
comprise a Random Access Memory (RAM).

-11-
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in the store address register 104 not be all one's (1's), this indicates

that the wsieneesoll ection register 108 has not reached itﬁcffﬁfggﬂz;@ m ned
capacity, and that steps 122 and 124 shoul d be perforned W g ct to

t he next sequential general register. On the other hand, should the bits
[8:3] of the stYred ﬁb?dff@é%mﬁl@gi%@m 1 whengin she collectiory stoxyge fdvility

i ndi cat es t lampisdsya bdgister, attribute bits 100 have been saved to the
store collection register 108, and that step 128 shoul d be perforned.
Figure 6 shows a nore detailed view of the backing store 94, and

provides an illustratiThe mehpd ofadaibow wherdie N4BDisohotdan dntigealst ored to
- 8- WO 3 ' I.S. shown to conprise the
contents of ggﬁgzr}ggéfa%@@gﬁwgg%gﬁgﬁglﬁ%%&trgﬁosurf%’l | owed by an
assenbled attribute bit collection 132 conprising the attribute bits

associated with tdie prEgetidiBod IMEHRN WESieH She M'Etit%%m%rise attribute
| strati ng a

Referring now,to Fiqure 5 there is.shown a flow chart
net hod 140, lﬂgﬁ%f(ﬁbcpﬁcwgzﬁﬁ%ﬁﬁéﬁ of the present invention, of

restoring the contents of a series of general registers 86 fromthe backing

store 94 in the I n N ,essence, t.he, nmet 40 .conpr.i ses
| oading an attri t?at e W %gﬁtﬁégtqfo%%ﬂ; Wﬁﬁ&‘?lﬁgthg %P’?‘g‘llénﬁ’tfﬂr ngtlgﬂ bits,
froma | odadicetes whetherbdatkicognprising the N it is hvalidoadiromllidect i on regi st er

110. Thereafter, the content of each of sixty-three general registers is
paired with an 13550%& e(i{@%g(t){i bute bit, now contained in the | oad

col l ection regi st 119 met ¥estoring fhe eoniteBtseh 2 degistendomta ri but e
assenbly i s themosy ees@grceptietheivad incladaigd e stepenyty al register 96 in the
regi ster stack 86. This procedure is pertormed with respect to each of

the sixty-three general register contents associated wth the attribute
bits stored in tstotingdN bitsl feoin afirstelpcstien of the memory resource in a first

register;
storing M bits from a temporary storage facility in the first register;

determining whether a predetermined number of bits of information
from the temporary storage facility have been stored in registers; and

if so, then storing the contents of a second memory location of the
memory resource in the temporary storage facility.

11.  The method of claim 10 wherein, if a predetermined number
of bits of information from the temporary storage facility have not been
stored in registers, then storing N bits of the contents of the second location
in the memory resource in a second register, and storing M bits from the
temporary storage facility in the second register.

12 The method of claim 10 wherein the first register has a capacity
of N+M bits, the first location in the memory resource has a capacity of N
bits, and the predetermined number of bits of information comprises N bits.

13.  The method of claim 10 wherein the first and second memory

I . _

e

locations are sequential locations in the memory resource.
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On conpletion of the transfer of the contents of the sixty-three general
regi sters, thewvoemtnzenl | ection register 110 is | oaded with theperiushditzss
bits for the next sixty-three registers, and the above procedure is
repeated. Referring now specifically to Figure 5 the nethod 140
commences at deci sion bl ock 146, where a determnation is made as to
whet her all attributd4bit Ihetmetitbd of claithel( whdreinlthe ¢irbioregistgi sdmprised a

have been saved I od
roceeds o st efehiRtiIBPREIGIRBEEY BrepisttdeRiiCan ik hBhord PERAIRICTC, o/
restored from t lfemprise angl@ndnen@nyaqfcaxt indegrated cirewit! ecti on register 110.
Specifically, step 142 requires storing bits [63:0] of a backi ng store
entry (N) to bits [63:.0] t he next 65-bit general register 96. At step
144, bit (N) (i.e. tHe att eoppethas of saimcl Gveerein the it @cgnpasee}fflme

saved to bi t hﬁﬂjrn(}{ndrheomr%eﬂﬁrw bitegi ster 96 to which the save was
made at step 142. Accordingly, the sixty-four data bits 98 and the single

attribute 100 are again assenbled in a general register. as described
above. On the other l16hand\psdratisiforttrarefeteingrditadrbmia mgister staclotmak 146

110 i s then agarh iery oo uFE R Bratithe WrnBABRe™L T\ Thute bit coll ecti on

132 for the next sixty-three general regi sters to be restored.

The determ nation at dRedsdAaRy E’ﬂo?&gef’a@ﬁl Safi@ Whether the load collection
regi ster i s exhausted may be “perft or ned bkg reference to a sinple counter,

whi ch mai ntains a count of the nunber of transfers between the backi ng
store and the regi st &farfstfétCIbgld ctbrtftgexredh@dfamfér Nifbitshef the\eentdras of a first

- 9- WD 99/ 17207 ust LD Fl qu 8: of the |oad
address register 106 rﬁglgv‘?ralgl té‘e reglg St%‘g( %i%“ﬁﬁt%?h%ﬁ b& T hat have
occurred from the baak$ource;tortsansfernM bigs Dé@nescmemsarfkthe Aistoregiistet 10 a lfiyst
referencing these bi tgdfrbin tHeRnisdaly Sorage facility, and to transfer the contents

of the temporary storage facility to a second location in the memory
resource after a predetermined number of data transfers between the
register stack and the memory resource.

17.  The apparatus of claim 16 including a counter for maintaining
a count of the number of data transfers from the register stack to the
INemory resource.

18.  The apparatus of claim 17 wherein the counter comprises an
address register indexing a location in the memory resource.

19.  The apparatus of claim 16 wherein the first register in the
register stack has a bit length of N+M bits and the first location in the
memory resource has a bit length of N bits.

20.  The apparatus of claim 16 wherein N+M is not an integral
multiple of a bus width employed by the memory resource.

21.  The apparatus of claim 16 wherein the transfer logic is
configured, if a predetermined number of data transfers between the
registers stack and the memory resource has not occurred, to transfer N bits

-13-
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stack engine 102 is able to determne if the |load collection regi ster 110
has beenwedeaared. Specifically, if bits [8:3] of the |og, ?g
regi ster 106 are not all one's (1's), this indicates that t-ﬁe oad

|l ecti n been, exhayst ed. Al ternatively, should
glot sef8I 82 [)fggljnlstlth%gcne &Jg%sfs gecf)ﬂg TEEInk gister gfa lf?féﬂ@les ondat tri but e
col | ecti on lgggtion in fthe nm:aor}oresousq:egm ¢a ttanstféteM bitslOf éise contehle of Fadd
1.he | oa
address r egithbaecdh ré%sie?qg%dsécﬁﬂa‘lﬁﬁﬁhe i %g& ,?gtqrggg'gﬁ%ﬁ ,

col l ection register In this way, _ next
group sixty-three registers to be restored are available in the register

110. It cauld The apparalws aptladmt mWhetéinQﬂe g @E&fnd Eﬂﬁaﬁé‘”‘?

mechani sm det er mi ne her the attribute collectio
register i \é\,% Sﬁérfss&aﬁgo (FERY % Bsgqures ?ﬁ%‘"eOIWFFEHVSl ﬁorase ﬂ‘éatéirﬁ‘l but e

col | ection regi ster |s added to the N data bits of the restored regi sterd
Thus, a nethod a ap en.a re I ster an
a menory resourcgghave gﬁﬁlfeg%sr%e% ﬁ oug t%g ehimPT ]isﬁvention_ has
been descri t?éHlW?Hnﬁm%*éméoﬂée%%@glt ¢ &N bitsnpl ary errbodi ments, it wll
be evident that various nodifications and changes may be nmade .to these
enbodi nent s Wth% s‘gartln fromthe broader spirit and scope of the

i nvention. Accor PPAEATUD £05 WARSIEITARG from 3 ERIRTesewrcBdordegar ded
inanill u.stregtsitmstaek rthe appamamsrcempmsihgve sense.

a temporary storage facility; and

transfer logic configured to transfer N bits from a first location in the
memory resource, and M bits from a first location in the temporary
storage facility, to a first register in the register stack, and to transfer
the contents of a second location in the memory resource to the
temporary storage register after a predetermined number of data
transfers between the register stack and the memory resource.

25.  The apparatus of claim 24 including a counter for maintaining
a count of the number of transfers between the register stack and the
memory resource.

26.  The apparatus of claim 25 wherein the counter comprises an
address register indexing a location in the memory resource.

27.  The apparatus of claim 24 wherein the first register in the
register stack has a bit length of N+M bits and the first location in the

memory resource has a bit length of N bits.

28.  The apparatus of claim 24 wherein N+M is not an integral
multiple of a bus width employed by the memory resource.

gy




- 10- CLAI M5 What is clained is: 1. A net hod of
storing the cwaotsntzm7of a register in a nmenory resource, the neiigdsr2o746
i ncluding the steps of: storing N bits of the contents of a first

register at a first Jocation in the - no rLesource: . .. Storing M
bits of the content<f tHE FPPYRYSEf gﬁgprziowé&&%ll‘lﬁg%iﬁa pfer logicig age
facility; condigheed) ifianpredetdriveined mernclodrl efcdatertragtsbera retwaen lthe y
contains a j - LAf L@N;

Tt he oot ect (TSRS HERHAE O PlesBlu R s i QicBlirell, B HRRLREN BIK

of bits of storfzsem Hiepsesanddacationin theomempryHesewiceetd Mpiisrfgom a second

location in the temporary storage facility, to a second register in the register
stack.
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collection storage facility at a second nenory |ocation in the nenory
resour ce. wo o207 The nmethod of claim1l wherein, if the 1 b
storage facility does not contain the predeterm ned nunber of ‘i’%ilr%[;&@%/?ms
stored information, then storing N bits of the contents of a second

regi ster at the second location in the nmenory resource, and storing Mbits
of the contents of the second register to the collection storage facility.
3. The nethod of claim1 wherein the first and second nenory | ocations
are sequential nmenory |locations in the nmenory resource. 4, The
met hod of claim1 wherein the first register has a capacity of N+Mbits,
the first-location in the nenory resource|ffas a capacity of N bits, and the
predet er mi ned nunber of bits of stored infornmation conprises N bits.

5. The nethod of claim1 wherein the first register conprises a general
purpose register of a register stack, and the nenory resource conpr'i@ a
Random Access Menory (RAM. /1 -

WO 99/ 17207 6 Themettrod—of—crarmt—wherermthe—Tottection
storage fac|lity conprises a registec 7. —lhe ugethod of cl %i m
1 wherein NfMis not an integral 14._] Cache

Processor (€—>» Memory (L2) 18
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20~ 18 (%
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multiple of a bus width enployed by the nenory resource. 8. The
met hod of cl aMWR/MiR®r ein the Mbits conprise attribute i nforPatasys/20746

concerning the N bits. 9. The nethod of claim1 wherein the
attribute information indicates whether data conprising the N bits is
valid or invalid. 10. A nmethod of restoring the contents of a

register froma menory resource, the nethod including the steps of:
storing N bits froma first location of the nmenory resource in a first

regi ster; storing Mbits froma tenporary storage facility in the
first regi.ster; determ ni ng MhEtQZ§ a predeterm ned nunber of bits
of information fromthe tenporary orage facility have been stored
in registers; and if so, then storing the contents of a ?gcd“H
menory | ocation of the menory resource in the tenporary sforage
facility. 11. Thg method of clarm 10 wherein, 1| a predeterm ned
nunber of bits of informatlion fromthe tenporary storagejfacility have
not been storeggn registgdrs, then storing N bits of thejcontents of the
second | ocation i}lthe menory ource in a second regisfer, and,ggoring
Mbits fromthe tenpor pry |st ility i i
12. The neth d of claim 10 mAere n the f a,c i\ty of
N+M bits, the fijrst locajion ih E"%ﬁ?% N
bits, and the predeterm phed nuwﬁgﬁigpn ‘ bits.
Bus
<> Interface je—
Unit
Prefetcher (50
— Instruction Decoder <> ngt&"
48" I
. 52
Control Unit -
A A
60
> Address Generation Unit |
¢ 54
> Integer Execution Unit <
C56
PUar%te <> > Floating Point Execution Unit |
Y Y
Data Cache
(incl. Re-order Buffer and TLB)
R

FIG. 2

SUBSTITUTE SHEET (RULE 26)



13. The nmethod of claim 10 wherein the first and second nenory
| ocati ons wos9dexuential |ocations in the menory resource. pcTwses0746

-12- 14. The net hod of claim 10 wherein the first register
conprises a general purpose register of a register stack, and the nmenory
resource conprise a main nenory of an integrated circuit. 15. The
met hod of claim 10 wherein the Mbits conprise attribute information
concerning the N bits. 16. Apparatus for transferring data froma
regi ster stack to a nenory resource, the apparatus conpri sing: a
tenporary storage facility; and kiansfer | ogic configured to
transfer N bits of the contents of a fokGt register in the register
stack to a first location in the nmenory resource, to transfer Mbits

of the contents of the first register to a firpt 64 Bitocati on in the
tenmporary storage facility, and to transfer thE‘mnTm—“T of the

tenporary stqrage B88itsity tp a second | ocati op—tmtire—renory 82
resource aftaﬂ*a‘pTEUErETWﬁhgd nunber of data fransfers betmeenlfﬁé
registeé st agk—amd—ttre—memory resource. 17. The apparatus of claim
16 inclu rhq a counter for npintaining
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a count of the nunber of data transfers fromthe register stack to the
MENDIry resourwe.99/17207 18. The apparatus of claim 17 wher eipgcriuses eyt er
conprises an address register indexing a location in the menory resource.
19. The apparatus of claim 16 wherein the first register in the register
stack has a bit length of MM bits and the first location in the nenory
resource has a bit length of N bits. 20. The apparatus of claim 16
wherein N+Mis not an integral nmultiple of a bus wi dth enpl oyed by the
menory resource. 21. The apparatus of claim 16 wherein the
transfer logic is configured, if a predeterm ned nunber of data transfers
between the registers stack and the nennﬂVBresource has not occurred, to
transfer N bits -13- fromthe
contents of a second register in the register stack to the second | ocation
in the menory resource and to transfer Mbits of the contents 0e second

register to a second |location in the tenporary storage facili#y. 22.
The apparatus of claim16 wherein the first and second storage |ocations in
the menory resource are consecutive stirage | ocati ons. 23. The
apparatus of ¢laim 16 wherein the M bi¥s conprise attribute information

concer ni ng th¢ N bits.
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24. Apparatus for transferring data froma nenmory resource_to a register
stack, th&vVQp¥ER2eX us conpri si ng: a tenporary storagedramsohéms and
transfer logic configured to transfer N bits froma first [ocation in the
menory resource, and Mbits froma first location in the tenporary

storage facility, to a first register in the register stack, and to
transfer the contents of a second location in the nenory resource to
t he tenporary storage register after a predeterm ned nunber of data
transfers between the register stack and the nenory resource. 25.
The apparatus of claim 24 including a sunter for maintaining a count of

t he nunber of transfers between the ré@ ster stack and the nenory resource.
26. The apparatus of claim25 wherein the counter conprises an address
regi ster indexing a location in the nenory resource. 27. The
apparatus of claim 24 wherein the first register in the regi sifel) stack has
a bit length of N+Mbits and the first location in the ne y resource has
a bit |engftrof—Nbrts- 28~ The apparatus of claim24 wherein N+M
is not an jntegral nmultiple of a bu§ w dth enpl oyed by the nmenory resource.

-14-
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29. The apparatus of claim24 wherein the transfer logic is configured,

if a predet erWOA7Wnber of data transfers between the regi strTsUsIBREMs and
the nenory resource has not occurred, to transfer N bits fromthe second

| ocation in the nmenory resource, and Mbits froma second |ocation in the
tenporary storage facility, to a second register in the register stack.
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