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METHOD AND APPARATUS FOR CURRENT W NDOW CACHE BACKGROUND OF THE | NVENTI ON
Field of the Invention: This invention relates to conputer .systens and,
nmor'e particularly, to 5 nethods and apparatus for ‘i npl ementing processors
used i n reduced instruction set conputers. History of thz2rips Ar& =The
devel opment of digital conputers progressed through a series of 10 stages
begi nni H‘glvm th processors which were able to process only a few basic

i nstructions in which the prNEZHIINAND APPARATISIFOR CHRREND WENROW GACHEChi ne

| anguage | evel to processor BACKGRE [ . s INVENTIONI i cat ed
instructions witten in high |evel |anguages. At |east one of reasons for
this devel opnent is that high |l evel |anguages are easier for programmers,
and thus 15 pL evel oped nore rapidly. Another reason is
that up to .soggfeﬁsiﬂqu’ﬁnﬁéh@g\?‘él oprment, the nore advanced nachines -
execut ed operations f; | Ty ﬁﬁg;es ' b na the
const ant increase'ixmteﬁgveg@laf'?ﬂétezsoﬁ%oﬁnt e cy(%trf‘p}ﬁ% gf—'g’ 'Pgmregﬁﬁ‘cn%'rﬁﬁf /18

conpl i cat eds i Neiethds s appdratils! for imglamehting provetsors used o reducedl t he

conput er over what investigators felt was possible with nachi nes operating
with only a sninstructiorhgset eommuerse i nstructi ons. These investigators began
to desi gn advanced nachines for running a |limted nunber of instructions, a
so-cal l ed reduced instruction set, and were able to 25 denonstrate that

t hese machi nesugé"ggg;# {rﬂegti',rr'ogpxhate nore rapidly for sone types of

operations. Th educed instruction set conputer which
' - The development of digital computers progressed through a series of

s 10 stages beginning with processors which were able to process only a few basic
instructions in which the.programming needed to be dpne ata _machine
language le\)el to processors capable of handling very co:ﬁplicated
instructions written in high level languages. - At least oné_of reasons for this

:development is that high level languages are easier for programmers, aﬁd thus

15  more programs 'aré developed more rapidly. Another reason is fhat up to some

pdint in the development, the more advanced machines executed operations

more rapidly.

There came a point, however, where the constant increase iri the ability
L 20 of the computers to run more comblicated instructions actually begén to slow

the oper_ation of the computer over what investigators felt was pdssible with
machines operating with only a small number of basic insiructions. These
investigators began to design advanced inachir_oes for running a limited number -
of instructions, a so-called reduced instruction set, and were able to

25 denionstrate that these machines did, in fécl. operate more rapidly for some
typés of operations. Thus began the reduced instruction set computer which _

has become known by its acronym, RISC.



M crosystens, Inc. Mountain View, California, and i npl emented in the i ne.

has beconme known by its acronym Rl SC. One design of a R SC conputer is
-based on-the Scal abl e Process Architecture ( SPARC) [ RTM desi gned by Sun .

w

-+ of SPARC conput ers manuf actured by 5 that conpany. One sali-ent feature of‘ o
. the SPARC conputers is the design of the processors ‘whi ch i ncl ude o

- .control/status registers and general purpose regi sters. The control/st\‘; us-'._
‘registers in the .processor of the integer unit, for. exanple, include a~:

processor st at eOneQGQIQGrOf R eemwtﬁras beseﬁenthaasr:a!apleoﬁ@sesegu ster,

Fog)oFer s AShchad ARG %amlt Uh n’mstqr&ﬁbgéﬁwjfgnlﬁsy?i??a'_
- part .etv.e{mt{tsi-'hfrh o (PP Rt ind BF SEAHC colBGRte PR MMGIRAME | o
- sets, EoﬁtP&hfe@bderﬁelteﬁt f3iuré Ut HRPSPARL cdmisintbr I8 thé aenﬁn of\thea“y o

tine, an 1 1 nst I on can-access. a w ndow incl udi-ng the ei ght

registers, ideessdtsamdchmnde egnmttstatusfregnetersehdqenemjlmma and the AN
regi'sters of a logical l y- ‘adjacent set of -registers. Theése IN registers. of =
the | ogi categisters; abenconseal/status @Q‘%@@r'g the progessaraidbe itegerundfor egi sters . -

of th t t of | th LN aid local .
(r)egl s?eflsxe’?;ﬂ?ere?gwﬁtq%s? i?ﬁﬁqgﬁﬂ"{} évrsla%"a M@v&"?ﬁ'&l% ?‘hgofﬁe ei ght

. | obal t d

. the 1N FES#%%%F%*S*%Q?%@&M%"V%?‘G?ES& ‘@’ésé%#ﬁ**fog. c"t puRggsters. and

" The. general regtsters mclude trom forty to. fve hundred twenty 32 bxt . G
reg:sters Whatever the total number of generat regnsters, these regtsters are R
partmoned into erght global regtsters and a number of slxteen regnsters sets,
each set divided into esght iN and etght local reglsters At any ttme an |
15 instruction can access a wnndow mcludmg the. elght gtobal regnsters the IN
“and local registers: of one set of reglsters. and the IN regtsters ot a toglcally- o

adjacent set of regusters These IN reglsters of the. log;cally-ad;acent set of
registers are addressed as the ouT regasters ot the slxteen reglster set of the
window including both IN and Iooal regnsters Thus. an. mstructaon can access

- 20 a window including: the etght global reglsters, the IN and local reglsters of one : 0
set of registers, and the IN reglsters addressed as OUT regtsters of the Iogrcally o G " .'
adjacent set of regusters -

This architecture provides a number of advantages not the least of which
25 isthat the processor ‘may- swstch from reguster set to reguster set wuthout havung
to save to memory and restore all of the mformatuon bemg handled by a

pamcular regtster set before proceedmg o the operaﬂon handled by the next '
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adj acent 'set of registers. This architecture provides a nunber of

advant ages not the | east of which 25 is that the processor may switch from
regi ster set to register set without having to save to-nmenory and restore
all of the inf | bej I ' 1 - i

Procecting 10 {RE sharkyFofSAMES, AcFUPRGiLel SforsduRdsed Bfo I e
exanpl e,_,si nce registarsl asshe QUT segistersief the prededting sét ofiregisters, thainfosgatidrer s
as ' the OUT registers of the preceding set of registers, the information in
t hese regi st er 4n tagsereegisters may bp wtiizediramedialely By the pextr pievious setsft s of

witing 5 't ho TPuielARARTGHL e darssfy pLiRube e BICTREONES riekudgha witiy
nanber of  ober 3% ermafor @88 W #EElere ot e Sht Sribbisfrs. WarBoliridhe

wi thout the neqgrdeOnusiAliér éﬂegsfa?rs\etﬁanbvfseé%ﬂa nuiterof Bpeagiofs kwbed th the
operation in any ‘particular register set. This offers great speed

advant ages overimplémentedrsimultdnetiusly, FOmany cases without theioveedo, save toat t er
how: phi | osophi cal |y advanced the SPARC architecture, it requires .
i npl ement at i on Mamesy andrestors before proceeding with the operation in‘'any particular

register set. This offers great speed advantages over other forms of RISC

10 architecture.

A However, no matter how philosophically advanced thg SPARC |

architecture, it requires implementation in hardware.



< SUMMARY 'OF THE INVENTI.ON It is, therefore, an object of the present.

- invention to provide an- especi al ly fast i npl enent ation of the SPARC’ .

- processor architecture. 5 It is another nore Specific object of the present
i nvention to provide-a processor - desi.gn which utilizes .a fast cache as an” .
i mpl enentati on of the SPARSUMMARYCOF €THEO INVENTIOMese and other objects -
“of the present invention are realized in a.precessor which conprlses L g
~plurality of sets of wi ndowed reglsters each set |nclud|ng a first. *

plurality of - I'NvTegisters and a second fural it | ocal; l.sters, the IlI\.I
registers of eadhiSsHierg ?rga’hﬂﬁlleﬁs%tmed? rgsentjaven “r'QgB’QY'QP 9"o .

~ - logically-a catlng mhlch ‘
- .set of 15 %@gﬁﬁ"&r’%‘qﬁ‘?‘gée'ﬁﬁ'é‘agé‘a?’g%@&g’ﬁf@g’f“&gf%%’ﬂ‘°¢‘ng sters whi ch S

" may be gddressed with each of the sets of registers, an arithnetic:" ‘and .
| ogi c unit, a .cache nmenory conpri.sing.a nunber Ilnes at | east .equal to the__.
“total of the nurpiamdtheemons epecific objechotihessrabént inwsntioh toiprovided |
regi sters inctuding the set: .of -global registers. and the N registers of - o
| ogi cal | y- epipamw d%tglbwhicbg-ﬂlbz%s§f§maﬁﬂluﬁpmﬁﬂmlonrdghgt ers for a -

" set of regi ste ‘and ‘rgans for ¢hanging the addresses of lines of the .

- cache hol dlngA archite F@r’iapresent |y designated in a particular w ndow

. register set as information held in OJUT registers to addresses’designating

~ the IN registers of the next register set, and neans for allow ng the

“arithmggic and 'n%éaarrubtﬁesaoamsfﬁ@ﬁeseﬁt .hvmmnoéretrasnzeeoihea menory as |

. processor registers.

processor whrch compnses a pluralrty of sets of wrndowed regrsters. each set ) '.-»'-4.,
rncludmg a tirst pturalrty of IN regrsters and a second pluralrty of local regrsters. = -
the IN registers of each set bemg addressable as the OUT regrsters of a |
| logically-adjacent precedrng set of registers, means for indicating which set of
15 regrsters is: being’ addressed a set of global regrsters whrch may be addressed
| with each ot the se,ts. of r_egrsters,.a_n ar_r_thr_netrc and__l_ogrc unit, a cache memory -
comprising"i_a number lines _a't least equal to _the._to,ta'! of the number of registers in | -
an addressable set of windowed registers i'nclu'ding-th'e set of global registers |
and the IN regrsters of logrcatly-adracent set of regrsters addressable as OUT
20 regrsters for a set of reglsters. and means for changrng the addresses of lines of
the cache h_oldrng information presently designated in a particular wrn_dow_ .
register set as inforhiattOn held in OUT registers 1o addresses deSignating the iN
registers of the next regrster set and means for allowmg the arithmetic and logic
umt to access selected Irnes of the cache memory as processor regrsters
25 |
The preferred embodrment of the tnventron also compnses means tor |

changrng the addresses of lines of the cache holdrng information presently

4



The preferred enmbodi ment of the Invention also conprises means for changi ng
the addresses of |lines of the cache holding information presently 4
dQSlgnated in a particular window register set as infornmation held in IN
'regi sters to.addresses desi gnating the QUT regi sters of the next register
set when a restore operation is to occur. 5 : ‘These and ot her objects
and features of the invention will be better understood by reference to. the
detail &€d description which follows taken together with the draw ngs in
whi-ch like elements are referred. to by like. designations throughout the
several views.designateging naglmrmmdw r@lﬂ%@quwfmwgheld in IN gegisters ck

di illust f t d

the. SPARC a‘ﬁirr?aa&d?%?see@ie vbﬁ 60 PUFEHGS8Is A1The rx reBfciss whenay of
register vvlndo,\gg or cﬁ?;tecture Fi gure 3 is a block diagram -
illustrating a current WI ndow cac

[ _ Theée and other obiects and features of the invention will be better
understood by reference to the detailed description which follows taken
together with the drawings in which like elements are referred to by like

designations throughout the several views.



10 constructed in accordance with the invention. Figure 4 is a diagram =
illustrating the arrangement of registers within three IogicaIIy-assOC|ated
‘regi ster windows in operations utilizing the i-nvention. 15 - Figure 5::
Il lustrates a series of binary nunbers which nay be used in addressing y

thirty-two registers. 6 NOTATI ON AND NOVENCLATURE Some portions of- the
.~detail ed descriptions whi ch follow are presented.In terns of algorith and
“symbolic representations of operations on data b|ts 5 “within a conput?
nmenory.- These al gorithm c. de - are the neans L

-y =

-used by those skilled fAsketde - Syfrg-La k- e of f ecti vel y
-convey the substance of - thelr vvork to ot hers sk| Il ed inthe art. An’
:al.gorithmis ‘here,” and general |y, conceived to'be a sel f:consistent 10

| s equence of “stepgidpad B& b@c@dﬁ&?amﬂmdt&'ﬁh?Khreshsgléhﬂspﬁdjﬁédﬂ\ttsbfesef
requiring physical mani pul ati ons ‘of physi.cal quantities. "Usually, though

..not - necessare¢n;terMimdm~quamalSRbBCtambltadtm‘ef orm of el ectrical or rragnetl c- o
“signal s capabl e of being stored, transferred, conbined, conpar ed, and - :+ .
‘ot herwi s& mani pul'ated. I't-'has proven convenient -at times,. princi pal ly for

;FZSnSQtssof s;ﬁb”LT?'GUu%ﬁ%‘?a a@é&kf@p%@n%%gﬁgﬁoz é'st"ﬁ‘%w‘f"g%vgt ngbe_:

“-borne in m @Aﬁe"ﬁ&ﬁﬁectﬁmt al'l of these and simlar terns are to be
_.-assom at ed vvlt the appr oprl ate phyS| cal" quantl ties and

Figure 3isa block dia__g'ram illust_rating_'a .curre'nt wi_ndow cache

s
10 constructed in accordance with the invention. . S N\

Figure 4 is a dragram rllustratmg the arrangement of reg:sters within three

Iogucally-assomated regtster windows in operations utilizing the invennon

15 ' -Figure § illustrates a series of biri_ary numbers which may be used in

addressing thirty-two registers.




are nerely convenient |abels applied to these quantities. 20-

Furt her, .t he manipul ations perforned are often referred to in terns, such
assaddi ng-or conparing, which are commonly associated with nental '
oper ations performed by a human operator. No such capability of a hunman
operatyr, is necessary or.desirable In nost cases in any of the operations
descrlbgg herein which formpart of the present invention; the operations
are-25" machi ne operations. Useful machines for perfornlng t he operations
of the present invention include general purpose digital conputers or other
simlar devices. In all cases the distinction between the met hod oper ati ons
in 7: operating a conputer _ YORK sel f shoul d be
bore in mnd. The present i nvention re ates to apparatus and to met hod
steps for operating a conputer in processing electrical or other (e.g.
mechani cal chenical) physical signals to generate other desired phy5|cal '
si gnal s. DETAI LED DESor partions oftheigeta contiqns: which feflowraretpsesanted in 1

ot éée'r Spfgg\é\gsgr & 288 Y S el i ki SRt SrebsTing o cof s
register windogs {nin&-coffpiitdrimembnys MPHELel A1g6HithRNc YédcRplids and representations

are the means used by those skilled in the data processing arts to most

effectively convey the substance of their work to others skilled in the art.

An algorithm is here, and generally, conceived to be a self-consistent

10 sequence of steps leading to a desired result. The steps are those requiring

| physical manipulati_one_: of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic' signals capable of being
'stored. transferred, combined. cbmpared. and otherwise manipulated. It has
prover_t' convenient at times, principally for reasons of common usage, to refer

15 to thése signals as bits, ,values. eleménts, symbols, characters, terms,
‘numbers, or the like. It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate physical quantities and
are merely convenient labels applied to these quantities.

20 Further, the manipulations performed are often referred to in terms, such
as adding or comparing, which are commonly associated with méntal ‘
operations performed by a human operator. No such capability of a human
operétor is necessary or desirable in most cases in any of the operations
described herein which form part of the present invention; the operations are -

25 machine operations. __Useful maéhines for performing the opefations of the

' p,resént invention include general purpose digital computers or other similar

“devices. In all cases the distinction between the method operations in

7 .



..set of global registers 14 conmon to all of the register mﬁndomé_lo, 11,

;ﬁtand-lz. In the arrangement shown there are eight global registers r(O),
“.through r(7) and three register sets of twenty-four registers each set-

.ffdeS|gnated r(8) through r(31). Each set of registers includes eight OUT

o registers r(8) through r(15), 10 ei ght | ocal registers r(16) t hrough

: “r(23) and.eight 'I'N regi sters r(24) through r(31) The particular regist
sets may be inplemented in random access menory or "in any of a nunber :

ml"other wel I known ways. Wen the registers of a particular register mnndOM/'
care utilized in an 15 operatlon by the processor information is o

Eransterred | ndgordifo'seirahttar EhA AU eibaN Bl guiapﬁmghﬁtsﬁsanﬁwb&g@%ts -

of the operation are ace rsters each

. of the | ogical hﬂn&drﬁspfésmm@hﬁbnwa&% a’Hp%rétbQ andt® :ﬁémsa%eé ps'fegi sters.
-.-as -‘the QUT registers of t :

_ he precedi ng regi-ster w ndow.. Cbnsequently, when -
. an operation igpératingtsetompatirin plocdssitigeelebtricaboribthieri(e.d. ntedBdhicatgi st ers,

those results are, wthout nore, resident in the INregisters of register -

Wi ndow 11 si ncd\emmal)egnm@% signals ihgenerate pthercdasined. phyisicali signals. a
~plurality of register windows allows operations which m ght normal ly
_-fequire that the regi ster values be stored in nmenory before a next

.}.operatlon coul d take place and restored.to the registers when next reqULréd'
- may be 25 inplenmented by smntchlng bet ween a plurallty of register windows" '

wi thout the need-to store and restore results. The use of overlapplng 1N

#

. dnd QUT registers  elimnates even the need to acconplish an actual wite
R



acconplish the transfer between registers in many |Instances. Figure 2
illustrates a small conplete set of eight register windows in a 5 SPARC
architecture arrangenment. It will be noted that the arrangenment resenbles
an infinite set of regi ster wi ndows since each register w ndow is

associ ated with its inmedi atel y preceding and succeedi ng regi ster W ndows.
A curreht, W ndow poi nt er /

desi.gnates the register w .
regi ster wi ndow 10 designated by the p0| nter CWP+1 is the regl ster

w ndow j ust precedi ng the current register wndow, the OUT registers of
which-are the IN regi Releding fndﬁﬁﬁ:&@ﬁf@ﬂhér@& shewn & didgrim éha poftibnséfahe
wi ndow desi gnated by the pointer 1 is the register w ndow just
succeedi ng the cgeneral registers of aniinldger pravessot usedi inteeSPARC architecture RISG

QUT registers of the current register, wi ndow. 15 Fi ?ure 3 illustrates a
processor con8t r GOMmRyter Thregrragister ‘W‘@‘HW?HQ 1hwand 1@ are §h€%[ﬂrt99‘3h?' witl the
SPARC architecture ce sor O i1l U E' i n es

backi ng st orage gp&g&@b%[ﬁ 59'@1“&" @ﬁg%% ié)uﬂt' gt@d

f d
the storage ar ea '3 aringém ﬁﬁsn ficré Bre SRRt leRal zﬁ'%é%h ‘?ﬁ@r‘*‘é&"e@. i &
si xteen 32-bit r?ﬁte%t@E%teneselbbf h&éﬁwm:@gtstm@aehw@t designatedag8)through As

in other exanples of the SPARC architecture, the IN registers of each
wi ndow are addr es34J. aaauhmt@ﬂreglsigmhcludeefe'gm&ummsmr@) throughir(1§),

Fegiaters T onow migh lecalraesiersatis) Bitouet ras) andkoloR I rtivere AR BieeuaR e
for Wendow 3 are a0 fific éﬁfzmsmg?é@{ Setb %amﬂﬂesve&anis@m .%abx. GRS

This is
' memory of in any of a number of other well known ways.

"~ When the registers of a'partié:ular register window are utilized in an
15 bperétion by the processor. information is transferred into the register window
through the IN registérs and results of the operation are placed in the OUT
registers. The IN registers of each of the logically-adjacent register windows
are the same physical regtsters as the OUT registers of the preceding register
‘window. Consequently, when an operatlon in register window 10 places
20 resultsinits OUT regnsters. those results are, without more, resident in the IN
registers of 'registar window 11 since the registers are physically the same. The
use of a plurality of -regiétér windows allows operations which niight normally
" require that the register values be stored in memory before_a next operation
~ could take place and restored 1o the registers when next required may be -
- 25 implemented by switching between a piurality of register windows without the
need to store and restore results. The use of overlapping IN and OUT registers



‘illustrated in the dotted area to the right of window 3 in the figure. 10
In the preferred enbodi nent of the invention, the storage area 22 may be.
addressed in twenty-four register increments along with, a set of gl-obal
~“registers to forma register window.“In the preferred enbodi nent of the
~invention, the 5 storage .area 22 may be constructed of relatively fast.
access random access -menory. The register w ndows of. t he storage area 2&
are associated with an arithmnetic-and Ioglc ‘uni't-26 -whi ch’ may access t -
regi ster windows of the storage area 22 in order to carry out the functlons o
of a processor. 10 However, in order -to make nuch nore rapid the .
oper ation .of: t he processer 20,-a uni que arrangenent including a current
~ wi ndow cache 28 has been devi sed. The current wi ndow cache 28 may be
~constructed of very fast - random access: menory: and cont ain a nurber of I|nes
sufficient to, provide. storage for the registers of one regi ster windowin
. the  SPARC ar@m'ﬂé@tﬁﬁ\@ﬂﬂ'@nm admmpﬁehraneddlnaledﬂter’dpyiaﬁmmg the current.

W ndow cache_ 28.i ﬁkﬂﬂ % * ttéhtgwo lines of storage so that it may store

i nfor mati on "i‘i?"é'ilﬂ R iaé'ﬁeé' oon registersindnany iistanges, ei ght OUT

- registers, and:eight global registers, As outlined above, each of these
registers is capable of storing thrrty two bits of .information. 20 The

arr. angem?nt NE U%Qdﬁeezi lllu@trEle@H §mall EBfnpld?E sef8f éibﬁ{ regiSter wmdrt)vevs riTr\tecaI
' 5 'SPARC archltecture arrangement I wull be noted that the arrangement |

resembles an mf'nlte set of regrster wmdows slnce each regrster window is | o
assocrated wrth its’ |mmediately precedmg and succeedmg register wrndows A \J '
current window' pomter CWP held in- the status/control registers desrgnates the o
_ regrster window presently carrylng out an operation. The register wmdow
10 desrgnated by the pomter CWP+1 is the reglster wrndow just precedlng the
© " eurrent reg:ster wmdow the OUT regrsters of. whlch are the IN regrsters of the |
“current regrster wrndow The régister- wmdow deslgnated by the pornter CWP—
' '|s the reglster wmdow just succeedmg the current register window the IN
| . regrsters of whlch are the OUT regrsfers of the current reglster window. _
Figure 3 illustrates a processor constructed in accordance with the. | SR
e mventlon o carry out the SPARc archrtecfure The processor 20 illustrated in - | U -
- Flgure 3 includes a backing storage area 22 which ina preferred embodiment
" maybe constructed of random aocess memory In the preferred embodument of
20 | the mvention the storage area 22 is dlvrded into thmy two windows each - o
- includlng srxteen 32 bnt reglsters, eight IN reglsters and eight local regrsters R
" Asin other examples of the SPARC architeclure, the'IN registers of each
window are addressed as the OUT regrsters of the' immedlately preceding
- wmdcw Thus. the IN registers |Ilustrated for wrndow 2 are also the OUT
25 registers for wmdow 1 |mmedlately above. and the lN reglsters illustrated for.
~window 3 are also the OUT reglsters for wmdow 2 rmmed‘ately above. This is

lllustrated in the dotted area 1o the right of window 3inthe figure.

10



for the purpose of this explanation the standard register arrangenent in
the current cache wi ndow 28. As nay be seen, the global registers are
designated and addressed as registers O through 7, the QUT registers as
registers 8 25 through 15, the local registers as registers 16 through 23,
and the-IN registers as registers 24 through 31. These register
desi-gnagi-ons wi t hi n t hia thapreferrediankadimantef the innentive, therstorage amea 22 may be
function as offsets into . the cache from -, the basel addr ess desi@q ated b

the current w ndoRA(y@ssed in warby-foys registas incremenis-algng with; 4, set, of glagal registers -
wi ndow. The current, wi ndow.cache f i ' t her ches, \Wen 5
i ormat i on it H Wbt jPaisiar eipetd, 8 bSrE,pirBoBiar oF HElRVannEst they
that informatipon [ ' :

addf essed i nf or na%tlé(r)arg‘éé)?ﬁée; %%%%%%ﬁagﬁ%du#?%tﬁe%{%&ng | éﬁ'taﬁéoﬁl%cess
i nformation is. copjemdiyd Thearegisteriwindows! of {heZsiragetdrea 22!dre asssciatetwithPan
addressing the sl ower operating nenory of storage area 22. Consequently,
cache nmenory speeadthmstichandldgicuniti2® ahighomay agcess thecregisterawiodows o the
operation. In order to retajn,the advant age %ffered by .t he SPARC -
archi'tecture, theSlo5gfarea 22 inprdenle.gary, outthg fuachions;af A RrEcessiOfever . The
cache 28 is provided withlogic so that addresses within the cache are
changed with the 15 "change between register wi ndows so that the cache

s hol o ot TR, FRUeRbENEoRlrt bBimictal e M ShABRQHE B, £che
woul d ‘be a save processor 20, a unique arrangement including a current window cache 28 has
N\, | ‘been devised. The current window cache 28 may be constructed of very fast
o random access memory and cdntain a number of lines sufficient to provide
storage for the registers of one register window in the SPARC architecture.
15 Thus, in the preferred embodiment, the current window cache 28 includes
thirty-two lines of storage so that ii may store information in eight IN registers,
| eight local registers, eight OUT registers, and eight gbbal registers. As
odt_l’ined above, each of these registers is capable of storing thirty-two bits of
information.
20 | _ S
_ The arrangement illustrated in Figufe 3 for the registers may be termed
| \/ . for the purpose of this explanation the standard fégister arrangement in the
cutrent cache window 28. As may be seen, the g_lobal registers are designated
and addressed as r'egistérs 0 through 7, the OUT registers as.registers 8
25 through 15, the local registers as regisiers-16 through 23, and the_ iN registe_fs
as registers 24 through 31. These register designations within the 6urrent

window cache 28 may bé, considered to function as offsets into the cache from

11



-~ operation, and the lines holding the 1IN registers of a first register ais

w ndow becone the lines holding the OUT registers of the preceding regl ster

Wi ndow 20 on what would be a restore operation. By providing logic in the

- cache 28 to acconplish this function, the information al ready held in the”

© 'QUT registers becones the information for the next register window IN . .
registers tRg: b”as‘éaadﬂréwﬂéélgﬁétedfbv ﬂtetﬁﬁ'ren’tfvﬂhﬂﬂwlmtér (W) wisitl | n tt{?e( IN

- registers beconmes the information for the OUT registers of the preceding. .

. regi ster wetelctwthaoperatmaeelszm'wmemtlon Mor eover, since the infor rratlon :
in the global registers remains constant fromw ndow to w ndow, only .the '

information in the Iocal fegi ster cache1ineés and either the INor .

e changed. | To R aHEBRCWEdBR %%h%gziﬁwﬂh%' 53 t-tﬁ@r@%n%ﬁ“ﬂheﬁﬁéwnﬁﬁﬁet" -
28, - dga¥o t he .
oxt *pfocachmisibhdf e RRiry ibrade Hh4 2 d Badigpaq or sl 8opyicl 1S 12 1°
register. Innfdrmetien@éstdwdnﬁmeca’bﬁema dUpontahmﬂtecoésemhetaodﬁessed the OUT-

regi sters. I.n a sinilar manner, upon a save oFeratlon in which the current

wi ndow swiinhfdrawation, moecaohet%ocnoacdlte@ fivat 3 therisforanatian jis contginedear ed

before the switch faor ch 10 | St er nes,. of.. th ache 28 hoI ding -
the | ocal th@@ﬁ'@t"e'ﬁé‘“ﬂ?ﬂf WQWN"Pé’%@Fﬁ‘%oP?@@ﬁ?@g 3 nes

- Molding RS P B b 45" SonBadish §§8¥t§te‘?mﬁft¢3%& o a5
10" attained for a great percentage ot the operatlon . :
ln order to retain'the advantage offered by the SPARC architecture. the L
‘cache 28 i |s arranged m an unusual manner, however The cache 28 is
provnded wrth Iogtc so that addresses’ wuthm the: cache are changed with the
.1'5 - "change between regrster wmdows so that the cache fines. holding the OUT
o reglsters ot a frrst reglster wnndow become the cache lines holdmg the IN
“registers of the suoceedmg regrster wmdow on what- would be a save-
operation, and the lmes holdmg the IN regtsters ofafi frst reglster wmdow
become the ltnes holdmg the OUT reglsters of the precedung reglster window -
20 * ‘on what would be'a re_store__operatlon. By .-.provudn_ng ‘logic _m.the cache 28t0 N
" accomplish this function, e i’nfdrmat'i'oh-?already held in'the OUT registers ) L
' becomes the tnforrnatton tor the next register wmdew IN regnsters on a save N

operation whlle the mformatlon already held in‘the IN' registers becomes the

3 'mformatlon for the OUT regrsters of the preceding reglster window in.a restore
25 ' operation. Moreover. since the mformatton in the- global registers’ remains:

' oonstant from wmdow to wnndow only the’ mformatron in the local. regnster

12



may..be filled by the appropriate lines fromthe new wi ndow accessed in the
storage area 22. 15 Figure 4 illustrates three different arrangements of

t he "cache 28. The center arrangenment 40 is the current wi ndow, the upper
arrangenent 41 cachelines asd eitbenthedNdonrQUTI negistendacha lines (depending omthe ache
28 ‘'when a restore operation takes place, and the | ower arrangenent 42

il lustrages thedlzeﬂltmj@fc@ﬂﬁh@ eadsoa ehangad. occupy the cache 28 when a
stqre takes place..As may be seen, the cache line addresses utilized in the
center arrangenment 40 are t hose shovvn in Figure 3. Wen the processor

compl etes it oper at g nd LA PGEArafibh BRhdBlfFSht Windd caehgageren!

42, a save occurs, regls ers o omn I'n_arrangeneht 40

becone the Ig\ r gp bﬁh%std?& onmaﬁ in\«ﬁrélomesmtlvnneéwemem the. nel}hus the

addr esses 8-15 deS| gnating the OUT registers of the window in arrangenent
40 are changed prededingawihdews te Qalrdahat iclegred befgre the switchclgr each segister lire
wi ndow shown in arrangenent 42. In 13 addition, the addresses 24-31 for

the I'N register kﬂeﬁ of the cachaRghalding dbe Jacal ragistgrsand the{eUI Jegistess sk 15
st anat | M9 N e bbb 2 DR BT R AP BB 18
: ﬁgg'r mra??gﬁ t ?[}Sm}égﬁeﬁ?éﬁcese&ﬁ& WinddW Sthe et 6kte8 beforedhs SWitch iér each
10 register in lines of the cache 28 holding the local registers and the IN registers.
In this way the eashe lines holding informatien invalid for the new window are
| \x automatically marked as invalid without any addressing or testing so that they
may be filled by the appropriate lines from the new window accessed in the
storage area 22. | |
15 |
Figure 4 illustrates three different arrangements of the cache 28. The
center arrangement 40is the_current window, the upper arrangement 41
illustrates the preceding window Which will occupy the cache 28 when a
_restore operaﬁon takes place, and the lower arrangement 42 illustrates the
20 succeeding window which will oocnpy the cache 28 when a store takes place.
- As may be seen, the cache line addresses utilized in tne center 'arrangerne'nt
R, 40 are those shown in Figure 3. When the processor eompletes its operation in
- the arrangement 40 and moves {o the arrangement 42, a save occurs, the OUT
registers of the window shown in arrangement 40 become the IN registers of the
25 window shown in arrangement 42. Thus the addresses 8-15 designating the
- OUT registers of the window in arrangement 40 are changed to the addresses

'24-31 designating the IN registers of the wrndow_ shown in arrangement 42, In

13



gl obal and OUT registers of the arrangement 40 to remain in the cache 28
and be used as the global and IN registers of the arrangenent 42. -1t also .
allows the other lines to be filled with the appropriate i nf ormation’ from
t he succeedi ng: 10 .. wi ndow, -1 n a-simlar manner, when the processor

SO et e ddifor Wik Bbl bt 21 Jo?it%@ﬁa%@?% Afadicht 48 416! ﬁQQ?ES”*
register :crgng[laﬁ%\tha 4. wdéénggggmlg tea§§leré%f RREQIFOW Shaidl

regi ster e Wn ow shown.in ar Thus the .addresses 24- 31

for the IjN drgigentsm 42( Atthe sanmn@nsrihe villidditis cleamed dt the dduressddr esses
- 8-15 .desi gnati-ng OUT registers of the wi ndow shown in arrangement 41. In.

addi t i on,dasignatihg thesnew QU and loaaheegisters.egi sters are changed to the
addr esses-24-31 designating I'N registers of 20 the wi ndow shown |n L
arran@enment 41, and-.the-vali.d bit is-cleared at the addresses designati ng

al'Tove Eﬁ b 58 o SO R T oA b P RN gf oo R
W ndow i sélpﬁ grltd;?q'lﬂrey dﬁ%&ﬁﬁ@hﬂ‘aﬂ bMeAP 4016 FEMAIN i the‘%aéﬁ@f@aﬁﬁ and

beused a rei ster of. the ‘arrangenent

the otherpéiuged a%cthbgld‘oal had INirégdisters obther arrangeinterit 420 rinalso atlows dve t he
~succeedi ng Wi ndow. The'logic for carrying. out the invention may be
set out aotlfeo Illhesvto be filled with the appropnate mformatlon from the succeedmg

'10_,-_w_lndow_ SRR

| |n a. similar'ma'nner. when--the prbceSsor eornolet'es..its:op'e'ration in the
reglster wmdow lllustrated in arrangement 40 and moves to the window of
arrangement 41, a restore occurs, the IN reglsters ol the wmdow shown in -

15 - 'arrangement 40 become the: OUT reglsters of the wmdow shown in

~arrangement 41. Thus: the addresses 24-31 for the IN: reglsters of the .

| arrangement 40 are changed to. the addresses 8-1 5 deslgnatlng OUT registers
of the wmdow shown |n arrangement 41 ln addltlon .the: addresses 8-15 for the
OUT reglsters are: changed to.the addresses 24-31 deslgnatlng IN regrsters of

20 - the window shown ln arrangement 41, and the valnd blt ls cleared at the _

. addresses deslgnatlng the new IN.and. local reglsters. _ ' B | _. \J ,

. As may be se"en"'this change ot addr'esses:'allows the inlormatlon in the
N global and IN registers ot the regrster wcndow lllustrated in arrangement 40 to-
25 remain in the. cache 28 and be used as the: global and OUT registers of the |
arrangement 41. It also allows the other lines to be ﬁlled wrth the appropriate

'mformatlon from the succeedmg wmdow

14
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If PRA[ 4...0] describes the five bits of the physical address, 5

Then PRA[3 ...0] = VRA[3 ... 0] (That is, the four |owest bits do not
¢hange in addressing any register), But PRA[4] = (( VRA[3] AND VRA [4])
(That is, If the VRA[3] is zero as with globals and |ocals, then the PRA
[4] - = the VRA[4]) 10 - OR ((VRA [3] AND ((even AND VRA [4]) (That is,
if the VRA [3] iTheilagicfongarying\outithe ntiogimay:be set buthas folloWsA [ 4] = VRA
[4] :for even windows) OR (even AND VRA[4]))) (That is,. if the VRA[3] is
one as with IN and OUT registers, then the PRA 15 [4] = VRA [4] for

Cake advant age of -t ne AL &y Biscresithg ARABRS T ¥ oGl 3BResg (000 Y 1O
either a saveor ar nar a L r the invalidation of the

i nf 6r mat i on iesn t he ofﬁ%?dgs q i"ms o? '[%'éérc)ach_e 28. As-may be seen, the
register address with{Thatis, 2§ Souplowbsttme dochet ctigbiiv addréssing ameregiiesrs,
are-'thirty-two registers, and only five bits are necessary to designate

thirty-two different BifBBA [¢p+ (e VRA{IJANR VRA{4]Eul ar window. In fact, the
addresses of only registers 8 through,15 and 24 through 31 need to be
changed. Figure 5 il I_mﬁ.é@hﬁﬁﬁﬁﬁlﬁy@f@ﬂmg glohalsiand lacals; thenthe RRA (4
regi ster addresses i n_l?i nm de. It will be clear that the binary
addf'esses of registerS h 15 differ fromthose of the binary

B P10 59! St PP VAATIANB skt AND VR gt 7 cer it
: - (That is, if the VRA [3] is one as with IN and OUT registers, then the PRA
A | [4) = VRA [4] for even windows) "
| | OR ("even AND AVRA[4])))
(That is, if the VRA (3] is one as with IN and OUT registers, then the PRA

15 [4] = AVRA [4] for odd windows).

This logic provides for the changes of addresses necessary to take
 advantage of the already stored information in the cache 28 upon either a save
or a restore oper_atiob and for the invalidation of the information in the other
20 lines of the cache 28. As may be seen, the register address within a register
‘window requires five bits since there are thirty-two registers, and only five bits
U . are necessary 1o designate thirty-two different offset values within a particular
s window. In fact, the addresses of only registers 8 through 15 and 24 through -
31 need to be changed. Figure § illustrates the values of bits for designatiﬁg
| 25 these register addresses in binary code. It will be clear that the binary
addresses of registers 8 through 15 differ from those of the binary addresses of
regfsters 24 through 31 only in the high order bit. Consequently, by switching

18



the high order bit of the address for each of these regr sters upon either a®”
store or restore, the addresses will be changed as outlined above.- Thus, .-
onl'y the high order bit needs to be changed in-any change of 5 addr ess to%-
acconplish the switch fromQUT register to INregister and vice versa. For

: Cxarbt onthe B GleP ' 78 BAREE ¥t 5 B44F st TN 4o oL °

contal nt nyelaoftiing idhé flos il BY hdFibcPss BEAREHIabsles bY il y charf ng_

t he high or roma one to a re general ly, the address
furnished in an instruction: ‘(which is for. the pur pose of this ‘explanation
called. the virtual register ‘address) needs to.be changed to the physical
regi ster addr eSEhust helydtidrhighs ordar it ngedssteobe ohanged:-incany. ¢changel af t he -

i nfformation. For the purpose of  this nation, every other js regi ster
wi ndowSsetaddiess %WP‘@Bt‘hGﬁWBEE"Hm ﬁ[%‘?ﬁ@ &W&ﬁt@'? ViéPer wi ndow -

 Starting MBS EPrS ﬁﬁﬁrﬁaﬂﬁ*‘?@"ﬁ#%&%ﬁdoﬁ@r@a?héﬂrﬁ%ﬁ @Sérw@{mr&?ed set
When .in tvfrmeﬁ@aéfosatsr étﬁ%‘ébbﬁnb q& finguTber ed

register ysrca regls er ad ess -equal s The ViTTual register

20 addr esgontdihing mb@lﬁl registdredar Thisanay be%dconfplrshoa by Giraply rchangmgl ternate
regi ster windows reside in-identical positions. Mteover, for odd nunbered’
wi-ndows | rthe/rhlg:lhotdee bltégmsaeene tamzeresed : :
10 _ _ _
More generally. the address turmshed in an mstructlon (whrch is for the _' NJ o
purpose of thrs explanatron called the vrrtua! reguster address) needs to be -
- changed to the._physrcat_ register addre_ss_:_.._._th_e ‘address _-actual_l_y used in the. -
 cache to hold the informatt'on._ For the purposeofthis ___\expl_an_ation, every other
15 register vv-indow.'s'et:in either direction bedinni"ng'with the current register
window set is considered to. be an even numbered regrster wmdow set, and the
- ‘starting regrster wrndow set |s also consrdered to an an even numbered set.
- Whenin the current regnster wmdow and addressmg other even numbered
e -reglster wrndows, the physrcal regrster address equals the virtual reglster
20 - ‘address. Thrs should be clear because all ot the reglsters m alternate reg|ster

. windows reside in |dent|cal posmons

Moreover. for odd numbered wrndows in whrch the regrsters addressed

are local registers or global regrsters. the physrcal register address equals the

25 virtual reglster address Thus is.clear slnce the global regrsters and the local _
- registers remarn in the same posltlons rn the cache no matter what register

window set is mvolved However where the vutual reguster address is drrected .
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are }ocal regi sters or global registers, the physical register address
equal.s the 25 virtual register address. This is clear since the gl obal .
regi sters-and the local registers remain in the same positions in the cache
no matter ‘what rtedhetNrregisterswef anwoddnumbared sindow,ibephysicakregistércaddressiis|
regi ster address is directed 16 to the IN registers of an odd nunbered

wi ndow,;_the phyqual 1o the \viftual regigtes addressJpings sbieeme Figure Sdllustratgsthat this
address m nus si.xteen...Fi 5 Ie S t Ni.S i rue h .
difference in tHﬁt‘ré'&dr%@ﬁa‘@’éﬁﬁi{n%nééﬁégwhgﬁgﬁéf’@ft "?ﬂﬁtﬁp% 'ﬁ el gh -
order bit. Cons | r yoh B aINS LG ,agagg

registers 24-316@53&%35“%6&s%ﬁeghgﬁ%ﬂr@rgggﬁﬁ%rs ﬁﬁﬁgc&lfegsvﬁ QCthQﬁ%a
the high order tr\'tAaEismsawst ndysbd atidrdssad t6 iphiysical degisters 8188y switthing thea
sim-lar manner, where the virtual register address is directed to the OUT
regi sters of an high orderibittod zéradsubtractiog shgesnctiomrtbgiaddeasshdidrasimilas equal
to the virtual register address plus sixteen. Figure 5 illuati‘at es that the
di fference in tHBaanoer, yherethavrtyal registaraddres iregtedtodhe sgisterspfian

hi gh. order bit so,tha Vil ' ) e .
nah or der 51 S5l Bahofred ki, BRERSIAGaI09RG7 SRR Waiel 6 BRMRla
the hi gh order .%gisrté}‘ a"’dd?@ﬁﬁ]ﬁlﬁg%i ! FigBRys liistrafosfat heditferbfce in the The
onl'y other requir€nent 1s that the | ocal registers of a register w ndow set
and the I N ap Odddresses cfithe INfandIQUTE regisiess iswinly mihai high ofder bitsodhatei ng
transferred) of such a set be invalidated upon a save or restore operation
SO - virtual register address addressed to any of registers 8-15 may be addressed to

| \/ ~ physical registers 24-31 by switching the high orde_r bit to a one (adding

sixteen to the address). ‘

15 The dmy other requirement is that the local registers of a register window
set and the IN or OUT registers (whichever does not contain information 'being
transterred) of such a set be invalidated upon a save or restbre operation so
that the values in those registers become unusable. When a save operation is |
performed, the local and OUT registers of the new window are invalidated.

20 Whéﬁ a restore operation is performed, the local and IN registers of the new
window are invalidated. This may be easily accomplished by clearing the

“valid bit for the infomation stored in the particular set of registérs.

Although the present invention has been described in terms of a

25 preferred embodiment, it will be appreciated that variou_s' modiﬁcé_tions and
alterations might be made by those skilled in the art without departing from the |
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that the values in those registers becone unusable. Wen a save operatlon
‘is performed, the local and QUT registers of the new w ndow.ar.e

inval idated. 20 . When a restore operation is performed, the Iocal and IN
regi-sters of .the new window are invalidated. This may be easily
acconpl i shed by clearing the valid bit.for the infomation stored in the-

© particul-ar: oHed; en

- descri becFFf 'it %%‘f%%é%}bﬂh&'ﬁvpr e@;r red ﬂé}réﬁt'%‘ ﬁ@h th?'\évé} Flb%oggggﬁiégm athgd :
that varijayse di fHe@binywhthdofdw.er at i ons might be rmade by those skill ed
in the art wthout departing fromthe 17 spirit and scope of the -~

" .invention. The i nventi on shoul d t herefore be neasured in terns of the-

claims which follow. 18  -1.. A processor -which conprises.a plurality: of..
sets of wi ndowed registers,. each set including a first plurality of IN o
regi sters and.a second plurality of- local registers, the INregisters of =~

- each set being addressable as the OUT registers of a |ogically- adj acent

" preceding set- of reégisters, neans for indicating which set of registers Is.
being addressed, -an arithnetic and logic unit, a cache nennry conpr|3|ng a
“nunber 1'i nes ‘at least equal - to the total of the o

18



nunber of registers In an addressable set of w ndowed w{_\
pl.urality of gl'obal registers and the IN  registers of |ogically-adjacen

sét of registeers addressable as OUT registers for a set
means for changing the addresses of |lines of the cache Aﬂﬂ"ﬁﬂﬂmﬁgﬂﬂm
presently designated in a particular w ndow rwer set "as €i n or ma

hel d i R JOUT registers, to addresses designating the IN registers of the next

regi ster set, and neahs fof HPF%%Q“I‘%CQ'F‘P['WFENP&UFQW ql sgts ofiwindowsd
access sel ect ed f 0 isters. 2. A
processor as cl aH@%gr% "at"ﬁ %ﬁ?i‘%?‘?ﬁ'fqﬁgﬁ%%ﬁ@@b G M '%o? ‘gﬁéﬁﬁ?% t he
addresses of | i ngrurality o focul tédisters, dhe W r%l@fe?@hLG?bJPé&%?é?ﬁé YodRRsa0IE Rdne"
a particular wi ndow register set- as I nfornation egistersto

addr esses desi gn@UTeegdisiersoolr arlegjcsﬂyeadlacénlt#necedm seteofi mgistersemednerma '
restore operation ls to occur rocessor as clainmed in Claim?2

further conprisi W"Fﬁ!@ﬂs‘”h'@h ﬁ%@f é%ﬂ'ﬂﬁgs tsrging @ﬂé(ﬂséﬁd-l amasthmeticrend: logie:

ot et o i ar Hityg cshEmerhey imprsiiae pugber ind BURER GHfa ik oran gt e

' 'hIfENp'r ol s L - ALr bt i addrasans ol 22“%‘1&"3“'38’?‘*?%‘&"‘5%"?? iy
of global registers and the IN registers of logically-adjacent set of registers

addressable as OUT registers for a set of registers, and means for changing the

addrésses of lines of the cache holding Iniormation presently designated in a

. s particular window regisier set as information held in OUT registers to addressés

| designating the IN registers of the next fegi's’ler set, and means for allowing the _
arithmetic and logic uriit to access sélected lines of the cache memory as

processor registers.

2. A processor as claimed in Claim 1 further comprising means tor
changing the addresses of lines of the cache holdmg information presenlly
designated in a particular window register set as information held in IN registers
to addresses designating the OUT registers of the next register set when a

restore operation is to occur.

3. A processor as claimed in Claim 2 further comprising means for

indicating that selecled lines of the cache are invalid. _
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of a logically adjacent pieceding set of registers, neans. for indicating
whith set of registers is being addressed, amarittummeric and Togi.c unit,

a cache menory - substantially as hereinbefore d erence t'o
ek rehes 3 AR

. 4. A processor which comprises a plurality of sets of
windowed registers, each set including a first plurality of
CIN registers and a second plurality of local registers, the . |
CIN registers of each set being. addressable as the OUT registers
~ of a logically ad jacent preceding set of registers, means for
'._ indicating which set of registers is being addressed, an
arithmetic and logic unit, a ‘cache memory substantially as’
hereinbefore described with' reference to. the accompanying dr_awmgs.
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