_,2239535 - 1‘ APPARATUS FCR _AGCELERATI NG STCRE CPERATI__O\IS "IN AR S%SGS

'_UTEF\’ BAGKGRCJJND CJ: THE |-NVENT}: CJ\I Field of the.l nvent..__._on"- “This —

R E nventl_on' rel. ates- to- conputers and noreP rtlcul arl y, ta 5 met hods and

'.-_-apparat us Fe accel er ati- ng store oper atlons In reduced |nstr=uct|on set

computers; { ) - of digit

progr essed- throug "ARPARATUS; EO 1
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of the conputerss t I'ns uctlo S actu egan to
sl ow the operatio GtepMput er. over what .investigators: feIt vvas PR
~possible wth rracrh'kretr‘iggmgperatr ng w th. only -a smal I nunber of ~ basi c- v
“instructions. These .investigators began to desi‘gn advanced .nachi nes. for
running a limted. nunber of i nstructi ons a so-called. reduced |nstruct|on
set,  and were abl el"tséo%"'deﬂnfﬂ?'r that thése- rrachr nes did, in fact, . -
- 1-operate nore rapidly- f ildp%%? e{??ﬁ dRBRA ﬁlgesg",ﬁdmed
T nstructlon set corrpute as 8 8%] 0‘s S acronyﬁq Rl SC: S
o 10 stages beglnmng with: processors which were abie to process oniy a iew baslc.:

. ':instructions and in 'which the programming needed to:be done at a machine . T
R language level and continuing to processors capable of handimg VefY
eomplicated mstructrons wntten in hlgh ievel ianguages At ieast one oi

. " reasons for this deveiopment is that high Ievel languages are easrer ior g |
'. R 5 .-programmers and more programs are developed more rapndiy Another reasen_'- ' : .':
- - is that up to some pomt in the development the more advanced machines

- 'executed operat:ons more raprdly

_ There came a pemt however. where the constant rncrease iruhe abiiity’g-_-

20 ' of the computers to run more complicated instructlons actualiy began to slow 3
" the operatron of the computer over what investlgators ieit was possrble wnth
L : machines operet.rg with oniy a smail number of basic instmciions. These v
' lnvasﬂgators began to design advanced mechines ior runnrng a iimited numbe
_ of instructions, a so-caiied reduced instmction set and were able to
- :""":;""'2':'..'-demonstrate that these machines did n taot operate more rapidly for some'
._ types oi operations Thus began the reduced_ instruction set computer which"'.

has become known by its acronym. RISC




2 The central processing unit of the typical RI SC conputer is very sinple.
it fetches an instruction every clock cycle.2Zln its sinplest enbodi nent,
alil instriuctions except for |load and store act upon internal registers
within the 5 central processing unit. A load instruction is used to fetch

data from ext ernal wororyig bl Bideobling UnfBy i GHiBA PISEKcHSer 1€ nAsinb! ©

Instruction is used to:take onte an internal regi'ster
it I'n external nenoityetchesSan mswucticrpévery biogk Bydle.oheits sipgrelt enibodimem;albn by
pi pelining the instructions. Processors utilized to {)r ovi de pi pelined
oper at {_ons nor mal | yinsjruetionsrexsepthion bad aadstore @st uprn intsragl registesswithinithe:
back steps of operatign.in executing ch.innstructiaon,.| l,cal
pi pelined syst ent tﬁ%ﬁrﬂﬂ%eaﬁﬁp "ﬁ"ﬂ'sf\re'ﬁé& f'ﬁ?fy%sb\?@ f%&@ﬂ&ég "PH&?*‘&'H&'
| nstruction execut e&é&'ﬂﬁf aﬁé‘aﬂ?acg'iﬂﬁ‘&nqmwé l%tb@ and o §i5%e Instryction is (3 to
er s base I

desi gn of RI SC conput on the Scal abl e Process Architecture

( SPARC) desi gned bytdkerthé/contentsdf aminteinat registéruarid-placevit inrextézaal memorya RISCd
i npl emented In the line of SPARC conputers manuf a_cture(% by.that conpany.
One salient feat ur ePECessIs Sbigiehighpt,speads af operatiop Ry Ripelining thednstructions.

I nstruction word us | I | ses
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which tell the genpydten, détdte! éxeddte, BAEG Wilté BRLK step® of Dpbraticn imexetuting bacH he

processor to do this operation to the contents of the registers addressed
by this instructi oninstrctiorsPNRE typicep pipelinedhsystem; tha dadividualiastoigtions amgi st er

Feqi oter i natr ucti ofyeRapPed LN e IEClT P el bicH e FRCHER Sidb cad,

TheRadr css of a redl P8 TN Which the resul ts of {he operation are fo be

pl aced. Such instructions r equi re that the "SPARC is a registered. Trade

Mar k. 36~ One design of RISC computer is based on the Scalable Process
Architecture (SPARC) designed by Sun Microsystems, Inc., Mountain View,
Cal_ifornia, and implemented in the line of SPARC computers manufactured by
that company. One salient feature of the SPABC computers is the thirty-two bit
instruction word used. As with inos_t computers, instructions have addresses

20  which direct you fo particular positions in the computer and commands which
tell the computer what to do. Essentially, an inst_ructlon directs the processor to
do this operation to the contents of the registers addressed by this instruction.
In a SPARC computer, an instruction includes register addr'esses'and |
commands. The normal Instruction (called a reéister + register instruction)

25 specifies two addresses of registers to be read, an operation o be performed
on the data at those register'addres_ses. and the address of a register in which

the results of the operation are to be placed. Such instructions require that the

'SPARC' is a registered Trade Mark.



register file associated with the conputer have two read ports and one
wite port. As with other RI SC conputers, In none of these nornmal

i nstructions does the processor of the SP conputer go off-chip; it*
sinmply operates with information in the régister file. 5 However, a | oad.or
~store instruction is used to get data fromnenory or store it to nmenory.
Such load and store instructions thus require that the processor access
menory of f-chip. The SPARC instructions to acconplish this designate two

regi ster addr esegistes filegssopiated: with:the campiies havertwn read poris and ongwiitel t o

forma menory addr A5G Q regj: : - - E J oady
I nstruction, t ﬁ@“{ﬁ‘aﬁ@ﬁ\gﬁ&é@é@gﬂg‘i@“f‘ﬁ@ ?’?ag{"g?g‘ghﬁ%ﬁﬁﬁr‘@ﬂ&?%‘é&%?:g at
the menory addigé prdceséct d?the'SPARE conite §bﬂ_reﬁip’;\dc§mfﬁ,opbwmu the
third address designates the register which holds the Information which is
to be witten timfotrhatiomindheregisterdiles. Thus, while nost instructions in a .
SPARC 15 conputer are set - up to read two registers and wite to a third
register, aSstore instruction reads three registers, two to deternine a
menory address, and LN 3 Q ¢ al Fanl ' -t he
HoWS b dad 6 151 InSifietof e (i86cT1o! bt By orh'rind) o

I
menory address. Since the'third register nust be re Itten

to derive the dpire it10 nemony0Sudh it andsiereinsinictions thusveqtiine fiat ftwad ports.
20 Adding a read port is expensive. For this.reason, SPARC conputers '
typically do a precassonpegess mamony ofkghip., Jhe SRARG instactions i ansompiish this,

ond conpat e ¢ neanatpld el ABister'ebrdabin S WiBedif Al Intid Wi ofe B 460 o 1
data from tge o148 IoTinFd meiury Badress (dls éditrakiedtd adagisty adlliedsf! Korig'g one

of the two read ports. This, of . course, slows the operation of the \)
conput er . load instruction, the third address designates the register to which the data at

the memory address is to be written. For a store address, however, the third
' address designates the register which holds the Information which is to be
* written 1o the memory address. Thus, while most instructions in a SPARC
15 computer are sot ub to read two registérs'and write 10 a third register, a store |
instruction reads three tegislérs. two to determine a memory address, and the
third to retrieve the data lo_'b'e written to the memory addi'éss.' Since the third
reglster must be read rather than written to derive the data to be stored, this
: opefation requirés three 'réad pc;ds.
20 B | " S |
Adding a read port is expansive. For this reason, SPARC computers U
| typlcally doa storé’bbéfaﬁoh in two cyclés to 6bviatp_thé need for an extra '
read pott. Ddring the first cycle, they read the first two registers and compute
the memory address. Duiing the second cycle, they read out the data from the
25  register designated In the third address field using one of the two read ports.
This, of course, slows the operation of the computer. -



-4 - SUMVARY OF THE INVENTION It is, therefore, an obj ect of the present
i nvention to increase the speed of a SPARC based RI SC conputer in handling
sjore opérations. It is another nore specific object of the present
invention to elimnate the need for an average of two clock Cycles of
processor tinme to acconplish a store operation in a SPARC based RI SC
conputer. According to the present invention there is provided a processor
for a conputer which is capabl e of handling'bﬁpé]ined'instructions each
contain register addresses and which includes an instruction register and a
registﬁy file having a pluralityshivalsdio¥ ¥k FiverTicet nunber of read
-es Der Nl Cl be included in a

ports s than the possible nufDer oI addres. W ag
single instruction, the Fhpdduentheresapeisi ag neldect orokt dheng RERSETt t he

(rjeg! ster ?ddrtesaﬁmgftﬁhl iﬂé;&%@?haﬁeh@%ﬁé !é‘p%&? .'tb_ifstar USHARE ?asiaat g{xscth
uring a first clock cycle a_.two cycle instryction, neans for gating the
regi ster addr esSOWRY Wﬁ?ﬂé‘m W%ﬁﬂqrﬁg:W'of the register

addresses to a read port normally used to receive a regi ster address

directly froma instructj.on ac ' he j.nstruyct| eqlyst durd ng.t he

second cycle of the t .tcycjlpée. aﬁ\gos ;Lt}%:tﬁncé aé#&ér:rlgalnés g'*""g're%tei g’?ui %élet he

instruction in Fresent rinvenbtiergtot elindnatg tthe cesd ofiar cpol averagee

two cycle instrigfi®fo clock cycles of processor time to accomplish a
store operation in a SPARC based RISC computer.

According to the present invention there is
— 3 provided a processor for a computer which is capable of
handling pipelined instructions each contain register
addresses and which includes an instruction register and
a register file having a plurality of registers and a
first number of read ports less than the possible number
of addresses which may be included in a single
instruction, the improvement comprising means for
~storing one of the register addresses of an instruction
held in the instruction register during a first clock
'cycle of a two cycle instruction, means for gating the
register address stored by the means for storing one of
the register addresses to a read port normally used to
receive a register address directly from a instruction
placed in the 'instrucjtion register during the second
cycle of the two cycle instruction, and means for
reissuing the instruction in the instruction register
during there second cycle of the two cycle instruction
in the read port normally used to receive a register
address directly from an instruction placed in the
instruction regiéter is necessary to the instruction
following the two cycle instruction.



in the read port normally used to receive a register address directly from
an instruction placed in the instruction register is necessary to the
instruction following the two cycle instr&etion. 5 BRI EF DSCRI PTICN OF . .
THE DRAWNGS Figure 1 is a block diagramillustrating a typical centra
processing unit of a prior art SPARC based RISC conputer 5 Figure 2 is a
diagramillustrating the | - L medi at e for mat
‘instruction held In a regt : ""'conputer 10
Figure 3 is-a block dlagranllllustratlng a central proceSS|ng unit of a
SPARC based RI SC conputer constructed-in accordance with the present s
invention. 6 NOTRigup14sia bictictiagranuitosBating adypical centsél processirigaunit d
descriptions which follo éﬁd In terns of algorithms and synbollc
repr esent at i on<of &‘Pﬂ%@ﬁ#&ébéﬁ“gg? GPEQUL. \i thin a conputer menory. -
These al gorigthm c descriptions and representations are the means used by
those skill & In the data processing arts to nost effectively convey the
substance of their \Pijire2ds aldijramsiisiiatifg ite Mmo?fstofbﬁes@hwétwm i's here,
and generally, conceived to be a self-consistent. .

immediate format instruction held in a register in a typical SPARC based RISC

computer.

10 . Figure 3 is a block diagram Mustrating a oemfal processing unit of a
- SPARC based RISC computer oonstructed in accordance wﬂh the present . U _

invention



10 sequence of steps leading to a desired result. The steps are those
requiring physical manipul ati ons of physical guantities. Usually, though
not necessarily, these quantities take the fo of electrical or magnetic
signal s capabl e of being stored, transferred, conbined, conpared, and

ot herw se mani pul ated. It has proven convenient at tinmes, principally for
reasons of common usage, to ref &5LI& AN NONMON A AEJNRE! s, val ues,

el enents, synbols, characters, terns, nunbers, or the like. It should be
borne in mnd, however, that all of these and simlar terns are to be

associiaged with the appssrag ipBitBnd B tio CRaib T dclibishs W PIOloW i blesented In
convenient | abels applied to these quantities. ‘2 Further, the

mani pul ati ons per f termsdt algarithiniscand syinbolie degresentations of operatibtnson daldibitg or
conparing, which are conmonly associate with nental operations perforned by

a hunman oper at of . Wihisa corppiememeyy. ofhegeralgenihmicdescrptions and representations

form part of the pACCER oarpdies by e Rl i BecoRiite Ak o™ "
operations. Useful offig@ivelySontéy thedubstaitd et iHaft watRiGbineRSsidiled iR thehRSENt
I nvention | nclude general” purpose digital conputers or other' simlar

devices. In all cases the distinction between the nethod operations in
operating a 7 comput er ?nd t he net hod, of copputation itself should be

borne in nmind. The pres®n@laodthmis bare, and generally. conceivedto be a seli-cepsistant
f ! . :
mechani oal - ondhi o 3pudiRERY siepe ¢holiglo SPasdbdTea. T Stel 0l ek il
8

si gnal s. physical manipulations of physical quantities. Usually, though not necessarily,

o/ - these quantities take the form of electrical or magnetic signals capable of being
stored, transferred, combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage, to refer

15 to these signals aé bits, values, elements, symbols, characters, terms,
numbers, or the fike. It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate phy#ical quantities and
are merély 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 associate with mental operations
. performed by a human operator. No such capability of a human operator is

necessary or desirable in most cases in any of the operations described herein-
which form part of the present invention; the operations are machine

25 operations. Useful machines for performing the operations of the present
invention include general purpose digital computers or other’ similar devices. '
In all cases the distinction between the method operations in operating a



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to Figure 1, there is ;
illustrated a bl ock diagram of the central processing unit 10 of a typical
SPARC based RI SC conputer of the s prior . The central processing unit

10 conprises an arithmetic and logi¢ unit 12, a general register file 14 |,
which may include at least thirty- two i ndi vi dual regi sters arranged in

groups of ei ght@gl obal . registers, ei.ght |ocal registers, eight IN

regi sters, ant® \g'ﬂ{awher@gl@tieiwmmﬁaoﬂ dlmﬂdbﬁbomeriagniade'ﬂ’he are not
pertinent to i fal nventon ot t heref ore,
descri bed 10 bgﬁgﬁég*'@@' 'g#& pr%pﬁf?éﬂf ﬁ?éh’amﬁﬁ}?ge& %BH?WHFQ 8nd st 3%}1
regi sters utigompdtet i 0 r

t he central p‘r:%cggm ngp?r?lafgl bfﬁ%ggéﬁgﬁggéb ﬁﬁ'aﬁ'ﬁﬁgﬁg’gﬁ phﬁ@légm ngl e
‘register 16 _vxslgnalsrtayebefa_lentlmdallrcdlphysiuwlsiynatsegl ster and which holds the
instruction being executed. 15 The register 16 Includes thirty-two

bit positions which may be desi gnat ed as positions [31 ...0]. The register

16 illustrated holds a standard formof instruction in the SPARC fornmat ;
such a format is terned a register + register (RR) format. Such an
instruction includes in bit positions [4 ...0] the five bit address of a
register which is to be read, in bit p05|tions'[18..14] the five bit 20.
address of another register which is to be read, in bit positions [24...19].
the operation or command to be executed, and in bit positions [29 ...25]

the five bit address-of the register to be witten to'in a normal SPARC -
instruction execution. It should be noted that the five bits of each

address are sufficient to designate thirty-two individual registers of the
register file 14. Bit position [13] normally 25 stores a zero to indicate-
that the format of the instruction i's the RR format as.described above. .
9 In the nornmal execution of a SPARC RR format instruction, during a first



clock cycle, the address held in bits [4..0] is transferred via five lines
18 and nmul tiplexor 27 to the register file 14 causing the read out of data
on the thirty- .two lines 20 fromthe address regi ster. During the sane-
clock cycle, the s address held.in bits [182...14] is transferred via the
five lines 22 to the register file 14 causing the read out of data on the
thirty-two lines 24 fromthe addressed reolster A mul tiplexor 29 operates
in response to a zero in bRREIAGKER| OMESCN ON: HUNVMENRON ansfer the
data on lines 24 to the arithmetic and logic unit 12 The.data on the lines
20 an 4-is manipulated by the arithmetic and logic unit 10 12 |n

accordance with the ing "%Eﬂ r
the register file 14 deél gn &g"gpﬁ?ﬂ&eb ‘ﬁgw[%gm.s.ﬂﬁ &ﬁﬂo?l{‘&ﬁg [ nst r uct | on
on the five lines caﬁl:allpnoctdssingwublatra typical SPARC basnumlscsdummercul,thwn t he

ot her hand, during 15 a first clock c?/cle the address held in bits [4...]
is transferredSvi ﬂ"iN a8 [Thasentsalipiocassingaunistcomprisesan arithmetic:and logicunik or

27 ' th t of da t

adar esseq rogi st on? %t‘w%@' titecfle 13 wbigh iy i s M@g@-ﬁm odbieal <
18...14] Is t

E:ausi ng ]thesre;gn?)éﬁ e at@egﬂﬁ ?u%dﬁt%héﬂrt y-two %I%ndefésls Pg‘r%%t&h’gb‘ggé%'gg%‘d

20 register. The lNaegislets. ahd eighnwmgmzm dathlie ! mesalregisldlseafe not

calculator arithmetic and logic unit 28 and ced jn an_ address register
36 to provide the Pedinenylogexplangtion,nf s WSWEMW‘{)WW@H etglore, dascrbed

menory 30. However, r ' ' |

the rogi ster 38 terdsipy Al iBbadlis’h iimbat bRl s gl rdgiGH GifEbd for
instruction on t h%oﬁir&lﬁn? thcopetation of the corrputdr viilts Which the centéh protebsing unit
de§kgnate a wite port of the register file 14. In contrast to the usual

instruction, the ilffisassecialad, Shpwe in E!QIEQ dris GCRM'Q!%SQQHW‘G which maybe bits
nust be ead rat h%m%e%an Yvrs& cl?on regg ar anJ whicft rfu‘:lc!Jss\i-Jl Ins%cﬂo tf)e%]g 'easteéu?ed

15 The register 16 includes thirty-two bit positions which may be
| designated as positions [31 ...0].' The register 16 illustrated holds a standard
form of instruction in the SPARC format ; such a format is termed a register +
register (RR) format. Such an instruction Includes in bit positions [4...0] the five |
~ bit address of a register which is 10 be read, in bit positions [18...14] the five bit "
20 address of another register which is to be read, in bit positions [24...19] the
operation or command to be executed, and in bit positions [29...25] the five bit
address-of the register to be \mi_lte;w 10 in a normal SPARC Instruction execution.
It should be noted that the five bits of each address are sufficlent to designate
| thirty-two individual registers of the register file 14. BRt position [13] normally
25 stores a zero to indicate that the format of the Instruction is the RR format as
described above.



del ay the execution by one cycle, and on the next cycle place the address
in bits [29...25] at a read port of the register file 14 using the

mul tipl exor 27 so that the information in e addressed regi ster may be
read on that second cycle 5 fromthe read ports onto lines 24 for transfer
to the nenory 30. It should be noted that control of the nultiplexor 27 to
transfer the bits frompositions [29...25] is exercised during a second

store cycle. Al thoughpui Il@#ﬁ'aii Wgt caI
store 10 operation, h."t"t“fs no exr(lge%gééggé 0 |(gcﬁr':sef(31’sﬂg'a W@EU@ qy'ﬁéor der
to prow de anot hﬂbck eﬁﬂe.ﬂﬁé tadtss hiel ih%il@]imniﬁﬁeﬂwm lideBVl%rHridW
elimnates the systemdel ay caused by a two cycle store operation in =

approxi mat el y t hmuitiplexor Zhwﬂﬁmﬁﬁ&ﬁmnﬂﬂ@r@&lsm oﬁdabon thertbirtyasi ng
t he nunber of read port

SPARC i nstructi o‘?ﬂ""fl Jﬁ%ggdrgﬁ%ﬂs%rgﬁfﬁ?%fﬁ%qomunder st'a G{;ﬁ!ﬁt Qe .._
’ ?S'Ufte er +Tlh reyfggar&ncgtsssf géng gf BhgPg. '1'32%&%! d vid e i ids 2@0 ﬂtﬁ @isi&tf'fad_ In

I'n position

i nstruction regl‘ueaush@gtlm maﬂbatoﬂdatabn:!hotlw-md lines 24froMmithe hlidreskddn
contained in bits [12. Is treated as a 20 constant and nani-pul at ed

with the data foeetstern A ﬂ@“‘P&}PE?%PPWWE FEERANSP 40 arzerqinbit positionI 3 they

bi t 18...14

nct usi ng | oops PRGHoBb JrfkeR e ek B bl a6 e et AR VosREACA, 1
a result to gi verre Baraion thalinbs 20@ind24US Manipulsted dylthe. mﬂfméﬂﬁnausaie oAt S

much used I n the operation of '‘a SPARC processor. In fact, a R f or mat

i nstructi on tls muhamndmaovmwarlns&mﬁm and the resuit placeddn “Ia)tﬂgishrruj the

he R Tormar | el Hepniied vy o6 Bub BAL 4 o Indioacids nanm 79 e S

read port of thepgegister file 14 to form an address, one read port is left.

In the execution of a SPARC store instruction, on the other hand, during
15 a first clock cycle, the address held in bits [4..0] is transferred via five lines 18 -
to the register file 14 vi'a"the multiplexor 27'eatjsing‘the: read out of data on the
thirty-two lines 20 from the addressed register. During the same clock cycle,
the address held in bits [18...14] Is transferred via the five lines 2210 the register
file 14 causing the read out of data on the thirty-two fines 24 from the addressed
20 register. Ths data on the lines 20 and 24 is added by an address calculator
arithmetic and logic unit 28 and placed in'an address register 3610 provide the.

W
memory address at which intormaﬂon isto ba stored i memory 30. -

However, the Information to be stored Is held in a‘register of the register

25 file 14 designated by the bits [29...25) of the instruction on the five lines 26. In

the usual Instruction, these bits designate a write port of the register file 14. In
contrast to the usual lnstnjctlon, the information in the register addressed by



open during the execution of the instruction. This read port may be
utilized by the store instruction in order t&speed the operation of the
central processing 5 unit 10 in a SPARC based conputer. This nay be

easi |y acconplished In a SPARC based conputer because of its pipelining of

instructions. That is, although t cycles are stlll pecessary.to

:iccorrgll i Ish t he exeﬁ{ﬁschﬁsd‘P"ﬁ‘u%@ 'gﬁfaé'\{?rﬂgﬂ Ué&?’bnh‘?ﬁ'gr% gﬁ)ﬂﬂﬁ!?ﬂ?’éﬁ?ﬂ Is#9 o
store instruction i t | | 424 &)me

desi gnated by the glg{ég tﬁﬁ °g§§@ﬁ“o%°ﬁ@'€?§ﬁhaﬁwed§3‘ to 1%‘“2?@%3 gdraess In
posi tirob in the repits|29...45]abatdadport of the nepistet file 14 usingtthemultiplexeri27 so that

menoryy |s overl apped with the next instruction in all cases in which the
next cycle.is of tthe iRformationin theddsessedregiste; mayberapd op that segond eyele o

The. execut | on phas #08) heiaad pafLo ghos pR df ot e g Mol 3o, YBRENARE" .o

non-store 15 | nst ygdd yBeoniofbl the multiplékor 27\ Fanslerth bt ﬁéﬁ%ﬂﬁﬁ?@.@ﬂ]

i mproved central processing unit 10 constructed in accordance wt

i nvention. The centg skempisedahising® second sforecytlades all of the el enents _
illustrated in Figure 1 and includes, In 20 addition, a register 32 placed
in the path fromthe lines 34 between the bit positions [29...25] and the

mul ti pl exor 27. During - f MR, | tion
" bi L posi thons [ 16, . Ahbldt i Ggs g ciksyRled 10 BEHMAR 1nd et L C
transferred to yphe gpeitiongh 1§ nbEndcbssaryt indréaesthd Bireultly irfordet tepeids on
the lines 18 via the nultiplexor 27) to control the access of the registers
of 25 the:register gnotherraad per josdhetagisterdle.nf or mation that is to be read
fromthe read ports onto lines 20 and 24. During the the sane cycle,
reé«i—‘éter 32 receives input fromthe bit positions [29...25] on |lines 34 and

et o e o TP ot SRR Sl e o ol ot 4 96 e
cycle store operation in approximately three-fourths of the store operations

15  without increasing the number of read ports. First, it is necessary to understand
that the SPARC instruction format provides another form of instruction termed a
register + immediate (RI) format instruction. This format is Hllustrated in Figure 2.
The format is selected when the bit in position 13 of the instruction register 18 is
aone. In this instruction format, the data contained in bits [12...0] is treated as a

20 constant and manipulated with the data found in the register of the register file
14 addressed by bits [1 8...14]; This instruction is used for many if not most
operatioris inciuding loops in which a constant is added to or otherwise
combined with a result {o give a next result. Consequentiy, this form of
instruction is much used in the operaﬁon of a SPARC procussor. In fact, a Rl

25 format instruction has been found to occur as the next instruction foliowing a

store instruction in approximately three-fourths of ali cases.



Into the register 18 on the next cycle clearing the register 18 of the
store instruction. 5 On the second cycle of the store operation
the nultipl exor 27 receives enabling inprL and the register address in bit
positions [29...25] is transferred fromtihe register 32 to the register
file 14 via the mul tiplexor 27 and the read port nornally connected.to the
lines 18. This information accesses the register of the’ register file 14
containing the information to be stored. If theinstruction in 10 the
regi ster 18 at thi s SinceethesRiformatdnstiuction naly deslgmtatmweglstemlorhe remd i S,

ESﬁLSSﬁSP't . Z? i /oA a1 il 74 Fowh 33 RS an o sl °‘~¥ﬁ1
ac s Tt e v gt il 86 %Efulch GRS NSl g oty DY s B ||

i's mani pul at ed fag stére IAStrUCHIBRA tin crdmb iﬁaed wh@iopetsiioh of he'tériral prce ant
provided in bit positions [12.. l Since it has been determ ned tha
i nstructions ofuniht0 k alSRARG comnuteneTMsmaycl)eecslwacmlsyedimaor e

t t | SPARC. Db d . t t.he t
e angeen: SEAAE Sated A i C°Sﬁl’sg&nel 96 S RhreBhar halise ages 1 1
a pipelined SYSLifHb t@o%le%%b%tlﬁ Qéé‘ssh ct | pr lff}{)vm L &r' e%ﬂ;re of

the time. I'n those cases rn which the 1nst ore

instruction is metruetion, tise Sécdndrcyete, ofttheswwlnstmcdan (mri\grwmlemetdatel n the
same manner. However, the second cycle of the store instruction utilizes

the read port 2epntaipedin the addrass designated bythe.bits inpositions[29...225}isirad torat i on
in the bit position st t tr sferred
to the regiSter a¢q8s % 41&“"!9341@3&3&%?‘9?“?&3 @h@'ﬁih@?ﬁ%ﬁ% 'I'%W Re stor g_)
Instruction ”Ushehﬁm? PFis OveAtipped with thi ﬁé*ﬂhsﬁu@lﬁﬁﬁn alidaes n ﬁﬁi&ﬁm héded b
reading the bit 13 the instruction in the .

cycle is of the Rl format. COnsequemly. the total lime required to execute lhe

store and the lcllowmg RI format instruction is two cycles in the execution

phase of the operation, the same number as for executing two non-store

15 instructions. | | | |

Figure 3 'lllus't"rates in block :d‘ag'rern form an lmpro’v'ed central processing
unit 10 ccnstructed in accordance wlth the lnventicn The central processing
'umt 10 includes all of the elements llluslrated in Figure 1 and includes. in
20 addition, a reglster 32 placed in the path from the lines 34 between the bit

posltlons [29.. 25] and the multlplexor 27 During a lirst cycle of a store \J _

operation, the lnlormetlcn in bit posltions [18 .14] and [4.. O] of the instruction
register 18 is transferred to the register file 14 on the lines 22 and 18, (lhe data
on the lines 18 via the mulliplexor 27) 1o control the access of the reglsters of

25 the reglster file 14 lor the address lnlormatlon that Is to be read from the read
ports onto lines 20 and 24, During the the same cycle. register 32 receives
input from the bit positions [29...25] on fines 34 and stores that data. This

1



I nstruction register 18 during the second cycle of the store operation; if
the bit is a zero, this indicates that the hbnstruction is an RR format

i astructi'on. When the bit 13 of the instruction following the store Is a
zero, 'the entire instruction Is 5 sinply ignored, and the sane instruction
Is placed in the register on the next cycle of operation. it should be

noted that in su t t ' ' t |

Cycl e time whi on iofARkiLis Hakt b fodiaF 42 b W et Frohididre) el Eycif dede
arrangenent will imetthe fegister $8.9A tRE nEX@RYEll clgariny Bfafegittera 8sof15eé 8loFé OF €

i nstrugtd on than the prior art circuitry. 10 Al though the present invention
has been descri bdastuetioBr ms of a preferred enbodinent,it wll be

appreci ated that various nodifications and alterations m ght be made by
those skilled In the art without departing fromthe scope of the invention.

The i nventi ?n 5?-20u| d td‘“am%f;‘ycgn%@yﬂggweggoﬁip&ﬂok}g{%%pkgﬁ Q} pd'cgﬁ,eg\,hi ch

fol | ow. pr ocessor

for a conputer whéradbliing inpap ainddhe fegistaciaddressiin bitipositions [291. /25 Isi tRilRfehmdh
contai ning regi ster addresses and which includes an instruction register

and a register firemphe regipter 32 tothe registerile 44 via:the sudiipiexar 27 and theseed podf
read ports |l ess than the possi n €lq 0 re whi ch be .i ngl uded
in a single inst r'ﬁﬂ,’ma@% “?%@4%?‘893%%5%{%@3&8 ﬁmsspﬁgﬁéﬁﬂ??tﬁrg&

one of _the reoislregiiir SCY initdifing Mo Infbmalidr foltid t6ral ¥ e iktiuiion in
instruction register during a first Cliock cycle of a two cycle instruction,
means for 10 the register 18 at this time is of the Rl format, no address information is included

in the bit positions [4...0] to be transferred to the read port. Consequently, the

data In the register file 14 addressed by bits [29...25] Is transferred on the lines

u
24 1o memory 30 during the same cycle that the data in the register file 14
addressed by the bits in positions [18...14] Is manipulated by the arithmetic and

15 logic unit 12 with the oonélant provided in bit positions [12...0]. Since it has
been determined that instructions of the Ri format occur in the next cycle
following a store instruction in a typical SPARC based computer three-quarters
of the time, the arrangement of the invention will, in general, produce what

averages In a pipelined system to a one cycle store instruction three-quarters

20 ofthetime.

Y ' in those cases in which the Instruction iolloMng the store Instruction is
not of the RI format, the store instruction executes in the same manner.
However, the'secbnd cycle of the store instruction utifizes the read port
25 controlled by the multiplexor 27 so that the information in the bit positions [4...0)
of the new instruction cannot be transferred to the register file 14.
Consequently, the Instruction following the store instruction must be reissued in



gating the register address stored by the nmeans for storing one of the
regi ster addresses to a read port nornal fydused to receive a register
address directly froman instruction placed in the instruction registet
during the second cycle of the two cycle instruction, and neans for

rei ssuing the instruction in the instruction register during the second
cycle of the two cycle instruction if the read port nornmally used to

receive a regi ssuah agasesThigils accorgplished:by: reading thechit %O'pﬁ\adwuml‘t inghe

eyel - nser ues VipRtriGidn regRfe 1B Hiog dng Sdcondicyehier 1FR shefa opst H&h *Gﬁeéﬁ%m
means for gating zii"o 8 Frididaids :hgguhswmeﬁ&i RSHEAROrmdat

corrprl ses a multiplexer arranged to recelve addresses fromt e | nstruct i on
regi ster and frbitmsmmnamwdtbn fotiowingthecstareds atzZeco,thgentirerinstagtiorsises of .an.
instruction held in the instruction register during a first clock cycle of
a two cycl e § nsSifmply igpared; and the same, Q'ERS'r is placed FM’%FF‘Q!IQ&“BPI'GM whi ch

t he means for i .0
second cycl e of&ﬁiigt §ﬂ° é@% R?ﬁéﬁ&&?&%ﬁﬁ?ﬁ%@&%@% ‘}'? SPP(S? r'ﬂﬂwi%ed to
receive a regi spRdcdé¥iinahe sdivetwb! dycle/tiid #ichiBduld BbirequirddnCa rore dre typical
instruction register is necessary to the instruction follow'ng the T wo
cycle instructi wstemrqwrmatathe mngement will mot impanyncase be slower in executing a
single store inslructuon than the prior art circuitry.
10 ' ' o .
Although the present invention has been described in terms of a U
preferred embodiment, it will be appreciated that various modifications and
alterations might be made by those skilled i the art without departing from the
' scope of the invention. The invention should therefore be measured

15 . in terms of the claims which follow.



indication with an instruction in the instruction register indicating that
the read port is not used for that instruction, and neans for testing
whet her “an instruction contains such an indication. 4. A central
processing unit (CPU) capable of executing a plurality of conputer

instructions in a pipeline fashion, said instructions being storet—+f-a—

I nstruction register coupled to said CPU and represente ' '
patterns including a first bit pattern andl4a- second H",mmmul[mﬂ“.ﬂl d
first bit pattern requiring one CPU clock cycle to exeeute andwSdisd & .
second bit pattern requiring two CPU cl ock C§C| es to execute, said bit
patterfs I ndicative of each of sai uction's operation code
i ncl udi ng regi ster addresses and a control signal, said CPU conprising:

nf or mat fon oi ghal st oF CBEPREREPR. 0% & (SPBPUFEs; SDAP RSt SRS OR o |
sai d i nstructi duanebingcpipelined aimstruttionsfedchdcontaningl régiseetr one
wite port, the f [ d oupl b f] [ r
nmeans is at | eaaséla%?%%?%raiﬁ_a%‘%&eﬁﬁ%ﬁ??)&t%’g %ﬂ%%ie)‘i\ég#g% q#%é%sd r’gs s’ré(gl e
regi sters addr esstegistene il khaving by plwrakityief | registersnans caed

in saidinstrucgipge’RehBér of SPead (posts PsS I ChaPENE HESEiN1E hdmbér
regi ster addresses ggpsal d instryction regi ster ,an nsf.erring sald
S

tr
i nformation si SPE§esn &, f May d beqgrdBE Bfiégr edifst & s SHRFE-sed
by said addressinstructionf sahe rcimprovément comprising means for

storing one of the registered addresses of an
instruction held in the instruction register during a
first clock cycle of a two cycie instruction, means for
gating the register address stored by the means for
storing one of the register addresses to a read port
normally used to receive a register address directly
from an instruction placed in the instruction register
- during the second cycle of the two cycle instruction,
and means for reissuing the instruction in the
instruction fegister during the second cycle of the two
cycle instruction if the read port normally used to
receive a regist_er address directly from an instruction
placed in the instruction register is necessary to the
instruction following the two cycle instruction.

2. . A processor as claimed in Claim 1 in which the
means for gating at least two register addresses to a
single read port comprises a multiplexer arranged to
receive addresses from the instruction register and from
the means for storing one of the register addresses of
an instruction held in the instruction register during a
first clock cycle of a two cycle instruction.

3. A processor as claimed in Claim 1 in which the
means for reissuing the instruction register during the



* cC L MS * - 16 - second regi ster means coupl ed to said
I nst ryett+on legib[er for storing one of said register addresses stored in
said in , said register address being stored in said-
second F“ﬁ g rHQen said instruction register contains one of said,
I nstruc aVvVimng ssakd second bit pattern; and control means having a

first input coupled to said second register neans, a second input ‘coupled
to said instruction register and an aquijgut coupled to said first register

means for control the p said first register. neans; -sai-d control
means, in tHESER t 51(? &J g&@c&"& F¥R1e | igﬁtEPB'Ekc’Byé-lfe the szead

i nstruction pewtngnesindligconded t trat isceiangd i dré@fétﬂﬁt l aadiaégsng i d

having sai d TSECRY: SEAR A, EodehErt PR paageR 0 oy SReCenBflen ) O

second regi sregistens 1150 negdesganyt to efhet emmimattommgl the to
execut e the é@&o%&écknﬁiﬁf{ﬁtﬁansaé&hpff@é§“ﬁJehﬂQ 6 Bar¥ig) anccond

bit pattern, S|£u neousl ht fiIrst ock cycl e of sal s?ructlon
havi ng sai d $¥p¢i¢a

4 wherein sarek;ieeeﬁtehdﬁeaninqnaﬂw&&ﬁe rﬁeaatﬁbril ig ot "dsédetor
that instruction, and means for testing whether an
instruction contains such an indication.

4. a éentral processing unit (CPU) capable of

executing a plurality of computer instructions in a Q;):

pipeline fashion, said instructions being stored in a .
instruction register coupled to said CPU and represented |
therein by bit patterns including a first bit pattern
"and a second bit pattern, said first bit pattern
requiring one CPU clock cycle to execute and said secohd
' bit pattern requiring two CPU clock cycles to execute,
said bit patterns indicative of each of  said.
instruction's operation code including reglster
addresses and a control signal, said CPU comprising:
first register means, including a plurality of
addressable registers having information signals stored
therein, said first register ‘means coupled to saiad

instruction register and to a plurality of read ports" ”gj

and at least one write port, the number of said read
ports coupled to said first register_méans is at least
greater than or equal to the number of said addressable
registers addressed in one clock cycle by one of said
instructions stored in said instruction register, said
first register means receiving said register addresses
in said instruction register and transferring said
information signals stored in each of said addressable
registers addressed by said addresses to one of said
read ports;

enpawWikh instryetiom: i pkhe esinabruationt ‘Claim

-
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1ess read port than the maxi num nunmber of register addresses stored in said
I'nstruction register. 6. The central processing—unit—ot—etai-m->5

Wherein*said control signal stored in said |nstruct|o s a first
state and a second state, said first state indi caHIlm “‘1@[ Dc“lmstruction
regi ster contains an instruction having said firs I d second

state indicating that said instruction reg7esLer cont al ns an i nstruction
havi ng said second bit pattern. The central processing
ns fdUd

unit of claim6 wherei P %%(aco &gﬁfg&ltlv Ly t ey sai d

contrpl signal stored in said mnlts%‘ﬂ on reqg| s%] an i nstruction
seque%e r equi mﬁgrsmtdompaem%t&uf@rsaﬁ@nmrgnel @tf Headdgregistexscond

et at 1y 2??3*‘3*%’*#&?25??%%@8 1 RLEC eI | Tedeter, Ssald
second bl%/ pat Tegistex: address; %eggﬂd storeq ,ip; 55@6@%‘?&%‘? Egli§ tex,i d
control neans meansLeghehe g4 fidt inattrxutioan Teydstersacontadnsd dné pattern
rst Cchock Epih ReRbrdd Maioy SRl REohy, Bir BREERPnTIREN 7, 1"
pattern, thereby del agonfriol dneamiohkwdylgl @ t idrskedmpudn ooupled f tost
clock cycle of Johig sggoupl i PabineiOhekhd "% SBkEoAACAHbE tcodbi&d N tbn
said instruction sequence.

said instruction register, and an output coupled to said
first register means for controlling the input to said
first register means;

.said control means, in the event said CPU
executes the first clock cycle of said instruction
having said second bit pattern and said instruction
“having said second bit pattern is iinmediately followed
thereafter by said instruction having said first bit
pattern, transfer said address signals stored in said
second register means to said first register means
enabling said CPU to execute the second clock cycle of
said instruction having said second bit pattern
simultaneously with the first clock cycle of said
instruction having said first bit pattern.:

_ 5. The central processing unit of Claim 4 wherein
\J said register means includes a register file having one
less read' port than the maximum number of register

addresses stored in said instruction register.

6. The central processing unit of claim 5 wherein
said control signal stored in said instruction register
has a first state and a second state, said first state
indicating that said instruction register contains an
instruction having said first bit pattern, said second
state indicating that said instruction register contains
an instruction having said second bit pattern.



ocessing unit of Claim7 wherein said control neans
'|ncludes Iexor : A central processing unit (CPU) capable
of executi m corrputer instructions in a pipeline fashion,
said instr red in an instruction register coupled to said.
CPU and represented th rein by bit pattern including a first bit pattern
and a.second bit pattern, said first bit pattern requiring one CPU cl ock
cycle to execute and said second bit paltfirLreqU|r|ng two CPU clock cycles
to execute, said bit patterns indicative 0f each of said instruction's:

a0 comprisi no.. dhq SeehPel BrordlUiBe” TS Sk BISRR I yiedlih-

addr essabl e r egiist econtyxld mdamsr efurtherbecopsecupivdlyo testisi nsaidicti on

register and (G ldf higRE] WWoked” in éadd 1n3CERREICRALIILeANea, (175t

wite port, sal I'Sster used ofmatior sitgnals Tn
said pluralitymf ia§§¥!~!§§ Phe segiiencs sreﬂﬂlﬁd!Weﬁl%tGPHgé?Or cexecute

coupl ed to saléhdr%ﬂwfu&u@mﬁﬁr fﬁi&tﬁé&ﬁi%@t%a@@éﬂxrﬁﬂdséfid .

el ng. ot or ed. TALFHPLARR dav t%ﬂ‘é teraid o e leen | 1E, fanealatly ™

regi ster contaqticwedothenedftartbyxanmtﬁawrsgigamtshruntidnihﬁmdngrn;
-said second bit pattern, such that, if saia instruction
sequence occurs,. said control means reissues the first
instruction having said second bit pattern in seid
sequence into said instruction register after the CPU
executes the. first clock cycle of said first
instruction having said second bit pattern, thereby'
delaying by one clock cycle the execution-of_the_first-
clock cycle_of the second instruction having said second
‘bit pattern in said instruction sequence.

8. The central processing unit of Claim 7 wherein -
said control means_includes a multipleXor.

9. A central processing unit (CPU) capable of
executing a plurelity of computer instructions in a
'pipeline fashion, saia instructions being stored in an.

instruction register coupled to. said CPU and represented ‘sf'

therein by bit pattern inclnding_a first bit pattern and
a second bit pattern, said first bit pattern requiring
one CPU clock cycle to execute and said second bit
pattern requiring two CPU clock cycles to execute, said
bit patterns indicative of each of said instruction's
operation code including register addresses and a
'control signal said CPU comprising. _ -

a file register, having a plﬁrality of
addressable registers, said file register-being coupled
to said instruction register and to a first read port, a

C—



a control circuit having a first and second input, said first input coupled
to said address storage register, and said second input sai d

i nstruction register, said control circuit further includin coupl ed
to said file register for selecting which of said g ‘“‘“ mmﬁm\ nput s
are coupled to said file register; and, said contr “ w |4 t!e event
said CPU executes the first clock cycle of said instY uction havi ng said
second bit pattern and said instruction Favk g said second bit pattern is

i mredi at el y f ol |s;osxhd heeadf t porby amd dai nfirstt iviteavpoytsaisaidr #ils t

pattern, transf | S 'ggf% s ST Ol ' ' -ﬁﬁﬂ%ﬁfﬁss r
regi st®€r to sai ?%l?%%glggégr%to?ere yééﬁ%bﬁﬁgakggiggb& execEge%ﬁ}g
second cl ock cyalanglity of mddnessallexegiptenss bit pattern

simul taneously with the Jy r gladeleds stordge’ payistép! rechpreahavd nga3d d
first bit pattern. 10. - ., The ¢entral_ processjng unit of Caim9 wherein
sai d register addistduction eggiftes; (fqrns‘F'F?}E’c’P%nW‘@gi%q ePagedrr@&é,St&r

second regi ster siiferssas antorddi 14 r sgidt einsticietion sategister, r @iy er
aduress Dol N Lrtdome CHBRERsdO Bt ARErAFTIR Hpad lgPRRR e ©
regi ster addressdgistpniivhen |§aid instrgction registerScontains one of
said instruction having said second bit pattern;
' a control circuit having a first and second
input, said first input coupled to said address storage
_ register, and said second input coupled to said
) instruction register, said control circuit further
' including output coupled to said file register for
selecting which of said first and second inputs are
coupled to said file register; and,
said control circuit, in the event said CPU
executes the first clock cyclé of said instruction
having said second bit pattern and said instruction
' haVing said second bit pattern is immediately followed
thereafter by said instruction having said first bit
pattern, transfers said address signals stored in said
address storagé register to said file régister thereby
enabling said CPU to execute the second clock cycle of
said instruction having said bit pattern simultaneously
with the first clock cycle of said instruction having
said first bit pattern. |

10. The central processing unit of Claim 9 wherein
said register addresses stored in said instruction
register address, a second register address, and a third
register address, said first register address being
directly coupled to said file register, said second
register address being directly coupled to said control
circuit, and said third register address being directly



- 19 - coupled to both said file register and said address storage.
regi ster Fnformation signals addressed by said first
address ar of said file register through said first read port,
and the m?lc’iﬁﬂ"ﬁfrﬁﬂ”h I addressed by said second and third address are
read out of U er through said second read port. 11. The
central processing unit<of C aim 10 wherein said control signal has two
states, a first state and a second sta g,_.said first state indicative
of an instruction having said first Bbit pattern. and said second state
i ndi cative ofcHRleAst¥Qct hgpidg Ehle xedirteyntapdit2aid pedress T{g
;:eni ralt d Ofg?érﬁgeuntbgqfst@zal Bubh Wadiati Nt d 1930t ion C\@ilgnfadid her
ests e state of s

' trQl Sj | stored i id inst t . i st
uch that |1 o0aFAssam oY rgf F1ORY e30PRSE; ke Crard SN eEnEAE |

circuit trangides segiistdfr atraigh cgaid spirseddems poetggean®gitiieer to

said registe i i i{L cor Lonal Jds:4n.said.secgnd,state said
control ci rcaf‘%oﬁgﬁg?g‘r sgﬁ%e%gé%g%ﬁ%egg téoajS‘glﬁe$élg?ssga %rﬁlé%t-l&
The central pddressi agyeurnaadfoutt aofn s2.dhfidenregigtevnthrioughr saiid
further consgeubhderkald@portsai d control signal stored in said instruction
regi ster for an 1nstruction sequence requiring said CPU to execute said
instruction having said second bit pattern and said instruction having
said secongi. bit Tpel iintral rocessing unit of Claim 10 wherein

said control sighal_has two states, a firét state and a
second state, said first_ state indicative of an
instruction having 'said' first bit_“pattern -and said g;)
second state indicative of an instruction having said .
second'bit pattern. :

12. The central processing unit of Claim 11 wherein
said control circuit further tests the state of said
control signal stored in said instruction register such
that if said control signal is in_said'first_state said

' control circuit transfers said address stored in said
address storage register to said register file, and if
said control signal is in said secoﬁd_state said control
circuit transfers said second address to said:register
file.

13. ' The central processing unit of Claim 12 wherein
said control circuit further consecutively tests said
control signal stored in said instruction register for
an instructibn sequence requiring said CPU to execute
said instruction having said second bit pattérn and said
instruction having said second bit l:pattern is
immediately followed thereafter by another said
instruction having said second bit pattetn,?sudh that,
if said instruction sequence ocquts, said control
circuit reissues the first instruction having said



“i medi atel y followed thereafter by another said instruction having
said second bit: patter n, such thatf if said instruetion sequence occurs,

.said control circuit reissues the first instructhﬂﬂhaving said . * C L

‘M S * - 20 - second bit pattern 1“" “"& Hﬂt into said instruction
register after the CPU executes thelM ¢ S e of said first

I nstruction having said second bit pattern, thereby del aying by one cl ock
cycle the execution of the first clock cycle of the second instruction
havi ng said second bit pattern in said instruction sequence. 14. The
central processing unit of C aim 16 wheFef® Said control circuit includes a

mul ti'Pl exor. lBecond Abi¥ ocpageernsubi aneiadd y seguemee ei rlpddoor esaid
described wit hilrlg g{ue:gggnt %‘e'zgii%'te%' ngégl? %%%Or‘@ﬁﬁ'yiaﬂgcﬂﬁélé‘ Wie first
clock cycle of said first instruction having said second
bit pattern, thereby delaying by one clock cycle the
execution of the first clock cycle of the second
instruction having said second bit pattern in said

instruction sequence.

14. The central processing unit of Claim 16 wherein
said control circuit includes a multiplexor.

15. A processor substantially as hereinbefore
described with reference to Fig. 3 of the accompanying
drawings.




