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Backgrou Technical Field of the

| nvention: The present invention relates to bypass networks in

m croprocessors and, nore particularly, to bypass networks including

mul ti ported bypass caches. Description of Prior Art: In a
superscal ed m croprocessor, pieces of data are stored-in a

register file to be available for use by execution units which are ,
associated wt h _pi pel _i nes. 1t cantake four--or nore clock-cycles for a.

pi ece -of “data— " produced by anexecution unit-tobe witten to the
register file. and. then read MULTIPORTED. BYPASSJCAECHHK i | e to be available
for the same or another execution unit. The delay in t he -
availability of the data is referred to as |atency. However, the sanme or
anot her ~execution unlBanbgA'Odeofhhepimntloh data before it is

g}’gi:'eag:c Cabe Ih‘;‘pf] YfiflicA'Fid13 Of the Tnvention: V?ﬁ%%l%?éﬂt Fﬁ%ﬁﬁ& reiaftesttﬁ%yéﬁ‘sgu'dlr gdor

ot her wi se i nefntwaorksin mma@mc%mrﬁ andyanere pgrticslarlyhie Wp@s:s@eavoréfamludme |
problem.is. exqﬁlg ssadachégcreased nunber of pipeline stages associ at ed

with I NCr ease 0 li’ fr nci es’ an si zes of internal nmenory
As a partial sol ut |Q§§9M—§%§I%eﬁf‘ VPSR WWB?H{QC%%R}'EPIS%?@& é‘ﬁﬁﬂlaﬁ?ed
to hold the pls&ﬁ&liihfaxégis&rfﬁertos;e\aemwble:ﬂoﬁudeh;y@deamonﬂaﬁsmmmés of the

bypass avai e.to.the.execytion unit
than is the c&ﬁﬁoéf#e\sg) %ﬁh pibelifds® Ic %gﬁg%gé‘f e 108? SYles Tong Piesg 8@5
wai ting by theredueediby emexasition Fgt todeavitien to the register fileefndthénmgad froﬁll G 1, a

prior art by pﬁ%eﬁ%{eg ﬁi@to&ié%bﬁ%?e 3P HR'sh A oP hnctlr! ekgc;u‘ﬁgh ﬁh&‘r Tﬂé‘Héla in

| at ches DL1, recelve pl eces
execut i on uni tthe ava1lab1hty of the.data i1e et‘i"@ii fRaglateashgHawever. th@@ﬂ@% @Tral'@&mfess

l'at ches AL1, /ékecunéh%mtm neé&lthe plecc of data Eef@h: ipisemﬂme Paitapd @veﬁ%@ttﬁnecj an
address in the reqgi ster, f d 2% f% tch AL1 S
The oo b nSerRan cyale- b e st o3 Bpth s S ETibe, the requtioniitt s

addr esses i n adddieos othatwisemefficntiiuled while Whiting fer théipiceelolf dets €Eheassi g ned

addr osses i s A and bfspthBa by A HeRaly yorkie? o PR doack SRRERILINAY . 103

to as desti natiaseasad diogk fieguencies and sizes Ofmtemalmempryml or to a piece of data

being witten into &Qaéﬁarhﬂts%lhﬁ'ablo t}fef})@oﬂ&hab éﬂss networks hatd Beehenipléyelied into

DL4, thedataln DL?2 IS te data i 1is
~to hold the piece oi! c{ata fci)r several qbck cycle e contents o? the bypass

network is more immediately available to the execution unit than is the contents of

the register file, thereby reducing waiting by the execution unit. For example,
referring to FIG. 1, a prior art bypass unit 10 includes an array of shift register data
latches DL1, DL2, DL3,- and D14 that receive pieces of data from an execution unit.

‘There are corresponding shift register address latches AL1, AL2, AL3, and AL4.
Each piece of data is assigned an address in the register file. The address in address -
Jatch AL is the address assigned to the data in data latch DL1. Likewise, the
addresses in address latches AL2, AL3, and AlLA4 are the addresses assigned to the

' datain data latches DL2, DL3; and DL4, respectively. The addresses is address

latche% AL1, AL2, AL3, and ALA4 are referred to as destination addresses. |

* Just prior to a piece of data being written into data latch DL1, the data in
DL3 is shifted into DL4, the data in DL2 is shifted into DL3, and the data in DLI is
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PCT/ US98/ 08892 B - +shirfted into DL2. Likew se, R&r ess in AL3
i s shift O F/F‘B’GQ\M the address in AL2 is shifted |ﬁf’% PHISEA Y t he -
address in AL1 is shifted into AL2. The address. assigned to the data
“written into-DL1 is witten into AL1. Shifting (fromAL3 to . AL4, AL2
to AL3, and ALl to AL2) may occur with each cl ock cycle. The

pi eces of data in data | atches DL1, DL2, DL3, and DL4 are selectively

supplied to a rrulti-pl exer (MJX) 14 through a group of conductors 16, 18,
20, and 2271t wi-t+--be- appreci-ated that each of conductors 16, 18,
20, “and 22 conpifiederio-DL2 - Likewsesdhe adsiess i L 3doshified mcsALzhme;aadmss:ml ar

-pi-ece..of.. data Arhag shﬁtcﬁ"i?@@dﬁb)ind\%address mjﬁg.,ltgsﬁﬂ@glﬁtg%]i Zgga%:?_ﬁgpt rol led

by the state of .signals on conductors tate
of the signal §S%$Pegé?lgl?cqa@r‘§“%m§’2‘3 l’»ZFWfa‘i‘F‘d“BE’%I cOpifting (frozn A3 to -
: corrpara]'E o(rjs 4&)}(_,44&246,1;1@31%&151,1 toALZ)mayoccurvEmreaSKéHHk crll@ssgrre t;](at a
- piece of data X is-contain at data X is
assi gned an addr esg%ﬁ(?fff%o %m% aﬂ@t@e %ﬁg B3 a‘?SﬂDE’%'d% lectively
addr ess | at chsuyiytied Be e andtiplexar (MU Bt tifouphtasgrbsp ebcindaedrsal 6]i18f 2, and
~address in 559 1l %ﬁﬂ | t 1 3..and AL4 will
%ﬁt e t¥ gcga&eiﬂlgteeaﬁg%&%ﬁmlog l%h?ﬁ Z?LF%‘? %E?IEPﬁeﬁes t hat

not contain O M Cr opr ocessor sc
data X is to Bamgroy§y pa@lieltcgném&cifm BanCUlal’ pigg, of data theadlispasS@yIIUX

witten as a 39 é&da%fsewxstcen@olréawtﬁ& etratelk% s%msm%@wmum 30 %9%}0 I's
passed to eachgcgé c?ggarat rs 40, %é 'S CO

with the addr833& stag é%eﬁlai%%c Ectom@ 32434, angh36 m contrpll b}tt i veI y.
Because- the cmﬂpfratossm , 4xld4 eard 46at ch AL2 matches the \r/]al ue on coPduct or
48, a si gna s.asserte e st 0
conductors 30, 34, ng%f‘ 3 e %S%{m% aphecgé)gg%ta léﬁomﬁ?&e:‘&) %F% 14
passes data- Xaiid ta @mXxsasmnemm address 00011@.0Adenrtingly, 080116 wili'tdueseas 26.
There are, howeMRFess ptGIATS CBQéauE’é %h%ﬁ%&ﬁ?k@%\gﬁ&l é)élgg}/egl?grfdrg gt Zr such

as bypass unit 10., First, with each cycle ta an dress
shifted. theaggistes filepaddress datehes Alnke Algnanthp L4 will ppconain AP0 0. ghwer .

Second, such ﬁ;yériﬂﬁfo btfveﬁs‘?ar E@iéﬂulblpde%edrﬂﬁs'stthat@h&)t Rlt88e ?Hﬁﬂfgd t9tonductors
m cropr 0cessope tﬁ i non

h@lﬁ t_as great as
t he product u‘f Brﬁ)‘gFmS‘? aﬁ%\fc’é’r‘feaﬁ FF§§t°a%6°r’?‘H%t°ﬁg§rb'§ Ui ts per
pi ece of dat a000MIPiicpdssed to each of ¢dmpanamtse40 42, @amd 46 twilieesitiiic@nparpdss uni t

o o S5l CahiAnd Al BRSO FUCARE aLp, AL Rlanh 1 MdbERERT | 2t ENCY.

Furt her, bypass uni t | eces O
o D Besaysy tho gengents of address latch AL2 matches the value on conductor 48, a

PCT/ US98/ 0889 gnal on conductor 32 is asserted, while the states of conductors 30, 34, and 36
remain deasserted. Accordingly, MUX 14 passes data X from data latch DL2 on
conductors 18 to conductors 26. S

There are, however, SIgmﬂcant problems with the use of bypass units such
as bypass unit 10.. First, with each clock cycle, data and addresses are sh1fted
Over time, this consumes an appreciable amount of power.

| Second such bypass units take up a relatively large amount of
rnlcroprocessor real estate. The fan-in ori MUX 14 is at least as great as the product
~ of the number of data latches and the number of bits per piece of data. Typically,
~ the number of data latches in a bypass unit is at least equal to the number of cycles
of the write-read latency. Further, bypass unit 10 holds pieces of data for only a



single execution unit. The tot aI real “estate increases with the number of

executio : Accordingly, there is. scRegsk/dses: @
&%%ﬁ?%at efficiently uses s

bypass n power and m croprocessor
real estate, yet provides execution units with ready ~access to
pi eces of data. Summary of the

| nvention - The present invention involves a conputer
conprising execution units ~including source ports. G oups of
conductors are each connected to one of the source ports. A

bypassnetwork-i:ncl-udes a by ache and a content addressable
~eoTyarray - HeakFXecERan Bk 'g éagﬁ%a] F?’rﬁtF&’&Pé%asBSa‘f”éh Fl'@diug’fbél? of gxscution e

- pi.eces..of . _units.-........data _from one. of .the. executlon units. The bypass
cache al so include vat roviding
the piece of data f coraglgwr?éﬁse%%lr? “r?SdS%rea%’Pg% tx&%{:gghﬁ hllmentl%usg registers
to a corres poprntmgmdmcmprqmogmbpﬁatafyetmwms exesntidiheniGAMth sadyves

- destination agdressecel of difa Pl €ces of data and source addresses of desired

pi eces of data, and when there is a nmatch between one of the
‘source addresses and one of the - . .... destination addresses, the CAM
provi.des..a signal to activate @mﬂﬂaeﬁmnﬂienﬁlﬂﬂﬁldﬁf the r ead
ports. Brlef crl lon of th allDr

i nvention will %Hﬁ’eﬂ?ﬁrbmiv Na'la ?9‘8?{1‘?%8@@?&&%801@@&@@% i on

gi ven. bel owmajmdlrxlxﬂmgmonfve p@ctso@pwpslolﬁgomﬂmtumm each @nbeded R vt drfthé he :
t t
uentLon, uhlslee M YChypE bl B | BISE Lind M bl sBialidRn (0

under st andi ngmenioyy array (CAM). The bYPaSS cachw igcludes @taregtsmmnt storelpiaekofli agr am

representati Oﬁmté’f'roﬁl cFHe' d? rthé‘éﬁecmd?ﬁﬁx?ts The bypass cach¥ Qisﬁ 1ncludes read ports
FIG 2 is a sc

emat | Cc eé;< grz%g‘j%represe tation show n

i‘nt erconnecti

it “Hlé‘flﬂété‘f?t H{%‘g@g @&Pﬁesnoadlag ope pEthegigta
enﬁogl lrrent of reglsters to a correspaRling @RsTithe FoapE 6fUandutors. TI‘ﬁQ CAM redeive’.
schedul er uni cutlo ssor
FIG 3is a b‘ﬁéégﬂa ndaéﬁgaﬁ?els gﬂé“‘spé%‘ieaf’ffﬁ%ﬂ gpd %o%a[ngﬁseé flc‘)iﬁ e%‘ﬂb%f?é fiet wor k
of FIG 1. data, and when there is a match between one of the source addresses and on8 of the WO
98/ 50860 %estmatlon addresses, the CAM provides a signal to activate a corresponding one of
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the read ports.

e Brief Description of the Drawings
" The invention will be understood more fully from the detailed description
~ given below and from the accompanying drawings of embodiments of the
invention, which, however, should not be taken to limit the invcntion to the specific
embodimenfs described, but are for explanation and understanding only.
" FIG. 1is a schematic block diagram .representation of a prior art bypass
unit. — _ _
FIG. 2 is a schematic block diagram representation showing
interconnections between a bypass network according to a preferred embodiment of
" the pa present invention and a register file, scheduler unit, and execution units in a
IMiCroprocessor. :
FIG. 3 is a block diagram representauon of a portion of the bypass network
of FIG. 1.




FIG 4 is a graphical representation of certain registers in the regi ster

f+l-e - - -and bypass network of FIG 1. _ FI G'Pél‘lb§9820 re .
det ai | ed BYQO¥SWPhgr am representati on of conparators and L8 %ons of
‘bypass caches of FIG 3. FIG 6 is a block diagram
representation of a nore conplete portion of the- bypass network of -
FIG 1. FIG 7 is a block diagramrepresentation of an
alternative enbodi nent of a bypass net wor k.

Det ai | ed Description of Preferred Enbodi nents The present .
i-nvention relates to a bypass network having one or nore mul ti ported

-bypass-caches.—+n -t FEGF4ls agmaphjcal eepseseptatiomof cemaiy tegistessio dhef tegistte file | s

are.set forth regq 'Sgg,e@w(;}k%?g_{g?_eﬁ illustrated enbodi ment of the
~invention. - wever, It wll preci ated that the invention nay be

i npl enent ed and pr adiPcais a more dﬁ%&ﬁ@?d%algéaé%_feﬂesﬁﬁ‘t?‘ﬁo‘ﬂ‘?ﬁmﬁpé?ﬂmﬁﬁ%i fic

detail s. ' sectionsofbﬁsﬁs%édhagoiplcﬁﬁ 2, a mcroprocessor 80 includes a
register file 84 th i ont ai ns_registers_ holdin ata for. by
execution units. Ar %ﬁn@fsi %blf’éb‘i%égra’?ﬁ erregen%anon(ogEB}orﬁc g‘%mﬂi%? e
exanpl es of exegpiss metworktof FIBnl.execution unit 86 may be an ALU or

sone ot her form of | ks -1 o Legi k| e

84 may have 64 regi g@%%&%&ﬂp‘gﬁ%ﬁg&aﬁg*ﬁgﬂ%g@| @%ﬁ’?eﬁ%{:}g}%t%#%s of
data and 6 bypassingtywdskt s. For conveni ence, the entire 38 bits may be
referred to as data. Theydigfiéd Descriptidd! of Peefbpél HMBOAMNmst Ne present
description. In that 2[err] = 64, 6 bits rgay uni cvgjeijélﬁ , I dentify each
of the 64 registers . ThePersghtIBYERHAR Felaies Jo Bypass npbeory deying oBePEBGF e

ports 88 and 9Gmuify@editypissi¢attes Aln thd folksseihy sscelpticn, husBions spertfipdstiits 92
~and 94. Ex_ecyt Lon, un 86%fr e%ﬁihlv:s d tabfdérgm S?H{ ce ?cI)l'%rts 96 and 98.
Accordi ngly, t RESEtTorth regarging apregerl E‘Mﬁ%q POt e 2Ped

enbodi nent . Fr ¢lowever, povilljre@ppreciatefl thwat the inventien ivay bk énplemiented 204 prabticed i s a

di spatch port . ' gt : Lon units ALU 0, ALU 1,
and 86. %ﬁ:%ﬁitﬁ&%%&ﬁ"%ﬁ&%ﬁﬁ%uﬁ%%@ ,lé'AL_U 1, and 86 include outputs
connected to - Refaroins toFLG. £1 a migroprocessar 80 mcludesspeegistey dilg 84 Bt whi ch

the results of oREM8tdMISs AbRling data for BeBY ekebutioh UaNPAASIHIRINGIsKCc &2 1S a
oL e e o B Rt et SRS LSS A b ©
units. Bypass RetAIdy kr sobte dthérdermh bfexeestion wnif( Memely asfanrexenipleoregstat ftia)
o Usoa) Dn8! 39388 have 64 registers of 38 bits each. The 38 bits may hold 32 bits of data and 6
S . flag bits. For convenience, the entire 38 bits may be referred to as data. The term
data is used broadly in the present description. In that 25 = 64, 6 bits may uniquely
identify each of the 64 registers. Exécut_ion unit ALU O receives data from source
ports 88 and 90. Execution unit ALU 1 receives data from source ports 92 and 94.
Execution unit 86 receives data from source ports 96 and 98. Accordingly, there
aré six source ports in the illustrated embodiment. From the perspective of a
scheduler unit 120, there is a dispatch port associated with each of execution units
ALU 0, ALU 1, and 86. T

- Execution units ALU 0, ALU 1, and 86 include outputs connected to
coxiductors 114, 116, and 118, respectively, on which the results of operations are
provided. A bypass network 110 is a simple and compact bypass network that
consumes relatively little power and provides ready access to data for multiple

" execution units. Bypass network 110 holds the results (also referred to as data)
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provided by execution units ALU 0, ALU 1, and 86 to conductors 114, 116,

and - %g, ghgsg N @ preferred enbodi rrent a piece of dat arcmsbwowbz)red
fromthe ou put of an execution unit to a regi ster in bypass network
110 and read fromthe register in bypass network 110 to be. nade
avai l abl e to the sane or another execution unit in one cl ock cycle.
(Del aying the read stage fromthe beginning of the wite stage may

be-used to acconplish these in one cycle.) The data that is stored in
bypass networ k 110 is also stored in register file 84, although it

i Tegrarer + PRURSFEY SebbRBuf AT, aLy 1, b8 sBRTREHEGH BATTe L 0° D22
_of. data from 1iR)i btapreferied egipodimenda piece of datgyoan bs stesad R ﬁlel@JtBlPtmflad be .
provi ded at giy e?ﬂu&i ke d é)regfﬁf‘e? i b%ﬁs%t&%rﬂ-l‘é dtd read from t!@-ile’%ikter apd 86.

Pi eces of data from re%ste re provided by conductors 104
to source por bypagsnetyork il todwe. magig avaiiableyg th ??W‘%P@Erwcm%ed

mul tipl exers) one clock cyc@ I’(‘lbéféyﬁfg&hé%d Riaye Srbﬂ‘uhé a ﬁmalg Vf the Mrite Stae Biagces of
N bit wide dafa. Schedu

. S addr esses  over B
conductors. 12Be p{;ﬁrggfxg{r@llsh hese §h°’§rﬁ¥°&°’% THC ?Pé?‘g\lﬁ’rlfypﬁsd’ et dul er -
unit 120 provites ﬁsmt&eﬂ[mgﬁtﬁdﬁks&%altmmghaymk@s one or more extea dlock elds

-source port 8 Qfégql?tgg%or%f%of?%ﬂrda%qhg stelsﬁf% Ier unit 120 al so

provi des thre esses per cyclé over conductors 126 to
bypass net wSckediley unigyi 30 diredie IPICI}@E) ofxipta fremirpgistarBle; Scandion

- addresses to i‘&&@ﬁ Oé}ﬂh&ﬁkﬂose L4 ki 0,

Conduct ors 13: @sgh%%/éﬁ'klrlalskggld%enfﬁ\é r ng&ﬂ %o rexl onunlltlsngéi and
bypass net wor RLdid, 2 |HI%CCF8§ gy fﬁg”ieﬁﬁ $ ?fe%‘ﬂ dsbya?ﬂﬂ‘ PEBFSetént i ng
ClhrCUI try aretd“ﬁurwﬁbﬂs(m9b€92@94€96, hﬁd’9&(1¢sd]@dztéd bpavwaciatedirigisiplexkish) ed in
the art

obscure the i ﬁ?@ﬂ‘fqt?fﬁ IOE may 51m arn\é\@\]l;sb? C%%Sg)? B}/ec ‘l?#}? lttvﬂg%&%ﬁegé\%y P s and

i mpl ement  suchnic 82 prividsis gorarts addresses over conductans 124/to registenle, 84zndi ous ot her
internal sig ng&ﬁasgﬂg]“{dﬁe h $GesE e?glei:hxﬁlx? b ?Tﬁéwmfég Gix _source ac add1%§se§ Sefcytid wite

circuitry, ar ustrate

structure desen¢ fascach seureeRert 88,89, P2 Q%Pé AdB- o%“t]i‘F@ﬂefa‘Wt 1;20 380 i ous wel |

known s Yhired B8dtiB GHAHRERBES PR EYAE o Ve oR@uCESTH | 26/ RYbypass
Referring to

St t dd
Fol | ows. “Eachnragrs110. BipRegreref 119 p%sS%stR?sé%@gﬁ?%@cﬁf“S ArFaler B3, o
- 63). 8¥lbeer condueross 19#6. data is to be witten into register file 84

e e Tt a2 ko 134 anf 158 BN coh 6] Shifs b¥gildierRigaGRqof data to

be witten into.
5 WO 98b§p}£3§ @etwork 110. Detaﬂs regardmg the control signals and implementing

PCT/ US98/ O889@1rcu1try are not provided because they are well known to those skilled in the art
and, if provided, would greatly clutter up the drawings and obscure the invention.

Moreover, there is more than one way to implement such control signals and
circuitry. Further, various other internal signals and implementing circuitry, such
as read and write circuitry, are not illustrated for the same reasons. For any
structure described or illustrated in this disclosure, any of various well known
means of design and fabrication may be employed.
Referring to FIGS. 2 - 6, source and destination addresses are used as.
‘follows. Each register in register file 84 is assigned an address (e.g., 0 - 63).
When a piece of data is to be written into register file 84, scheduler 120 assignsa
~ particular register for the piece of data to be written into. From another perspective,

5 .



schedul er 120 assigns an address for the piece of data. If the piece of

data is also ~  witten into bypass network 110, the S-ag‘é g@@ﬁgzis -
associ at edW@i9%#5086he data in both register file 84 an B&% et wor k
110. (I n sone cases, data may be created froman execution unit and
assigned an address shortly before or after it is created at t he -
execution unit.) Fig. 4 illustrates registers in register file 84 including
six bit bi nary addresses and correspondi ng deci mal val ues. '
Representative data X1, X2, X3, X4, X5, X6, and X7 (each of which
may- be 38 bits wide) are stored in sel ected registers of register -

fil1e -84. For exshypduler 120pbsigns apfaddeesnifoxbe pieasraftdatan If the piece of dataisjéster—"

011110 (30 decifiidy @Rfnbal o 110308 sific higtsd Eﬁﬂcihﬁg&ﬁ%&ﬁlgtgé 8h§4n 110000 .. . .

(48 decimal). Fromano erspective, I'S assi gne dress 011110

and dat sbodsragisterdile 8 and hvrpseagwennbifly (In some cases, data maydiecredtody t o

- FIGS. 3 and 6, - RyRas sxdativR bt ddDasspabdisiesddress erﬁgbefore or afte ¢ GEMBOLE
menory array (CA ted assaqciative.

M 128, a.nultiipa sg, cache 130, .

and a rotating % FTEUeH W?‘gf lFIE% ?‘t‘fl‘i%.tes,&%g@%\}\?qugﬁ‘%ﬂ% §%}“°§{§3H¥s§x Bt wor k
1-1? S -dal S (hihdi¢ latldiesseSand crrdpamtin gﬂébimmmsarmpmemamdasxwmblzs;
mul tiporte : 0 d : loGh._ar.e as bypass
cache 130; and X&%@%%&’%&Bﬁj&%{ﬁ? pOi ﬁggﬁykth?%%ﬁ?n%gi%g?%i ch are
the same as rotsalected registers of oegistenfile 8#tt+ For example] 8 piecEaflata 4 ip pirittdn énto

regi sters A, o Sl 2 bleel HEES : ; : ' s A5,
A6, A7, and AS%%fﬁ%?%IA%Iq%g&d? ncl ué%gagg’géess argg?gs‘?gf‘%n‘/i‘é? mﬁ?(i)&qmw-

All, and Al12. H¢asemahe FEomapotharpareRestive data eyt assignedrardresp0I 330 apdy 4,
bypass cache 18 X6lid/sefpndahadresdi®oe0.s D5, D6, D7, and D8, and bypass
cache 204 in es da egisters D9, D10 1, .and D12. CAM 128 and
bypass cache Cé%g“f“&t%ﬁcéu??gﬁg’s@aﬁsé}efw kéi@ﬁ%".lu‘%&ﬂcf’??nhnd bypass

cache 180 f or msdfessdbje memory areayy(CAM) 128 acadtiporteCAbo2Hva bypasy carhs 18@che

204 forma full ssocl at i : . f NG 2, 3,

and 6, pieces 0 d%art%ga%?é’é’mﬁt gg%%ﬁ%?g}tsmhf saspcéwn mFﬁ?. ﬁﬁ%%#gﬁgﬁﬁé@ta

regi sters D1, DdsoipgndesfdAMs 178 aad 292 which are dhesame as GAMAZS; mpliported A4

Pﬁ' d six-bi Ej f' %ﬁaéagl%% 1@3%&§e¢,aymfmmeq%éllﬁufetm@, és%@aﬁﬂ%?o,c%dx%%t pd Ito
e ata“stored in, r L , ,_.an , respectively.

For any given pVaggomer units ﬁfafaf%éiw?*&%a&eéﬁ@e 3§ IPtaiNe WIle DOIT Ut one” of

data regi sters 132, M 123 inclodesPégisters Al, ANtAS, wind 84, CAM d78 mchsleswmddressn and

the particul ar one, of ,adgdre i .an| [{H O

whi ch the corr 5pBH%E ‘ﬁg ‘gge’s"ﬁS %ﬁ%@?\%@%gf&@é %Oﬁéic\l/\lfrdﬁ ?%dr{e%%ep%g[?ig ‘lgér‘i ALY

t-he position ofAhl,andAd2pdypassrcache 13} includes dotd xegistess PileP2uA3anddM,

6 WO 98/ % he 180 includes data registers D5, D6, D7, and D8, and bypass cache
DCT/ USos) 0Baop LYPas cache 180 RStati ng vl € peint e 152

i ncl udes regi st¥¥gnglydessiata gogistesy 39,331 Qyi1dand D12. CAM 158e gmciJ b)lrpass cache
130 form a fully associative cache. CAM 178 and bypass cache 180 form a fully
associative cache. CAM 202 and Bypass cache 204 form a fully associative cache.

'Referring to FIGS. 2, 3, and 6, pieces of data from conductors 114 are
written into data registers D1, D2, D3, and D4. Address registers Al, A2, A3, and
A4 hold six-bit destination addresses from conductors 126 that correspond to the
data stored in data registers D1, D2, D3, and D4, respectively. For any given piece
of data on conductors-1 14, the particular one of data registers D1, D2, D3, and D4

~ into which the data is written and the particular one of address registers Al_', A2,

A3, and A4 into which the corresponding destination address is written dependson

 the position of a write pointer in rotating write pointer unit 132.



are four positions that may hold a Wite pointer. The wite pointer is at
one of thﬁ/osﬁ;/sosw four positions. After each wite, the wipg®Er/psosugey | S

shifted to the next register. For exanple, if the wite pointer is
at register P3, following a wite, the wite pointer will shift to
regi ster P4. Following the next wite, the wite pointer wll shift

to register P1, and so forth. Conductors 138A and 138B are activated when
- the-wite pointer is at register Pl. Conductors 140A and 140B are activated
when the pointer is at register P2. Conductors 142A and 142B are

act i vated uhen the poring ofid hanRPLA Ti ks LEALALEH B3 piCRRHE ;3{%14144/*

and 144B are acti va]t2 L er
.FIG 4 il ust raxe ésurpesitivasthatthashald awaén pclmsﬁﬂ ﬁh@m&p@dﬁesﬁsn@bf thed data_.

-in ! 201 hPhositdis. & %‘heﬁgathdﬁ&&' mewrﬁgﬁaiﬂ% BTN ddiudiy PasS. |

network 110 'S a55|gned t he
desti nat.i on acﬁﬂr(%émglﬂiihﬁ Wﬂte Pomtew(é@b?eamgl?? foligwing@ wriie, SheowBte | n

address 01111Q,dikter @1l She Eo seer®4. Followhi thé fidke write, the daltepaittet filt © be

tt t b h t t
bol nter. uni . B8t KRG Pinthdse 13y Geusyhs JoEA g lé%%a% il ihen; Dr.
Accordingly, Ghd#iie p@m@r istat eepistertRi . dttshdasters: lM@iAsiner140B, ara activdaidavhéh i s
vvrlttenlnto t r [ ess
0006 5 wr i (PRROPIE & 8 AHEEPE" Corttuctds |0 Mo b Bafifedund Bl CPT
i nto data regiwtiterpobRer is at regigies Par and@tm 1444 and XMB are activited when & i n

register 1100 ite ’irﬁeﬁ?ﬁfre%ﬁ&?@‘q' ng on the circunstances, because of
atime |lag, snap,shot in ting. Referring

to FIG 6, dat a fr oﬂ%ﬁé@%ﬁ‘ﬁaﬁﬁ r%lﬁ'i@nsmmbitwegn BFW?B@W%CSSCS of and dgtaditict or s
116 to data regisiepfite 4 @Bandt&smmmnaadreli&s af\dath h BRAEShtwofk 1 1. 84.

addr oss 1 eq SUSTETRE o KOS ET ERRAT, °V'é’§wﬁfghwﬁlﬁpe§$%?“§@§e§sm '
register Ac@mtingiar date Xuds storetlan a@e&stﬂéﬂl 1hingregikter filecB4d et the ditrieon
pdt oo andl P GEExR s BUARA, into bypassiabild B0, BERANIBofifr P FoiiR) L Of 2

wite p0|nter Inro wite ter unit
writing. - pointer unit 13§a1§ amﬁmm@déwg registar A}k angglatasregistoyRed on

conductors 118a¢Rrdlake, Oﬂg'lﬁtiﬁﬁtten into adcﬁ&s régifler AL ]and%'aﬁ X4 & waidh
register file 84. Cprrﬁ cin n%&gestln}g:ﬁ A i ?ﬁl Sses are%rowded
t hrough conducddafeses Ol 1 WIke§ g ra 1189 13A’iritten nto addregs g A12.
However, the pegisieeARaindAdaX6E writgindhwrdacandgiatet Deu laregikdrafile 84, dit£XK6i nt 0
7 WD 98/.5086
FCT/ Usos! 055635 SIOted in register 110000, Note that depending e SEE RIS 2E M Hat a
are witten deptimdiag FlGHempp opt beomsngp shotintime.write pointer in rotating
write pointer unit ROGrfl bReG! Wit HrorMekiculién unit ALU 1 is providedQfl” €5S€S
remain in the address r isters . and data remains i n data.reglLsters
conductors 116 1to data registers DS, D6, D7, and D8, and to register file 84.
- Corresponding destination addresses are provided through conductors 126 to
address registers AS, A6, A7, and A8. However, the particular address register
and particular data register into-which a destination address and piece of data are
written depends on the position of a write pomter in rotating write pointer unit 182
at-the time of writing. '
Data from execution unit 86 is provided on conductors 118 to data registers

D9, D10, D11, and D12, and to register file 84. Corresponding destination -

addresses are p}ovided through conductors 126 to address registers A9,"A10; A11,” ~ = =

and A12. However, the particular address register and particular data register into

7 - -



in bypass network-110 until they are witten over. In the enbodinent of

FI GS. and 6, data is witten over every fourth Wl’lt /hE &g; were
five addré’§§9W§'{fﬁgters per CAM five pointer p03|t|ons per rota
wite pointer unit, and five data - regi sters per bypass cache, an
address and a piece of data would be witten over’ every fifth wite.
In the enbodi ment of FIGS. 2-6, the position of a wite pointer is shifted
rather than the addresses in the address registers and the data in the data
regi sters bei ng shifted. For exanple, an address stored in address
register Al, remains. in addr ess re ister Al_until it is witten- ‘over -

when the wr | t-e Whistbrt d,qstmaémraﬁére%am data are writtqn depepds qnothp pmmt)@—of— A
oper at i ons. = Thg wgigpbinter Werobfting Girite f)Olﬂfb'i' uﬁia 266 & atrtﬂe {8 \OF Geiting. —_

signi ficant reduct| in clock:lo nsu
Re]gerr_ ing to FIGS. ;%QFFﬁseémBﬁ‘ﬁﬁ%ﬁlgt 3&&"5 ’§§P ‘%634’8@'}1’6 1&6%“!6?8]‘%
128 each recei iebypass m‘aoﬂelM:ﬂeﬁregamwn&emomoﬁpﬁme&inbodmhmbﬁFKE|3e ,

conduct ors " g o 88 hrkd cher 3247 i, JAR45 DrerBfe A2 Sl gl

conduct ors 124 ors in our co rg ors in
CAM 202 al so r peeCAM, five pobntas POSlﬁonS pes rotating wiite nedtideramiteandifivecdataluct or-s

124. The Comage?ﬁ&%-d?g%s’b@gsﬁa@ﬁé @n Q8 drE A aGiece of data Wt Be WRYeRBvatP 0 Si-X.

di fferent sour on conductors 12 i n any - conbi nati on.
TWo or nore ofCWﬁﬁ of conductors could conduct the sane

_source address. For IR et dinen 6 FIGE.2-6,28e fositivh afcarndﬁ@tpairﬁerhaém&eaoul d -

h . dd 110,
Cocn than six B i SarBSel 35 fed feeids 38 e BaRR Bre dab TG
Conpar at or s 166emgﬁmfted.633pr enathpld Bn afldresy stored ireaddness degistemAil ,iromabd dn es_ses -
in address regh§i LS. Ster nfitit isWAGeithvet GREEHEWRE ¥g13§? rdthind 4 %@41&5{1 -n

FIG 5, conpar ato ﬁé@i\ receives the siX source esses _
conductors 124P1 aft§12f4>ﬂ12Wﬂl¢20P5faﬁ°ﬂS The cuppatiye effpgt of nopshifting previdesgmar at or

162 al so recei E’gﬁffcﬂﬁcrédﬁ&oﬁhﬁ(cléélwoﬁ&ngand powéldonsH@Rioan conductors 124-1,

i(zjﬁsizderl(zaftl1 gi xlcorrpgreget"ﬁpgt ?%%# ar'?&%’ 8?1‘“86(3?0%&@%32'9%4 16&31#&/&5‘% to

conpar at ors 1602&esthié&ite simsowge sddresses’dn sir groAps pficondybtoesofi gy condigctors

168 and 176, I f 124 -
ot Cﬁgs r95P9C1548! Y24-51 17259948 28895835 oP BortilEeoRd gf@“ﬁﬁ{ﬁt 3\;)598/ £ 0860

PCT/ US98/ 08892 comparators in CAM 178 and four comparatorsia (iulvk 203 glsogeceivetbe same n
address regi st ghSofke aédx%éé&@ ah céﬁﬁﬁbﬁ)ii‘s my e c%edfbgfoﬁnay be stat&%rr&f@\aﬁnd s

asserted at a correspon |n f o%uts 210 118
210-5, and 210TBegmasHP SR Egreat e d&?ﬁFFﬁaqﬂaFf’Bﬁiu%fé ‘bdf‘ﬁm's 21017
210- 2, 8dlﬁbiﬁan&ﬂ. 01‘-410 o2 ikdreof the grotpOeficondectems roaldicenducd theasathect or s

?‘ g? ml co ]n'gg ct2 or %‘ 51%%:-0add‘x_:%sr§. %br é)?agﬁp/ie, cgiggﬁcﬁ)rs (ﬁ4—jt 5&9& @cmt{u%ﬁ)?? fﬂ-g %l)XI’d e%fx ch

“conduct source address 011110. In such a case, there will be less than six different
source addresses on conductors 124. | '
Comparators 160, 162, 164, and 166 also receive the destination addresses
_in address registers Al, A2, A3, and A4, respectively. As illustrated in FIG. 5,
comparator 160 receives the six source addresses on conductors 124-1, 124-2, 124~
3, 124 4, 124-5, and 124-6. Comparator 162 also receives the same six source '
addresses on conductors 124-1, 124-2, 124-3, 124-4, 124-5, and 124-6. e
(Comparator 160 may be considered six comparators.) Destination addresses are’
provided to comparators 160 and 162 from registers A1 and A2 through conductors
168 and 176, respectively. If a source address on one of conductors 124 matches -



exanple I f the source address on conductors 124-1 is 01 1 1 10, it matches
the’ ‘8 ?&@&kﬁ of address register Al (see FIG 4), andperaisgsesssir om
output 2 1 asserted on conductor 150-1. Likewi se, if the source
addr ess on conductors 124-3 is 011110, it also matches the contents
of address register Al, and a signal from out put 210-3 is asserted on
conductor 150-3. The other conparators are the sane as conpar at or

160 For exanpl e, conparator 162 includes outputs 212. |f conductors
124-5 incl udes source address 110000, then a S|gnal from out put 212-5

ill b t t
Toooo, %" B RS ERGRUAkEL d Yhas RERNERINCHERATURRR B, diBR 0
asserted if thgcmtqr);xsassened at m@@fppndlgggpgpégxgpgts2@@-19?.19_-35210-3 210-4,
Rotating writ ezR?S”érﬁflolé%m&&am%ﬁﬁﬁu?&ﬁd%ﬁ@%a&éﬂ 160. @ﬁ@ﬁedlml 880

address. The conparators. i 178, and oduce ecoded
read addpeskhd; 210-4, 210%6\3“‘1 %%g‘ﬁlaé’;? cepneried e F%R t%f%@ sl ‘c]e@he

Ee%t i gns 172 ﬁBdISDM mb-slz%ase &mbectﬂvag/ which fo@%l dohéuctdrs 159. [Holrus% a& edin
a cache se | es re or - . ) - -
R4-1, R5-1, e, if 38“588 PT%‘F&S qn ‘f°§‘ PR SPih o, ltﬁ-’éast-g%éjﬂt}%t a

from data regi sérentDbf adulress megistenA § (SBE(EIG}) 4)4\/hmha aigsaldnaxh outpuczrmmas or 150-1
is | asser Raft Y tor
150-2 is asser %ﬁgﬂe QOME% E?o# ﬁlﬁ%ﬁ% cac goxgi’gﬁh f%:% xgggg;égad
ports R1-2, szs;mlpgo at alsgymatches the contents of g@@eqszgeggsteqq@h,@ng@rsggmﬁrgm s

activated \Ahenoétpﬁm pLUZe 1s%s&ea@ueb@duci&as©-a The other catip@htbAthre BRAImBRK!
R2-2 is activated when conduct or

i S ‘asser - and -
so forth. Ther €RAraog é?o o# gsﬁxﬁmp gompRlr @%1W%e§gutpm%1%5?f and R6 for
each of thriutioed VBI1-§lciudes ghiateadirést 11000, thenansiierad from ditpu 2406 R1- 2

I f 1 d
a0, PXRPLe2 Ohat b pplfPyPlosllio 8L SSLROL it ek R 0 L =
therefore, 72 Bigndlsporirdividnaltdnes ekeondhetorsf154 and 156 p@Russetted ifthere is a

9 WO 98/ BG4 ators 164 or 166 :
PCT/ US98/ 08892 1 compat activated, a read port _passes data

fromthe data regi sRetting “G'H%PBWGF%E” 182, and 206 praduge fullyiflegedeshrite70.  For

exanpl e, the gsques: dhecomprniods . CAMS 128,008, and 202 pr(maelmt odetredd _
170-2, 170-3,. %_%(B 4, 170-5, and 170-6 (each bei ng N bits w wher e

N may be 38). %sf mple, if read port R1-1 is activated, the data in data
regi ster Dl i s passEHGtDillpsmatescdetails of £8elie. settions 32 apd i 74 Gﬂay_pai;scaahd: L3t ed,

the dat ,go-ir N PtEIC. ULl 1nFIR). 302 BRES SR 192 MIEIR Bad BT 1-1er @ 15

' R2- 1 R3 1, R4-1, R5-1, and R6-1. -Read port R1-1 is activated (i.e., passes data

from data register D1 to conductors 170-1) when a signal on conductor 150-1 is
- asserted. Read port R2-1 is activated when a signal on conductor 150-2 is asserted,

and so forth. A cache section 174 includes read ports R1-2,R2-2,R3-2,R4-2,
R5-2, and R6-2. Read port R1-2 is activated when a signal on conductor 152-1 is
asserted. Read port R2-2 is activated when a signal on c_onducior 152-2 is asserted,
and so forth. There is a set of six read ports R1, R2, R3, R4, R5, and R6 for each
of the twelve data registers D1 - D12. Read ports R1-1 and R1-2 are examples of
two of the twelve read ports R1. Read ports R2-1 and R2-2 aré'jexaﬁlples of two of
the twelve read ports R2. There are, therefore, 72 read ports in the example of

FIGS- 2 - 6. ] e e e e ——— P .._..__.._...__.____._.____...._.. e e e s



data regi ster and each source port. Accordingly, there are six read ports

(R1, R2, R3, R4, R5, and R6) between each data regi D1,

D2, ..., ‘b??)"s%ﬁa one _ of source ports 88, 90, 92, 94?58%{8&9?1%9298.

There are six groups of twelve read ports that are wire ORed to a

respective one of the six groups of conductors-170-1, 170-2, 170-3,
170-4, 170-5, and 170- - 6. One of the twelve read ports from each of

the six groups is connected between - one of the twelve data registers
and one of the groups of conductors 170-1, 170-2, 170-3, 170-4,

170-5, and 170-6. For exanple, a fitst-group--of twetve read ports - R1

(i ncl udi ng R1- +-andf gtivatedaigad pert Pi‘@s"%}“ﬁ?@'%ﬁﬁé'&&ﬁﬂeftt@o%ﬂﬂb@t ors 170-1"

in a wre ORedraipsdRo6kiitiors £70: SR RstatipRUthe GrodpsRIf ¥bndiRfsls PY0 {nSldd -~ —
(1 ncluding R2- JI R%(i S ; _fl C/:'PI;) r; onnect ed t.q9.conductors
170-2 in a wi cengysteys 170-1, 17 ?r%@nﬂgﬁf 17 e\?d@é,o% (F?ﬁ%r_ }I‘&H&*&SH“P ifth,
igg 2 i xt1 goga Olwih;(ﬁ)efs Ntm@dbe:ei:v’?&eﬁdr @anipde, if reacli poréRd-Cisnotwitel) thddawinddiat‘at ors

n -6, respectiy .
arrangenent s. r%%‘%@@“e?fé?% tgi"sé“g‘%g 8%’%@42 ?%%@%%gg& 3 affh‘f“&ﬁ?e?ﬁ’&edﬁﬁ Rati on
addr ess, t her eegistet Dihdxt alérepassadgochaductore 1 Hi-3.adlere sSa read iportdetveth eachA12- wi t-h- -
t he - sa L lnatd Ta Tol g _ ' ng,of the
twel ve read pg%faggél siePid %Ir%ha gr%gf)nw&teﬁgggg%# \r/ca%}géﬁgtégdaﬁm@’%’erefore,
there is no c& B RonanshRanRetyeen cach datassgigiee (0&s DivD24,-, P18) end anp- 3,
170-;1, 170-;5_, oggidur&ggoﬁs g@ﬁ]@9bg-m-%nxn@98.dat__a_-8_8____ 98r_egi sters D1 - D12
may be supplied to_gny of the six.source ports - : .
Referring to FiGs. Thetese sireups o Releead Bisss haice wiis OReflfs 2 respctivss
are positionednbef r\bm?ﬁx_gmnpmof corgludiots 170-1, 71002, 17063, 370-47 07645, dand0t A)- and
170- 6 | c Q, s oy 94,
36, and o8, & Ol MG ity gy ﬁﬁ"?ﬂpﬁgsre&??%%dr%ﬁws@%f
conduct or st o opeof thegwrlve dgiarregisters and g of thgteouris i gprductand Qc86f)7-0-2,96 pass
Fromone of df‘ﬁzogigg@ é’é"’%ﬁ%@%ﬁi?@”‘m i ?%E%‘e‘*?“?sﬁf‘%“’é*?%ﬁgﬁ“ o
bet ween the sd&lr@reluging Bl 1-5shovR i HIC- o) atsironprecisshigropdictors 1404ng o
1(():_'_ A 68\é\193i:98/\x5&&‘ bﬁedd arrangement. A ijecond group of twelve read porés R2 (including -
P U St natd [ r ' - [ ) ister in a
CAM. the. cor r B2sbRiR AEaHA HHIES) B RAGo 8 Bl a8 103 A BReA 211 O
_the correspondimygeising. Likginitcen thinde fourthefifth, and sixth geoupend pwelte mepdqinatsof
conductors 17Q Qng‘agga & corliiQoNPFORA196S, 4155, dad 870.50RSpectively, in Wik

correspondi ng grou conductors of cqonductors 104 from regiSter file 84.
For rEangepenth cBe@gute e RIsee L A3 1e-asiened 8 pRIqES destingliony ot

mat ch any of thress, there will it Teiniat ian cas of sdles redisttRA RAAIBS4thIthgi sters Al
AL R e—— e e
in a group with be activated at a time. Therefore, there is no contention on any of
conductors 170-1, 170-2, 170-3, 170-4, 170-5, and 170-6. Data from any of data
_registers Dl -D12 inay be supplied to any of the six source ports 88 - 98.
Referring to FIGS. 2, 5, and 6, MUXs 186, 188, 190’, 192, 194, and 'l 96
are positioned between conductors 170-1, 170-2, 170-3, 170-4, 170-5, and 170-6
(which form conductors 170) and source ports 88, 90, 92, 94, 96, and 98,
resf)ectively. Conductors 104 include gi_i-'gfc—)ﬁps" of conductors to carry six N bit
wide data signals. MUXs 186 - 196 pass either the data signal from one of the
“groups of conductors 104 or from one of the groups of conductors 170. If there is
-a match between the source address on a particular group of conductors 124 and a

10 o



The follow ng chart summarizes the rel ati onship between conductors 170, |

source porv{ﬁg ,Mgg@, and execution units. - - Conduct or pcT/o308/08391F°0r1 t
Executi on nl% 170-1 88 (if selected by MUX 186) ALU O
170-2 90 (if selected by MUX 188) ALU O 170-3 92 (if
sel ected by MJUX 190) ALU.1 170-4 94 (if selected by MIX -
192) ALU 1 170-5 96 (if selected by MUX 194) 86

170-6 98 (if selected by MJUX 196) 86 _ Addi ti onal

I nformati on and Enbodi nents The foll ow ng provides:

. addi tional information regatdi ng-th <above-reci ted, ., . enbodi ment of
Fras 26 ana-TTBRE 1SR St a0 admEB REBRE b E6 oM e reeesBPnE G oo

Jdnvention. |n_ efylUX=IR6 - 136 passes the datafrom thtcorredponding data registeroavee thef -
coverage, nhot : bk ai i o £
The borders ofc?rﬁegp%%‘%ég B&néﬁga%tgﬁﬁgg elgtge or f}ﬁ(é%gg@tsl&\?éh %3?%5%0315. An
actual devi ce hegperespandingEsour0f GoBfusiarsof candpstarn L omragisies file 8gkor
rle: at It vet si ze example, ifthefsoﬁﬂta@ aac%rbsﬁnr@huu&ogqm?rmg fot iBattRdfy bPthecase of
iFlustration, not 'to suggest ,actu Lre S.
I't is not requfi§SERRHIPANNEESSTS 18%@%?%@“&%‘@&@@?5@9%% data-fromg; ¢
wi dt.h.. the cotrespoatiitgeonduvtors wecatiduoird 04t rathsythas frofitcohdublots T a

- whi |l e anot her Executi on unit may act on 64 bit data or 128 bit

data. The data”may be added by the execution unit WO 98/ 50860

PCT/ US98/ 08892 .The followisg ehpeissupmarizes the relationsbipdettweeni ontiietods 70, wi dt h.
There does not Jiay, Reukbiend e éﬁﬁ% Bnihgeer of read ports for each data
regi ster. s fp&r&,m.{_%e, (rlel\% an nbypas’s-c—:aches may have an arbitrary
depth (i.e., nGenducters Source PoHqress regi st erBxegudonddRih regi sters).
Accordingly, tim-punber @8 (iddslecedby RETXLIBEF ALUO and data registers is
not limted to_four, as i.§.illustrat i,n.Lhe di ment of FI GS. o 3
and 6. The nunb&F2of add:géégs?l'é g%s'g[‘déﬁ&%gat‘gﬂﬁ gisters is preferably at
| east as 17(gBeat as 92 IGif s¢ledtehby MUXd 90 ML Udf stages in the | oop or
cycles to be bypagsed). . \ a ) 4;l; not be overriden before

YRR 94 (if 8elgc§‘cgi>y WRYX 193§ o Agfb 1

it iIs needed. addr es re ers are preferably random

access menmory [1aR) type 96 &if selectedpy NEFX 104k 86 may be nore or |ess

than three exepyfon uni bg (if selected by MUX 196) N g M croprocessor, there are,
of course, nunerous conmponents that” are not . illustrated in the

figures or described herein. The present invention is, however, not

Additional Information and Embodiments S
. The following provides additional information regarding the above-recited
embodiment of FIGS. 2-6 and information regarding alternative embodiments of the
invention. In any event, it is the claims that determine the scope of coverage, not -
the specific details recitéd herein.. ' . _
* The borders of the boxes in the figures are for illustrative purposes. An .
actual device would not have to include such defined boundaries. ‘The relative size
. of the illustrative components is made for ease of illustration, not to suggest actual
relative sizes. _ | _
" Itisnot required that each execution unit process data of the.same bit width. .
For example, one execution unit may act on 32 bit data while another execution unit
“TTTTUT 'may act on 64 bit dataor 128 bit'data. The data may be added by the execution unit

1 | | .



limted to use in a m'croprocessdr, but may be used in other conputers,

such as a ... ... .mcroecontroller or dedicated hardware thptraisesosse use
sof t war e wo 98/68hare. The present inventi.on nmay or nay not be used.
. in connection-with out of order exécution - and register renam ng.

The present invention does not require the use of a rotating wite pointer.
Rat her, another wite pointer unit nay be used. Various allocation policies
could be used. For exanple, a least recently used (LRU) or pseudo
LRU policy could be used. Data can be kept for |onger than -the

| at ency period... . .

~FIG 7 qllustrates a bypass neiwark 250,

whi_ch. i.s_an_alis sagestdrstoreddnsgictadran 10 .thefull-wﬁ@:f "a"%‘eﬁf&fg égﬂﬁv%? éé’\@g t hat of
bypass net wor K bl Qe G rehdortsfof bdoh dfia tbgfiess - network 250
i'ncludes a CAM 2 that incl ydes address regj Ster s .
bypass cache 256"tﬁale_%msépagyﬂ%§§ﬁa%§f'§‘?'§? e%&&?’l‘%@°"§‘at&a&?}g‘§‘?’§{é’fs DL -
__D1(2]I 86 1 hr ouq e RRsES d@% aatf fergfmtm)y'mrden@igh:a ggmbgf@dmsﬁ -Fgest?;;;u '18 |
an roug : -, candugt of.. ST RS BIESovi de

sp e egistgreop BpL e ¢ Tou, &P iitedt he Shitbdinhe

on conductors . : Oo,rresg)on | defeti nation
addr esses ar e i dBsk fumbaiof eddressaggistersrand dpta registers 15 pre1cegaBly aliegst s
conductors 126. The _parti G edb&slift kheABOp afickichs 30 bebymissad)t hat a
particul ar pi &SP t@i?%h%gﬁ%n%%ggp%ﬁ%i n .degp{i%ﬂa%}ifeoagdgeﬁgéfé&a@r e
witten into iTEhat way, data wibpeths qverdidsy éeigb%'feF : wTte polnter in
rotating wi temg‘g%?é £E pHTEhbIY38ndokiaccess memory{RAMAstypaetliso Frerthamthesmt a from
execution unit ALY D |'g-wr rtfen Onléﬁ t%fg%ﬁs registers DI - D4.
Li kewi se, dat ampy bemoxeeies an three eXPEHPEMIR (¢ ¢ en only to data
12 O 9B/ H@&EBprocessor, there are, of course, numerous components that are not
PCT/ US98/ 08892 . regdl ster Fiby C ThBYres&Hitifvestion isphéWeas snot
network 250, d%&@%ﬁ‘éﬁ%gB‘%g?ﬁ‘égg&‘%%‘?%% uni %Srs_ ALU 0 ALU 1. and 86 may
be witten to Bmjtedto dsedn daniaropegesspsbit may be used i othepgompEgEs: Sug T
correspondi ng addr e ' | hie8 Raidwasdthatdock B6t wd dofeware oe firpivares . The
Data read f ron{nécéf’%o?n?%gffsctﬁedr@gich - DL2 | S.provi %gl% é@{r:’&ﬂ}&fB%f’e%cﬁfién 274
to - -presont ényMepiion WAy OS5 mAY 8o e yged,m, congy 86, "Bypass network 250
may use any of ., mgisterrenanﬁngﬁari ous allocati.on polices (e.g., LRU or pseudo
LRU, two nanme only two). N eauire tHeMhis€ 804 Fastingt wriklpomtel and 7,
a single CAM and a g?‘ﬁ@f“é"%‘b‘&”é‘go%g% Sem(t:l_c.)c&flgeﬂ{e > , ¢ be. @d i.n
connecti on Wi t Raghesiangiher wxitcpoiterinitngy be used. Various allocation policiss spuld e y,
destination addresses y 8l Yisalr @ roripSevdd LR1d pekey could be
{FafifinByF gyl s AR

register in ealff 8, n&@ﬁ%l dat a arog synchronously witten
to a . .. used. Dategan kekept &1 longep AR Caches 130, 180, and
204, and data is syRg§8l 9RfisEhiés a bypass network 250, sedck is@mauamauvee@jnmmnﬁ n

each of bypass caches 130, 180 ngd, 20 ?m)‘b ing to FIG. 7, bypasd he
time at which @ABPYPESSHCIWYX ﬁoiﬂf‘??BPByEfg?\ légt%)ﬂ?is( er %F“Blfpgss xgggep 130 may

be  nervdfREIS0 R duies WIAAMI254 thatinsluies addrassRpgistemr t o9 A48 cache
180. Alternativel y. LS 556 that contains data registers D1 - D12. Data registers D1 - D12

may receive data from any one execution units ALU 0, ALU 1, and 86 througtf
- conductors 262, 264, and 266. Data is also provided on conductors 270 to register
file 84. Corresponding destination addresses are provided to address registers Al -
A12 through conductors 126. The particular data register and address register that a
particular piece of data and a corresponding destination address are written into is
~ controlled by the position of a write pointer in rotating write pointer unit 258. In
ot T hypass etwork 110, data from execation unit ALU 0 is written only to data
registers D1 - D4. Likewise, data from execution unit ALU 1 is written only to data

12



witing and readi ng may be asynchronous. For exanple, the tine at which
~-dat a-i-s - 508 : witten into or read froma data regPeT@ISow#8shy pass - -
.cache 13(?"%? 0De i ndependent of the tine data is witten |nto
or.read froma data register of bypass cache 180. '
Al though it is strongly preferred that a bypass network be able to wite a
pi ece of data into a register and read the piece of data fromthe register

to.be ~available to any execution unit within one clock cycle,
it is not required in every enbodi ment. of the invention.
--Ther-e-may--be i nter ctur (s S f r hat . are
—between—t-wo—i-FIENE ming Zﬁgef FoRLr St%"#élpé%n ?orisS% Aat??rof‘d cf(?lﬁ i nuous
_as_ _..executibh usits ALUcQ, AMJ! 1raﬁrﬂérmgeb¢)wunemtqmlyb>i thedass regibierse
structure. RS stBfOvi ded to
register fil eDE.lZf]a 12. A corresponding aﬁﬁﬁs&?%%ﬂﬁ&ﬂﬂi‘m@% undml t i% s et t han

from bypass n&atarekd from fi/ﬁfa egtersTRé - N12 iy proyjded ghrough conductors 274 - bit wde
data may be mylld.ghexe ﬂs%@O%ﬁUﬂgh@%bBy abk derwiosk 260 map RewISkOsS pri or
to | eaving bypass network 11I h@gﬁh ILel% c%vnductlo f data is
.preferred, ~ various aﬂocaﬂowp%fr%éﬁ% i Péﬂ?@ Hak %‘bad’i‘%" B)pl aced with
_se(rj_i al conduction. IncontfjasttoFIGSdG and 7, asxnﬁetGAMr@d\mmﬁgegmanz eafjchez:aﬂd 182,
and 206 are not reguire roduce ecoded wite

addr esses. Th&cd PR oyﬁl%&wgﬁ%&%wunénd 202 are not _

13 . . PAéeBlyG ﬂBsﬁﬁlatmn addresses are synchronously written to an address

PCT/ US98/ 08892 : r oded
read addr esseéeblﬁffplgsesac%gic%es 13 (§ 18 85&%2 difh 6 sﬁ{cﬂ%gslg'%r%%étnqgi i red
to be fully asdswmaegisievin each of bypass caches 130, 180, and Zﬁﬁear@,ﬁal%llsggq @ ators
160, 162, et Cr ol A4e: e gRREyia eﬁctgﬂﬁivypass caches 130, 180, and 2ONdB6t eXagapl&ls i n
FIG 5) or rrult econd ctors. .That is, there c Id be nor.e~t ha

one conduct or Wé@%éhwg’ﬁgﬁa%d? Bﬂftelh’r%o 2damr QSE’ &5(3\ ri’J‘?GO i s

preferably, buyjndieénousedithaae titng datiix writtep & bypasscahe lsfhtz&l’nematxveiso thee
ports). g andseading may be 18fmchShls. GP @fﬁﬁa@g the Bﬂle 3¢ Wc‘flchﬁftffs”s are

used in an op@Y’éﬂq necessarl limted

to a direct coritentinoror réaskfram adplagegistor of by@gsssxaeh%@r@ay be mdependent of o

connected to é‘{&@d&%é%nuéﬁhﬂ&aﬂﬂeadﬂéhf@&éthegiswrwaypa@@mgums and MJXs.
ca

I f the specifi I'on states on referred”
to - Although & i sfeepst erﬁgg,ﬂgqtéhymssggwcglﬁgﬁgblﬁzo W%f ®% equired
to be incl ude ece of data into a reg1ster and read the piecsef ddta fromdhd registee tabe  havi ng t he

benefit of this cl osure w.l ny ot her
Varati ons 1 SN gy garngenaBl MG Gk Slock carie,t et regyingd A¥velP
made within t kenbodiment of thelievemtiesent i nventi on. Accordl ngly, it is the

following There ma b& hrﬁéz%diarf@sdﬁghf?@(sﬁm aP B PG sherlafi@h A late t hat
define the scope of FePhvent
~ between two 111ustrated structures Some conductors may not be continuous as

111ustrated but rather be broken up by intermediate structure.

The destination address may be provided to register file 84 directly from
scheduler unit 120 rather than from bypass network 110 or 250. The six groups of
N-bit wide data may be mul'tiplexed onto a single N bit wide set of conductors prior
to leaving bypass network 110. Although paralle] conduction of data is preferred,

ina particular case, that could be replaced with serial conduction.

Rotating write pointers 132, 182, and 206 are not required to produce fully

e decoded write addresses. The comparators in CAMS 128, 178, and 202 are not

13 - -



14 - _ CLAI M5 What is clained

IS - onputer conprising: execution units in rce
ports; grdﬁ9§8’5?8630nductors each group being connected to g&;gﬂg@s&%sﬁw

source ports: and a bypass network including: a nmultiported bypass
cache including data registers to store pieces of data from

one of the execution units, and read ports each when activated providing
the piece of data in. a corresponding one of the data registers to a
correspondi ng one of the groups of conductors; and a content
addressabl e nmenory arr to receive destination addresses

y (CAM,
of-the-pi-eces HqUELI0 Hﬁ?du%e()ﬁ%bfée%ﬂé%@e@dtﬂssﬁeﬁypéﬁf o8rhesd300180: andy,
and_when therezozﬁaféﬂm n-@@{d/&qau A obhtitdre source addresses and

one of the destinatign addre ses ovi des nal “to
“activate a correspo ﬁ’{:}tp&ﬁé’ 89“?%‘9‘%&@9/' p}gi’teéc may have reteive sighal
' conductors (as in FIG. 5) or muitiple conductors. That i is, there could be more than
~ one conductor between each output and each read port. Comparator 160 is '
preferably, but not necessarily, six comparators (to match six source pofts).

. The term “connected” and related terms are used in an operation sense and
are not necessarily limited to a direct connection. For example, data registers are
connected to source ports, although indirectly through conductors and MUXGs.

_If the specification states a component “may”, “could”, or is “preferred” to
be included, that particular component is not required to be included.

Those skilled in the art having the benefit of this disclosure will appreciate
that many other variations from the foregoing description and drawings may be
made within the scope of the present invention. Accordingly, it is the following
claims including any amendments thereto that define the scope of the invention.

14



2 . The conputer of claim1l. wherei n there are additional bypass caches,

each recegvé*%opé o°Cces. of data froma f the exerubdswasanits,
but each vel y suppl yi ng tmlsgh&pﬂégg; @4t 0 each of the execution
units. : .The conputer erein one of the pieces of
data can be wi tten to the data re Ewulé,iﬁhe same or ther piece of
data is selectively read fromthe and mad 'ﬁﬂﬁlS{-ﬁEﬁﬂ'q-lAs)BEm
souctce ports in one clock cycle. ) The conputer} of CREPU\CED

further conprising a register file t hat stores pi eces of data—and

mul.ti pl exers that each. nmultiplex bet\/\ewg@iegl ster file and one of the
- gr-oups -of--conduct ors, so-that each sou recei ves either a piece of-
data fromthe mtxsfcmimédise or fromone of the groups of conductors.

5. The conputer of cl %&}pm .onprising a wite pointer unit. that
desi gnat es whi ch of?t he %‘a a reeg}dé%l £ )ne of the pieces of data is witten

into a parti cmmcuuqmlts including SfﬁlfcePOTche conputer of claimb5, wherei'n the

wite pointer %&B{r#, dﬁ&&@t éa&ﬁ gYéu &H%Oddﬂhé‘éteé'w dne of the sourcer7ports andhe
conputer of cl ere| n, t.he CAl udes address registers that hold

the destinati ohbyRes BWeEk BAMAMG: ¢ her conprising a rotating wite -
15 poi Nt er a Bipdss bzibhbndﬁﬁix@@dt@ﬁegﬂfdrgtb mmtﬁmea@uamﬁom&mewers and .

data registers is wittep into at a The. uter
of claim 1. farther compheenrgtan aRSa et pifs eachaben vt PN RE,
addr esses and t he desti nQECQOEWmmsgamdldg@Wthedatamgzs&rstoa The

conputer of claim1, wheg gﬁ',%pki(tﬁﬁ ports, N ones
of .the source addresses, an % ?%g%g C%Jratggtagy;%(gach of the data
registers. - a contentpHdressghls FRapOrgariaY 4 AM) to vaceive dastingierpaddressey 2

execution units, N sourCsfmeﬁaie%esmtd\&x{asoikrceqauxtes@a@rdééﬁuapﬁeehoﬂdd@ the

A 1 M A AR
groups. of conductors, eaohe oftheifedtinntion adaressas the CAMarevidés 4 hgnaimaur ce
ports; and activate a corresponding one of the read ports. '
2. The computer of claim 1, wherein there are additional bypass
caches, each receiving pieces of data from a different one of the execution units, but

each selectively supplying the pieces of data to each of the execution units.

3. The computer of claim 1, wherein one of the pieces of data can be
.written to the data registers, and the same or another piece of data is selectively read
from the data registers, and made available to the source ports in one clock cycle. =

4. The computer of claim 1, further comprising a register file that stores
pieces of data and multlplexers that each multiplex between the reg1ster file and one
of the groups of conductors, so that each source port receives either a piece of data
from the register file or from one of the groups of conductors.

5. The computer of claim 1, further comprising a write pointer unit that
designates which of the data registers one of the pieces of data is written into a
particular time. | |
" 6. The computer of claim 5, wherein the write pointer unit is a rotating
write pointer unit. : '

7. The computer of claim 1 wherein the CAM includes address

registers that hold the destmat:on addresses and further comprising a rotatmg write

15 | - | .
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a bypass network incIUding: : 3nu|tipoﬁted bypass caches, each

I ncl udi ng ; | sters to Store preces ofdata only
-one of thgﬂgégzs(?g@?on uni t s, 7RRkel BRA BN Yo |§<§§.a0h when acti vaPtCeT(ﬁUSQfm@gpz

provi ding the piece of data . ap Ing one of the data registers to
a correspondi ng one of the gﬂwﬂf’m&m(ﬂE qutors; and - content
addressabl e menory arrays (G , | i ng address r|edIStSHEETtHAS BEEN

store destination addresses of the pieces of data stordqd i n RERIQXQRPspondijng
one of the bypass caches, and including conparators having ootputs—eaeh—

connected to one of the rie%d por_%vg._ f the COrrespondia&géone of the byp;_t_-s_iw'_-__;

caches and wheRPIRIGEYRt that gesignates \E i addesseregisters 3ty Eagisters is-—— -

addresses and wriseiinteataddveddiine.a signal at a corresponding one of .the. .

| out puts. i s asserted,which activate .cqrrespondi ng, one of the read ports.
12.  The conputer Bf cli"%o}’iffu%W?SFgfrﬁqonfé&gﬁchB}% e‘B"ﬁ""d’é‘Et ¥an be
witten to theugplies thesmsteadiressascnt e degtivation addebdesto the €xgviof data i s

selectively read f rgmt h’?h@@&iﬁplﬁ&%f?ﬁﬁ%wﬂ%i ?@ra?% iol(??%)ﬁh%go&r?%rfﬁg: ce

ports in one clock Tycle. _ e conpu ]

conprising a rpagissNeanes pf thetsprrce addyessss, gné deenes fof thetraadipettsior eaghl afithe s t hat
each mul tipl exjpefpmrensthe register file _ o
16 and one_ of the groups qf conductors, sq that each source port
recei ves either a pl@ce '?“EP&’?I%\JO rr"gﬂaffﬁel’wg@‘ieg’t‘b?refﬁF@W%‘?“Gﬁ?@ﬁéﬂ%ﬁ‘ﬂ he
groups of condisaicerpdrts, and N/2 -1 ddHitional TAMOsHRB 1iRE tHefCAMVR ARG N - 1f dddithakl
conprising a \g)ri te | ntee(r: EQ%/\#' i)hat d%?’i gnates which of the data registers
one of the pi ORESSSAC tﬁtf FOYRRS FHTS a particul ar tine. : 15.

. The conputer of clalim 14A catnpnter compresing:i te pointer unit is a rotating
wite pointer - ynif: o onputer of claim1l, wherein the
conputer is aéh@%%tggrugggénscg}d%%sourcyb%xit.gi.' The conputer of claim 11, _

- wher ei n t her e gipepsipfeABAuCEIrs.1o9eh SOYP being sprngcter to pag obthe serrce pents; @nd

- addr esses, anchgy#agya@marktihgumggﬂ ports for each of the data registers:

- bypass caches, each including data registers to store pieces of data from

only one of the execution units, and read ports each when activated
providing the piece of datain a corresponding one of the data
registers to a corresponding one of the groups of conductors; and
content addressable memory arrays (CAMSs), each having address registers
to store destination addresses of the pieces of data stored in a
" corresponding one of the bypaés caches, and including comparators
having outputs each connected to one of the read ports of the - |
corresponding one of the bypass caches and when there is a match
betweeri one of the déstinat_ion addresses and a source address, a
signal at a'coneSpbnding one of the outputs is asserted which
activates a corresponding one of the read ports. |
12. " The computer of claim 11, wherein one of the piéces of data can be
wri(tten to the data registers, and the samie or another piece of data is selectively read
from the data registers, and made available to the source ports in one cloc'k'cyclé.
13. ° The computer of claim 11, further comprising a register file that
‘stores pieces of data and multiplexers that each multiplex between the register file ™~~~

16 -
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18. The comuterW there are N2 execution units, N
sour ce poybos/seesd -T additional CAMs each |ike the CAM penvudsbidssed
additi onal bypass caGﬂﬂQSh@aedth'“ﬁ %4 bypass cache. 19. A

“ 't i.ncluding source ports; a register-

cormput er conpri sing:. ag\\ﬁ!\ ,

file for storing piece ps -of conductors LBE '
connected to one of th urce ports; a bypass networ Tﬁﬁs QERSUEE a
nmul-ti ported bypass cache including data registers to ktare FFAALED of data
from ' the execution unit, and read ports each when acti vated

i di th : ' \ ' di ng. f the-
DrOV1 61190 1 an g of o groop Pb5BE, 1k i Bo68% 63 RO GRS Sl e

conduct ors; aiwfidata from the registerfile ardnmne onebf the groups 9f eondagtofsCAM)...receiving. ..
destination address@s - The corr.,[puéer tof clafth li,fl'ﬁrtﬂér%ﬁﬁyr@iglﬁ g%vﬂg %B}?lnt&%tc e

addresses of desired pieces o}c aa, . ) en thereis a’
mat ch bet ween At deugnaieseviuph picbe daidresisters onp of the pieces of data is wriffea into & he
destinati on agdfiaketmet he CAM provides a signal to ' activate
a correspondi ng Onﬁ,SOf tﬁ’g readPPOftls‘ i'l d ul.tiplexers,to chqose between
pi eces of data fromthe rE§OEPEET Pf ¢latm L% whercin CoFHgRPIter unit s 2 folgung he

bypass cache. write point2@nit. A conputer .conprising: . .

17 execut i{@n uRy | k0 I s, . aqr .s of'conductors;
each group being col(ghec?f‘e}%%?%)@g%gg%pglt@gﬁsvglﬁerr%grﬂ%ocro %UPegﬁsaaa bypass network
I ncl-udi ng: mICroprogesagrt i port ed bypass cache including data registers to

store pieces of dayg froffe computer of claim 11,80%r&h ﬂﬁé?@ax%WGﬂ#%&%é%}&f and

read ports each when actjvated providing _ pi ece of data

in a correspoRAithgY GRS Wrthe spurerAddresses, angNoneg ofithe read ports for each of the

cor r espondi ng datagegibteishe groups of conductors; and a content
resses

of the pieces of udea arieCapRl EEGHI 2L TR By B AR NEESE onyunis,
and when t her & $oauree pratscandd¥wd edditinsal 2 AV eachdikeche EAM cddd/2ahd
one of the deghiighd BYpRYdadiesEsth HB ¥ YabY Quigles a signal to
~19. A computer comprising: . ' .
an execution unit including source_'ports;
“a register file for storing pieces of data; _ -
groups of conductors, each group being connected to one of the source ports;
a bypass network including: S
a bypass cache including data registers to store pieces of data from the
execution unit, and read ports each when activated providing the -
piece of data in a corresponding one of the data registers to a
corresponding one of the groups of conductors; and
a content addressable memory array (CAM) receiving destination addresses
of the pieces of data and source addresses of desired pieces of data,
and when there is a match between one of the source addresses and
one of the destination addresses, the CAM provides a signal to
! activate a corresponding one of the read ports; and’
multiplexers to choose between pieces of data from the register file and pieces of
data from the bypass cache. e

20. - A computer comprising:

17 .
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activate a corresponding one of the read ports, wherein one of the

pi eces of data can be witten to the data registers, and th ABs/hser
anot her pi WO%GMBHata is sel ecti velm regi gt%ers8 and
nmade available to the source ports |m1mheetgL, 21. A

conput er conprising: execution units iI! gﬁ Bl g ports; groups of
conductors, each group bei ng connecte Egm .sourc
bypass network i ncl udi ng: mul t i caches EQ[%F‘E.%IQ%S%EEN

data registers.to store pieces of data fro | one

execution units, and read ports each when activated-

provi ding the pnxe@moofunuamludmgasomem@a&ondrng one- of -the """ data regrst ersto T
a correspondin eohditt @d&ﬁgl% Mg WohRcRd 18 Bfke-of the soureé Jp&&ﬁmd e

addr essabl e ne array (ksl &lgeach recei ving destination addresses
of the pieces & W&ﬁsaneé‘ﬁﬂr BHPUBE addr esses of desired pieces of data, and
when there is a mat wb;hﬁhs/aemmamdm‘g dabregionrsae stwkdplesaeﬁaatarffbr@a@e@ff the

desti nat o addr esses, ™ e 08Bl WG, S RaPhat i Undn 2 ARl et e
18 piece of data in a corresponding one of the data registers to-a - - S
corresponding one of the groups of conductors; and - - - -
a content addressable memory array (CAM) receiving destination addresses -
of the pieces of data and source addresses of desired pieces of data,
and when there is a match between one of the source addresses and
one of the destination addresses, the CAM provides a signal to
activate a corresponding one of the read ports, whetein one of the
pieces of data can be written to the data registers, and the same or
another piece of data is selectively read from the data registers, and
made available to the source ports.in one clock cycle.
21. A computer comprising:
execution units including source ports;
groups of conductors, each group being connected to one of the source ports; and |
a bypass network including:
bypass caches each including data registers to store pieces of data from one ..
of the execution units, and read ports each when activated providing
the piece of data in a corresponding one of the data registers to a
corresponding one of the groups of conductors; and
cbntent addressable memory array (CAMs) each receiving destination addresses of
the piecés of data and source addresses of desired pieces of data, and when there is
a match between one of the _sourcé addresses and one of the destination addresses,
the 6r’1é' of the CAMs providing a signal to activate a corresponding one of the read
ports.

18 | -
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