1 16 March 2004 METHOD AND APPARATUS FOR INTERFACING A PROCESSOR TO A
COPROCESSOR 5 Field of the Invention The present invention relates in general to a data processing
system having a processor and at least one coprocessor, and, more particularly, to a method and
apparatus for interfacing the processor to the coprocessor. 10 Background of the Invention The ability
to extend a baseline architecture processor functionality 15 through dedicated; gnd-sgieo@dized
hardware functional elements is an important aspect of scaleable and extensible architectures. One of
the preferred methods for extending a baseline architecture processor functionality is through the use
of coprocessors. These are 20 dedicated usually single purpose processors that operate at the
direction of a processor. OnaET HEDr ANID AP BAdS0T OSPF@RSSOTE RBA @$NEath coprocessors to

selectively provide floating point %%&%sstg % &t@éﬁ,?@éﬁ%g@girectly support such. Some
the Inte

example of such math coprocessors are 8087 and 80287. Some other potential 25 uses or
types of coprocessors include: multiply-accumulators, modulator/demodulators (modems), digital
signal processors (DSP), vitturbi calculatorsiatdyptdeajpivientr@tessors, image processors, and vector
processors. 30 There have been two different approaches to coprocessors. On the one hand, the

floating point unit for the Digital Equipment Corporation (DEC) PDP-1 1 family of computers was very
ghtly moupied 10 its prNGHT TR LKA L BRI BRI R Tl BRI S SN requireq
the primary prot@¢86r adkaesSOs Enslattiapshmhcapmeansospanstisnasethariswapyotessor. This
complicates cireuihegrianaiedsupparmadant ihadrpadipme beoassbrdBAA@tapieneeaprocessor into

an integra{gd system is a major engineering problem.

Background of the Invention

The ability to extend a baseline architecture processor functionality
15 through dedicated and specialized hardware functional elements is an
important aspect of scaleable and extensible architectures.

One of the preferred methods for extending a baseline architecture

processor functionality is through the use of coprocessors. These are

20 dedicated usually single purpose processors that operate at the direction of
a processor. One of the traditional uses of coprocessors was as math
coprocessors to selectively provide floating point capabilities to
architectures that did not directly support such. Some example of such
math coprocessors are the Intel 8087 and 80287. Some other potential

25 uses or types of coprocessors include: multiply-accumulators,
modulator/demodulators (modems), digital signal processors (DSP), vitturbi
calculators, cryptographic processors, image processors, and vector
processors.

30 There have been two different approaches to coprocessors. On the
one hand, the floating point unit for the Digital Equipment Corporation
(DEC) PDP-11 family of computers was very tightly coupled to its primary
processor. One problem that arose is that this tightly coupling required the
primary processor to know a substantial amount about the operation of the

35 coprocessor. This complicates circuit design to such an extent that addition



The alternative implementation has been to loosely couple the 5 coprocessor to the primary
processor. This did have the advantage of abstracting and isolating the operation of the coprocessor
from the primary processor, and thus substantially lessening the effort required to integrate a new
coprocessor with an existing processor. However, this invariably came at a price. Loss of performance
is one problem of this approach. One 10 problem withgaking the type of perforgganeghiptegulting from
this loose coupling is that the break-even point for invoking such a coprocessor is increased
correspondingly. Thus, many otherwise attractive applications for coprocessors are not cost effective.
Additionally, suSh 2R WHBRIFBReP QiR RY aes ISYSIGHHSH BTaINE BPEESSSMIng additional
circuitry and 15abipednea. It is thus important to have a coprocessor interface that is tightly coupled
enough that usage of the interface is fast enough that invoking even fairly simple functions is
advantageous, while abstracting the interface 20 to such an extent that the &;%Tessor architecture is

isolated from as many BTStREIBEINEIMG YRARIOD A L&D JBLSRIC MG is later includes
making theSintedapopesgartortaefpentiyyipmcessorfadiliiatdidiilavie gheeadvapagzssor applications

in software insteadpA M MREhMaER 2R Ry g s sftie v dhedraibess rhgpdvantages
of the present invention will b r{}iore tke?rleéur]ggg%sstood fro the% fO‘EOWIq%CE‘Ia”F d%fngtlon taken
in 30 conunctich! QT IS QbR SRS AIE HER RS RS RISLISALRS '8 Hieotals
corresponding [&s ORI GGeEsIRNVEIGAN exiatiedi eragson illieauss chis dnvisbaiphe AesTe data
processing systgna priaecardases parioiteapres enbiny epgpran 63 tRissap proekdiagism that illustrates

2 portion qPrOgESERN A1, AR Flnd 10 MALEL A004 ISk ik P AEHSPGHR T ilstates one

embodiment of a porfion of coprotess . . _ .
coupling is that the break-even point for invoking such a coprocessor is

increased correspondingly. Thus, many otherwise attractive applications for

coprocessors are not cost effective. Additionally, such an approach often

requires use of a bus, with all of the corresponding additional circuitry and
15  chip area.

It is thus important to have a coprocessor interface that is tightly
coupled enough that usage of the interface is fast enough that invoking
even fairly simple functions is advantageous, while abstracting the interface

20  to such an extent that the processor architecture is isolated from as many of
the details of any given coprocessor as possible. Part of this later includes
making the interface programmer friendly in order to facilitate tailoring new
coprocessor applications in software instead of in hardware

25
Brief Description of the Drawings

The features and advantages of the present invention will be more
clearly understood from the following detailed description taken in
30  conjunction with the accompanying FIGURES where like numerals refer to
like and corresponding parts and in which:
FIG. 1 is a block diagram illustrates one embodiment of a data
processing system, in accordance with the present invention;
FIG. 2 is a block diagram that illustrates a portion of processor of
35 FIG. 1;



FIG. 4 is a timing diagram that illustrates a register snooping operation, in accordance with the
present invention; 5 FIG. 5 is a timing diagram that illustrates the basic instruction interface operation
for instruction handshaking; FIG. 6 is a timing diagram that illustrates the Instruction interface
operation when the H_BUSY* signal is used to control coprocessor interface instruction execution; 10
FIG. 7 is a timing diagram that illustrates instruction digcard; FIG. 8 is a timing thagsaén Haglaillustrates
an example of instruction pipeline stall; FIG. 9 is a timing diagram that illustrates an example of

back-to-back execution with no stalls; 15 FIG. 10 is a timing diagram that illustrates back-to-back
operation with mternaﬂﬁ)&r'ﬁe%Q%kﬂ@gﬁnﬂﬁaﬂdﬂﬁﬁt@@ﬁ%ﬁéﬁm%m@%%&@%“%ck
coprocessor intsréage@esssirwftions. with H_BUSY* stalls; FIG. 12 is a timing diagram that illustrates

an example of the 20 HEXGPS ﬁgﬂjéteﬁ eﬁﬁ%ﬂﬁ?ﬁl@é’tﬁf&% §fgflgf{8589é§se to the decode

and attempted execution of a c Cé) sor mterface opcode; FIG IS a timing diagram that

illustrates an ex2PR5HIBR (iR 3C ceHaIE Qlﬁéeéggﬂ%eW%coprocessor in response to the
decode an@ attemptedrdiée Cutioa biiningopiawessdhaitiiiattatepdbedoasieringBubioroprocessor

interface instruGHeHiscAWHAARB G- |g§tp§&|gmwg%ﬁm9that illustrates an example where
H_BUSY* has been a to dela execut essor _interface opcode; FIG. 15is a
timing diagram that IS at%d A e e e AT R TGS cacl
primitive. FIG. m@ratmlw@@htjmﬁ_tﬁmm*éﬁm@l #husethiplesTtrebrABroaessPers associated with
the H_RET primiifiggatGnaifustiotiraiaedirgiam that illustrates the sequencing of an H_LD transfer to

the coproggssor interfqﬁ%_ 7 is a timing diagram that illustrates instruction discard;
FIG. 8 is a timing diagram that illustrates an example of instruction
pipeline stall;
FIG. 9 is a timing diagram that illustrates an example of back-to-back
execution with no stalls;
15 FIG. 10 is a timing diagram that illustrates back-to-back operation
with internal pipeline stalls;
FIG. 11 is a timing diagram that illustrates back-to-back coprocessor
interface 30 instructions with H_BUSY* stalls;
FIG. 12 is a timing diagram that illustrates an example of the
20 H_EXCP* signal being asserted by a coprocessor in response to the
decode and attempted execution of a coprocessor interface opcode;
FIG. 13 is a timing diagram that illustrates an example of the
H_EXCP* signal being asserted by a coprocessor in response to the
decode and attempted execution of a coprocessor interface opcode when
25  the coprocessor interface instruction is discarded;
FIG. 14 is a timing diagram that illustrates an example where
H_BUSY* has been asserted to delay the execution of an coprocessor
interface opcode;
FIG. 15 is a timing diagram that illustrates an example of register
30 transfers associated with the H_CALL primitive.
FIG. 16 is a timing diagram that illustrates an example of register
transfers associated with the H_RET primitive;
FIG. 17 is a timing diagram that illustrates the sequencing of an
H_LD transfer to the coprocessor interface
35 FIG. 18 is a timing diagram that illustrates the protocol when a
memory access results in an access exception;



35 FIG. 18 is a timing diagram that illustrates the protocol when a memory access results in an
access exception; 4 16 March 2004 FIG. 19 is a timing diagram that illustrates an example of a
transfer associated with the H_ST primitive; FIG. 20 is a timing diagram that illustrates an example of
a transfer with delayed store data; 5 FIG. 21 is a timing diagram that illustrates the protocol signals
when the store results in an access error; FIG. 22 illugtrates an instruction foragifarcihgods CALL
primitive, in accordance with the present invention; FIG. 23 illustrates an instruction format for the

H_RET primitive, in 10 accordance with the present invention; FIG. 24 illustrates an instruction format
for the H_EXEC primitfks i 9d8cd e diagr an halslHpiiesn exroIS ALatHaBsah instruction
format for the Haddodiestedatiith, thie &Cc®Tdanicrtivéth the present invention; and 15 FIG. 26 illustrates an

instruction format for thed S5 fidnsihaH rbliEQ;r%ﬁ?‘?ﬁ%ﬂﬁf‘si’?’&f&h&npé%gﬁglE‘\S?’étiﬁ’HnBSPa“ed

Description 20 In the f IIowm% description, numerous specific details are set forth such as specific
word or byte lef§tRJ2/RY&d I8 horough understanding of the present invention. However, it
will be obvibus to thosE|Gkilddsrattimig tiagthengleaishustiaiasdheapioe@raigices witeout such 25

specific details.{{baifRE IRSEANESH £ eldte fawprbeen shown in block diagram form in order not to

Considerations and thd T e L DEBR oA RIS LAYl A M S 0 e i oL TALEeiy o optan
a complete undaes@is@ingeoMtetproBERRERVEMRINIAND are within the 30 skills of persons of ordinary
skill in the relevant art FGe 2g8rmuitewillrbm ssaetion edemta foplthality RESTgh&isive, in
10  accordance with the present invention;
FIG. 24 illustrates an instruction format for the H_EXEC primitive, in
accordance with the present invention;
FIG. 25 illustrates an instruction format for the H_LD instruction, in
accordance with the present invention; and
15 FIG. 26 illustrates an instruction format for the H_ST instruction, in
accordance with the present invention.

Detailed Description
20
In the following description, numerous specific details are set forth
such as specific word or byte lengths, etc. to provide a thorough
understanding of the present invention. However, it will be obvious to those
skilled in the art that the present invention may be practiced without such
25  specific details. In other instances, circuits have been shown in block
diagram form in order not to obscure the present invention in unnecessary
detail. For the most part, details concerning timing considerations and the
like have been omitted inasmuch as such details are not necessary to
obtain a complete understanding of the present invention and are within the
30  skills of persons of ordinary skill in the relevant art.

The term "bus" will be used to refer to a plurality of signals or
conductors which may be used to transfer one or more various types of
information, such as data, addresses, control, or status. The terms "assert"

35 and "negate" will be used when referring to the rendering of a signal, status
bit, or similar apparatus into its logically true or logically false state,



conductors which may be used to transfer one or more various types of information, such as data,
addresses, control, or status. The terms "assert" 35 and "negate" will be used when referring to the
rendering of a signal, status bit, or similar apparatus into its logically true or logically false state, 5 16
March 2004 respectively. If the logically true state is a logic level one, the logically false state will be a
logic level zero. And if the logically true state is a logicgevel zero, the logicallyfalspstatmwdll be a
logic level one. 5 FIG. 1 is a block diagram that illustrates one embodiment of a data processing

system 10 includes a processor 12, a coprocessor 14, a coprocessor 16, a memory 18, other modules
20 and externall88RaRtMEhce fAbaRRISaI WD RIRER i AdAGISIaNRIP B VRS lpdalaRernate

embodiments otake pvitiskatanvgittienvehagrbavarehif thedomppatigansersiateli® tlogiopevetssors 14
and 16 or even i@?éetﬁ%ﬁﬁg%ﬁﬁ?rﬁlg?é%ﬂl@v\‘/\ﬂﬂ'b@ﬁq Russinigdace 22 is bidirectionally coupled to

external bus 26 by way of integrated circuit terminals 35. Memory 24 is bidirectionally coupled to
external bus 26. Processor 12 may optionally be coupled external to data processing system 10 by
way of integrated circuft €eriisaasoBick Sigyprodbssdiubiratay opacrabpdieneoipitd datarnal to data

processing sysipatd&siyyigehinediiRm sy GUisEaYEaS132 a\NBpIBBE48INaY, gptionally be
coupled external to dataﬁ)ro ssin ?ésteng%? wag\ﬁ 94) Bgtegéated cerwt t%r inal Srf Other
modules 20 ma%’ﬁﬁéﬁﬁ% 39rb 'c%_u_ i 9&5Xt At HSRPicce n?t?%;% StH'E \Mi\(? ‘??r?tegrated
circuit 20 termirdds8UCP fgecai bidireRiiprRpbcaorHalBHdey plad & BothZsopritasssse 14 and
coprocessor 16dpnihuaingé eepspaessne iuatinte Hibi-Hray? haveptk cirgcant deakiibistrates a portion

decode cidlitnt 18 COBIdCaRIE T AR Rl RO e ol e TR, oM g
multiplexer (MURSISBI1FhRUFGRTIAGSI s NATRF i ANCRRINPHIR PRI BUSIARBRY embodiment
of the present wegniiciniepRtecessouitntenisioal3BhcIMiescigadl ssatldife dmwdigigoaptdl is
generated by CoRUEQR SHRHIEY 96 CRREGRIRNIPHAT AP HIRMY 5 @Bpled external to
data processing system 10 by way of integrated circuit terminals 31.
15  Coprocessor 14 may optionally be coupled external to data processing
system 10 by way of integrated circuit terminals 32. Memory 18 may
optionally be coupled external to data processing system 10 by way of
integrated circuit terminals 32. Other modules 20 may optionally be
coupled external to data processing system 10 by way of integrated circuit
20 terminals 34. Processor 12 is bidirectionally coupled to both coprocessor
14 and coprocessor 16 by way of coprocessor interface 30.

FIG. 2 is a block diagram that illustrates a portion of processor 12 of
FIG. 1. In one embodiment processor 12 includes control circuitry 40,

25  instruction decode circuitry 42, instruction pipe 44, registers 46, arithmetic
logic unit (ALU) 48, latching multiplexer (MUX) 50, latching multiplexer
(MUX) 52, and multiplexer (MUX) 54. In one embodiment of the present
invention, coprocessor interface 30 includes signals 60-71. Clock signal 60
is generated by control circuitry 40. Coprocessor operation signals 61 are

30 generated by control circuitry 40 and are provided to coprocessors 14 and
16.

Supervisor mode signal 62 is generated by control circuitry 40 and is
provided to coprocessors 14 and 16. Decode signal 63 is generated by

35  control circuitry 40 and is provided to coprocessor 14 and 16. Coprocessor
busy signal 64 is received by control circuitry 40 from coprocessor 14 or



30 generated by control circuitry 40 and are provided to coprocessors 14 and 16. Supervisor mode
signal 62 is generated by control circuitry 40 and is provided to coprocessors 14 and 16. Decode
signal 63 is generated by 35 control circuitry 40 and is provided to coprocessor 14 and 16.
Coprocessor busy signal 64 is received by control circuitry 40 from coprocessor 14 or 6 16 March
2004 coprocessor 16. Execute signal 65 is generated gy control circuitry 40 angs jgapeavided to
coprocessors 14 and 16. Exception signal 66 is received by control circuitry 40 from coprocessor 14
or coprocessor 16. Register write (REGWRY*) signal 67 is generated by control circuitry 40 and is
provided to 5 cEMIQSESSQ 116 afekecU R #a %@ﬁa&e{l@ﬁ@?@:@}ﬁ Y@ GiRBiEYeH 03N eontrol
circuitry 40 andignerpvinkded copppresssssbildnaintc] 6 ktepticigsighdd BRI dEMsdbyerated by

control circuitry 40,gnfl if RIRNIIRS BT RBIREREIGT 14 e dGrd2BlASITPRE REGRIEHWRR) 70 is
generated by control cwcilltr,y 40 and Is provided to c%?c ssors 14 and 16, Data 10 acknowledge

4and 16,
signal (H_DA*) (RESWER SWBY &ohiP I eNRRRA 4yt reiﬁ'lf&’é@éélplﬁ%i'édﬂ% gddP1e.
Hardware data poprosessalréHER{8d:05. 7R egitter migrzadss ((RIn6Sifie M3 ¢ aref gepeoateskby interface 30
are bi- dt)ire;tion@td)ﬁ%&wwempm%ﬁ?éﬁéﬁr]%mbllét@ &péda@e@s@rgl&uﬁw&tﬂe. %‘éﬁf Ssor %-15 '3
one empodiment O r nyention a plur ors als ar ravided.to or rom,Qus In oraer
o oad or store SAEN RIS IR S DAL IROAATN HrBCe ARILIE retude a
transfer requeSiGNPEESTRE Q) kAL iDgénstEabe bigbehidl BiRIT) Koaeneadgstéyided to bus 28.
Trans;er error a@&fﬁ@w|@ﬁﬂaif4‘;§@%| AREAS hrévigeprayicsstde esstrel tirewitr i 60 brtgay of bus 28.
Transfer no i (TA* IS, provide circuitry 4 . 28. Instructions
are provigléac; frggr#qﬁg)s%v é%@[@gllﬁgﬁagt@ﬁ'ge?ff Eg v#é)g)%%rgagéwdcﬁ%%é %Q%a ayllg f{)‘%ﬁded to MUX 54
by way of cond GORNRCESSPilA 95 ORI ﬂgerﬂ%@é’@ﬁ%@?éaoﬂﬁgﬁ SioRAhEREE 3L from

latching MUX 72 which are also considered part of coprocessor interface 30 are bi-
directional between coprocessors 14 and 16 and internal circuitry within
processor 12.
15
In one embodiment of the present invention a plurality of signals are
provided to or from bus 28 in order to load or store data in memory 18
and/or memory 24. In one embodiment these signals include a transfer
request signal (TREQY*) 73 that is generated by control circuitry 40 and
20  provided to bus 28. Transfer error acknowledge signal (TEA*) 74 is
provided to control circuitry 40 by way of bus 28. Transfer acknowledge
signal (TA*) 75 is provided to control circuitry 40 by way of bus 28.
Instructions are provided from bus 28 to instruction pipe 44 by way of
conductors 76. Data is provided to MUX 54 by way of conductors 76. Drive
25 Data signal 79 enables tristate buffer 95 to provide data from latching MUX
52 by way of conductors 88 and 76. Address Select signal 78 enables
latching MUX 50 to provide addresses to bus 28 by way of conductors 77.
Another input to MUX 54 is provided by the HDP signal (HDP{31:0}) 72.
Another input to MUX 54 is provided by way of the ALU result conductors
30 86. The output of MUX 54, result signals 83, are provided to registers 46
and to the input of tristate buffer 96. Drive HDP signal 82 enables tristate
buffer 96 to drive result signals 83 on the HDP signals 72. The output of
tristate buffer 96 is also coupled to the input of latching MUX 52. Alternate
embodiments of the present invention may include any number of registers
35 inregisters 46. Result signals 83 are provided as an input to latching MUX
50. Result signals 83 are provided to registers 46 by way of MUX 54.



52 by way of conductors 88 and 76. Address Select signal 78 enables latching MUX 50 to provide
addresses to bus 28 by way of conductors 77. Another input to MUX 54 is provided by the HDP signal
(HDP{31:0}) 72. Another input to MUX 54 is provided by way of the ALU result conductors 30 86. The
output of MUX 54, result signals 83, are provided to registers 46 and to the input of tristate buffer 96.
Drive HDP signal 82 enables tristate buffer 96 to driveyresult signals 83 on the kIR sigr@da 72. The
output of tristate buffer 96 is also coupled to the input of latching MUX 52. Alternate embodiments of
the present invention may include a number of regl sters 35 in registers 46. Result &%nals 83 are

provided as an R@skioialesisiona) g@L#JSLﬁ J9 83 srlestswduahdniditeMUs b§ way of
MUX 54. 7 16 Niatorh20fi Re st Seliat sighat (RESSLSBRIERTI @ Sigglabts which input of MUX 54

is to be driven %@&ﬁ%b@@@@@rﬁ‘%&@f&%%@&%%@ﬁh UREE 1 FELEG WS provided to

latching MUX 52 to seleﬁct ‘which  signal shall be driven to tristate buffer 95 on condrctors 88. Control 5

circuitry 40 provilRRLSRE PRAHYENAR LIS RIEL IR GHIHEIRER SBorly PEYSlers 46 by way of
conductors’91. Guntitvy cifrpiwyidepeovitiekirdonmetisigaald eutheee stedustandsrsigtials from arithmetic

logic unit 48 berWﬁrY @@&B%Q@'@%&Q@FH@MEE%@’ g %ﬁﬂ%ﬁ&%ﬁf@ %Wé\ﬁ@é's receives
status signals from |n tructltijs % 44 and |n truction d e 10 c cwtC% %f onductors 93.
t ST

Instruction pipe A EESIHIS roViae st éﬂ%r?é% R r‘&f&%ﬂ Y way of
conductors 89.WiastRfctRRIHEtoEOZ rclianin girevitiysi@ariitden senttd sigmnalmanen to control

Eircuitry 41{0 by vvéwe:»f/@@@t&tg@@gefalBﬂngﬁgtﬁfcnmwtdpesaurgadongrm@m&tﬁu@etic logic ur;)it 48
e e B A S S D e RN AP o 20
address informaWBMIHS RSt %QL@&P RSHRI O ISERRG @f%'ﬁﬁﬂﬂ@t@bé‘ﬂﬂ}’ I8fGHAG UG58 50 and
address condu@er TisfRegistetedbdprovadtsy KECprol/srg ceopaeandstoartitbmetoriogitamit 48 by
way of 20 condy&tass &3 circuitry 40 by way of conductors 90. Registers 46 provide source
operands to arithmetic logic unit 48 by way of conductors 84. Registers 46
15 provide data to be stored in memory 18 or memory 24 by way of conductors
84, latching MUX 52, tristate buffer 95 and conductor 76. Register 46
provide address information to memory 18 or memory 24 by way of
conductors 84, latching MUX 50 and address conductor 77. Registers 46
provide a second source operand to arithmetic logic unit 48 by way of
20  conductors 85.

FIG. 3 is a block diagram that illustrates one embodiment of a portion
of coprocessor 14. In one embodiment, coprocessor 14 includes control
circuitry 100, computation circuitry 102 and optional storage circuitry 104.

25  Control circuitry 100 is bidirectionally coupled to processor 12 by way of
coprocessor interface 30 which includes signals 60-72. In one embodiment
of the present invention control circuitry 100 includes decode circuitry 106
which receives the operation signals 61 and the decode signal 63 from
processor 12. Control circuitry 100 provides control information and

30 receives status information from optional storage circuitry 104 by way of
conductors 108. Control circuitry 100 provides control information and
receives status information from computation circuitry 102 by way of
conductors 109. Computation circuitry 102 and optional storage circuitry
104 are bidirectionally coupled by way of conductors 110. One or more of

35 signals 110 may be provided to or from bus 28 or integrated circuit
terminals 32. Control circuitry 100 may receive or provide information to or



FIG. 3 is a block diagram that illustrates one embodiment of a portion of coprocessor 14. In one
embodiment, coprocessor 14 includes control circuitry 100, computation circuitry 102 and optional
storage circuitry 104. 25 Control circuitry 100 is bidirectionally coupled to processor 12 by way of
coprocessor interface 30 which includes signals 60-72. In one embodiment of the present invention
control circuitry 100 includes decode circuitry 106 whigh receives the operatiopssigiials mband the
decode signal 63 from processor 12. Control circuitry 100 provides control information and 30

receives status information from optional storage circuitry 104 by way of conductors 108. Control
circuitry 100 prdRdededRePiifrsRaLRIsH shaulidesipkiaadPinmmnalicaMBHRteEmblAation circuitry

102 by way of Sigaaistaa Hag. ieonigivéationaliscudupiPiad wpiicatbstoeydgirtditrgnd04 are
bidirectionally CBHR%PXtB\fﬁﬁgfcﬁ%ﬂﬂly%ﬁ.1Wa9&ﬁcﬂf : @@’&%g? fHa0aie hidetawRgRrovided to or

from bus 28 or integrated circuit termirials 32. Control circui may receive or providée information

ry 1
to or 8 16 Marcﬁ%ﬂqr@npﬂﬁg§é’5mm'@%&'éﬁ‘éﬁirte[@mﬁiﬂé‘lg’%Q By AR B ductors 112.
Signals 72 mayemslsidireetibnéliyecpgheattowentimutatptiarialstoyd@e cdralivptidahsyrage circuitry
104. In addition,gigRalsfaAtay, bn RIIEREIRRHE SOMRISHEoISR AiRRoARhSEbHarminals 32.
In an alternate 5 embodlmenltE of#@nﬁ Present mvegt(l?or? rcr)lftlorgal.sto[eghe c%rgé.)ntr 104 may not be
implemented. Ir?té)%d%% o e%f'&%ﬁmﬁo 1 i’oFﬁ R |8HFBB ( 3[‘8 e .@gcircuitry 104 is
implemented, itf@Ri§tBESInAPe IBAIEHTSIMNGYe GRYND QAT BYPae wicendrinngingoaishe®rage circuit
including latchesr prayegrammrRbledRMésrANaYSiEtan aIRiAESteADYMMBIREISfahthprReRsant 10
invention, GpmRY{RNAN Girey (i 128 RAY BEHIS Th3 W PG IRRIS S tg g:BﬂSEQR!‘S‘# function. The

system provides suppoﬁ.for tasﬁtac_celeratlon by an e%ﬁwaf coproce r hardware
accelerator) whi@"B Wadienal duastifcific 15 application related operations. These external
coprocessors 14, 16 may be as simple as a coprocessor 14 for performing a population count, or a

more complicated fungfignsgufdlh?pdHRES LHEFEHITSOP RIS h By an external
coprocessor 14 (or hardware accelerator) which is optimized for specific
15 application related operations. These external coprocessors 14, 16 may be
as simple as a coprocessor 14 for performing a population count, or a more
complicated function such as a DSP acceleration coprocessor 14 or
coprocessor 14 capable of high speed multiply/accumulate operation.

20 Data is transferred between the processor 12 and a coprocessor 14
by one or more of several mechanisms as appropriate for a particular
implementation. These can be divided into transfers to the coprocessor 14,
and transfers from the coprocessor 14.

25 One of the mechanisms for transferring data to a coprocessor 14 is
the Register Snooping mechanism, which involves no instruction primitive,
but is a by-product of normal processor 12 operation. This involves
reflecting updates to the processor’s 12 general purpose registers (“GPR”)
46 across the interface such that a coprocessor 14 could monitor updates to

30 one or more processor 12 registers. This might be appropriate if a
coprocessor 14 “overlays” a GPR 46 for an internal register or function. In
this case, no explicit passing of parameters from the processor 12 to a
coprocessor 14 would be required.

35 Instruction primitives are provided in the base processor 12 for
explicit transfer of operands and instructions between external



coprocessor 14 capable of high speed multiply/accumulate operation. 20 Data is transferred between
the processor 12 and a coprocessor 14 by one or more of several mechanisms as appropriate for a
particular implementation. These can be divided into transfers to the coprocessor 14, and transfers
from the coprocessor 14. 25 One of the mechanisms for transferring data to a coprocessor 14 is the
Register Snooping mechanism, which involves no instguction primitive, but is ady@dpedpf normal
processor 12 operation. This involves reflecting updates to the processor's 12 general purpose
registers ("GPR") 46 across the interface such that a coprocessor 14 could monitor updates to 30
one or more pr&@E86eEYSyldeld andthagrosewsirddmaavelh dhedskaking "overlays" a GPR
46 for an internateepmtésrornduynciiide dnothiborasentolexpicthpassingfohparatiwteradrdatdhe
processor 12 toa, fgRrocessor 14 would be required. 35 Instruction primitives are provided in the base
processor 12 for explicit transfer of operands and instructions between external 9 16 March 2004
coprocessors 14, 16 and the processor 12 as well. A handshaking mechanism is provided to allow
control oved the rate oNntrtimiotpanccdasortizhfort® Noteatesiopeocesber 14 functions are

designed to be jNGRGREIRATSTREGICUHNES tHRESHRESREHHRENRMY RGN UGS free to be
changed across dlﬁgret?t ”E‘ leme tatlons,qeryen thou r|1 the same mstructlt n m?gﬁ]ln%s may be
present. 10 FIG. 2595 &M %’Eﬁg MRGE [ AP YN é%%p‘?XS”o%S}g@{ 'r3?Gid the
performance oVBFiBHHION FAsRRIBERS MsR) REESeBdprocessor 14 or external monitor, a register
snooping mechanism is provided. This allows a coprocessor 14 to implement a shadow copy of one

or more otgﬂe proqess'g_lr' hzlggrpa[h% &sgﬂg@ﬁ#ﬁ&%f&ﬁj%%g@é'li&/rigﬂ?émgﬁ%rgﬁm _d by tr_ansferrir_lg
the value being written into one o1 the “processor S 46 and an indication or which register 46 is
being updated RHICEAUAGAR ARItANA REEPENAPRAINEARYE PR ADSIREA3SIBAR 2
coprocessor 14 or external monitor, a register snooping mechanism is
provided. This allows a coprocessor 14 to implement a shadow copy of one
or more of the processor’s 12 general registers 46. The capability is
15 implemented by transferring the value being written into one of the
processor GPRs 46 and an indication of which register 46 is being updated
for each GPR update. A strobe signal REGWR* 67 is asserted for each
register update. The value is transferred across the 32-bit bi-directional
data path HDP[31:0] 72, and a 5-bit register number bus provides a pointer
20  to the actual processor register 46 being updated (REGJ[4:0]) 68. The
register number may refer to a register 46 in a normal file or in an alternate
file. In the preferred embodiment, alternate file registers are indicated by
REGJ[4] == 1, and normal file registers by REG[4] == 0. However, note this
invention does not depend in any way on the actual partitioning of the
25  register set.

A coprocessor 14 may latch the value internally along with an
indication of the destination register 46 number to avoid an explicit move
later. This functionality may also be used by a debug coprocessor 14 to

30 track the state of the register file 46 or a subset of it. FIG. 4 shows an
example of the snooping capability.

A dedicated 12-bit instruction bus (H_OP[11:0]) 61 provides the
coprocessor interface 30 opcode being issued to the external coprocessor
35 14. This bus reflects the low order 12 bits of the processor’s opcode. The
high-order four bits are not reflected as they are always 0b0100. A



register update. The value is transferred across the 32-bit bi-directional data path HDP[31:0] 72, and a
5-bit register number bus provides a pointer 20 to the actual processor register 46 being updated
(REGJ4:0]) 68. The register number may refer to a register 46 in a normal file or in an alternate file. In
the preferred embodiment, alternate file registers are indicated by REG[4] == 1, and normal file
registers by REG[4] == 0. However, note this inventigmdoes not depend in armyswayr e ibgsactual
partitioning of the 25 register set. A coprocessor 14 may latch the value internally along with an
indication of the destination register 46 number to avoid an explicit move later. This functionality may
also be used bySHRRIMISYCBIRERdadIAAr i B PHEIOR ISR BravislesgRiditatedhe a subset of it.
FIG. 4 shows asuesamgplateichtsRBRI(Y) GitpalditntiAgiadictiedth2-pioirstsatien bus (H_OP[1 1:0])

61 provides the, g@%ﬂﬁg%ﬁ%dmﬁ{f%%? 89%9%@@'“%%3&'&‘? B%@?e%?&?ﬂ%ﬂﬁq’&@ﬁ%% 35 14. This

bus reflects the low ordér 12 bits of the processor's o Rﬂd order four bits are not reflected
as they are alw&§8'GbBITR. W%'ﬁ%ﬁ%%ﬁﬁ‘dﬁ%ﬁfr& §or'?n§)%‘eqaﬁﬂ9ﬂﬁp?%e §19B62 is also
provided tdbindibatween thereracstase ol ZhendIR{S)NGit cioplicadagohdthekGrooprdicedsor is operating
in supervisor ordsRhERRdsr Titisr i R Weseivide ABiig geRain coprocessor functions to supervisory
mode. A set of handshake signals 5 between the processor 12 and external coprocessors 14, 16
coordinate coprocessor interface 30 instruction execution. The control signals generated by the
processor 12 are a ref[EREc90Iahsigh@ifacppaine by tleeupsasesroprotéssat eflertiepicessor

pipeline 10 44 apasisterabsiAgeniestngbiuei @t tAtcprireisueliar daunsiprédessecyijeslinand result
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mstructlon prefetch erin an instruction prior to Instructions
proceed from tﬁ@%wtt%ﬁ%hﬁgﬁuéh69@@%@”&&5@@%9"@%&“@%@@%@@& B§ecode
register IR. processor 12 also contains an instruction prefetch buffer to allow bufferlng

of an instruction prior to the decode stage 42. Instructions proceed from
this buffer to the instruction decode stage 42 by entering the instruction
15 decode register IR.

The instruction decoder 42 receives inputs from the IR, and
generates outputs based on the value held in the IR. These decode 42
outputs are not always valid, and may be discarded due to exception
20  conditions or changes in instruction flow. Even when valid, instructions may
be held in the IR until they can proceed to the execute stage of the
instruction pipeline. Since this cannot occur until previous instructions have
completed execution (which may take multiple clocks), the decoder will
continue to decode the value contained in the IR until the IR is updated.
25
FIG. 5 is a timing diagram that illustrates the basic instruction
interface operation for instruction handshaking. An instruction decode
strobe (H_DEC*) signal 63 is provided to indicate the decode of an
coprocessor interface 30 opcode by the processor 12. This signal will be
30 asserted when a coprocessor interface 30 opcode resides in the IR, even if
the instruction may be discarded without execution. The H_DEC* 63 output
may remain asserted for multiple clocks for the same instruction until the
instruction is actually issued or is discarded.

35 A busy signal (H_BUSY?*) 64 is monitored by the processor 12 to
determine if an external coprocessor 14 can accept the coprocessor



The instruction decoder 42 receives inputs from the IR, and generates outputs based on the value
held in the IR. These decode 42 outputs are not always valid, and may be discarded due to exception
20 conditions or changes in instruction flow. Even when valid, instructions may be held in the IR until
they can proceed to the execute stage of the instruction pipeline. Since this cannot occur until
previous instructions have completed execution (whigh may take multiple clocks)vtherdasnder will
continue to decode the value contained in the IR until the IR is updated. 25 FIG. 5 is a timing diagram
that illustrates the basic instruction interface operation for instruction handshaking. An instruction
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be used to ass%%?lﬁ v herreviers. 6 is atlmlng diagram that illustrates the Instruction interface

FIG. 6 is a timing diagram that illustrates the Instruction interface
operation when H_BUSY* 64 is used to control coprocessor interface 30
15 instruction execution. Once any internal stall condition has been resolved,
and the H_BUSY* 64 signal has been negated, the processor can assert
H_EXEC* 65 to indicate that the coprocessor interface 30 instruction has
entered the execute stage of the pipeline. An external coprocessor 14
should monitor the H_EXEC* 65 signal to control actual execution of the
20  instruction, since it is possible for the processor to discard the instruction
prior to execution in certain circumstances. If execution of an earlier
instruction results in an exception being taken, the H_EXEC* 65 signal will
not be asserted, and the H_DEC* 63 output will be negated. A similar
process can occur if the instruction in the IR is discarded as the result of a
25  change in program flow.

FIG. 7 is a timing diagram that illustrates instruction discard. If an
instruction is discarded, the H_DEC* 63 signal will be negated before
another coprocessor interface 30 opcode is placed on the H_OP[11:0] 61

30 Dbus.

FIG. 8 is a timing diagram that illustrates an example of instruction
pipeline stall. There are circumstances where the processor 12 may delay
the assertion of H_EXEC* 65 even though H_DEC* 63 is asserted and

35 H_BUSY* 64 is negated. This can occur while waiting for an earlier
instruction to complete.



operation when H_BUSY* 64 is used to control coprocessor interface 30 15 instruction execution.
Once any internal stall condition has been resolved, and the H_BUSY* 64 signal has been negated,
the processor can assert H_EXEC* 65 to indicate that the coprocessor interface 30 instruction has
entered the execute stage of the pipeline. An external coprocessor 14 should monitor the H_EXEC*
65 signal to control actual execution of the 20 instructign, since it is possible forghgpspoee0r to
discard the instruction prior to execution in certain circumstances. If execution of an earlier instruction
results in an exception being taken, the H_EXEC* 65 signal will not be asserted, and the H_DEC* 63
output will be negated. A similar process can occur if the instruction in the IR is discarded as the result
of a 25 change in pro@i@n Jlasa EiGing diagtianmthdidiusrateatatusiatesiésfroatiknalisaekd. If an
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interface 30 instruction until the internal stall condition disappears.

FIG. 11 is a timing diagram that illustrates back-to-back coprocessor
15 interface 30 instructions with H_BUSY* 64 stalls. In this example, the
external coprocessor 14 is busy, and cannot accept the second instruction
immediately. H_BUSY* 64 asserts to prevent the second instruction from
being issued by the processor 12. Once the coprocessor 14 becomes free,
H_BUSY* 64 is negated, and the next coprocessor interface 30 instruction
20 advances to the execute stage.

Exceptions related to the decode of an coprocessor interface 30
opcode may be signaled by an external coprocessor 14 with the H_EXCP*
66 signal. This input to the processor 12 is sampled during the clock cycle
25 that H_DEC* 63 is asserted and H_BUSY* 64 is negated, and will result in
exception processing for a Hardware Coprocessor 14 Exception if the
coprocessor interface 30 opcode is not discarded as previously described.
Details of this exception processing are described below.

30 FIG. 12 is a timing diagram that illustrates an example of the
H_EXCP* 66 signal being asserted by a coprocessor 14 in response to the
decode and attempted execution of a coprocessor interface 30 opcode.
The H_EXCP* 66 signal is sampled by the processor 12 during the clock
that H_DEC* 63 is asserted and H_BUSY* 64 is negated. The H_EXEC*

35 65 signal is asserted regardless of whether an exception is signaled by the



FIG. 11 is a timing diagram that illustrates back-to-back coprocessor 15 interface 30 instructions with
H_BUSY* 64 stalls. In this example, the external coprocessor 14 is busy, and cannot accept the
second instruction immediately. H_ BUSY* 64 asserts to prevent the second instruction from being
issued by the processor 12. Once the coprocessor 14 becomes free, H_BUSY* 64 is negated, and the
next coprocessor interface 30 instruction 20 advanceg o the execute stage. Exgaptirmpsagiated to the
decode of an coprocessor interface 30 opcode may be signaled by an external coprocessor 14 with
the H_EXCP* 66 signal. This input to the processor 12 is sampled during the clock cycle 25 that
H_DEC* 63 is 454 aﬁasr@@@m @43@1%@%188 ,@ﬂ@iﬁﬁ#@@@ﬂli%%&%&cﬁwméﬁéssing fora
Hardware CoprirsasctickvdiscaotioansiE the coprocessor interface 30 opcode is not discarded as
previously described. Details of this exception processing are described below. 30 FIG. 12 is a timing
diagram that illustrates an example of the H EXCP* 66 signal being asserted b%gzg%oaprgcessor 14 in

|
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H_BUSY* 64 ishiggatacssbha HnfeXEsc-3BtaRsomahinrsraitartisgaidiesiypbivaether an exception is
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accept the offendimEgstasinapdsigiaHaB B ePEanaesdadde execute stage of the processor
pipeline fq;oit to be recognized. The H_EXCP* 66 signal is ignored for all clock cycles where H_DEC*

63 is negated or H_BUSY* 64 is asserted. 10 FIG. 13 is a timing diagram that illustrates an example of

the H_EXCP* 66 signkl Beihy) '8 EFeasgiaciaptdbatibisiaias dsperaepienqé the

H_EXCP* 66 signal being asserted by a coprocessor 14 in response to the
decode and attempted execution of a coprocessor interface 30 opcode.
Contrasting this with the timing diagram in FIG. 14, in this example, the

15  coprocessor interface 30 instruction is discarded, so the H_EXEC* 65 signal
is not asserted, and the H_DEC* 63 is negated .

FIG. 14 is a timing diagram that illustrates an example where
H_BUSY* 64 has been asserted to delay the execution of an coprocessor
20 interface 30 opcode which will result in an exception.

The H_BUSY* 64 and H_EXCP* 66 signals are shared by all
coprocessors 14, 16, thus they must be driven in a coordinated manner.
These signals should be driven (either high or low, whichever is

25  appropriate) by the coprocessor 14, 16 corresponding to H_OP[11:10] 61
on clock cycles where H_DEC* 63 is asserted. By driving the output only
during the low portion of the clock, these signals may be shared by multiple
coprocessors 14, 16 without contention. A holding latch internal to the
processor 12 is provided on this input to hold it in a valid state for the high

30 phase of the clock while no unit is driving it.

Some of the coprocessor interface 30 instruction primitives also
imply a transfer of data items between the processor 12 and an external
coprocessor 14. Operands may be transferred across the coprocessor

35 interface 30 as a function of the particular primitive being executed.
Provisions are made for transferring one or more of the processor 12 GPRs



decode and attempted execution of a coprocessor interface 30 opcode. Contrasting this with the
timing diagram in FIG. 14, in this example, the 15 coprocessor interface 30 instruction is discarded, so
the H_EXEC* 65 signal is not asserted, and the H_DEC* 63 is negated . FIG. 14 is a timing diagram
that illustrates an example where H_BUSY* 64 has been asserted to delay the execution of an
coprocessor 20 interface 30 opcode which will result ityan exception. The H_BléSx3r64 sund H_EXCP*
66 signals are shared by all coprocessors 14, 16, thus they must be driven in a coordinated manner.
These signals should be driven (either high or low, whichever is 25 approprlate) by the coprocessor
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the Data
The processor 12 provides the capability of transferring a list of call
15  orreturn parameters to the coprocessor interface 30 in much the same way
as software subroutines are called or returned from. A count of arguments
is indicated in the H_CALL or H_RET primitive to control the number of
parameters passed. Register values beginning with the content of
processor 12 register R4 are transferred to (from) the external coprocessor
20 14 as part of the execution of the H_CALL (H_RET) primitive. Up to seven
register parameters may be passed. This convention is similar to the
software subroutine calling convention.

Handshaking of the operand transfers are controlled by the Data
25  Strobe (H_DS* 70) output and Data Acknowledge (H_DA* 71) input signals.
Data Strobe will be asserted by the processor 12 for the duration of the
transfers, and transfers will occur in an overlapped manner, much the same
as the processor 12 interface operation. Data Acknowledge (H_DA*) 71 is
used to indicate that a data element has been accepted or driven by a
30 coprocessor 14.

FIG. 15 is a timing diagram that illustrates an example of register 46
transfers associated with the H_CALL primitive. Instruction primitives are
provided to transfer multiple processor registers and the transfers can

35 ideally occur every clock. For transfers to an external coprocessor 14, the
processor will automatically begin driving the next operand (if needed) prior



Strobe (H_DS* 70) output, the Data Acknowledge (H_DA* 71) input, and the Data Error (H_ERR* 69)
output signals. The processor 12 provides the capability of transferring a list of call 15 or return
parameters to the coprocessor interface 30 in much the same way as software subroutines are called
or returned from. A count of arguments is indicated in the H_CALL or H_RET primitive to control the
number of parameters passed. Register values beginmgng with the content of egas$0rcLa register
R4 are transferred to (from) the external coprocessor 20 14 as part of the execution of the H_CALL
(H_RET) primitive. Up to seven register parameters may be passed. This convention is similar to the

software subrod@ri8'ceRny EEMSHHDNNE BHSNKRICST YhENSRIEIRI|IER TSI BREG IR fed by the
Data 25 StroberftdisDiSe Zapaiitpof ane ekl Ackoffetiedp®e @Ehdure 7d ) ospuifsigralsTHata Strobe will
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negated Data Ac or transfers from an external coprocessot 14 to processor
registers 46, theuh@ieedsreaiiedpable of accepting values from an external coprocessor 14 every

clock cycle after H_DS* 70 has been asserted, and
FIG. 16 is a timing diagram that illustrates an example of register 46
transfers associated with the H_RET primitive. In this example, two register
15 46 values are transferred. The coprocessor 14 may drive data beginning
with the clock following the assertion of the H_EXEC* 65 signal, as this is
the clock where H_DS* 70 will first be asserted. The H_DS* 70 output
transitions with the rising edge of CLK 60, while the H_DA* 71 input is
sampled during the low phase of CLK 60.
20
The processor 12 provides the capability of transferring a single
memory operand to or from the coprocessor interface 30 with the H_LD or
H_ST instruction primitives.

25 The H_LD primitive is used to transfer data from memory 18 to a
coprocessor 14. Handshaking of the operand transfer to the coprocessor
14 is controlled by the Data Strobe (H_DS*) 70 signal. Data Strobe will be
asserted by the processor 12 to indicate that a valid operand has been
placed on the HDP[31:0] 72 bus. The Data Acknowledge (H_DA*) 71 input
30 isignored for this transfer.

FIG. 17 is a timing diagram that illustrates the sequencing of an
H_LD transfer to the coprocessor interface 30. In this case, there is a no-
wait state memory 18 access. For memory 18 accesses with n wait-states,
35 the operand and H_DS* 70 would be driven n clocks later. If the option to
update the base register 46 with the effective address of the load is



10 these values are written into the register file 46 as they are received, so no buffering is required.
FIG. 16 is a timing diagram that illustrates an example of register 46 transfers associated with the
H_RET primitive. In this example, two register 15 46 values are transferred. The coprocessor 14 may
drive data beginning with the clock following the assertion of the H_EXEC* 65 signal, as this is the
clock where H_DS* 70 will first be asserted. The H_Dfg 70 output transitions ygtiniiaehrigiog edge of
CLK 60, while the H_DA* 71 input is sampled during the low phase of CLK 60. 20 The processor 12
provides the capability of transferring a single memory operand to or from the coprocessor interface
30 with the H_L%?@Ctﬁﬂghqwﬂ%ﬁoﬁb%ﬁﬁﬁi%y??@ﬂﬂégﬂ@@Qﬂriﬁ%t‘ib@ fy %IS%JHQE a@ister data from
memory 18 to shasesessicUldtdda(tits idokgafdhingremaddeatisfeoteitiExopras)ssor 14 is
controlled by the Data Strobe (H_DS*) 70 signal. Data Strobe will be asserted by the processor 12 to

indicate that a valid operand has been placed on the HDP[31:0] 72 bus. The Data Acknowledge
(H_DA*) 71 input 30 i§ *&J@bsfartmg‘géjﬂé%ﬁr&f@@tﬁ%{ﬁaﬁﬂ%ﬁBedPéBFaﬁ?iH‘én‘?ﬂh@trates the
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be driven n clocks later. If the option to update the base register 46 with the effective address of the

load is 16 16 March 2004 selected, the update value is driven on HDP[31:0] 72 the first clock after it
has been calculated (th8eldciSfolsimitly theaaskeisecio-ranefardes) . te|eenr®ry A 8ify diagram
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46 with the ~ HDP[31:0] 72 the first clock after it has been calculated (the clock following

the assertion of H_EXEC* 65).

FIG. 19 is a timing diagram that illustrates an example of a transfer
15 associated with the H_ST primitive. The handshake associated with the
H_ST primitive consists of two parts, an initial handshake from the
coprocessor 14, which must provide data for the store, and a completion
handshake from the processor 12 once the store to memory 18 has
completed.
20
The initial handshake uses the H_DA* 71 input to the processor 12 to
signal that the coprocessor 14 has driven store data to the processor 12.
The H_DA* 71 signal is asserted the same clock that data is driven onto the
HDP[31:0] 72 bus by the coprocessor 14. The store data is taken from the
25 lower half of the bus for a halfword sized store, the upper 16 bits will not be
written into memory 18. The H_DA* 71 signal will be sampled beginning
with the clock the H_EXEC* 65 signal is asserted. The memory cycle is
requested during the clock where H_DA* 71 is recognized, and store data
will be driven to memory 18 on the following clock. Once the store has
30 completed, the processor 12 will assert the H_DS* 70 signal.

FIG. 20 is a timing diagram that illustrates an example of a transfer
with delayed store data.

35 FIG. 21 is a timing diagram that illustrates the protocol signals when
the store results in an access error. Note here that the H_ERR* 69 signal is



10 effective address of the store is selected, the update value is driven on HDP[31:0] 72 the first clock
after it has been calculated (the clock following the assertion of H_EXEC* 65). FIG. 19 is a timing
diagram that illustrates an example of a transfer 15 associated with the H_ST primitive. The
handshake associated with the H_ST primitive consists of two parts, an initial handshake from the
coprocessor 14, which must provide data for the storg,7and a completion handghgisechemothe
processor 12 once the store to memory 18 has completed. 20 The initial handshake uses the H_DA*
71 input to the processor 12 to signal that the coprocessor 14 has driven store data to the processor

12. The H_DA%®3%eiigdal (kthedapsivae sahakpts thratnsidcianibyResesting HIGXEI0] 72 bus by
the coprocesso6é4hé ltostovghdataHs EXXEQ frobishas2briedetheaH obkreiusifprah sradivedrd sized
store, the upper, 16 Qits will pog be written into memory 18. The H_DA* 71 signal will be sampled
beginning with the clock the H_EXEC* 65 signal is asserted. The memory cycle is requested during
the clock where H_DA* 71 is recognized, and store data will be driven to memory 18 on the following
clock. Oncé the store & 32eothigegit 2thdl psteds sosti@ciidhagyenttes lAspart 70 tignal. FIG. 20 is a

timing diagram FH%UH&SF%%‘E @“lﬁf@me@tﬁfﬂmﬂe w@h&s@y&d@mg&a@s&ﬁlﬁ 21 is a timing

diagram that |IIu@]ratest oI SI s when t esuﬁln an ccess rror. Note here that

the H_ERR* 69 Sigial G 753 seis el FeP TSSO HE &R ction by
asserting H_E)QOP*D%QH@M@&R Qﬂf&l@%ﬁ_@)’(é@ﬂw% asserted, the H_DA* 71 signal should not be
asserted. 5 FIGs. 22 through 26 illustrate instructions provided as part of the instruction set to

interface tp,a ardware Aecelesgiar {af & 8??&%%?85 idit: fom%lP{SFﬁ?esﬂ EAeRiRtRivaMe of the fields

in the primitives, others are interprete ocessor
This instruction is used to™ caII” a function implemented by a coprocessor

14. The paradigm is similar to a standard software calling convention, but
in a hardware context. The H_CALL primitive is interpreted by both the
processor 12 and the coprocessor 14 to transfer a list of “call parameters”

15 or arguments from the processor 12 and initiate a particular function in the
coprocessor 14.

The UU and CODE fields of the instruction word are not interpreted
by the processor 12 , these are used to specify a coprocessor 14 specific
20  function. The UU field may specify a specific coprocessor 14, 16, and the
CODE field may specify a particular operation. The CNT field is interpreted
by both the processor 12 and the coprocessor 14, and specifies the number
of register arguments to pass to the coprocessor 14.

25 Arguments are passed from the general registers 46 beginning with
R4 and continuing through R(4+CNT -1). Up to seven parameters or
registers 46 may be passed in a single H_CALL invocation.

The H_CALL instruction can be used to implement modular module
30 invocation. Usage of this type of interface has long been known to result in
software systems with higher reliability and fewer bugs. Function
parameters are usually best passed by value. This significantly reduces
side-effects. In many cases, modern compilers for block-structured
languages such as C and C++ pass short sequences of parameters or
35 arguments to invoked functions or subroutines in registers 46. This
technique can be implemented with the H_CALL instruction. A compiler



10 FIG. 22 illustrates an instruction format for the H_CALL primitive. This instruction is used to "call" a
function implemented by a coprocessor 14. The paradigm is similar to a standard software calling
convention, but in a hardware context. The H_CALL primitive is interpreted by both the processor 12
and the coprocessor 14 to transfer a list of "call parameters” 15 or arguments from the processor 12
and initiate a particular function in the coprocessor 14gThe UU and CODE fields gk tke 208ruction
word are not interpreted by the processor 12 , these are used to specify a coprocessor 14 specific 20
function. The UU field may specify a specific coprocessor 14, 16, and the CODE field may specify a
particular opera®h PEOHIGHIRI G @ R ae ¥ hBHAME Kt BESHEYMARE tREcoprocessor 14,
and specifies theuooedsdre b gglisterdd gsmamgsatoRps 1H 40 iffenevatioeesro HLE RBIArguments are

passed from th%&ﬁ“u%fﬁiﬁ?ﬂ)ﬁ@ﬁzréﬁlQ@&égﬂ@%t‘é(_ﬁ&aﬁl”'c%é’ﬁ’pﬁ@PE%W@%EQ&%&%}&H%1)- Up to seven

parameters or registers 46 may be passed in a single H_CALL invocation. The H_CALL instruction
can be used to IASRIRERHHGHARr module 30 invocation. Usage of this type of interface has long been
known to résult in software systems with higher reliability and fewer bugs. Function parameters are

usually best passed by-yglugs fitisteiestflisamiytractise Soaisiar effapis HN RN AATHSe MPARM
compilers for block-structured Iangua s such as C ancbc ass, short seguences of 8arameters or 35
arguments to inVSUA ATt eoSh CRITHM DO A HO TP CRRA Y8 CoP R RRetimented
with the H_CALHinStradiRyiadio oo sietlas teghesefwasucaineeceontgiiamiusad &y theo seven
parameters 0:] PATBEEE? MQbaum@saawm?maté&tstm@mgm prenigengrating the H§C|:|A(|§L23
Instruction, I1C [ [ e on. .
Tosnatos S mieCarat ARree &'%%E#’égé B B o A o s

function implerh@l IRIYURHSGBEIRYE™ or values to the processor 12 from a coprocessor
14.

The UU and CODE fields of the instruction word are not interpreted
15 by the processor 12 , these are used to specify a coprocessor 14 specific
function. The UU field may specify a hardware unit, and the CODE field
may specify a particular operation or set of registers 46 in the coprocessor
14 to return. The CNT field is interpreted by both the processor 12 and the
coprocessor 14, and specifies the number of register 46 arguments to pass
20  from the coprocessor 14 to the processor 12 .

Arguments are passed to the processor 12 general registers 46
beginning with R4 and continuing through R(4+CNT-1). Up to seven
parameters (or register contents) may be returned.

25

As with the H_CALL instruction, the H_RET instruction can also be
used to implement modular programming. Structured programming
requires that function return values are best passed back to a calling routine
by value. This is often done efficiently by compilers by placing one or more

30 return values in registers for a subroutine or function return. It should be
noted though that traditional structured programming expects a subroutine
or function to return immediately after the subroutine or function invocation.
In the case of coprocessors 14, execution is often asynchronous with that of
the invoking processor 12. The H_RET instruction can be used to

35 resynchronize the processor 12 and coprocessor 14. Thus, the processor
12 may load one or more registers 46, activate the coprocessor 14 with one



14. The paradigm is similar to the software calling convention used by the processor 12, but in a
hardware context. The H_RET primitive is 10 interpreted by both the processor 12 and the
coprocessor 14 to transfer a list of "return parameters" or values to the processor 12 from a
coprocessor 14. The UU and CODE fields of the instruction word are not interpreted 15 by the
processor 12 , these are used to specify a coprocessqnl4 specific function. The Widréiglebmay specify
a hardware unit, and the CODE field may specify a particular operation or set of registers 46 in the
coprocessor 14 to return. The CNT field is interpreted by both the processor 12 and the coprocessor
14, and specified thOFuRhbe AbfLrdapside UeNar QXPEHE wisiate D HEHeiRESoHIEdBSSor 14 to the
processor 12 . Asgynutntmize wakskd oiireqresessaniiiigaretilingistersiindegioriog with R4 and

continuing thro%‘é&“ﬁ&ﬁw 'rllfétc?cé?ﬁ%%@sgé’{"’l%%yﬁ% irn%ee%%t?-f Cl@éﬁ‘*ﬂ#%rmﬁ%ﬂ? returned. 25 As with

the H_CALL instruction, the H_RET instruction can also used to implement modular programming.
Structured programming requires that function return values are best passed back to a calling routine
by value. This is often laiiae2dfiitusirdydsyasomgpitection laciagfontherhin@X B0 mrtomtiwalues in

registers for a syRjoiHiR efidEligaetd hitebatidrRei PR terah Byt kAR A structured
programming eﬁﬁﬁfﬁé%ﬁf%’iﬁuune or fL1nct|on t eti_r|n diatel Fl%ﬁer the subroutjne or function
is

invocation. Int %8@5@8?? fﬁ?@{ec g%% 6Rd ThURSE &P the invoking
processor 12. TeRNHOREMNetivnoion SRECHE eapiaeesseedyndii cneeifind pivaddsbiiald.and

coprocessor 14ThBudBeierPReABRINlet et PBY PREPbERRBb eIt Hrathel ratRHiedtoprocessor
L4 with 01y 19 4 W' 400416 T088Fdde S L NSIEICHARS, EXERHIE HEIfGH INsiggtions, and then
resynchronize with the coprocessor 14 while reCeiving a resulting value or- values trom the

coprocessor 14IB§IE&{IRR WEdHRIREP i ARIRRERIR APK B e f aResiPalekathRSE @RIt for the
H_EXEC primitisjeecify a coprocessor 14 specific function. The UU field may specify a

specific coprocessor 14, 16, and the CODE field may specify a particular
operation.

15

FIG. 25 illustrates an instruction format for the H_LD instruction.

This instruction is used to pass a value from memory 18 to a coprocessor
14 without temporarily storing the memory operand in a General Purpose
Register (GPR) 46. The memory operand is addressed using a base

20  pointer and an offset.

The H_LD instruction performs a load of a value in memory 18, and
passes the memory operand to the coprocessor 14 without storing it in a
register 46. The H_LD operation has three options, w- word, h- half word
25 and u- update. Disp is obtained by scaling the IMM2 field by the size of the
load, and zero-extending. This value is added to the value of Register RX
and a load of the specified size is performed from this address, with the
result of the load passed to the hardware interface 28. For halfword loads,
the data fetched is zero-extended to 32-bits. If the .u option is specified, the
30 effective address of the load is placed in register RX 46 after it is calculated.

The UU field of the instruction word is not interpreted by the
processor 12, this field may specify a specific coprocessor 14, 16. The Sz
field specifies the size of the operand (halfword or word only). The Disp

35 field specifies an unsigned offset value to be added to the content of the
register specified by the Rbase field to form the effective address for the



This instruction is used to initiate a function or enter an operating mode implemented by an
Accelerator. The H_EXEC instruction can be used to control a function in a specific coprocessor 14,
16 specified by a UU field. The code field is not interpreted by the processor 12 but is rather reserved
10 for the designated coprocessor 14, 16. The UU and CODE fields of the instruction word are not
interpreted by the processor 12, these are used to spagify a coprocessor 14 spe@itiecdynotan. The UU
field may specify a specific coprocessor 14, 16, and the CODE field may specify a particular
operation. 15 FIG. 25 illustrates an instruction format for the H LD instruction. This instruction is used

to pass a value f8fh nhBRY¥AEsabiReBRB Rlddp ScplprRYthensirs 2filheteRREAMME M ory operand
in a General Pumanste fred)isTere( GB Rikbs Jésfime whetiapatan R isaddeggist Usishpa@ulthbe 20 pointer

and an offset. Tl R AR ITHEUGRLRAVL LHe R 4aG ?ﬁél‘é%!&%ﬂbﬁ?ﬁ%%&@n gk NaRSES the memory

operand to the c processor 14 W|thout storlng@ln a register 46. The H_LD operation has three
options, w- word ¥ ABHANACHS 1Y aUiHRRABIGH 85??99@%%0%@ the IMM2 field by the size

of the loadh and zero-extending. This value is added to the value of Register RX and a load of the

specified size is perforped ﬁ'@md’é‘iﬁa’t’é@ﬁ?ﬁmé’tﬂﬂéﬁﬁﬁ e 9bEhRdaadppasadigithe hardware
interface 28. Foé halfword I ads, the data fetched is zero-extended to 32- bfgtgP Ifthe u o tlon is

specified, the 30 QidtaUd b"d}é%é’%‘? B33 pfacEd IR TeGiSRRC28% ?E“@é“c ¥ted. The UU
field of the instr&8iWioUEdes e Aitbrptetig qumemaaegwqm RS ERCARSPERECiTy a specific

coprocessor 14;efistEhelS2Tfielthepasifiesptiasize eldive onsrandnalivese povweidaeriian The Disp
35 field s |f|e rfasr%ﬁn&gned offset value to be added to the content of the register specified by the
rm

Rbase field to fo effective address for the 20 16 March 2004 load. The value of the Disp field is
scaled by the size of the operand to be transferred. The Up field specifies whether the Rbase register
46 should be The UU field of the instruction word is not interpreted by the

processor 12. Rather this field may specify a specific coprocessor 14, 16.

The Sz field specifies the size of the operand (halfword or word only). The
15  Disp field specifies an unsigned offset value to be added to the content of

the register 46 specified by the Rbase field to form the effective address for

the store. The value of the Disp field is scaled by the size of the operand to

be transferred. The Up field specifies whether the Rbase register should be

updated with the effective address of the store after it has been calculated.
20  This option allows an “auto-update” addressing mode.

The H_ST instruction performs a store to memory 18, of an operand
from a coprocessor 14 without storing it in a register 46. The H_ST
operation has three options, w- word, h- half word and u- update. Disp is

25  obtained by scaling the IMM2 field by the size of the store and zero-
extending. This value is added to the value of Register RX and a store of
the specified size is performed to this address, with the data for the store
obtained from the hardware interface. If the .u option is specified, the
effective address of the load is placed in register RX after it is calculated.

30

The H_LD instruction and the H_ST instruction provide an efficient
mechanism to move operands from memory 18 to a coprocessor 14 and
from a coprocessor 14 to memory 18 without the data being moved routing
through registers 46. The offset and indexing provisions provide a

35 mechanism for efficiently stepping through arrays. Thus, these instructions
are especially useful within loops. Note should be made that both



updated with the effective address of the load after it has been calculated. This option allows an
"auto-update" addressing mode. 5 FIG. 26 illustrates an instruction format for the H -ST instruction.
This instruction is used to pass a value from a coprocessor 14 to memory 18 without temporarily
storing the memory operand in a processor 12 register 46. The memory operand is addressed using a
base pointer and an 10 offset. The UU field of the inspruction word is not interpesigsk &y 2bg4 processor
12. Rather this field may specify a specific coprocessor 14, 16. The Sz field specifies the size of the
operand (halfword or word only). The 15 Disp field specifies an unsigned offset value to be added to
the content of tRSYFEGHIBS £ RPYANES BT ROESSETibFIVENIAR BRPEARESRR AddRISRVRY the store.
The value of the pasarfteldddedaledtbyetihe I$itesobthetopsrasshly diecvansiesfecketihendp field
specifies whethgr e ROASEEY SIPE SHOYRLR H@%%‘Fo"&&@é%@ﬁﬁﬁ&thé%é&@&?ﬁﬁd@gﬁore after it

has been calcuﬁé%gli 20 This option allows an "auto-g]p ate" a ressm% made. Instruction

performs a stord¢5'HNARHY S M HRURIRE Ao PoQEI SRR NN Rt NG R 10 register
46. The H BT oppratiessoad theetaoptivese wadersinhe b vapcbandans ipigatec®siS2sobtained
by scaling the IMNR figld Ry the)rizs ehtisoRigre and zero- extending. This value is added to the value
of Register RX and a store of the specified size is performed to this address, with the data for the
store obtained from the hardware interface. If the u option is specified, the effective address of the
load is placed in registEh®oe akiicd ik cararted] cTauRri¢ thetinwditGaionsdem@ H_ST instruction

provide an efficigfiafiteehaais fetmey o/RReIR A Hioimgmemomyel Spidittot peanessdibh4 and from a

coprocessgy 144 pgmary g Wi‘é@’éﬁrég@#atﬁéoﬁ{)&{ﬁ&{ %ﬁﬁ%g‘%ﬁ:ﬁ@%ﬁ@ﬁ%ﬂﬁﬁﬁn 6. The offset

and indexing provisions provide a anism for efficien hrough arrays. Thus, these

instructions are284yBEAIIFALRAN At WHpE. Ketecansuri BieRrBenHgH s



21 16 March 2004 instructions synchronize the processor 12 with the coprocessor 14 for every
operand loaded or stored. If this is not necessary or even preferred, one may alternatively stream data
to the coprocessor 14 by repeatedly loading a designated register or registers 46 with data from
memory 18, and have the 5 coprocessor 14 detect these loads since the coprocessor interface bus 30
is also used for register snooping. Those skilled in thgzart will recognize that medifigatianand
variations can be made without departing from the spirit of the invention. 10 Therefore, it is intended
that this invention encompass all such variations and modifications as fall within the scope of the
appended claims. 22 16 March 2004 CLAIMS WHak&IM&med is: 1. In a processor coupled to a
system bus and adapted to cooperate 5 with a coprocessor coupled thereto via a coprocessor bus,
wherein said cqwﬁgp%sgfawlg&sigeparate from the system bus and said processor is capable of
communicating with said coprocessor via said coprocessor bus without using said system bus, in an
execution of at least one instruction comprising a count field and a code field, a 10 method for
executing said ihstructioraqoogessng ¢theEahtoo: systenibhgSsaiad esteytedripproojuinateo said
coprocessgy, via a firsyaycle e8):paih SOPTAsHRRS theteRRidLawBRBdaads faldsyHdhapount field
has a value, n, greater than zero %rovidbn to the 15 co rocgﬁsor, via a éecond cycle on said
coprocessor bus, a firgf"@p‘é?gﬁ%b, TP C Fﬁ%lgtﬁ?d)gﬁ%ei QRIRS08 552"?‘% thod of claim 1
further comprising the BtepessPr is capable of communicating with said coprocessor via
said coprocessor bus without using said system bus, in an execution
of at least one instruction comprising a count field and a code field, a
10 method for executing said instruction comprising the steps of:
receiving said instruction;
providing to said coprocessor, via a first cycle on said
coprocessor bus, said count and code fields;
if the count field has a value, n, greater than zero, providing to the
15 coprocessor, via a second cycle on said coprocessor bus, a
first operand; and

completing said instruction.

2. The method of claim 1 further comprising the steps of:
receiving a first input signal from the coprocessor via said
20 coprocessor bus during said first cycle;
wherein, if the first input signal received from the coprocessor via
the coprocessor bus during said first cycle has a first state,
then repeating said first cycle, wherein the step of repeating
said first cycle includes:
25 providing to said coprocessor, via said first cycle on said
coprocessor bus, said count and code fields; and
receiving said first input signal from the coprocessor via
said coprocessor bus during said first cycle;
and wherein, if the first input signal received from the coprocessor
30 via the coprocessor bus during said first cycle has a second
state, then providing to said coprocessor, via said second
cycle on said coprocessor bus, a first output signal.



receiving a first input signal from the coprocessor via said coprocessor bus during said first cycle;
wherein, if the first input signal received from the coprocessor via the coprocessor bus during said first
cycle has a first state, then repeating said first cycle, wherein the step of repeating said first cycle
includes: providing to said coprocessor, via said first cycle on said coprocessor bus, said count and
code fields; and receiving said first input signal from g coprocessor via said copiasessondus during
said first cycle; and wherein, if the first input signal received from the coprocessor via the coprocessor
bus during said first cycle has a second state, then providing to said coprocessor, via said second
cycle on said cobrocesd? Biathadiek datpul Jigier 2O RFNEH D EEEB0fthe method of claim 1
further comprising the stefisaadoiirgt fielthvéirld, \ralisgreasey baie ot@ntione, dhesacnafgeh1)f (n-1)

cycles on said communicatiop

égrﬁg%idn%ﬂ]mgr%a{%pﬁag_r, via said coprocessor bus, a next one

of (n-1) operands; and receiving from the coprocessor, via said coprocessor bus, a first input signal. 4.

The method of claim 1 wherein tREYIBEISEINE SARFSEI5CEER GORICLBR¥AIRHSF Roprocessors
coupled théreto via said 10 coprocessat bus iof {nelgxepertimtss gadl instruction, the method further

comprising the step of: pfOVidingr&é@ﬂ@'ﬂb?ﬂ%@fWé&&%ﬁ%%i&@ﬁ@@%@%%&?s during
said first cycle, an identifier field havg:‘%avalu whicp uniquely identifies a selected one of said

plurality of 15 coprocessors. 5. The
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4.

St A1 wherein the processor includes a plurality of

The method of claim 1 wherein the processor is adapted to
cooperate with a plurality of coprocessors coupled thereto via said
coprocessor bus in the execution of said instruction, the method
further comprising the step of:
providing to said plurality of coprocessors, via said coprocessor
bus during said first cycle, an identifier field having a value
which uniquely identifies a selected one of said plurality of
COProcessors.

The method of claim 1 wherein the processor includes a plurality of
registers for storing selected operands, and wherein the step of
providing said first operand to said coprocessor via said coprocessor
bus during said second cycle is further characterized as:
if the count field has a value, n, greater than zero, providing to the
coprocessor, via a second cycle on said coprocessor bus, an
operand stored in a predetermined one of said plurality of
registers.

In a processor coupled to a system bus and adapted to cooperate
with a coprocessor coupled thereto via a coprocessor bus, wherein
said coprocessor bus is separate from the system bus and said
processor is capable of communicating with said coprocessor via
said coprocessor bus without using said system bus, in an execution
of at least one instruction comprising an effective address calculation
field, a method for executing said instruction comprising the steps of:

receiving said instruction;

providing to said coprocessor, via a first cycle on said

coprocessor bus, said effective address calculation field;



registers for storing selected operands, and wherein the step of providing said first operand to said
coprocessor via said coprocessor bus during said second cycle is further characterized as: 20 if the
count field has a value, n, greater than zero, providing to the coprocessor, via a second cycle on said
coprocessor bus, an operand stored in a predetermined one of said plurality of registers. 6. In a
processor coupled to a system bus and adapted to cgnperate 25 with a coproggsgarceoupied thereto
via a coprocessor bus, wherein said coprocessor bus is separate from the system bus and said

processor is capable of communicating with said coprocessor via said coprocessor bus without using
said system bus, in an exE8ifidating anefrdive rdthasmlh asepisaneey it eaid efeeiives
calculation 30 field, a methodaiddrexsatdioglatahifistdjction comprising the steps of: receiving said

instruction; providing to sqg:{&gﬁlgo&ﬁ?%ré(,i@ %tféfr%oc)i?@a?d‘ éﬁ%| _ﬁ%%f’é:tﬁﬂfebéﬂéd ﬁéég.eﬁ‘ective
%

address calculation field; 24 16 Marc 04 5 calculating an effective address in,accordance with said

effective address calculafSAVUIRE fO A ECRAASES0d Uib Aetesred S YElR A Bd Ltfective address:
providing t& the coprocessor,onpracessdogcleaith fedithecbpperassio@bds, said fetched operand; and

completing said instructiogohplEngretiadrafikiatp P further comprising the steps of. receiving a first
input signal from the coprocessor via said coprocessor bus during said first cycle; 10 if the first input

signal received from the coprocessor via the coprocessor bus during said first cycle has a first state,
then repeating 8aid firshey#lethoRerEratme Stbptberaaanrginaithaisienpcd: includes:
receiving a first input signal from the coprocessor via said
coprocessor bus during said first cycle;

10 if the first input signal received from the coprocessor via the
coprocessor bus during said first cycle has a first state, then
repeating said first cycle, wherein the step of repeating said
first cycle includes:

providing to said coprocessor, via said first cycle on said
15 coprocessor bus, said effective address calculation
field; and
receiving said first input signal from the coprocessor via
said coprocessor bus during said first cycle;
and wherein, if the first input signal received from the coprocessor

20 via the coprocessor bus during said first cycle has a second
state, then providing to said coprocessor, via said second
cycle on said coprocessor bus, a first output signal.

8. The method of claim 6 wherein the processor includes a plurality of

25 registers for storing selected operands, wherein the effective address
calculation field comprises a base register designator subfield and a
displacement subfield, and wherein the step of calculating said
effective address in accordance with said effective address
calculation field includes adding the contents of said displacement

30 subfield to the contents of the one of said plurality of registers
designated by the contents of said base register designator subfield.



providing to said coprocessor, via said first cycle on said 15 coprocessor bus, said effective address
calculation field; and receiving said first input signal from the coprocessor via said coprocessor bus
during said first cycle; and wherein, if the first input signal received from the coprocessor 20 via the
coprocessor bus during said first cycle has a second state, then providing to said coprocessor, via
said second cycle on said coprocessor bus, a first oupgut signal. 8. The methogs afiglgimdpwherein the
processor includes a plurality of 25 registers for storing selected operands, wherein the effective
address calculation field comprises a base register designator subfield and a displacement subfield,
and wherein th&step P RIAEERELESAUBIRELIR @ aYalR¥shHBRgradARteitA SaRPEfRIStive address
calculation field includesthddouptbeessuteots plezhiti alisiade menpsocasstie/dus, tvbeentents of the

one of said plurality of fegitE 5 ,HESIaIRd @’s@ﬁa‘?&f&%ﬁﬂi@a&g&@ﬁ? BEYISig dgrignator subfield.
25 16 March 2004 9. In agro essor coupled to a system bus and dsaiﬁted to cooperate with a

coprocessor coupled tREPEfGYE & EbFATMENWHERLIO Y41 SISt GQRO5FBRR" ¥ 8eparate from
the systemPus and saidihrogEresesochpablétbd b osimgniead rey stéthn daid, doo eeexrtina 5 said

coprocessor bus withogit ét'tsié]ﬁs‘éﬁiﬁeglf%ﬁﬁb%ﬁ’dBrﬁB@fﬁﬁ%i‘i’@f_@Eﬁ&@é&H%iﬁémi%hcompfismg
an effective address C?Iciglatlon felaéfa methori.for ex (:utlgr%1 said instruction cgg}mprlsm?g E)e steps of:
%R 5

receiving said instruction p%W& .%E{ngﬂ .gbcé%b ,'0? W%Pc%?crfépéﬁ'ggi fOSE%% Lessor bus,
said effective address caltef@ivngdisrid 8286Wetiag; an effective address in accordance with said

effective address calculafipo\igiel) tecsivtneoisenadBesioRI@eefisnrcytiedoresaiad cycle on said
coprocessy bus, an Operand(":oprocessor bus, said effective address calculation field;
calculating an effective address in accordance with said effective
address calculation field;
receiving from the coprocessor, via a second cycle on said
coprocessor bus, an operand;
15 storing said received operand at said calculated effective
address; and

completing said instruction.

10.  The method of claim 9 wherein the processor includes a plurality of

registers for storing selected operands, wherein the effective address

20 calculation field comprises a base register designator subfield and a
displacement subfield, and wherein the step of calculating said
effective address in accordance with said effective address
calculation field includes adding the contents of said displacement
subfield to the contents of one of said plurality of registers

25 designated by the contents of said base register designator subfield,
wherein the effective address calculation field includes an update
field and wherein the step of calculating said effective address in
accordance with said effective address calculation field includes
storing said calculated effective address in said designated one of

30 said plurality of registers if said update field has a first value.



15 storing said received operand at said calculated effective address; and completing said instruction.
10. The method of claim 9 wherein the processor includes a plurality of registers for storing selected
operands, wherein the effective address 20 calculation field comprises a base register designator
subfield and a displacement subfield, and wherein the step of calculating said effective address in
accordance with said effective address calculation field includes adding the camteser9auWl
displacement subfield to the contents of one of said plurality of registers 25 designated by the

contents of said base register designator subfield, wherein the effective address calculation field
includes an updbte fidit ARIAKABPEMCPINEEO PRYSIRAR RS A0 ALRRIRGIIFESPRTatR cordance with
said effective address wilealaiopndagsockuigsiestdnng gaidecalcolaieceefective agheremin said

designated one of 30 sajf RIyFAIRCEECYIETS AL P ARIR ﬁ?@s?@?e%%‘s"&#&es%ﬁ 16 March 2004

11. In a processor coupled to a system %L[g and adapted tq cooperate with a coprocessor coupled
thereto via a coprocesBE SO FeraiRcRls PEERrOTLLUGRIR PALFORGIREPRPEYS8em bus and
said proceSsor is capablid obpopeessucimisgititio shitsivgpsacd systaria Busaio evpeseestionbus without

qsing said system bUSofrh?féﬁéﬁ_éHEqHsﬁﬁ@ii!ﬁﬁébﬁﬂﬁigﬂﬁ %Héﬂﬁqmmiéﬁlﬂé&ﬂi@ﬁﬁﬁig@”_d a code
field, a method for execu&w(égg%\gld mstrutctlon comé)rtsm% e stegs aof: réﬁ:elvmi%ss d instruction;
providing to said coprJ@S . llfale&(ﬁ%{.'é%%ab%' At es S gség Qunt and code fields;
if the count field has a vallRCeiVigeatid thatrelieNieceiving from said coprocessor, via a second cycle
on said coprocessor  bus padishigesasdd e eBpsRlingigaidiigstyckoon Baid
10 coprocessor bus, said count and code fields;
if the count field has a value, n, greater than zero, receiving from
said coprocessor, via a second cycle on said coprocessor
bus, a first operand; and
completing said instruction.
15

12.  The method of claim 11 further comprising the steps of:
receiving a first input signal from the coprocessor via said
coprocessor bus during said first cycle;
wherein, if the first input signal received from the coprocessor via
20 the coprocessor bus during said first cycle has a first state,
then repeating said first cycle, wherein the step of repeating
said first cycle includes:
providing to said coprocessor, via said first cycle on said
coprocessor bus, said count and code fields; and
25 receiving said first input signal from the coprocessor via
said coprocessor bus during said first cycle;
and wherein, if the first input signal received from the coprocessor
via the coprocessor bus during said first cycle has a second
state, then providing to said coprocessor, via said second
30 cycle on said coprocessor bus, a first output signal.

13.  The method of claim 11 further comprising the steps of:
if a count field value, n, is greater than one, then, on each of (n-1)
cycles on said communication bus:



20 25 30 12. The method of claim 11 further comprising the steps of: receiving a first input signal from
the coprocessor via said coprocessor bus during said first cycle; wherein, if the first input signal
received from the coprocessor via the coprocessor bus during said first cycle has a first state, then
repeating said first cycle, wherein the step of repeating said first cycle includes: providing to said
coprocessor, via said first cycle on said coprocessor pps, said count and code §el@dscippdoseceiving
said first input signal from the coprocessor via said coprocessor bus during said first cycle; and
wherein, if the first input signal received from the coprocessor via the coprocessor bus during said first

cycle has a second state, then JRAGHING tHURIEEoPPOERIBBFOViY SaRdisbeoRIP BRI8 M Said
coprocessor bus, a first output signad. first ifpeinstghat ohaedin ftHorfinsr iopopsiging tesstieps of: if a

count field value, n, is greater than gpg, gt‘ﬂé %?I%&Qifvm' dicles gma%gggpmmiggg&on bus: 27

16 March 2004 receiving from the coprocessor, via said coprocessor bus, a first input signal, wherein
if the first input signal has a_first stat@PINGFFERERASy f Eopi SRR EIMLSid coprocessor bus,
a next one of (n-1) operands. 5 14. The method of claim 11 wherein the processor is adapted to

cooperate with gluralfly-Oh=ARHRLEFSF LY MR tERT it Yjﬁ)gggd‘rqgrgggﬁgéw Rys in the execution
of said instruction, the method, further c mgprign the ste%of: rovidir]i%(‘i?R sai Iuraligﬁf
coprocessors, via saidcggﬁr%@égs\w 1D Y aéh}ﬁ RPHRY aec’o Iﬂﬁé‘? AR, g a value
coprocessor bus in the execution of said instruction, the method
further comprising the step of:
providing to said plurality of coprocessors, via said coprocessor
10 bus during said first cycle, an identifier field having a value
which uniquely identifies a selected one of said plurality of
COProcessors.

15. The method of claim 11, wherein the processor includes a plurality of
registers for storing selected operands, and wherein the step of
15 providing said first operand to said coprocessor via said coprocessor
bus during said second cycle is further characterized as:
if the count field has a value, n, greater than zero, receiving from
the coprocessor, via a second cycle on said coprocessor bus,
an operand and storing said operand in a predetermined one
20 of said plurality of registers.



which uniquely identifies a selected one of said plurality of coprocessors. 15. The method of claim 11,
wherein the processor includes a plurality of registers for storing selected operands, and wherein the
step of 15 providing said first operand to said coprocessor via said coprocessor bus during said second
cycle is further characterized as: if the count field has a value, n, greater than zero, receiving from the
coprocessor, via a second cycle on said coprocessor pgs, an operand and storgngsaigl 2gerand in a
predetermined one 20 of said plurality of registers. 28 16 March 2004 METHOD AND APPARATUS FOR
INTERFACING A PROCESSOR TO A COPROCESSOR 5 Abstract of the Disclosure A processor (12) to
coprocessor (14) interface supffeHiHg PN A RBABAESS QR N ERFAS ®¥mpiler generatable

software type function call and rety P RBTESBORXFOUe CDRROGHESIORI and store interface 10
instructions. Data is moved between the processor (12) and coprocessor (14) on a bi-directional shared
bus (28) either implicitly through register snooping and broadcast, or explicitly through function call and
return and variable load and store interface instructions. The load and store interface instructions allow
selective memory address preincrementatidbsiraet lof the Qisokisouie (28) is 15 potentially driven both
ways on each clock cycle. The interface separates interface instruction decode and execution. Pipelined

operation is provided b |nd|cat|ré9 @aoded mstrugtlon db%card Pf% é\eeggtingr?nde(r:r?q“ s[i6gnal before an
execute signal is asseft 8 Pivga E%&Od%[ﬂ‘é% 5 el PP 9 P
coprocessors (14, 16) utilizes compiler generatable software type function call
and return, instruction execute, and variable load and store interface
10  instructions. Data is moved between the processor (12) and coprocessor (14)
on a bi-directional shared bus (28) either implicitly through register snooping
and broadcast, or explicitly through function call and return and variable load
and store interface instructions. The load and store interface instructions allow
selective memory address preincrementation. The bi-directional bus (28) is
15 potentially driven both ways on each clock cycle. The interface separates
interface instruction decode and execution. Pipelined operation is provided by
indicating decoded instruction discard by negating a decode signal before an
execute signal is asserted.

20 FIG. 1 accompanies this abstract.



