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(57) Abstract

A data processor (104) is described. The MEMORY
data processor (104) is capable of decoding and
executing a first instruction (212) of a first in- 102 BUS
struction set and a second instruction (213-219) 100
in a second instruction set wherein the first in- /

struction (212) and the second instruction (213-
219) originate from a single computer program
(210, 211). Altemnatively, the data processor
(104) can also execute a first instruction (212)
of a first instruction set in a first instruction set
mode, receive a first interruption indication in
the first instruction set mode, service the first in- KEYBOARD PROCESSOR
terruption indication in a second instruction set INTERFACE

mode, return to the first instruction set mode, 101 104
receive a second interruption indication in the
first instruction set mode, and service the sec-
ond interruption indication in the first instruction set mode.
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“instruction set. Thus, when processor architecture and instruction sets
wete nodified to incorporate technol ogi cal advancenents in a new

processor, the existing software base of operating systens and application
prograns could not be utilized. New operating systens and application
pregrans had to be devel oped. One prior processor did have the
capability of accepting an application programin one instruction set (VAX
code) and al so accepting an application programin an earlier instruction
set (PDP-11 code). However, the prior processor could only accept an
operating systemin one instruction set (VAX code) and could not accept an
operating system in another instruction set e.g. PDP-11 code. In addition,
the prior processor could only accept an application programentirely in
one

-
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I nsTTUction set, VAX code of JD lll%s but - coul d not aCCWPL")\@ED
application programvvlth |ns eBoth instru Sei-s-
previously unre '??gm zed prob 1th the prior pr

First, becHe¥2482 prior pro nI y accept an opera |ng system
in one instruction set (VAX code), an entl rely new operating system had

to be devel oped at a large cost. Existing functionalities of the ol der
operating systemcould not be utilized even if the technol ogi cal
advancenents did not provide benefits for those functions. Secondly,
because the prior processor could only accepf. an application programin

one instruction set or another, software devel opers had the difficult

choi ce of incurri RETACIS ANPAPPARATIS FOR TRA N new

appl i cation program or forgo the benefits of technol ogl ca advancement S

of fered by a new instructi INSERUCTION SETS INtA PROCESSORpt | on of

i npl ementing a new instruction set where justified by performance
advantages and utilizing the existing software where justified by cost

consi der ati ons. Thus, a processor with the capability of
accepting nultiple operating systenms is needed. Wat is al so needed

IS a processor Wi lity of accepting an application
programwi th in mul tiple instruction sets.

SUMVARY OF THE | NVE tmventlon relateés ﬁ@(@ﬁelﬁ%f%l&&%ﬁ&%fa% B
descri bed. The data processor conprises bus interface unit

capabl e of receiproegssing dévitesl Mémﬁ-uaﬂaﬂj»,theprés&htmvennonrelatesto

the operation of a data processor.

BACKGROUND OF THE INVENTION

Traditionally, a processor could only accept operating systems and
application programs in the instruction set for the particular processor. It
could not accept operating systems and application programs in another
instruction set. Thus, when processor architecture and instruction sets
were modified to incorporate technological advancements in a new
processor, the existing software base of operating systems and
application programs could not be utilized. New operating systems and
application programs had to be developed.

One prior processor did have the capability of accepting an
application program in one instruction set (VAX code) and also accepting
an application program in an earlier instruction set (PDP-11 code).
However, the prior processor could only accept an operating system in
one instruction set (VAX code) and could not accept an operating system
in another instruction set e.g. PDP-11 code. In addition, the prior
processor could only accept an application program entirely in one



I nstruction set and a second instruction of a second instruction set. The
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first instruction and the second instruction originate froma single
cogput er program_The data processor also conprises an internal

coerBI ed tg tge mwyérfacg unit capabl e of rr}t)ransm' tting the fl'i"Jri\J‘sﬁ?%mls’16
instruction of the first instruction set and the second instruction of the
second instruction set fromthe bus interface unit and al so conprises an
I nstruction unit coupled to the internal bus capabl e of decodi ng and
executing the first instruction of a first instruction set and the second
instruction of a second instruction set. 2- Under a first
enbodi ment, the instruction unit conprises an i nstruction cache

coupl ed to the interngsyiidfion SEAVIAX &ideSrPDPLY] béde, blat &uld not accept an
I nstruction and the second instruction, a first decoder coupled to the

instruction cache capapplicationgrogrim withhiastrictivnsifrorh both instructiort sets.fTwet
instruction set, a second decoder coupled to the instruction cache capable
of decodi ng the seconprévieusly unresagnized pzoblems guistedwith the priorprocessor.

mul tipl exor coupled tg the first decoder and the,second decoder capable
of sel ecting from t heFitsh BEcASs HIRpTIO RFOPFRECL S AR YRR AT GPErRH NI o

in one instruction set (VAX code), an entirely new operating system had
to be developed at a large cost. Existing functionalities of the older
operating system could not be utilized even if the technological
advancements did not provide benefits for those functions. Secondly,
because the prior processor could only accept an application program in
one instruction set or another, software developers had the difficult
choice of incurring large development costs to develop an entirely new
application program or forgo the benefits of technological advancements
offered by a new instruction set. They did not have the option of
implementing a new instruction set where justified by performance
advantages and utilizing the existing software where justified by cost
considerations.

Thus, a processor with the capability of accepting multiple
operating systems is needed. What is also needed is a processor with the
capability of accepting an application program with instructions from
multiple instruction sets.

SUMMARY OF THE INVENTION
A novel data processor is described. The data processor comprises

a bus interface unit capable of receiving a first instruction of a first
instruction set and a second instruction of a second instruction set. The



a signal, and an execution unit coupled to the nultiplexor capable of
executing a selected decoded instruction fromthe miltiplexor. The
instruction unit can further conprise an instruction set node sel ector
coupled to the first decoder, the second decoder and the rnultipl exor

capable of transmtting the signal tothe multiplexor inr
i nstructi on"P8S248% ch a current node fromthe first decode E'g’ﬁgf‘ﬁéélgecond

decoder. Under a second enbodi nent, the instruction unit
conprises a first i nstruction cache coupled to the internal bus
capabl e of storing the first WO 96/ 24895

PCT/ US96/ 01516 I nstruction, a first decoder coupled to the
first instruction cache capable of degoding the first instruction,
a first execution unit coupled to the first decoder capabl e of
executing the fir ﬁ‘gﬁ{’ﬁ&{ ache coupl ed
to the |gternal éﬁ‘% capa élfwstorl ng ?ﬁe gg%ﬁﬁangﬁfmmasmgl%uctlon a
second decoder copipisert Proghims The ddtd Procédso f&lﬁ@c&ﬁ?ﬁﬁesanmtemapﬁi?‘m e of
decodi ng the second i nstruction, and a second execulion unit

coupl ed to the seouplddedthebus iredideqinif capableuifitrapsmiitingethe fiest

instruction. The first execution unit is responsive to a signal to initiate
instruction of the first instruction set and the second instruction of the

second instruction set from the bus interface unit and also comprises an
instruction unit coupled to the internal bus capable of decoding and
executing the first instruction of a first instruction set and the second
instruction of a second instruction set.

Under a first eﬁ\bodiment, the instruction unit comprises an
instruction cache coupled to the internal bus capable of storing the first
instruction and the second instruction, a first decoder coupled to the
instruction cache capable of decoding the first instruction of the first
instruction set, a second decoder coupled to the instruction cache capable
of decoding the second instruction of the second instruction set, a
multiplexor coupled to the first decoder and the second decoder capable
of selecting from the first decoder and the second decoder in response to
a signal, and an execution unit coupled to the multiplexor capable of
executing a selected decoded instruction from the multiplexor. The
instruction unit can further comprise an instruction set mode selector
coupled to the first decoder, the second decoder and the multiplexor
capable of transmitting the signal to the multiplexor in response to an
instruction to switch a current mode from the first decoder or the second
decoder.

Under a second embodiment, the instruction unit comprises a first

instruction cache coupled to the internal bus capable of storing the first
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execution and the second execution unit is responsive to the signal to
initiate execution. Under a third enbodi nent, the

instruction unit conprises a’ transl ator coupled to the internal
bus capable of translating the first i nstruction of the first

instruction set into corresponding instructions of t hepSGessEith

i nstruction set W@Mf6/7248%% r ucti on cache coupled to the internal sf)%s
and coupled to the translator capable of storing the second

i nstruction of the second instruction set and capable of storing the
correspondi ng instructions of the second instruction set, and an

execution unit coupled to the instruction cache capabl e of executing the
second instruction of the second instruction set afd capabl e of executing
t he correspondi ng instructions of the second i nstruction set. The

instruction unit can &ﬁ%ﬁ.ﬁ] cgmtl [ggrmquﬁ}sqmchbﬂch&@tdaysskon

cache capabl e of deco e secon |nstru tion of the second

instruction set and cajfaiecedia Etﬂ@ﬁﬁﬂmﬁcﬁmwﬁrseemnﬁongmtrmuphdtmdheﬁm%
t he second instruction set. e processor can further conprise a control

read only nenory devi cdeceter capgbleiof execiting the firstdnstorction;meecond iRstrction

\Ié'\g/ agg éfgig 16 cache coupled to the internal bus capable of storing the second _5_
instruction, a second decoder coupled to the second instruction cache
capable of decoding the second instruction, and a second execution unit
coupled to the second decoder capable of executing the second
instruction. The first execution unit is responsive to a signal to initiate
execution and the second execution unit is responsive to the signal to
initiate execution.

Under a third embodiment, the instruction unit comprises a
translator coupled to the internal bus capable of translating the first
instruction of the first instruction set into corresponding instructions of
the second instruction set, an instruction cache coupled to the internal
bus and coupled to the translator capable of storing the second
instruction of the second instruction set and capable of storing the
corresponding instructions of the second instruction set, and an
execution unit coupled to the instruction cache capable of executing the
second instruction of the second instruction set and capable of executing
the corresponding instructions of the second instruction set. The
instruction unit can further comprise a decoder coupled to the instruction
cache capable of decoding the second instruction of the second
instruction set and capable of decoding the corresponding instructions of
the second instruction set. The processor can further comprise a control

read only memory device storing microcode instructions. The translator



receives the mcrocode instructions to translate the first instruction of

t he first instruction set into corresponding instructions of the
second I nstruction set. A et hod for executing

i nstructions of a conputer programin a processor is also
described. The nethod conprises executing a first i%ﬁ%ﬁ?@ of a

first instr NQBASet | executi ng a first swtch instruction,

switching froma first instruction set node to a second instruction set
node, and executing a second instruction of a second instruction set. The
met hod can further conprise executing a second switch instruction,
swtching fromthe second instruction set node to the first instruction set
mode, and executing a second instruction of thg first instruction set.

Al ternatively, the nethod can conprise executing a first instruction of a

firsst instructi onrégfveg&\@nﬁﬁgéédéiﬂﬁfrﬁé%ﬂsqatﬁﬁ&lamg’ﬁrgﬁﬁ%&ﬁ&&&r st

interruption indication int Irst 1nstruction set node, servicling the

first | Nt kst iNithidtion'sét 6 corespondirgineftcticiilofihé sebndet node,
returning to the first instruction set node, receiving a second
i nterruption indi inshiustionset. “the first instruction set node, and

servicing the second interruption indication in the first

i nstruction set node. Adngthedfar exacuting instructions of 3 earaputespregramvisiaat i on
in a second instruction set de ca nprise . determni,ng the first
i nterruption, det BF?ﬁeﬁ?%dsﬁsggg%ﬂ’fb&aofﬁ'sm@%ﬁum execuhnggflrghe first

I nterruption, st Oiﬁ'ﬁ: ledctl s GRIA 3 ﬁ.@g&: Y . t he
descriptor entry nu ecrﬁoﬁ;lbé?&% tgﬁl nt esreg'%%“.mga e fg%?%?g@gfg@gumon,

menory address, ap#itehigrora frsERkirueson Stindti to debéh P thsBiulctibn 86t UCt i on
set node for the first event starting at the nenory address. Servicing
sai d second i nt er magste, and exetutingiasecond instruttiors of a second dastructioatset e can

method can further comprise executing a second switch instruction,
switching from the second instruction set mode to the first instruction set
mode, and executing a second instruction of the first instruction set.
Alternatively, the method can comprise executing a first instruction of a
first instruction set in a first instruction set mode, receiving a first
interruptionlindication in the first instruction set mode, servicing the first
interruption indication in a second instruction set mode, returning to the
first instruction set mode, receiving a second interruption indication in '
the first instruction set mode, and servicing the second interruption
indication in the first instruction set mode. Servicing the first
interruption indication in a second instruction set mode can comprise
determining the first interruption, determining a descriptor entry number
for the first interruption, storing a 64 bit intercept gate associated with
the descriptor entry number wherein the intercept gate refers to a
memory address, and executing a service routine in the 64 bit instruction
set mode for the first event starting at the memory address. Servicing

said second interruption indication in the first instruction set mode can
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PCT/ US96/ 01516 conpri se determ ning_the second interruption,
determ ning a descriptor entry nunber for the second interruption,
storing a descriptor gate associated with the descriptor entry
nupber wherein Lhegdesgriptor gate refers to a nenory ggisSsspisind
executing a service routine in the 16 and 32 bit instruction set
node for the second event starting at the nenory addr ess.

BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
Il lustrated by way of exanple, and not by way of limtation, in the
figures of the acconpanying drawi ngs and in which |ike reference
nunerals refer to simlar elenents and in which: -6 Figure 1
illustrates in block diagramforma conputer system of one

enbodi nent of the preannprﬁmamgﬂmsecmdmwmpﬁﬁxgu@&r&nhhgum ran
application program executed by a processor of a second enbodi nent
of the present i nventeénny number for the secondiintermuption; storing adescriptobgatek

di agram form a processor ird enbodi ment_ of  t he present

of at .
i nventi on. assoaﬁeg‘lw'éﬁﬂ\q fesguiptos eptryinyoabes whereintha desariptorgate
processor of a fourth ' t e present .invention
Figure 5 illustrates feﬁerslt%gén%ﬁgr&%gs&ﬁ%&%‘:& vgggfrvdtfergugpﬁuhthe 16 and
embodi ment of the pre@?ﬂﬁﬁdﬁ(ﬁﬁbﬁ@&modef}orﬂtesecondev&kt%ﬁl‘ﬁn@aith{éﬁhﬁﬁﬁs in

bl ock diagram form a processor of a sixt
address.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings and in
which like reference numerals refer to similar elements and in which:

Figure 1 illustrates in block diagram form a computer system of
one embodiment of the present invention.

Figure 2 illustrates an application program executed by a
processor of a second embodiment of the present invention.

Figure 3 illustrates in block diagram form a processor of a third
embodiment of the present invention.

Figure 4 illustrates in block diagram form a processor of a fourth
embodiment of the present invention.

Figure 5 illustrates in block diagram form a processor of a fifth
embodiment of the present invention.

Figure 6 illustrates in block diagram form a processor of a sixth
embodiment of the present invention. -

Figure 7 illustrates in block diagram form a processor of a seventh

embodiment of the present invention.



enbodi nent of the present invention. Figure 7 illustrates in

bl ock diagram form a processor of a seventh enbodi nent of_the
present 1nvention. WD 96/ 24895
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DETALED DE A novel data processor
transitionm en I nstruction sets is described. In the

foll owi ng detail ed description nuner ous specific details are set
forth in order to provide a thorough under st andi ng of the present
I nvention. However, it wll be understood by those skilled in the
art that the present invention may be practiced W t hout these

specific details. In other instances well kne&an nethods,
procedures, conponents, and circuits have not been described in detail so

as-<not to obscure the present invention. Sone portions of
the detailed descriptions which follow are presented in terns of

al gorithms and sPETAILED BESCRIFFION ons of operations on data bits
Wi thin a conputer nmenory. These al gorithmc descriptions and

representations are tAdovehdataproeessor capable of transitigning between
instruction sets is described. In the following detailed description

numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be understood
by those skilled in the art that the present invention may be practiced
without these specific details. In other instances well known methods,
procedures, components, and circuits have not been described in detail so
as not to obscure the present invention.

Some portions of the detailed descriptions which follow are
presented in terms of algorithms and symbolic representations of
operations on data bits within a computer memory. These algorithmic
descriptions and representations are the means used by those skilled in -
the data processing arts to most effectively convey the substance of their
work to others skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of steps leading to a desired
result. The steps are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, 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 to
these signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. It should be borne in mind, however, that all of
these and similar terms are to be associated with the appropriate physical



the data processing arts to nost effectively convey the substance of their
work to others skilled in the art. An algorithmis here, and generally,
conceived to be a self-consistent sequence of steps leading to a desired
result. The steps are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities tzkosdebifisie
formof electri C¥P9%8Magneti c signal s capabl e of being stored,

transferred, conbi ned, conpared, and ot herw se nanlpulated. It has
proven conveni ent at tines, principally for reasons of conmon
usage, to refer to these signals as bits, values, elenents,
synbol s, characters, terns, nunbers, or the like. It should be
borne in mnd, however, that all of thesesgnd simlar terns are to
be associated with the appropriate physi cal WO 96/ 24895
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quantities and are rrer%ufannggsn%%%?rgnt e’I'ea)[) s applied B hese quantltles

Unt ess specifically stmegggp*ebm statsl ahemmasippumﬁeomahéfonmgng
di sScussions, it is appreciated that throughout the present invention,

di scussi ons uti lizing dxsmsmonswhlsapp‘rq:mits ﬂmtmt’ﬁhoubmgm\fsﬂhom
“cal cul ating" or "determ ning" or I di spl ayl(.g\r or the |Jjke, refer ,Io t he
action and processes cliscussionputilizingte asSPRCESSing| o ForgRpEing” o

"calculating” or "determining” or "displaying” or the like, refer to the
action and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data represented as
physical (electronic) quantities within the computer system’s registers
and memories into other data similarly represented as physical quantities
within the computer system memories or registers or other such
information storage, transmission or display devices.

Figure 1 illustrates in block diagram form a computer system of
one embodiment of the présent invention. The computer system
comprises bus 100, keyboard interface 101, external memory 102, mass
storage device 103 and processor 104. Bus 100 can be a single bus ora
combination of multiple buses. As an example, bus 100 can comprise an
Industry Standard Architecture (ISA) bus, an Extended Industry
Standard Architecture (EISA) bus, a system bus, a X-Bus, PS/2bus, a
Peripheral Components Interconnect (PCI) bus, a Personal Computer
Memory Card International Association (PCMCIA) bus or other buses.
Bus 100 can also comprise combinations of any buses. Bus 100 provides
communication links between components in the computer system.
Keyboard controller 101 can be a dedicated device or can reside in

- another device such as a bus controller or other controller. Keyboard
controller 101 allows coupling of a keyboard to the computer system and



conputing device,

that mani pulates and transfornms data represented as

physical (electronic) quantities within the conputer system s registers

and nenories into other data simlarly represented as physi cal

Wi thin the conputer system nenories or registers or other such

guantities

I nformati on_st e, transm ssion or display devices. Fi gure
1 illust rat%ggf%fs% ock diagram form a conputer system of Pﬂmsg"ol%lﬁe

enmbodi ment of the present invention. The conputer system conpri ses
bus 100, keyboard interface 101, external nmenory 102, nmass st orage

devi ce 103 and processor 104. Bus 100 can be a single bus or a
conbi nation of nultiple buses. As an exanple, bus 100 can conprise an
I ndustry Standard Architecture (1SA) bus, an«$xtended Industry
Standard Architecture (ELSA) bus, a system bus, a X-Bus, PS/2 bus, a

Peri pher al  Conpongiiseity ¥igh ﬂ@ﬁaﬁﬁll(é?%h} d R the B t&‘h‘i@k

Menory Card I nternational™ Associ at

Bus 100 can al so

PCMCI A) b ther buses.
manpryt@wmmsemwymimemmdnmaecesw&?mmves

communi cation |inks between conponents in the conputer system
(SRAM)

Keyboard control Idawmasv&nrmqn@mmm slevicenor etherimemory -
anot her device sugh, as bus control ot her coné_rol | er. Keyboard
controller 101 al thﬁm infopmaten Bﬁ'p'ﬂﬂisrs@%?em and
WD 96/ 24895
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device 103 and processor 104 for use by processor 104. Mass storage
device 103 can be a hard disk drive, a floppy disk drive, a CD-ROM
device, or a flash memory device. Mass storage device 104 provides
information to external memory 102. Processor 104 canbe a
microprocessor and is capable of decoding and executing a computer
program such as an application program or operating system with
instructions from multiple instruction sets.

Figure 2 illustrates a computer program executed by a processor of
a second embodiment of the present invention. The computer program
comprises instructions 210 of a first instruction set and instructions 211 of
a second instruction set. The first instruction set can be an instruction set
for a complex instruction set computing (CISC) processor or an
instruction set for a reduced instruction set computing (RISC) processor.
The first instruction set can also be a 16 and 32 bit instruction set or a 64
bit instruction set. The second instruction set is an instruction set
different from the first instruction set. It can be a RISC instruction set or a
CISC instruction set. It can also be a 64 bit instruction set or a 16 and 32
bit instruction set. It will be appreciated that the first and the second
instruction sets can be instruction sets of other types.

Instructions 210 comprises switch instruction 212. Processor 104
decodes and executes individual instructions of instructions 210. The



-9- transmts signals froma keyboard to the conputer system

Ext er nal menory 102 can conprise a dynam ¢ random access nenory

( DRAM device, a static random access nenory (SRAM device, or

ot her nmenory devices. External menory 102 stores information from
mass storage devi ce 103 and processor 104 for use by prgRfssaési04
Mass storage ~ WO ce 103 can be a hard disk drive, a floppy disk
drive, a CD ROM device, or a flash nenory device. Mass storage
devi ce 104 provi des information to external nmenory 102. Processor
104 can be a m croprocessor and i s capable of decoding and
executing a conputer program such as an application program or
operating systemwth instructions frommll{iple instruction sets.
Figure 2 illustrates a conputer program executed by a processor of

a second enbodi nent  ofi, 4fvidull BkRictiohY 8 fns@ctioh 21 056t the fifiit @Btruction
conprises instructions 210 of a first instruction set and instructions 211

of a second i get. rThis| processor 104 dedodes and executesithe individuabinstructions
i nstruction set for a conplex instruction set COSBUH ng. (Cl SC
processor or an in thexfirst instruston set mede. sWhen precessordOf deecodes and:

conputing (Rl SC) processor. ... o The first instr I on set. can, al.so be a
16 and 32 bit instructq"Sﬁ’tg%?wﬁFhmmonh{iPr i fﬂ@@?‘d@ﬁ‘\“?ﬁf‘%&‘eﬁg
second instruction set, | i | . S G A) tyf rgxm{?
first instruction set W@%&R%g%%ﬁgg%%gﬁ%& | orclhglgtbétcﬁ&gé] In'thi3 C ée(‘i

instruction set. It caRyighSfstctforf2125 h jrps Flltiwdd Py & Chlde. Thisdvaiélcaivbe
bit instruction set. It wll be appreci aged that the first and the second

instruction sets can hwonvertéd bytprocessotl04 ¢é amaddress which indicates the location of
I nstructions 210 conprises switch instruction 212. Processor 104 .
decodes and execut es ithenextinstrurtion fosderesking an ex | R¥RsessaniO4yin this

example, the address is 4,000. The processor then decodes and executes

instructions beginning at address 4,000 which also marks the beginning
of instructions 211.

Instructions 211 comprises of individual instructions of the second
instruction set. Having already switched to the second instruction set
mode, processor 104 proceeds to decode and execute instructions of the
second instruction set. When processor 104 decodes and executes move
from instruction 213, processor 104 writes a value in a specified register
of the first instruction set to a specified register of the second instruction
set. The term x86 used in following description refers to the Intei
Architecture developed by Intel Corporation.

The x86mf instruction instructs processor 104 to move a value in a
specified x86 integer register to a specified 64 bit integer register.
Processor 104 then performs operations using the value in the 64 bit
integer register. When processor 104 decodes and executes move to
instruction 214, processor 104 loads a value in a specified register of the
second instruction set to a specified register of the first instruction set.
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i ndrvidual 1nstructions of instruction 210 cone fromthe first instruction
set. Thus, processor 104 decodes and executes the individual instructions
in the fi r\'ﬁ, Mction set node. Wen processor 104 decogefmsdmbisie
executes swW? truction 212, processor 104 switches fromthe first

i nstruction set node to the second instruction set node. In this exanple,
switch instruction 212 is a jnpx followed by a value. This value can be
converted by processor 104 to an address which indicates the |ocation of
the next instruction for decoding an execution by processor 104. In this
exanpl e, the address is 4,000. The processor-#lhen decodes and executes

i nstructions beginning at address 4,000 which al so marks the begi nni ng

of .instructions 2fihle x86mt instruction instrudts prdcessor 204 tolbad @/iie fiSf #f

I ndi vi dual instructions of the second I nstruction set. Having

al ready switched dpecified 64bitintbgensegister tocrepeeified x86 integermegisterpWhassor 104
proceeds to decode and execute instructions of the second

i nstruction set. Puecesspr Hdcdecodesiangd exesutes xBésmf iaplruchians2lPppeocessor 104  from

instruction 213, processor 104 wites,a yval ue i speci,fied. reqister

of the first i nstiPRts f AINELOm 3 Shecfied B¢ shemeny SeeipF B descEiptur gripter

i nstruction . of ?%1#@19 | \ Lption refers
to the Intel to_asﬁgrﬁgﬁ;gtﬁ%é lﬁ? de oﬁg,cfo%/s;&n%%%%ngraﬁ%on.

The x86nf | NSt T UGhpeatiorSising the vAIMCRE6ROthe bpécified 18p/Seginet kélectoP o
specified x86 integer register to a specified 64 bit I'nteger register.
Processor 104 t hedespripforregisiencWihenprocessorifdtdecodes andd exectites xB6bmitti t

instruction 216, processor 104 loads a value from a specified 64 bit integer

register to a specified x86 segment selector or descriptor register. When
processor 104 decodes and executes x86fmf instruction 217, processor 104
loads a value from a specified x86 floating point register, floating point
control, status or exception register to a specified floating point register
for the second instruction set. Processor 104 then performs operations
using the value from the specified floating point register, floating point
control, status or exception register. When processor 104 decodes and
executes x86fmt instruction 218, processor 104 loads a value from-a
specified floating point register of the second instruction set to a specified
x86 floating point register, floating point control, status or exception
register. When processor 104 decodes and executes switch instruction
219, it switches to the first instruction set mode and executes instructions
beginning from a specified address.

In this example, switch instruction 219 is x86jmp and the specified
address is 1011. Table 1 summarizes the processor instructions that can
be accepted by processor 104. The specific instructions in Table 1 an their
features are detailed for illustrative purposes only. It will be appreciated



i nteger register. Wen processor 104 decodes and executes nove to
instruction 214, processor 104 |oads a value in a specified register of the
second instruction set to a specified register of the first instruction
set. WD 96/ 24895
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The x86mnt instr W@P¥M8hstructs processor 104 to |load a val ue Foma 16
specified 64 bit integer register to a specified x86 integer register. \Wen
processor 104 decodes and executes x86snf instruction 215, processor 104

| oads a value froma specified x86 segnent selector or descriptor register
to a specified 64 bit integer register. Processor 104 then perforns
operations using the value fromthe specified x861%egnment sel ector or
descriptor register. Wen processor 104 decodes and executes x86snt

instruction 216, proceasQihdQdstr@@ibhsiwiich itcolpsiatercepaitiehti?és S£theipresent

i nt eger register to a specified x86 segnent selector or descriptor
regi ster. Wen invéraivhsanlalsbbe utiiizedes and execut es x86f nf
inStruction 217, processor 104 | oads a value f.roma specified x86
floating point register, floating point control, status or

exception register to a specified floating point register



for the second instruction

set. Processor 104 then perforns operations

using the value fromthe specified floating point reqgister, floating point

contTol, . status or exception register. Wien processor 104 decodes and

executes x86fnt instruction

218, processor 104 | oads a value froma

specified floating point register of the second instructio o6lo0s18

speci fied WO%/24838 36 | gat
status or exception
executes switch instruction
I nstruction set node and ex
speci fi ed address.

is x86jnp and the specified

> . . . S1

I ng point register, floating point control,

regi ster. When processor 104 decodes and
219, it switches to the first

ecutes instructions begi nning from a
In this exanple, switch instruction 219
address-jzs 1011. Table 1 summari zes

t hat can be .accepted by processor
n Table 1 an tABLE] features are
urposes only. It wll be appreciated

t he processor instructions
The specific instructions i
detailed for illustrative p
96/ 24895

PCT/ Us96/ 01516 EVRET
that other instr LaRs whi
I nvention can alsige . 'dl

Exceptions:

Event Returnm 12-

104.

WO

pncorporate certain features of the present

.| SROEVRET instruction is used to return from event handlers. It also

can be used to dispatch processing at lower privilege levels. EVRET
restores the target execution environment contained in XIP1 and
XPCR1 into XIP and XPCR. EVRET is a privileged instruction.

EVRET ensures:

1) all changes to XPCR and the TLB that affect the fetching of
instructions from the instruction stream are visible by the next
instruction boundary;

2) all changes to XPCR and the TLB that affect the actual execution of
an instruction are visible by the next instruction boundary;

3) and all changes to operand resources (those resources within the
processor that can be input operands to subsequent instructions) are
visible by the next instruction boundary. '

EVRET ensures all previous instructions are completed. EVRET also
ensures subsequent instructions fetching and execution uses the
updated values of XPCR and the TLB. Note: EVRET does not perform
a memory fence operation nor is full serialization performed like the

On x86 compatible implementations, EVRET returns control to either
the x86-ISA or 64-bit ISA as specified by XPCR1.ISA. If control is
resumed in the x86 ISA, and the target XIP exceeds the CS limit, a x86
GPFault is reported on the target x86 ISA instruction. If XPCR1.d86i
or XPCR.d86r is set the EVRET is completed and a Disabled x86 ISA
or Disabled x86 Register fault is generated on the target instruction.

Similarly, if control is being resumed in the 64-bit ISA and XPCR1.dxi
is set, EVRET is completed and a Disabled 64-bit ISA fault is
generated on the target instruction.

Note: 64-bit event delivery and EVRET do not save or restore the
previous value of CS. It is software’s responsibility to save/restore CS
if it is modified within the event handler.

Privileged Instruction Fault, GPFault, Disabled x86 ISA fault, Disabled
64-bit ISA fault, Disabled x86 Register fault, Reserved field fault
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EVRET Event Return
For mat : Description: The EVRET instructi GRrnssokiofdte t O
return fron1eveﬁ¥6ﬁéﬁﬂ$%rs. It al so can be used

to di spatch processing at |ower privilege |levels. EVRET
restores the target execution environment contained in XIPl and
XPCRL into XIP and XPCR. EVRET is a privileged instruction.

EVRET ensures: 1) all changes to XPCR and the TLB
that affect the fetching of . -14- instructions fromthe
i nstruction stream are visible by the next
I nstruction boundary; 2) all changes to XPCR and
the TLB that affect tkFre—sctvat—executt+omrof an
instruction are visible by the next instruction boundary;

x86JMP Jump and Change to x86 ISA

Format: x86jmp  rell7

x86jmp  isrcl

Description: The processor switches execution to the x86 instruction set, and
executes the next instruction at the target address. The relative form
computes the target address in the 64-bit ISA relative to the current
XIP and Code Segment base, i.e. XIP=XIP +rel17*4 -CS_base. Note
that the target instruction pointer is converted into the effective
address space. rell7 is sign extended and multiplied by four. The
target XIP is truncated to 32-bits.

The register form performs a far control transfer by loading the code
segment specified by the 16-bit selector in isrc1 [47:32] and the 32-bit
offset specified in iscr1 [31:0]. If EFLAGS.VMB86 is set the processor
shifts the 16-bit selector left by 4-bits to load the CS base. If
EFLAGS.VMS86 is zero the processor loads the CS descriptor for the
LDT/GDT and performs segmentation protection checks. The
target XIP is truncated to 32-bits.

X86JMP can be performed at any privilege level and does not
change the privilege level of the processor.

If the target XIP exceeds the CS limit, a x86 GPFault is reported on
the target instruction. CS segment protection faults are reported on
the target instruction. Gate descriptors are not allowed and result in
a GPFault on the target instruction. If XPCR.d86i or XPCR.d86r is
set the instruction is nullified and a Disabled x86 ISA fault or
Disabled x86 Register fault is generated on the X86JMP instruction.
If Jump Breakpoints are enabled a Jump Debug trap is taken after
the instruction completes.

On 64-bit only subset implementations, X86JMP causes a reserved
e fault.
Exceptions: Disabled x86 1SA Fault, Disabled x86 Register Fault, GPFault,
Reserved Opcode Fault, Debug jump Breakpoint



3) and all changes to operand resources (those resources within the
processor that can be input operands to subsequent instructions) are

vi STl e by the next 1nstructron boundary. EVRET
ensures all previous instructions are conpleted. EVRET al so
ensures su instructions fetching and execution us
updat ed valgﬁg% ol XPCR and the TLB. Note: EVRET does not mﬂsm
a nmenory fence operation nor is full serialization performed |ike the
SRLZ instruction. On x86 conpati bl e
I mpl enent ations, EVRET returns control to either
the x86-1SA or 64-bit |1SA as specified by XPCRL. I SA. If control is
resuned in the x86 I SA and the target XIP exgeeds the CSlimt, a x86
GPFault is reported on the target x86 I SA instruction. If XPCRL. d86i
or- XPCR. d86r is set the EVRET is conpleted and a D sabl ed x86 | SA
or Disabled x86 Register fault is gener at ed on the target | nstruction
Simlarly, if co berng resuned rn the 64-b I SA a PCR
i s set, EVRET isq&Med and a Disabl ed 64-bit &LO Ptx%%sﬁegls er
generat ed on the target instruction. Not e:
64-bit event del iFosmattand Ex8&mt ddsredbdestave or restore the
previous value of CS. It is softwares responsibility to save/restore CS
if it is nodifiededctiptiont hThexBfhB2-bitridteger register specified bypdestais Joaded
Privileged Instruction Faul from{¥Ned4rhit extersibn irtegdiGegiSier fsa¢d. tTrahbfes| ed
64-bit 1SA fault, D sabled y3theR®Bgi32tkit iritageriregisicareattundated frofuttie
low order 32-bits of isrc2. x86 16-bit and 8-bit sub-
registers (AX, AL, etc.) cannot be accessed separately.

If x86 registers are disabled to XPCR.d86r, a Disabled
x86 register fault is generated. Accesses to reserved
registers results in a reserved opcode fault. On 64-bit
only subset implementations X86MT causes a reserved

opcode fault.
Exceptions: Disabled x86 register fault,

Privilege Instruction fault

Reserved Opcode fault.
x86MF Move from x86 Register
Format: x86mf src2, idest

Description: The x86 32-bit integer register specified by src2 is written
into the 64-bit extension integer register idest. The
destination register is zero extended to 64-bits. x86 8-bit
and 16-bit sub-reg1sters (AX, AL, etc.) cannot be
separately accessed.

If x86 registers are disabled by XPCR.d86r, a Disabled
x86 register fault is generated. Accesses to reserved
registers results in a reserved opcode fault. On 64-bit
only subset implementations X86MF results in a
reserved opcode fault.

Exceptions: Disabled x86 register fault,
Reserved Opcode Fault.
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-14- . x86JMP : Junp and Change to
x86 | SA For mat : x86j np rel 17 _ _ ]
x86j nmp isrcl 96124805 SCI 1 ption: The processor sw tches execpipRBoshusishe
x86 instructi onws?et , and execut es the next

instruction at the target address. The relative form -

conputes the target address in the 64-bit ISA relative to the current

XIP and Code Segnent base, i.e. XIP=XIP +rel 17[err]4 -CS. base. Note

that the target instruction pointer is converted into the effective
address space. rel 17 is sign extended and nul ti pkléed by four. The _
target XIP is truncated to 32-bits. The register
formperfornms a far control transfer by |oading the code _
segnent specified by the 16-bit selector in isrcl [47:32] and the 32-bit

of fset specified in iscrl [31:0] If EFLAGS.VMB6 I's set the processor

shifts the 16-bit sel t by 4-bits to ad t he base. .
EFLAGS. VMB6 is zero tﬁgﬁ sor | oads the %%E??‘Qgge%mh{eswter

Format: xBésmt isrc2, dest

Description: The x86 64-bit segment selector or descriptor register
specified by dest is loaded from the 64-bit extension
integer register isrc2. Transfers are truncated to the
destination register size.

This instruction can only be executed in kernel mode
else a privilege instruction fault results.

If xB6 registers are disabled by XPCR.d86r a Disabled
x86 register fault is generated. Accesses to reserved
registers results in a reserved opcode fault. On 64-bit
only subset implementations X86SMT results in a

reserved opcode fault.
Exceptions: Disabled x86 register fault, Privileged Instruction fault,
Reserved Opcode fault.
x86SMF Move from x86 Segment Register
Format: xB6smf src2, idest

Description: The x86 64-bit segment selector or descriptor register
specified by src2 is loaded into the 64-bit extension
integer register idest. Transfers are zero extended from
16 or 32-bits to 64-bits.

If x86 registers are disabled by XPCR.d86r, a Disabled
x86 register fault is generated. Accesses to reserved
registers results in a reserved opcode fault. On 64-bit
only subset implementations x86SMF results in a
reserved opcode fault.

Exceptions: Disabled x86 register fault, Reserved Opcode fault.



LDT/ GDT and perforns segnentation protection checks. The

target XIP is truncated to 32-bits. . X86JMP can
be perforned at any privilege | evel and does not
change the privilege | evel of the processor. | f

t he target eds the CS limt, a x86 GPFault is repor

t he target ﬁ'}é’% on. CS segnent protection faults are re%‘gﬁ?%gﬂ‘
the target instruction. Gate descriptors are not allowed and result in
a GPFault on the target instruction. If XPCR d86i .or XPCR d86r is

set the instruction is nullified and a D sabled x86 | SA fault or

D sabl ed x86 Register fault is generated on the X86JMP instruction.

I f Junp Breakpoints are enabled a Junp Debug fijyap is taken after

the instruction conpl etes. On 64-bit only subset
i npl ement ati ons, X86JMP causes a reserved opcode
faul t. Exceptions: Disabled x861SA Fault, Disabled x86 Register
Fault, GPFault, ReServed Cpcode Fauft;,~ Debug

Juhp Breakpoi nt 96/ 24895
pC'rF}) USO6: 01516 x86FM'T Floating Point Move to x86 Register

Format: x86fmt  fsrc2, dest

Description: The x86 80-bit floating point register or 32/16-bit
floating point control, status or exception register
specified by dest is loaded from the extension floating
point register fsrc2. Dest is an absolute register id, not
stack relative.

Transfers from the extension 80-bit floating point
registers to the x86 floating point stack are converted to
the x86 80-bit floating point format. Software must first
issue FNORM on the extension register to normalize any
unnormalized single or double precisions subnormals
before the transfer is performed.

Transfers to the 16/32-bit floating point control, status
and exception registers are truncated from the low order
32/16-bits of the significand of fsrc2.

Hf x86 floating point registers are disabled by XPCR.d86f,
a Disabled x86 floating point register fault is generated.
If the extension floating point registers are disabled by
XPCR.dxf then a Disabled Floating Point fault is
generated.

Accesses to reserved registers results in a reserved
opcode fault. On 64-bit only subset implementations
x86FMT yields a reserved field fault.

Exceptions:  Disabled Floating Point Fault, Disabled x86 Floating
Point register fault,
Reserved Opcode Fault.



- 15- x86MI Move to x86
Regi st er For mat : x86nmt isrc2, dest Descri ption:
The x86 32-bit integer register specified by dest is |oaded

fromthe 64-bit extension integer register isrc2. Transfers

to:the x86 32-Dbi OW er registers are truncated fromthe PCT/US96/01516
| ow order 32-bit rc2. x86 16-bit and 8-bit sub-

regi sters (AX, AL, etc.) cannot be accessed separately.

| f x86 registers are disabled to XPCR d86r, a D sabled

x86 register fault is generated. Accesses to reserved

registers results in a reserved opcode fault. On 64-bit

only subset inplenentations X86MI' causes a reser -8+

opcode fault. Exceptions: Disabled x86 register fault,

Pri-vil ege Instruction fault
x86 M- '

Reserved Opcode fault.
Move from x86 Regi ster

For.mat : x86nf src2, 1dest

Description: The x86 32-bit

i nteger register specifd src2 is wigte . i,nt O
the 64-bit extension N&@megi ster idedpa oint Move from x86 Register

Format:
Description:

Exceptions:

xB6fmf  src2, fdest

The x86 80-bit floating point register or 32/16-bit
floating point control, status or exception register
specified by src2 is loaded into the 80-bit extension
floating point register fdest. Src2 is an absolute register
id, not stack relative.

Data transferred from the x86 80-bit floating point stack
to the extension registers are converted to the extension
register format.

Transfers from the 16/32-bit floating point control,
status or exception registers are zero extended to 64-bits
and then written into the significand of fdest. The sign-
exponent field of fdest is written with zeros.

If x86 floating point registers are disabled by XPCR.d86f,
a Disabled x86 floating point register fault is generated.
If the extension floating point registers are disabled by
XPCR.dxf a Disabled Floating Point fault is generated.

Accesses to reserved registers results in a reserved
opcode fault. On 64-bit only implementations, X86FMF
yields a Reserved Opcode Fault.

Disabled Floating Point fault, Disabled x86 Floating
point register fault, Reserved Opcode Fault.



destination register is zero extended to 64-bits. x86 8-bit
and 16-bit sub-registers (AX, AL, etc.) cannot be

separat ey accessed. I f x86 registers are disabl ed
by XPCR. d86r, a Di sabl ed ' - X86 register fault is
generated. Accesses to reserved regi lts in
a reserved WR:’SG&”?auI t. On 64-bit d"in%'@f su ‘gg‘;’tj
i npl ement ati ons X86M- results in a reserved opcode
faul t. Exceptions: Disabled x86 register fault,
Reserved Opcode Fault. WO 96/ 24895
PCT/ US96/ 01516 . -16-
X86SMT Move to x86 Seggent Regi ster

: JMPX Jump and Change to 64-bit ISA

Format: jmpx  rel32/16

jmpx r/m32/16

Description: The processor jumps and execution begins at the target
instruction in the 64-bit ISA. There are two forms;
register/memory indirect and relative.

The relative form computes the target address in the 64-
bit ISA relative to the current XIP and Code segment
" base, i.e. XIP=XIP+rel32/16 + CS_base. Note that the
target instruction pointer is converted in the linear
address space. The target XIP is truncated to 32-bits.

The indirect form reads a register or memory location
specified by r/m32/16 and sets the linear target
instruction pointer to that value. The target XIP is
truncated to 32-bits.

JMPX can be performed at any privilege level and does
not change the privilege level of the processor. JMPX
ensures all outstanding x86 floating point operations
have completed.

If XPCR.dxi is set, the instruction is nullified and a
Disabled 64-bit ISA fault is generated. If 64-bit
extensions are disabled, JMPX is an illegal x86 ISA
opcode. If Jump Breakpoints are enabled, a Jump Debug
trap is taken after the instructions completes.

Exceptions: Disabled 64-bit ISA fault, Illegal Opcode Fault, Debug
Jump Breakpoint.



For mat x86snt isrc2, dest Description: The x86 64-bit

segnent sel ector or descriptor register specified by
dest 'is | oaded fromthe 64-bit extension i nt eger
register isrc2. Transfers are truncated to the

destination register size. Thi s instructignssdée y
be executed in R¥Q MR8, e else a privil eglgﬁ‘ B
instruction fault results. I f x86 registers are

di sabl ed by XPCR d86r a Di sabl ed x86 register fault is
generated. Accesses to reserved registers results in a
reserved opcode fault. On 64-bit only subset

i npl ement ati ons X86SMI results in a -20- reserved opcode
faul t Exceptions: Disabled x86 register fault, Privileged

I nstruction fault, Reserved pcode fault.

X 86 SMF e Trom x86 Segnent Regi ster FQr nat .
x86snf src2, idest IRﬁz&vDescr_i Etion: The x86 64-bi tl’éﬁfﬁﬂm seteCtor or

descriptor register Format re specified by src2 is |oaded into

the 64-bit extension Description: If%bifexmﬁ“ﬁ?%gﬁ?“ﬂ%% 1.‘°1”r“é§5§‘?°ers
are zero extended from "“JSA""?"’“IS%BE% 1 eit ’521,58 gta?g'f:::
|f x86 registers are disabl ed bngrﬂf“g ' o]

wn W.

-4— Old ESP

Addresses

XPCR[31:16}| CS*

XIP[31:0]
* <@— New ESP

While 64-bit extensions are enabled, IRET performs as specified in
the P5 PRM, with the following modifications:

1) XPCR[63:16] is popped in place of EFLAGS. XPCR[15:2] is left
unmodified.

2) XPCR(1:0] is set to the target CPL of the original environment, i.e.
the lower 2-bits of the popped CS selector.

3) XIP[31:0] is popped in place of EIP. XIP[63:32] is set to zero.

I control is resumed in the x86 ISA, and the target XIP exceeds the
CS limit, a x86 GPFault is reported on the IRET instruction. If the
new XPCR.d86i or XPCR.d86r is set, IRET is nullified and a
Disabled x86 ISA fault or Disabled x86 Register fault is generated.

Similarly, if control is resumed in the 64-bit ISA and the new
XPCR.dxi is set, IRET is nullified and a Disabled 64-bit ISA fault is
generated.

IRET serializes instruction execution.

Exceptions:  Disabled 64-bit ISA fault, Disabled x86 ISA fault, Disabled x86
Register fault, GPFault.



x86 register fault is generated. Accesses to reserved
registers results in a reserved opcode fault. On 64-bit

only subset inplenentations x86SMF results in a

reserved opcode fault. Exceptions: Disabled x86 register fault,
Reserved Op faylt. WD 96/ 24895

PCT/ Uso6/ 0, s - FeTUSAI
X86FMT Fl oating Point Move to x86 Register

For mat : x86fnt fsrc2, dest Description: The x86 80-bit
floating point register or 32/16-bit - floating point
control, status or exception register speci fied by
dest is |loaded fromthe extension floating -21- poi nt

register fsrc2. Dest is an absolute register id, not
: ~ In this embodiment, the processor has two separate sets of

registers, one set for the first instruction set mode and one set for the
second instruction set mode. The x86mt, x86mf, x86smt, x86smf, x86fmt
and x86fmf instructions are used to instruct the processor to transfer
values between the two sets of registers. Under an alternative
embodiment, the processor only has one set of registers that is used for
both the first instruction set mode and the second instruction set mode.
In this situation with one set of registers, the x86mt, x86mf, x86smt,
x86smf, x86fmt and x86fmf instructions would not be used.

Under a second embodiment of the present invention, processor
104 can accept an operating system that is in the first instruction set or in
the second instruction set. In this example, the first instruction set is x86
code and the second instruction set is 64 bit code. The term x86 code
refers to the instruction set utilized by the Intel Architecture family of
microprocessors e.g. 8086, 80286, 80386, 80486 and Pentium
microprocessors manufactured by Intel Corporation. An example of an
operating system in x86 code is MS-DOS. When processor 104 is initially
turned on, processor 104 begins in the first instruction set mode and can
accept an operating system of the first instruction set. If an operating
system of the first instruction set such as MS-DOS is utilized, processor
104 remains in the first instruction set mode. On the other hand, if an
operating system of the second instruction set is utilized, the operating
system will have a jmpx processor instruction. Upon receipt of the jmpx
instruction, processor 104 switches to the second instruction set mode.



stack rel ati ve. Transfers fromthe extension 80-bit

fl oati ng point registers to the_x86 floating point
stack are converted to the x86 80-bit floating point
format. Software nust first I ssue FNORM on the
extension regi s ormal i ze any unno ;@ﬁs
single or dogbl gﬁpsrsé&% ons subnornal s b(ia,?(’#g t é“
transfer is perforned. Transfers to the 16/32-bit
floating point control, status and exception

regi sters are truncated fromthe | ow order 32/ 16-bits
of the significand of fsrc2. If x86 floating point
regi sters are disabl ed by XPCR d86f, -22- a Di sabl ed x86
floating point register fault is generated. If the

ext ension floating poPrucessogl6s then executes thelbstdf the operating system in the second
XPCR. dxf then a Disabled Floating Point fault is

gener at ed. instruction set modscesses to reserved registers results in

a reserved ] opgode fault. 64-bjt onl ubset
i mpl ement ati ons Inthxsemb&ﬁmeggmﬁps%gr §a%315€ faul t.

RPN 005 D1 £ 200 i el o BN Hi 55t B8k s and
the second instruction set. Processor 104 can execute instructions from
the first instruction set using the first instruction set mode and can also
execute instructions from the second instruction set using the second
instruction set mode. The switch from the first instruction set mode to
the second instruction set mode and the switch from the second
instruction set mode to the first instruction set mode can occur without
rebooting processor 104 and the rest of the computer system.

When processor 104 is initially powered up, processor 104 can
operate from either an operating system in the first instruction set or an
operating system in the second operating system. Processor 104 can also
operate from a single unified operating system which has instructions
from the first instruction set and the second instruction set. Processor 104
can then execute an application program of the first instruction set.
While executing an application program of the first instruction set,
processor 104 can receive an event indication. The event can be an
exception, machine check or interrupt. After receiving the event
indication, processor 104 determines the nature of the particular event.
Processor 104 determines the nature of the particular event by requesting
the identification of the device creating the event from a programmable

- interrupt controller in the computer system. Each device has an event
line and a number associated with it. Processor 104 then determines a
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x86FNF Fl oati ng Poi nt Move from x86 Regi ster

For mat : x86f nf src2, fdest Description: The x86 80-bit
floating point register or 32/16-bit ' poi nt
control, st‘ﬁ?ﬁ@’@& exception register "%’g@&h e by
src2 is loaded into the 80-bit extension fl oating
poi nt register fdest. Src2 is an absolute register

I d, not stack relative. Data transferred fromthe
x86 80-bit floating point stack ' to the extension
regi sters are converted to the extension 23- regi ster
format. Transfers fromthe 16/32-bit floating point

control, escri unibed I agg,t' r %ﬂp%ré‘ﬁﬁ% Zero

extepdgd to 64-bid[S ptorentryln thFth‘épa?gn then't'wr&ﬁten I nto he

. significand off f@gfehl oﬂ'ﬁl@opéﬁﬁngsystemhaw'ngsomexSGogiraﬁié%Wé‘!hfl tfl el d of
X oa

fdest is witten with zeros. i ng point
regi sters are di Sebtures dpngWith p@tions of the operating system in the secdiidsabl ed x86
floating point r ei%Ltsf;[xgtonI &.lé,l ti\e Idzsc%g;grr g{t%? number is determined by requesting

the information from the programmable interrupt controller. The

programmable interrupt controller adds the three-bit binary value of the

highest active bit in the interrupt service routine register to the base

address stored in an initialization command word register. Processor 104

receives the descriptor entry number and determines the actual start

memory address for the event by multiplying the descriptor event

number by four. Processor 104 then retrieves the gate at the start

memory address from a descriptor table and executes the instructions in

the gate or the instructions referred to by the gate.

In an operating system having some x86 operating system features
along with portions of the operating system in the second instruction set,
the gate may have a 64 bit intercept. If the gate has a 64 bit intercept, the
64 bit intercept will include a jmpx processor instruction along with
instructions of the second instruction set or a special bit pattern to switch
to the second instruction set mode. Alternatively, the jmpx instruction
and the operating system instructions of the second set or the special bit
pattern can be located elsewhere in memory with an address reference in
the 64 bit intercept gate. The jmpx instruction causes processor 104 to
switch to the second instruction set mode. The special bit pattern also
causes processor 104 to switch to the second instruction set mode.

Processqr 104 then executes instructions of the second instruction set in



If the extension floating point registers are disabled by
XPCR. dxf a Di sabled Floating Point fault is generated.
Accesses to reserved registers results in a reserved
opcode fault. On 64-bit only inplenentations, X86FM

yi el ds a Reserved code Fault Exceptions: Disabled FI | [Nt
fault, Disabled Y ting poi nt regi s'(t}?rrwtgau thi,s
Reserved Opcode Fault. WO 96/ 24895
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JMPX Junp and Change to 64-bit |SA

For mat : jmpx  rel 32/ 16 jmpx r/ nB2/ 16

Description: The processor junps and execution begps#s at the target
instruction in the 64-bit |ISA. There are two fornms;

regi ster/memory indir egie Gt irftbrébpt! TFhe instructions of the second instruction set in the
64 bit intercept is an event handling routine for the event which in turn,
comprises' a portion of operating system in the second instruction set. In
this manner, processor 104 switches from the portion of the operating
system in the first instruction set to the portion of the operating systém in
the second instruction set and switches from the first instruction set mode
to the second instruction set mode. At the end of the event handling
routine, processor 104 receives an evret instruction. The evret instruction
returns processor 104 from the event handling routine to the application
program and restores the target execution environment.

On the other hand, if the gate does not have a 64 bit intercept and
is an x86 gate instead, processor 104 remains in the first instruction set
mode and does not switch to the second instruction set mode. The gate
in this case, does not cause a switch to the second instruction set mode.

A x86 interrupt, call or task switch mechanism is used.

Processor 104 can also execute an application program of the
second instruction set. While executing this application program,
processor 104 can receive an event indication as in the previous example.
The event can be an exception, machine check or interrupt. After
receiving the event indication, processor 104 determines the source of the
particular event. Processor 104 determines the source of the particular
event by requesting the identification of the device creating the event
from a programmable interrupt controller in the computer system. Each
device has an event line and a number associated with it. Processor 104

then determines a descriptor entry number for the particular event.



The rel ative formconputes the target address in the 64-
bit 1SArelative to the current XIP and Code_segnent

base, 1.e. XIP=XTP+rel 32716 + CS base. Note that the
target instruction pointer is converted in the linear
address space. The target XIP is truncated to 32-bits.

The i ndi r ecVOPHUIEY cads a register or nenory |ocation PCT/USIEN1S16
specified by r/nB2/16 and sets the |linear target

instruction pointer to that value. The target XIP is

truncated to 32-bits. JMPX can be perfornmed at any
privilege | evel and does not change the privilege

| evel of the processor. JMPX -25- ensures all outstanding
x86 floating point operations have conpl et ed.

Di sabl 60 64-bi t 1 SA | ARGk ity Euftés o bf Ref@Altirkd by requesting the
opcode. 11 Jump. B GakpO I S Bl & BnabTed s Jump Bebug e e
pcoae nmp p , mp g

trap i s taken af tprogtdmmabletintertuptitonirolier azlds she three-bit bindryompie afithe
Di sabled 64-bit ISA fault, |llegal Opcode Fault, Debug
~ Junp Breakpoi nt . highest active bit in the interrupt service routine register to the base
address stored in an initialization command word register. The
programmable interrupt controller also transmits information indicating
the nature of the particular event. The information which is stored by
pi'ocessor 104 in a control register or a plurality of control registers in
processor 104. Processor 104 receives the descriptor entry number and
determines the actual start memory address of the handler selector for
the event by multiplying the descriptor event number by four. Processor
104 then retrieves the handler selector at the start memory address from a
descriptor table and executes the instructions in the handler selector. In
executing the instructions in the handler selector, processor 104 retrieves
a value or a plurality of values from one or more control registers in
processor 104 which indicate the nature of the parﬁmlar event. From the
value or plurality of values, processor 104 determines the actual start
memory address of the handler for the particular event. Processor 104
then retrieves the handler at the start memory address and executes the
instructions in the handler or the instructions referred to by the handler.
Processor 104 executes the instructions in the second instruction set
mode.

Figure 3 illustrates in block diagram form a processor of a third
embodiment of the present invention. Under this embodiment, processor

104 comprises instruction cache 320, demultiplexor 321, x86 decoder 322,
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- 20- | RET

Interrupt Return For mat i ret Description: If
64-bit extensions are enabled, |IRET returns control to either tggrmssmmls
x86-1SA or 64-bi WOER48IE specified by XPCR ISA in the stack fra

before |RET is executed. | RET uses the extended x86 stack frane
shown bel ow.

[err] Od ESP ' Decr easi ng XPCR[ 63: 32]
f(\?g{ gisg]s XPCR[ 31: 16] CS*

: -26-
[err] New ESP While 64-bit extensions are

enabl ed, | RET perfor meggsit de@idel 323! rﬁtﬁltiplexor 324, instruction set mode selec:tt‘iul'BQSlD S

PRM with the follow ng nodifications:
execution unit 326, register 327 and register 328. Instruction cache 320 is
coupled to external memory and receives instructions from external
memory. The instructions can be instructions of the first instruction set
or instructions of the second instruction set. Instruction cache 320 stores
the instructions until they are decoded and executed. At the appropriate
time for decoding an instruction, an individual instruction in instruction
cache 320 is transmitted through demultiplexor 321. Demultiplexor 321
selects either x86 decoder 322 for decoding of the instruction from
instruction cache 320 in the first instruction set mode or selects 64 bit
decoder 323 for decoding of the instruction from instruction 320 in the
second instruction set mode. The selection of demultiplexor 321 is based
on the signal received by demultiplexor 321 from instruction set mode
selector 325. A first signal from instruction set mode selector 325 causes
demultiplexor 321 to select x86 decoder 322 and the first instruction set
mode. A second signal from instruction set mode selector 325 causes
demultiplexor 321 to select 64 bit decoder 323 and the second instruction
set mode. When processor 104 initially powers up, processor 104 can
power up in the first instruction set mode or the second instruction set
mode depending on the initialization procedures. An initial value is
transmitted to instruction set mode selector 325 and instruction set mode
selector 325 in turn transmits the first signal or the second signal in
response to the value.

In this example, processor 104 powers up in the first instruction set

mode. Thus, demultiplexor 321 initially receives a first signal from



1) XPCR[ 63:16] is popped in place of EFLAGS. XPCR[15:2] is left

unendi fi ed. — 2) XPCR[1:0] is set to the target
CPL of the original environnent, i.e. _ t he | ower
2-bits of the popped CS sel ector. 3) Xl P[31:0]

i s-popped iWokksdsss Of EIP. XIP[63:32] is set to zero. PCT. 16
I f control ‘?‘s’ resumed in the x86 | SA, and the target X P exceegs H’ue

CSlimt, a x86 GPFault is reported on the IRET instruction. If the
new XPCR. d86i or XPCR d86r is set, IRET is nullified and a

Di sabled x86 | SA fault or D sabled x86 Register fault is generated.
Simlarly, if control is resuned in the 64-bit |ISA and the new .
XPCR. dxi is set, IRET is nullified and a D séd#ed 64-bit |ISA fault is

gener at ed. | RET serializes instruction

execut i on. instructidrisee piodeselectdri325 bhd delbdis kB6 ded@fiek 3p2.t . Di sabl ed x86
| SA fault, D sabled x86 Regi ster fault,

GPFaul t . Ingirodiansgomsmitted from instruction cache 320 through

PCT/ US96/ 01516 demultiplexor 321 is decoded by x86 decoder 322. The instruction is then

transmitted to multiplexor 324. Like demultiplexor 321, multiplexor 324
is also controlled by instruction set mode selector 325. When multiplexor
324 receives a first signal from instruction set mode selector 325,
multiplexor 324 selects x86 decoder 322 as its input. On the other hand,
when multiplexor 324 réceives a second signal from instruction set mode
selector 325, multiplexor 324 selects 64 bit decoder 323 as its input.

After multiplexor 324, the instruction is then transmitted to
execution unit 326. Execution unit 326 executes the decoded instruction.
Execution unit 326 can receive instructions from x86 decoder 322 or 64 bit
decoder 323. Execution unit 326 is also coupled to register 327 which
store values when processor 104 is in the first instruction set mode.
Execution unit 326 is also coupled to register 328 which stores values
when processor 104 is in the second instruction set mode. Thus, in
response to a x86mf, x86smf, or x86fmf instruction, execution unit 326 can
retrieve values from register 327 for use while executing processor
instructions of the second instruction set. Likewise, in response to a
x86mt, x86smt or x86fmt instruction, execution unit 326 can also store
values into register 327. When x86 decoder 322 decodes a jmpx
instruction, x86 decoder 322 sends a switch instruction to instruction set
mode selector 325. In response to this signal, instruction set mode
selector 325 transmits a second signal to demultiplexor 321 and
multiplexor 324. This second signal causes demultiplexor 321 to transmit



-21- In this enbodi nent, the processor has two separate
sets of registers, one set for the first instruction set node and
one set for the second instruction set npde. The x86nt, x86nf
x86snt, x86snf, x86fmnt and x86fnf instructions are used to instruct

t he processor tqﬁ,g@%ser val ues between the two sets OpcHEDsBises S-
Under an alternatlv enbodi nent, the processor only has one set of

registers that is used for both the first instruction set node and
the second instruction set node. In this situation with one set of
regi sters, the x86nt, x86nf, x86snt, x86snf, x86fnt and x86f nf

I nstructions woul d not be used. Under a second enbodi nent of
the present invention, processor 104 can ®Bcept an operating system
that is in the first instruction set or in the second instruction

set. In this exanpl e, ih&eudtions fronm fristiuction tache!320 so 68bit decoder 328.0Tke setdnd he
second instruction set is 64 bit code. The term x86 code refers to

the instruction set utsignatal$olcgusesenultiplaxond2htoselectasdits input 64 bit decoder 323.

m croprocessors e.g. 8086, 80286, 80386, 8048 nd Pentium )
m croprocessors manuf J&W@WW‘?‘H@E“&%@?‘%% trapsmiiter heough myltiplexor

operating systemin x ode ig. Hﬁ ﬁ@ % e g%l 1S 4.0L Ll

turned on, processor %@2?‘686?% 61‘i %‘ n@'?raléfzﬁlon s%%&r‘ri%%é&gﬁh‘l%an
accept an operating sYakgikiin -f'eeaaﬁf' tFanGinit9 A sWdich signabib PERTAMOISEt
system of the first in@%ructléyggtd suc 332 V5- DOS iss ut islglnzaed, processor

104 remains in the firmbdeBéledtof325 InTedposelto thidsigmal, instractioreset mode an
operating systemof the second instruction set is utilized, the operating
T

systemwi || have a j nelestar@25 sransinits irfiret sigmal todemultiplexqrt324 and
| MSTTUCTION, PrOCesSOr 4 ) e Hrst signal causes demuiplexor 321 6 Select X8 decoder 322
and causes multiplexor 324 to select x86 decoder 322 as its input. In this
manner, processor 104 returns back to the first instruction set mode.
Processor 104 can further comprise a jmpx disable register. The
jmpx disable register is coupled to x86 decoder 322 or instruction set
 mode selector 325. When the jmpx disable register is set, the jmpx
instruction is nullified and a jmpx instruction results in a disabled 64 bit
ISA fault. Processor 104 does not switch to the second instruction set
mode in response to a jmpx instruction. Likewise, processor 104 can
further comprise a x_86jmp. disable register. The x86jmp disable register is
coupled to 64 bit decoder 323 or instruction set mode selector 325. When
the x86jmp disable register is set, the x86jmp instruction is nullified and a
x86jmp instruction results in a disabled x86 ISA fault. Processor 104 does
not switch to the first instruction set mode in response to a x86jmp
instruction.
Alternatively, register 327 stores values when processor 104 is in
the first instruction set mode and also stores values when processor 104 is

in the second instruction set mode. In this case, register 327 performs the
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Processor 104 then executes the rest of the operating systemin the second
i nstruction set node. In this enbodi ment, processor 104 can
al so operate froman operating systemw th instructdqiissebbdg POt h
the first i N on set and the second instruction set.. Processor
104 can execute instructions from the first instruction set using
the first instruction set node and can al so execute instructions
fromthe second instruction set using the second I nstruction set
node. The switch fromthe first instruction set nbde to t he second
instruction set nbde and the switch fromthe 2econd i nstruction set
node to the first instruction set node can occur w thout rebooti ng

precessor 104 and ghhQidmdf r%;ﬁhgﬁ?&%ﬁtemtﬁéﬁminated or incorporated1€N

processor 104 is initially r rocessor 104 can oper ate
fromeither an opéittregister\32?.cThus) betaust iohe bet ofregisters i beirgiused, the
operating systemin the second operating system Processor 104 can al so
operate from a si x§6mtB6mfexBosméxB6smé; x86imianduftimf instructions wouldnet
fromthe first ingtruction set and the second instruction set. Processor
104 can t P&WM8€RLecut e an application programof the first

st instruction set, Figite iR HISCRBRR) B} b BRoRRRt fd phrth "
i ndi cation. The ewffodienPsf the present inveRti6APUnBRr tHEERb

, SSOT
interrupt. After receiving the évent I ndi cat1on, processor 104
det er m nes t he natl04comiprisbeinsfruttiGivsetmedecselector state machineci30sinstriilbkon

LTI Nes e N tfie £32, decoder 433, execution unit 434, segister £35, instruction cache
436, decoder 437, execution unit 438, and register 439. State machine 430
receives instructions from external memory. State machine 430 selects
either instruction cache 432 or instruction cache 436 based upon the
signal received from execution unit 434 or execution unit 438. When
execution unit 438 transmits a first signal to state machine 430, state
machine 430 selects instruction cache 432 and transmits instructions from
memory to instruction cache 432. Processor 104 decodes and executes
instructions in the first instruction set mode. When execution unit 436
transmits a second signal to state machine 430, state machine 430 selects
instruction cache 436 and transmits instructions from memory to
instruction cache 436. Here, processor 104 decodes and executes
instructions in the second instruction set mode.

Like the third embodiment, when processor 104 powers up, it can
power up in the first instruction set mode or the second instruction set
mode depending on the initialization procedures. If processor 104
powers up in the first instruction set mode, a first signal is initially sent
from execution unit 438 to state machine 430. On the other hand, if



the identification of the device creating the event froma progranmabl e
interrupt controller in the conputer system Each device has an event

| ine and a nunber associated with it. Processor 104 then determ nes a
W006/ 24895

PC¥/ US96/ 01516

descriptor entryWO8689S for the particular event. In a x86 operati ng 16
system or an operating system havi ng some x86 operating system

features along with portions of the operating systemin the second

I nstruction set, the descriptor entry nunber is determ ned by requesting
the information fromthe programable interrupt controller. The
programuabl e interrupt controller adds the three-Bgt binary val ue of the
hi ghest active bit in the interrupt service routine register to the base

address stored in an iHi:Eé ' tﬂ'@ﬂﬂg SebAd rRthRtish setthedE aseton4
recei ves the descriptar er??é{/ﬂ% er aﬁg g‘eéterm nes the actual start
nmenory address for th%i@%ﬁnﬁhkﬂ&hﬂifwmhmﬁbﬁmiwsntemdﬁnem.

nunber by four. Processor 104 then retrieves the gate at the start
nmenory address from a descihphisentbodinentprosesson 104 powersiupsinthefirgns i n

the gate or the instr ui?ltstirggtisor{s(ae]; sr{c;d%fj 'rth%s,ba% ii:?t?al%gltu%is transmitted to execution
unit 438 causing execution unit 438 to transmit a first signal to state
machine 430. Instructions from external memory is transmitted through
state machine 430 to instruction cache 432. Instruction cache 432 stores
instructions of the first instruction set until the instructions are decoded
and executed by processor 104. At the appropriate time, individual
instructions are transmitted from instruction cache 432 to decoder 433.
Decoder 433 decodes instructions from instruction cache 432. The
instructions from instruction cache 432 are instructions of the first
instruction set. After the decoding of instructions of the first instruction
set, execution unit 434 executes the instructions. Execution unit 434 is
coupled to register 435 and stores values in register 435.

When execution unit 434 executes a jmpx instruction, execution
unit 434 sends a second signal to state machine 430. In response to the
second signal, state machine 430 selects instruction cache 436 as the
destination for following individual instructions. The subsequent
individual instructions are instructions of the second instruction set.
Instruction cache 436 stores the individual instructions from external
memory. At the appropriate time, decoder 437 retrieves individual
instructions from instruction cache 436 and decodes the instructions.
Execution unit 438 then executes the decoded instructions from decoder
437 in the second instruction set mode. Execution unit 438 is coupled to



In an operating system having sone x86 operating system features
along with portions of the operating systemin the second instruction set,

the gate may have a 64 bit intercept. If the gate has a 64 bit intercept,

t he 64 bit intercept will include a jnpx processor instruction

along with I nstructions of the second instruction eci al
bi t gat t er (V@ 86/248%% ch to the second instruction seﬁ%%é’."?ﬂép

Al ternatively, the jnpx instruction and the operating system

i nstructions of the second set or the special bit pattern can be

| ocated el sewhere in nmenory with an address reference in the 64 bit
I ntercept gate. The jnpx instruction causes processor 104 to "switch

to the second instruction set node. The speci®l bit pattern also
causes processor 104 to switch to the second instruction set node.

Pro 104 th ' | ' id ti
V\E)Og ‘63 }5 Z 2&95 Gegister 499 Gnd sivtbd %ﬁéﬁﬂ%&iﬁt& 189 SERGHoh BRir4484d Ago SEL 1N

PCT/ US96/ 01516 couFledtoex_ecution unit 434 which is in turn m1apl_edtoregist¢r435.‘ 24-
the 64 bit intercept. The instructions of the second instruction set in the

64 bit intercept Thusain responseltaadi8bmd, x86simf, e xB6mftihstrectionm, exécutioni n t ur n,
conprises a portion of operating systemin the second instruction set. In
this manner, prodmitd3I8 cangetrigve valuesdromregister435 for yse whilp exemding: i ng

;s%stem in the fi rést 'gggfn%r%t?gnssotthégectongﬁ%%clﬁggs&t t.he og’ei;‘atl ng system

response to a x86mt, x86smt or x86fmt instruction, execution unit 438 can
also store values into register 435. When execution unit 438 executes a
x86jmp instruction, it sends a first signal to state machine 430. In
response to the first signal, state machine 430 then selects instruction
cache 432 for subsequent instructions from external memory. In this
manner, processor 104 can switch back to the first instruction set mode.

. Processor 104 can further comprise a jn;tpx disable register. The
jmpx disable register is coupled to execution unit 434. When the jmpx
disable register is set, the jmpx instruction is nullified and a jmpx
instruction results in a disabled 64 bit ISA fault. Processor 104 does not
switch to the second instruction set mode in response to a jmpx
instruction. Likewise, processor 104 can further comprise a x86jmp
disable register. The x86jmp disable register is coupled to execution unit
438. When the x86jmp disable register is set, the x86jmp instruction is
nullified and a x86jmp instruction results in a disabled x86 ISA fauit.
Processor 104 does not switch to the first instruction set mode in response
to a x86jmp instruction.

Alternatively, register 435 is coupled to both execution unit 434
and execution unit 438. Register 435 stores values when processor 104 is

in the first instruction set mode and also stores values when processor



t he second instruction set and switches fromthe first instruction set node
to.the second instruction set node. At the end of the event handling

routi ne, processor 104 receives an evret instruction. The evret instruction
returns processor 104 fromthe event handling routine to the application
pregram and restores the target execution environnent.

the other hand, WO%R#8% ¢ e goes not have a 64 bit intercept anlacrmsssloﬂk
is an x86 gate instead, processor 104 remains in the first instruction set
node and does not switch to the second instruction set node. The gate

in this case, does not cause a switch to the second instruction set node.
A x86 interrupt, call or task switch nmechanismis used.

Processor 104 can al so execute an application progzam of the

second instruction set. While executing this application program

processor 104 can recejgsfs daf\abénd HdtraaiidPset dfode) mhmseaﬁ;&ég&eﬁml e.

The event can be an exception, nachine check or interrupt. After

receiving the event i nﬁémﬁmmmm“giﬁérMmmnmmmmmm he
particul ar event. Processor 104 determ nes the source of the particular

event by requesting t hincorpeatefliinto registeyi435.nThus, because one setiof registersiis being
froma programmabl e interrupt controller jn t C er sysiem. Each,,
devi ce has an event Iiﬁg%ﬂ@m‘émtﬁm%hf@ %@gmﬂm
then determ nes a descrig%ié’ﬁo%‘etﬁsvtednunber for the particular event.

W96/ 24895 w

PCT/ US96/ 01516 Figure 5 illustrates in block diagram form a processor of a fifth

embodiment of the present invention. Under this embodiment, processor
104 comprises demultiplexor 540, translator 541, instruction cache 542,
decoder 543, execution unit 544, regisher 545 and register 546.
Demultiplexor 540 is coupled to external memory and receives
instructions from external memory. The instructions can be instructions
of the first instruction set or instructions of the second instruction set.
Demultiplexor 540 selects either translator 541 for translating the
instructions from external memory into instructions of the second
instruction set or selects instruction cache 542 for storing the instructions
from external memory until they are decoded and executed. The
selection of demultiplexor 540 is based on the signal received by
demultiplexor 540 from decoder 543. The first signal from decoder 543
causes demultiplexor 540 to select translator 541 and the first instruction
set mode. A second signal from decoder 543 causes demultiplexor 540 to
select instruction cache 542 and the second instruction set mode. When
processor 104 initially powers up, processor 104 can power up in the first
instruction set mode or the second instruction set mode depending on the
initialization procedures. An initial value is transmitted to decoder 543

and decoder 543 in turn transmits the first signal or the second signal in



- 25- The descriptor entry nunber can be determ ned by

reguesting the I nformation fromthe progranmabl e interrupt
controller. The programuabl e i nterrupt controller adds the
three-bit binary value of the hi ghest active bit in the interrupt
service rou |ne regi ster to the base address storeq |

initializat nd word register. The prograrm&ﬁ#@ls?ﬂ?lém’ upt
controller aI so transmts information indicating the nature of the
particular event. The information which is stored by processor 104

in a control register or a plurality of control registers in

processor 104. Processor 104 receives the descriptor entry nunber and
determ nes the actual start nenory address ofgs.he handl er selector for
the event by multiplying the descriptor event nunber by four. Processor

104 then retri evegeshbfRsd W0 tHE Fhluse E@mﬁéé 6%&55 from a
descriptor table ang execut es tu'%eh?ﬁ{slgéuct?fe I'n H}l ¥er se e%tor
executing the i nsfirsyinstaiction et Mod&aTRAS; deftilBsTeRs nsmfiﬁﬁﬁﬁ?%det ri eVeS
a value or a plurality of values fromone or nore control Fegisters in

processor 104 whi first signabfrom deécoderiddranddelectsararsidtoridlarinstractionsFr om t he
val ue or plurali t&_ﬂof val ues, processor 104 determ nes the actual start

nenory address of erttﬂmlﬁeerpafxﬂmnshdmmlew&&esmr 104

then retrieves th a . Start, nenory. addr ess d exe ute he
instructions in tﬁ?"ﬁé}%&%‘éﬁp# '\sr?gh gnsgacg tﬁé ndl er .
Processor 104 ex 'cgﬁﬁ{ c

node. e?%ﬁlt%ﬁel r#@é ra h.gr}mtg oC |agram oérflntﬁgﬁgﬁ(iocessor
of a third inseroibtich S thtoGhstiri@idns OF G sebOiE fHshrdRtioh'8EE THehi S

enbodi nent, processor 104 conprises instruction cache 320,
demul ti pl exor 321tralxil$tedenstdmtloﬁﬁﬁxethentransnuttedtomstructloncache542

Instruction cache 542 stores the instructions until they are decoded and

executed. At the appropriate time for decoding instructions, instructions
in instruction cache 542 are transmitted to decoder 543 for decoding of
instructions from instruction cache 542. The instructions from instruction
cache 542 are instructions of the second instruction set. After decoding,
instructions of the second instruction set are transmitted to execution unit
544. Execution unit 544 executes the decoded instruction from decoder
543. Execution unit 544 is also coupled to register 545 which stores
values when processor 104 is in the first instruction set mode. Execution
unit 544 is also coupled to register 546 which stores values when
processor 104 is in the second instruction set mode. Thus, in response to
a x86mf, x86smf, or x86fmf instruction, execution unit 544 can retrieve
values from register 545 used while executing processor instructions of
the second instruction set. Likewise, in response to a x86mt, x86smt or
x86fmt instruction, execution unit 544 can also store values into register
545.
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64 bit decoder 323, nultiplexor 324, instruction set node sel ector 325,

execution unit 326, register 327 and register 328. Instruction cache 320 is

coupl ed to external nmenory and receives instructions fron1exterE§#U%
|

menory. The i nstWOMRMIE can be instructions of the first instr LY

or instructions of the second instruction set. Instruction cache 320 stores
the instructions until they are decoded and executed. At the appropriate
time for decoding an instruction, an individual instruction in instruction
cache 320 is transmtted through denultiplexor 321. Denul tipl exor 321

sel ects either x86 decoder 322 for decoding of thegnstruction from

i nstruction cache 320 in the first instruction set node or selects 64 bit

decoder 323 for decoding Of\%?ﬁ deP&? ' ' t*'ifcrti!'o j

second instruction set node. e se %ﬁgg%égw'u%{) exoﬁp%%%gle*s%a%g‘gs
on the signal receivedabecofidigrial i Quanltipldxor 5900 Thesecond sighabaiusede
selector 325. Afirst signal frominstruction set node sel ector 325 causes
denul ti pl exor 321 to sdémultipi®&®rddd talseled distauctionicacke 542 anidte transmiton set -
mode. A second signal frominstruction set node sel ector 325 causes_

demul ti pl exor 321 to siiskuctions fsom exterpalonemory ihinstruetioneache 542 dnithist i on

S AT SR LM SN AT

rod JSPen 19, on {1 gk akaal S RAaGElLeiop il ot 98 e
first signal to demultiplexor 540. In response to the first signal,
demultiplexor 540 selects translator 541 and transmits instructions from
external memory to translator 541. In this manner, processor 104 can
return back to the first instruction set mode.

Processor 104 can further comprise a jmpx disable register. The
jmpx disable register is coupled to decoder 543. When the jmpx disable
register is set, the jmpx instruction is nullified and a jmpx instruction
results in a disabled 64 bit ISA fault. Processor 104 does not switch to the
second instruction set mode in response to a jmpx instruction. Likewise,
processor 104 can further comprise a x86jmp disable register. The x86jmp
disable register is coupled to decoder 543. When the x86jmp disable
register is set, the x86jmp instruction is nullified and a x86jmp instruction
results in a disabled x86 ISA fault. Processor 104 does not switch to the
first instruction set mode in response to a x86jmp instruction.

Alternatively, register 545 stores values when processor 104 is in
the first instruction set mode and also stores values when processor 104 is
in the second instruction set mode. In this case, register 545 performs the
functions of register 546 and register 546 is eliminated or incorporated

into register 545. Thus, because one set of registers is being used, the



selector 325 in turn transmts the first signal or the second signal in

response to the val ue. In this exanple, processor 104
pOWErs up tn the tirst rnstruction set node. Thus, derulti pl exor
321 initially receives a first signal from ' WD 96/ 24895
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i nstructi onWOR624898e sel ector 325 and sel ects x86 decoder é’é’!!"s"""’?‘
Instructions transmtted frominstructi on cache 320 through

derul ti pl exor 321 is decoded by x86 decoder 322. The instruction is then
transmtted to nultiplexor 324. Like demultiplexor 321, nultiplexor 324
Is also controlled by instruction set node sel ector 325. Wien mul ti pl exor
324 receives a first signal frominstruction_ggt node sel ector 325,

mul tipl exor 324 sel ects x86 decoder 322 as its input. On the other hand,

when nul ti pl exor r | ' I | i de
Sl oct or 325, mu S, gL Shectns SERRT, R XA GO o o
After nmultiplexorpsdéed.the instruction is then transmitted to '
execution unit 326. Execution unit 326 executes the decoded instruction.

decoder 323 Execution ot 326 1o 810 COUN ed Lo 1 Cg stor 327 i ch |

embodiment of the present invention. The processor of the sixth
embodiment is similar to the processor of the fifth embodiment with the
following exceptions. Instruction cache 642 is coupled to external
ummmny.[xunuhﬁmm«nGAOﬁyuxqﬂedtohunnmﬁonxmche642
Translator 641 and decoder 643 are coupled to demultiplexor 640.
Decoder 643 is also coupled to translator 641. Execution unit 644 is
coupled to decoder 643. Register 645 and register 646 are coupled to
execution unit 644.

Instruction cache 642 receives instructions from external memory.
The instructions can be instructions of the first instruction set or
instructions of the second instruction set. Demultiplexor 640 receives
instructions from instruction cache 642. Demultiplexor 640 selects either
translator 641 for translating the instructions from instruction cache 642
into instructions of the second instruction set or selects decoder 643 for
deaxﬁngthmins&umﬁonsﬁmnninshucﬁonémthe642.Thesehmﬁoncf
demultiplexor 640 is based on the signal received by demultiplexor 640
ﬁmunckxmder&&& The first signal from decoder 643 causes
demultiplexor 640 to select translator 641 and the first instruction set
mode. A second signal from decoder 643 causes demultiplexor 640 to
select decoder 643 and the second instruction set mode. When processor
104 initially powers up, processor 104 can power up in the first
instruction set mode or the second instruction set mode depending on the



store val ues when processor 104 is in the first instruction set node.
Execution unit 326 is also coupled to register 328 which stores val ues
when processor 104 is in the second instruction set node. Thus, in
response to a x86nf, x86snf, or x86fnf instruction, execution unit 326 can

retri eve val ues‘% I ster 327 for use while executing proc
: : gﬁyggsg . . : ; : S96/01516
i nstructions of ﬁ ond instruction set. Likew se, in response to a

x86nt, x86sm or x86fnt instruction, execution unit 326 can al so store
values into register 327. Wen x86 decoder 322 decodes a j npx

I nstruction, x86 decoder 322 sends a switch instruction to instruction set
node sel ector 325. In response to this signal, instruction set node

sel ector 325 transnits a second signal to denulti{36exor 321 and

mul ti pl exor 324. This second signal causes denultiplexor 321 to transmt

WO 96/ 24895 initialization ¥rmdm$. An initial value is transmitted to decoder 643
PCT/ US96/ 0516 instructions frominstructi on cache 320 to 64

bit decoder 323. The swdoledoder 643 in teigmansmitssthe finstsignalrot thesecorat sigial iho
select as its I nput 64 bit dec der (323, Instructions from64 bit
decoder 323 are transrfPSRANge R, umfhm%mlerprocessoréﬂﬁppwmmwn

unit 326, nen 54 01 SSeRdEeE SR iy ok Rpreor o gy Sy
first signal from decoder 643 and selects translator 641. Instructions
transmitted from instruction cache 642 through demultiplexor 640 is
translated into instructions of the second instruction set by translator 641.
Translator 641 comprises circuitry for translating instructions of the first
instruction set into instructions of the second instruction set. The
translated instructions are then transmitted to decoder 643. After
decoding, instructions of the second instruction set are transmitted to
execution unit 644. Execution unit 644 executes the decoded instruction
from decoder 643. Execution unit 644 is also coupled to register 645
“which stores values when processor 104 is in the first instruction set
mode. Execution unit 644 is also coupled to register 646 which stores
values when processor 104 is in the second instruction set mode. Thus, in
response to a x86mf, x86smf, or x86fmf instruction, execution unit 644 can
retrieve values from register 645 used while executing processor
instructions of the second instruction set. Likewise, in response to a
x86mt, x86smt or x86fmt instruction, execution unit 644 can also store
values into register 645.

When decoder 643 decodes a jmpx instruction, decoder 643 sends

a second signal to demultiplexor 640. The second signal causes |
demultiplexor 640 to select decoder 643 and to transmit instructions from
instruction cache 642 to decoder 643. In this manner, processor 104



node sel ector 325. In response to this signal, instruction set node
selector 325 transmts a first signal to denmultiplexor 321 and miltiplexor
324—The TTTST srtgnal causes denul tiplexor 321 to sel ect x86 decoder 322
and causes nultiplexor 324 to select x86 decoder 322 as its input. In this
manner, 104 returns back to the first instructiogcqﬁémﬂﬂﬁg.
Processor urther conprise a jnpx disable register. e

j mpx disable register is coupled to x86 decoder 322 or instruction set

node sel ector 325. Wien the jnpx disable register is set, the jnpx
instruction is nullified and a jnpx instruction results in a disabled 64

bi t | SA fault. Processor 104 does not switch to the second
i nstruction set node in response to3¥&jnpx instruction. Likew se,
processor 104 can further conprise a x86jnp disable register. The
x86] np di sabl e r g@/ifches to the second instra&itil ¥ nicdet Wher détydes 643 decddes
I nstruction set node sel ector 325. Wen the x86j np di sabl e

register is set, atx86jmp@stmctiontdecotdenéd tsansniits & fixstisignal to demultiplexox86j np
i AStructi on resuI ts in a disabled x86 | SA fault. Processor 104 does

not switch to th&40; ksresporsetodthe fipst Whﬂ@@d@k&@qﬂnﬁkﬁ@mh@m

I nstruction. Al ternatiyel ster.3 val ues when
processor 104 i s 64} and transmitsipstryctions &olté{r}s% %é%g%gﬁﬂ%atéﬁrso stores
val ues when procggso node.

In this caseIo reglistfé'ra%ﬁy per mmwl&kﬁ?r&ﬁ%&é?%@%&%ﬁ&

PCT/ US96/ 01516  get mode.

Processor 104 can further comprise a jmpx disable register. The
jmpx disable register is coupled to decoder 643. When the jmpx disable
register is set, the jmpx instruction is nullified and a jmpx instruction
results in a disabled 64 bit ISA fault. Processor 104 does not switch to the
mummdinsbudmxtﬂaxnodehnreqxnmetoajuquﬁnsuucﬁun.Lﬂmwﬁsa
processor 104 can further comprise a x86jmp disable register. The x86jmp
disable register is coupled to decoder 643. When the x86jmp disable
register is set, the x86jmp instruction is nullified and a x86jmp instruction
results in a disabled x86 ISA fault. Processor 104 does not switch to the
first instruction set mode in response to a x86jmp instruction.

Alternatively, register 645 stores values when processor 104 is in
the first instruction set mode and also stores values when processor 104 is
in the second instruction set mode. In this case, register 645 performs the
functions of register 646 and register 646 is eliminated or incorporated
into register 645. Thus, because one set of registers is being used, the
x86mt, xB6mf, x86smt, x86smf, x86fmt and x86fmf instructions would not
be used.

Figure 7 illustrates in block diagram form a processor of a seventh
embodiment of the present invention. The processor of the seventh



- 29- functions of register 328 and register 328 is elimnated or

i ncor por at ed into register 327. Thus, because one set of registers
I s being used, the x86nt, x86nf, x86smt, x86snf, x86fnt and x86f nf

i nstructions would not be used. Figure 4 illustrates
I n-bl ock diagram form a processor of a fourth enbodi menpcPiisokBfsie
present inventi oXO%¥} t hi s enbodi nent, processor 104 conpri ses
instruction set node sel ector state machine 430, instruction cache

432, decoder 433, execution unit 434, register 435, instruction cache

436, decoder 437, execution unit 438, and register 439. State machi ne 430
receives instructions fromexternal nenory. State machi ne 430 sel ects
either instruction cache 432 or instruction cache-3836 based upon the
signal received fromexecution unit 434 or execution unit 438. Wen
exetution unit 438 trapyddihent {sisimilaiodRa processor af the Bvathieitbotiimientiviththe
machi ne 430 selects instruction cache 432 and transmts instructions from
menory to instruction feleWwingi@epfiitros dasteuctivhiadue Pilds coupled teextermal
instructions in the first instruction set node. Wen execution unit 436
transmits a second si gnemory Bemultiplexori748 isicoypled torinstipetionrache (e ect s

i nstruction cache 436 and tra its ,nstr ions f nor.y. { o

i nstruction cache 436.T@B?lﬂor%igléﬂé%@%ﬁééﬁﬂ?@gi@g@&%ﬁ?&m 740.
instructions in the segond..in kO [

third enbodi nent, m€$mggg§§{t%}%g§§ds%oﬁr@gr@d translator%lﬂg\.,\eliggfusg&i n

the first instruction Alardyigisti bGe fo eeEion @it REL mode
depending on the initialization procedures. |If processor 104

powers up in the first instinsiehétion caehe Mtheceined instructionyfedm iesternalimenpry.

sent fromexecution unit 438 to state machj ne 430. ,On the ot her

hand, if The instructions can be instructions of the first instruction set or

instructions of the second instruction set. Demultiplexor 740 receives
instructions from instruction cache 742. Demultiplexor 740 selects either
translator 741 for translating and decoding the instructions from
instruction cache 742 or selects decoder 743 for decoding the instructions
from instruction cache 742. The selection of demultiplexor 740 is based
on the signal received by demultiplexor 740 from decoder 743 and
translator 741. The first signal from decoder 743 causes demultiplexor
740 to select translator 741 and the first instruction set mode. A second
signal from translator 741 causes demultiplexor 740 to select decoder 743
and the second instruction set mode. When processor 104 initially
powers up, processor 104 can power up in the first instruction set mode
or the second instruction set mode depending on the initialization
procedures. An initial value is transmitted to decoder 743 and translator
741. Decoder 743 or translator 741 in turn transmits the first signal or the
second signal in response to the value. In this example, processor 104
powers up in the first instruction set mode. Thus, demultiplexor 740
initially receives a first signal from decoder 743 and selects translator 741.
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processor 104 powers up in the second instruction set node, a second
signal is transmtted fromexecution unit 434 to state nmachi ne 430.

In this e g% processor 104 powers up in the first permsosmisie

I nstruction e. Thus, an initial value is transmtted to execution
unit 438 causing execution unit 438 to transmt a first signal to state
machi ne 430. Instructions fromexternal nmenory is transmtted through
state machine 430 to instruction cache 432. Instruction cache 432 stores
I nstructions of the first instruction set until the instructions are

decoded and executed by processor 10489-At the appropriate tine,

i ndi vi dual instructions are transmtted frominstruction cache 432
to-decoder 433. Instructions@f#isaiittéd frone HFBHALION Edche 742 BOuEhom i nstructi on
cache 432. The I nstructions frominstruction cache 432 are

i nstructions of tdesn@ltipbéxor 740 is traristeted and decodedthy tédnslator 7. decodi ng of
instructions of the first instruction set, execution unit 434

execut es t he i nst¥ranslatory4] pempuriseoeirauiiry forjzanslating and deceding ed t o
regi ster 435 and stores val When

execution unit 49&@%@%?%@%&3&?3&“ trapslated apd decoded i ¢ 434

sens 2,750000 | ST Mol VDb AR i U e

destination for fdddogell Mbthittios. (B cutiBn uhit7el ¥dlso dilipled RPRGINA 745
which stores values when processor 104 is in the first instruction set
mode. Execution unit 744 is also coupled to register 746 which stores
values when processor 104 is in the second instruction set mode. Thus, in
response to a x86mf, x86smf, or x86fmf instruction, execution unit 744 can
retrieve values from register 745 used while executing processor
instructions of the second instruction set. Likewise, in response to a
xB6mt, x86smt or xB6fmt instruction, execution unit 744 can also store
values into register 745. |

When trnaslator 741 receives a jmpx instruction, translator 741

sends a second signal to demultiplexor 740. The second signal causes
demultiplexor 740 to select decoder 743 and to transmit instructions from
instruction cache 742 to decoder 743. In this manner, processor 104
switches to the second instruction set mode. When decoder 743 decodes
a x86jmp instruction, decoder 743 transmits a first signal to demultiplexor
740. In response to the first signal, demultiplexor 740 selects translator
741 and transmits instructions from instruction cache 742 to transtator
741, In this manner, processor 104 can return back to the first instruction
set mode.



i ndi vidual instructions are instructions of the second instruction set

I nstruction cache 436 stores the individual instructions from external
menory. At the appropriate tine, decoder 437 retrieves individual
instructions frominstruction cache 436 and decodes the instructions.
Execution unit 438 then executes the decoded instructions from gﬁh
437 in the seconWO%63488cti on set node. Execution unit 438 is coup’ﬁ tl
WO 96/ 24895
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regi ster 439 and stores values in reglster 439. Executlon unit 438 is also
coupled to execution unit 434 which is in turn coupled to register 435.
Thus, in response to a x86nf, x86snf, or x86fnf ingdruction, execution
unit 438 can retrieve values fromregister 435 for use while executing

proctessor instructions of tpﬁﬂéﬁg X Q14LBR regiSter. The
response to a x86nt, x86snt” or X gm |nstruct|o tiron unit 438 can
al so store val ues int Ojrhy H&BBIe MW&thn Wﬁeteﬂﬁqm;a&'heable
x86] np instruction, it’sends a flrst signal to state nachi ne 430. '

response to the first mmwmtmmmmmmBnpmwMMn
cache 432 for subsequent instructions from eépi:tr mem)rﬁ In this,

manner, processor 104 tesultsin asisablec64bit IS4 t'°‘i’q§§‘?rr1t9 dossnetswighfo the

second instruction set mode in response to a jmpx instruction. Likewise,
processor 104 can further comprise a x86jmp disable register. The x86jmp
disable register is coupled to decoder 743. When the x86jmp disable
register is set, the x86jmp instruction is nullified and a x86jmp instruction
results in a disabled x86 ISA fault. Processor 104 does not switch to the
first instruction set mode in response to a x86jmp instruction.

Alternatively, register 745 stores values when processor 104 is in
the first instruction set mode and also stores values when processor 104 is
in the second instruction set mode. In this case; register 745 performs the
functions of register 746 and register 746 is eliminated or incorporated
into register 745. Thus, because one set of registers is being used, the
x86mt, x86mf, x86smt, x86smf, x86fmt and x86fmf instructions would not
be used.

In the foregoing description, the invention is described with
reference to specific exemplary embodiments thereof. It will, however,
be evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention as
set forth in the appended claims. The specifications and drawings are,
accordingly, to be regarded in an illustrative rather than a restrictive

sense.



Processor 104 can further conprise a jnpx disable register. The
jmpx_disable reqgister is coupled to execution unit 434. \Wen the jnpx

di sable register is set, the jnpx instruction is nullified and a j npx
“instruction results in a disabled 64 bit |1SA fault. Processor 104 does not
swistch to t second instruction set node in response to a g '
instructi oan_ se, processor 104 can furt herpcorrpri se ;%9%1516
di sabl e regi ster. The x86j np disable register is coupled to execution unit
438. Wien the x86jnp disable register is set, the x86jnp instruction is
nullified and a x86jnp instruction results in a disabled x86 | SA fault.
Processor 104 does not switch to the first instruction set node in response
to a x86jnp instruction. Al tergptively, register 435 is
coupl ed to both execution unit 434 and execution unit 438 Register

435 stores val ues Menvﬂ{&gﬁ,ggﬁ ﬁéahénsmdmodiﬁé'aﬁohgﬁ(/@eé%%ﬁg“r“Cti on

set node and al so stores v en processor 95

PCT/ US96/ 01516  invention will be comprehended by a person skilled in the art after - 32
104 is in the second instruction set node.” I'h this case, register 435

performs the funchaving read therfosegningldéscription dgisstode utidlersteod thatitheit ed or
incorporated into regi ster 435. Thus, because one_set of registers is being
particular embodiments shown and described by way of illustration are
in no way intended to be considered limiting. Therefore, references to
details of particular embodiments are not intended to limit the scope of
the claims, which in themselves recite only those features regarded as

essential to the invention.

Thus, a method and apparatus for transitioning between
instruction sets in a processor has been described.



used, the x86nt, x86nf, x86snt, x86snf, x86fnt and x86fnf ASueiians

woul d not be used. Figure 5 illustrates in bT‘d’(SkSPdEquHﬁ@‘BEEN
forma processor of a fifth embodi nent of the present | REPDAGED.
Under this enbodi ment, processor 104 conprises demul TTprexor—=40.
transl ator 541, g,B i on cache 542, decoder 543, exegébievdniNist
544, register 5457and regi ster 546. Denul ti pl exor. 540 is coupled to
external menory and receives i nstructions fromexternal nmenory. The
instructions can be instructions of the first instruction set or

I nstructions of the second instruction set. Denul t i [Thie Sheet Had Been Replaced
selects either translator 541 for translating the I NS

external menory into instructions of the second -42- instr

sel ects instruction cache 542 for storing the instructions r
external nmenory until INVEHECEAIMISoded and executed. The sel ection

of denul tiplexor 540 is based on the signal received by
denul ti pl exor 540 frorWhetisdlaim@dds: The first signal from decoder 543

causes denul ti pl exor 540 to ael ect translator 541 and the first instruction
set rmode. A second sighal A GATARFOSRAEPT PMPHSINE'es denul ti pl exor 540 to

sel ect instruction cache 5 segond i,nstruction set.npde,. When
processor 104 initially po%‘%ﬁ%o,fggg?blieilwfﬁwﬁg*s%%?h?ﬂg??%
o ot e s ot Bﬂd'a ['ue |sc?‘?{a%smt?lg‘gﬂtﬁo ge@% eftgéem

initialization procedures. An initial va

and decoder 543 in turwhéreirsuid fizstiifistridtionlandl @itbdecond irdtnft6R ORgiiald Abm &)
WD 96/ 2489S

PCT/ US96/ 01516 single computer program;

an internal bus coupled to said bus interface unit capable of

transmitting said first instruction of said first instruction set and said
second instruction of said second instruction set from said bus interface
unit; and

an instruction unit coupled to said internal bus capable of
decoding and executing said first instruction of a first instruction set and

said second instruction of a second instruction set.

2. The processor of claim 1 wherein said first instruction set is a
complex instruction set and said second instruction set is a reduced

instruction set.
3. The processor of claim 1 wherein said first instruction set is a 16
and 32 bit instruction set and said second instruction set is a 64 bit

instruction set.

4. The processor of claim 1 wherein said instruction unit comprises:

e

N O



- 33- response to the value. In this exanple,
up: i n the first instruction set mde. Thus
initrally recelves a first signal fron1decoder

transl ator 541. Instructi OnSThlsSheetHaSHe d from external e -

t hy ough denul t or 540 is at ed into instrp& t he
second i nstvmﬁ’& set by tra u"“ Tr ansl| at or ,g%? corrpr| ses
circuitry for translating instructions of the fi i nstruction set

into instructions of the second instruction set. The transl at ed
Instructions are then transmtted to instruction cache 542.

I nstruction cache 542 stores the instructions until they are decoded and
executed. At the appropriate time for decodi#g-instructions, instructions
in instruction cache 542 are transrritted to decoder 543 for decoding of
instructions from i nsthisdthifioh@da %hdﬂb%aid‘ﬁitét‘dﬁiﬁ% pabR/Bf's ction
cache 542 are instructions of the second I nstruction set. "After decodi ng,

i nstructions of ishiel fisstimstiuction and saidsecorid instruttidpsm tted t o execution

unit 544. Execution unit 544 executes the decoded instruction from
decoder 543. Bfisstddcodengouplaiito said instructiongache capablegf st er 545

. which stores val ues_ when roces 4.is |nthef|rst i nstruction
set node. Execut id¢goding sai ﬁ‘ﬁhW ghon @ %ﬂ‘@é’% egl ster 546 which

stores val ues when o S tion set
node. Thus, in respon?@ef%‘ ecoﬁgré)oaxpi%gmssa@(ggﬁh&gg 1Fﬁ'gtruct I on,
execution unit 5%c8&ﬁ§rsﬁfdée%8ﬁd ftruchon\SF# §eéohgrﬂi§t?ﬂétf&€§e 545 used whi I e
executing processor in tructions t he second i nstruction set.

Li kewi se, in response atmuRipléftoupléd sovbaid first decoder aritbdaid sedomidr uct i on,
execution unit 544 can also store values into register 545.
decoder capable of selecting from said first decoder and said second
decoder in response to a signal; and
an execution unit coupled to said multiplexor capable of executing

a selected decoded instruction from said multiplexor.

5. The processor of claim 4 wherein said instruction unit further
comprises: _

an instruction set mode selector coupled to said first decoder, said
second decoder and said multiplexor capable of transmitting said signal
to said multiplexor in response to an instruction to switch a current mode

from said first decoder or said second decoder.

6. The processor of claim 5 wherein said instruction unit further
comprises a demultiplexor coupled to said instruction cache capable of
selecting said first decoder or said second decoder in response to said
signal and wherein said instruction set mode selector is capable of
transmitting said signal to said demultiplexor in response to an

I

L
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When decoder 543 decodes a j npx instruction, decoder 543 sewd IS SHE#HA BEEN

second signal to denultiplexor 540. The second signal causek REPLACE
derful ti pl exor 54 %ect instruction cache 542 and to transmpbrussso1sié
I nstructions fro&om lteejHianBﬂF cache 542. In t%Ts
manner, processor 104 svvltches t nstruction set node.

When decoder 543 decodes a x861 decoder 543 transmits a
first signal to demultiplexor 540. In responsetotheflrst si gnal ,

denul ti pl exor 540 selects translator 541 and transmts instructions from
external menory to translator 541. In this nmanner44processor 104 can

return back to the first instruction set node. - Processor 104
cah further conprise ans#adich BWiech £dirfdrtimodefom said first dectidter o sad! €
register is coupled to decoder 543. Wen the jnpx disable regi ster

is_set, the jnpx instrsecomddecosdenul |ified and a jnpx instruction
results in a disabled 64 bit |ISA fault. Processor 104 does not switch to

t he second I nstruction set node in response to a jnpx instruction.
Li kew se, ess 104 can furt.he onpriseg.a x86inm dj sable
regi ster. The x86j np i th #J {gﬁ\e%n %ndﬁtﬁ’é?p%ﬁ
Wen the x86j np disabl e tm&‘aehéﬁesak%oﬁﬁtedMﬁdmbwaﬁm&bpn s
nullified and a x86j np |nstruct|o

storing said first instruction;

a first decoder coupled to said first instruction cache capable of
decoding said first instruction;

a first execution unit coupled to said first decoder capable of
executing said first instruction, wherein said first execution unit is
responsive to a signal to initiate execution;

a second instruction cache coupled to said internal bus capable of
storing said second instruction;

a second decoder coupled to said second instruction cache capable
of decoding said second instruction; and

a second execution unit coupled to said second decoder capable of
executing said second instruction, wherein said second execution unit is

responsive to said signal to initiate execution.

8. The processor of claim 7 wherein said first execution unit
transmits to said second execution unit said signal to initiate execution in
response to a first switch instruction and wherein said first execution unit

suspends execution in response to said first switch instruction.
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results in a disabled x86 |ISA fault. Processor 104 does.not switch to-the
fi.rst instruction set nobde in response to a x86jnp instiriHi8iSHEFT HAS BFEN
Al ternatively, register_545 stores val ues when processqr 104REBLAQED

the first instruction set node and al so stores val ues V s
i e the second instructi oﬁhlsﬁketmskeenkﬁli*cm s case, register Pshés &R s the

functi ons oWO%BMBer 546 46 is elimnated or i ncorporat ed
into register 545. Thus

‘registers is being used, the

WD 96/ 24895 .

PCT/ US96/ 01516 : - 35-
x86mnmt, x86nf, x86snt, x86snf, x86fnm and x86fnf instructions would not
be used. Figure 6 illustrates s bl ock diagramforma
processor of a sixth enbodi nent of the present invention. The
processor of the gixt hI‘hﬁ rocess ﬁlrémsda . ssor of
the fifth enbodi rrent w t P o?BJPBQirH?'%ﬁl oW néagg’ég??‘%aﬁ‘?&ﬂﬁgﬁ uction
cache 642 is couplfafsrhits Wéﬁdﬂ@étexecuhonurﬁ?ﬁiﬂ!xgxﬂl?tﬂihiﬁﬂémﬁnﬁﬂﬁxl S
coupled to instruction cache 642. Translat or 641 and decoder 643

are coupl ed to derespongH tevasecord switch instruction and witetgini ssidsevond oupl ed to
translator 641. Execution unit 644 is | . .
execution unit suspends execution in response to said second switch

instruction.

10.  The processor of claim 1 wherein said instruction unit comprises:
~ a translator coupled to said internal bus capable of translating said

first instruction of said first instruction set into corresponding
instructions of said second instruction set;

an instruction cache coupled to said internal bus and coupled to
said translator capable of storing said second instruction of said second
instruction set and capable of storing said corresponding instructions of
said second instruction set; and

an execution unit coupled to said instruction cache capable of
executing said second instruction of said second instruction set and
capable of executing said corresponding instructions of said second

instruction set.

11.  The processor of claim 10 wherein said instruction unit further
comprises:

a decoder coupled to said instruction cache capable of decoding
said second instruction of said second instruction set and capable of

decoding said corresponding instructions of said second instruction set.

e
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coupl ed to decoder 643. Register 645 and register 646 are geeupled to
execution unit 644, WWChe 642 r{eBBVeHE,

ET !
instructions fromexternal nenory. The i nstructions caanp é"/-\S BEEN:

instructions of the first |nstruct1|~h enRel i nstro 0 .
second i nstruct iwg ofsdges Denul ti pI ex gm I NSt pecRibdeif516

frominstruction cache 642. Denul ti ects either

transl ator 641 for translating the |nstruct|ons rominstruction cache 642
into instructions of the second instruction set or selects decoder 643 for
decoding the instructions frominstruction cache 642. The sel ection of
denul ti pl exor 640 is based on the signal received by denultiplexor 640
~from decoder 643. The first signal from decoder 646 causes

derul ti pl exor 640 to select translator 641 and the first instruction set
node. A second signal ¥ omihequaessserof clainskdswhenein saig anslatod46miprises a state
sel ect decoder 643 and the second instruction set node. \Wen processor

104 initially powers Jpa %cessor 104 can power up in the first

i nstruction set node or the second instruction set node dependi ng on the
WD 96/ 24895

PCT/ US96/ 01516 13, The processor of claim 10 wherein said translator comprises’ logic

device.

14.  The processor of claim 10 wherein said processor further
comprises a control read only memory device storing microcode
instructions and wherein said translator receives said microcode
instructions to translate said first instruction of said first instruction set

into corresponding instructions of said second instruction set.

15.  The processor of claim 1 wherein said instruction unit comprises:

an instruction cache coupled to said internal bus and coupled to
said translator capable of storing said second instruction of said second
instruction set and capable of storing said first instruction of first
instruction set;

a translator coupled to said instruction cache capable of translating
said first instruction of said first instruction set into corresponding
instructions of said second instruction set;

a decoder coupled to said instruction cache and said translator
capable of decoding said second instruction of said second instruction set
and capable of decoding said corresponding instructions of said second

instruction set; and

R



initialization procedures. An initial value is transmtted to decoder 643
and decoder 643 in turn transm ts_the first—si 0 I; 3 A
response to the value. In tThisSh&NaABLS rQf 0¢ESSOr 104

first instruction set mde.%m@ugf xor 640 i niltis , 2
first signal from decoder 6 transl ator 641. kNS
transnittedVPO§M®PRst ruction ough demul ti pl exgr&i@%g | gﬁ

translated into instructions of the second instruction set by transl ator

powe

641. Transl ator 641 conprises circuitry for translating
instructions of the first instruction set into instructions of the
second instruction set. The translated instructions are then
transmtted to decoder 643. After degwdi ng, instructions of the
second instruction set are transmtted to execution unit 644.
Execution unit 644 exwéuﬁaeuﬁ@esﬁﬁédwaiawéd&capableofeiercaﬁ\tkﬁ_ecoder
643. Execution unit 644 is also coupl'ed to register 645 i ch

stores val ues whesidseronddnstridbibniof said sebend insructiorsset andlicapabie of

mdde. Execution unit 644 is also coupled to register 646 which stores

val ues when pr oceaxeoutingsaid corraspanding instmictions of said second instmgtion Setus, i n
response to a x86nf, x86snf, or x86fnf instruction, execution unit 644 can
retrieve values fromregister 645 used whil e executing processor

i nstructions of t se L.ast '99 .. Likew se, in response to a
x86nt, x86snt or %Gf réglg‘g'?f'l?%@%}ﬁ{, exé'@%‘?&on unit 644 can also store
val ues into register G providing communicalflirfl8HeHGéerfcbinpGHentSin ddid MPX
i nstruction, decoder 643 s%nans 8 a second signal to ‘denultiplexor
640. The second s¢dpnplitet sysi@s; demul ti pl exor 640 to sel ect decoder

643 and to transmt instructions from i.nstructipn cach.e 642 to
decoder 643. In this rmkeyboardeardenilescoupled to said bus allowing coupling of a

keyboard to said computer system;

external memory coupled to said bus capable of storing
information; and |

a microprocessor coupled to said external memory and said bus
capable of decoding ﬁnd executing a first instruction of a first instruction
set and a second instruction of a second instruction set, wherein said first

instruction and said second instruction originate from a single computer

program.

17.  The computer system of claim 16 wherein said first instruction set
is a complex instruction set and said second instruction set is a reduced

instruction set.

18.  The computer system of claim 16 wherein said microprocessor
comprises: |
an instruction cache capable of storing said first instruction and

said second instruction;

[
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swi tches to the second |nstruct|on set node. \When decoder
a x86jnp instruction, decoder 643 transmts a first signal to derru

640. In responsg, w%fl r st %g@@aﬂgg%lﬁeﬁwegxor 640 sel ect @@m&hﬁwr
|

641 and transmts fnstructions f n cache 642 to transl ator
641. In this manner, processor Hﬂmgm El 'l
set node. Pr ocess

back to the first instruction
ther conprise a jnpx disable

regi ster. The j mpx disable register is coupled to decoder 643. When
the jnpx disable register is set, the jnpx instruction is nullified
and a jnpx instruction results in a disabt48d 64 bit I1SA fault.

Processor 104 does not switch to the second instruction set node in
response to a jnmpx instructajﬁrstdédokler/\émmledtosaldmspnmnmssmhekapabieoffurther

conprise a x86j np disable register. The x86] di sabl e register is
coupl ed to decoder 643dewdmsaai¢bﬁmg}ﬁmlcap§a6wdﬁrstmﬁumssber is set,

h 806j |1 nd
Fesults Th a i sabl ed xbo Rgecendfiecodsr aumled bo Bud Hyeichip Eachs copable o e
first i nSt ructi on set eég)cgg a{&&g&a% !l“ @ eﬁ%@%ﬁa l ”ﬁl ii“%%&&ﬂmset

Al ternatively, regist ores val ues N processor s 1n

the first instruction set npgia: ARMipleROr CuPledbto'sald Bfst Ub@deP hRE SHAGRcAi | S
in the second instruction set node.” In this case, register 645 perforns the

functions of register &e&deﬂchpably'dftselecﬁzﬂ@frbmﬂidﬁt‘stahemﬂemandrsaidmomled
into regi ster 645. Thus, because one set of ngl sters is being used, the
x86nt, x86nf, x86snt, deswderin regponse taagigt@b@AR i nstructions woul d not

be used. an execution unit coupled to said multiplexor capable of executing

a selected instruction from said multiplexor.

19.  The computer system of claim 16 wherein said microprocessor
comprises:

a first instruction cache capable of storing said first instruction;

a first decoder coupled to said first instruction cache capable of
decoding said first instruction;

a first execution unit coupled to said first decoder capable of
executing said first instruction, wherein said first execution unit is
responsive to a signal to initiate execution;

a second instruction cache capable of storing said second
instruction;

a second decoder coupled to said second instruction cache capable
of decoding said second instruction; and

a second execution unit coupled to said second decoder capable of
executing said second instruction, wherein said second execution unit is

responsive to said signal to initiate execution.

I
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Figure 7 illustrates in block diagramforma processor U.G_l s etrentfess—amn
8 S

enbodi ment _of the present invention. The processor of tjh ki 1AS BEEN
WO 96/ 24895 REPLACED
PCT/ US96/ 01516 - 38-

erbodi ment i s simlar to t 4 lacehe sixth enbodi he
fol |l ow ng em s. I nstru mﬂlﬂles coupled to m"% 16
menory. Derul tipl exor 740 |s struction cache 742.

Transl ator 741 and decoder 743 are coupled to denultipl exor 740.
Execution unit 744 is coupled to decoder 743 and translator 741. Register
745 and regi ster 746 are coupled to execution unit 744.

I nstruction cache 742 receives instructions fggm external nenory.

The instructions can be instructions of the first instruction set or

I nstructions of the second instruction set. Denultiplexor 740 receives

I nstructions frominstruction cache 742. Demnul ti pl exor 740 selects either

translator 741 for20f r arThexoimimh ttac ofitlaiin 16 whefsih saidimithoprotessor
i nstruction cache 742 or selects decoder 743 for decoding the instructions

frominstruction cooiprises2. The sel ection of demul tiplexor 740 is based
on the signal received by denul ti pI exor 740 from decoder 743 and

translator 741. The fi adransiaiprcapablepf ansiading said first instrugkion of said &g

instruction set into corresponding instructions of said second instruction
set;

an instruction cache coupled to said translator capable of storing
said second instruction of said second instruction set and capable of
storing said corresponding instructions of said second instruction set;

‘and

an execution unit coupled to said instruction cache capable of
executing said second instruction of said second instruction set and
capable of executing said corresponding instructions of said second

instruction set.

21.  The computer system of claim 20 wherein said microprocessor
further comprises:

a decoder coupled to said instruction cache capable of decoding
said second instruction of said second instruction set and capable of

decoding said corresponding instructions of said second instruction set.

22. Inaprocessor, a method for executing instructions of a computer
program comprising:

executing a first instruction of a first instruction set;

executing a first switch instruction;

I
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740 to select translator 741 and the first instruction set node. A second
signal fromtranslator 741 causes demultiplexor 740 to SF_K %ﬁ PRt pEER
1io

and the second instruction set nDde When processor 104

a4 Been Replabddr St i nst r LEACER e
i n the i'nitializat
procedures. An i WOPP2ER | ye | mlﬂﬂm E decoder 743 and *’?@fﬁ%ﬂ"a"%%?

741. Decoder 743 or translator 741 in turn transmts the first signal or

powers up, processor 104 can p
or "the second instruction set
S

t he second signal in response to the value. In this exanple,
processor 104 powers up in the first instruction set node. Thus,
denul ti pl exor 740 initially receives a first signal from decoder
743 and sel ects transl ator 741. WO 96/ 248%0-

PCT/ US96/ 01516 - 39-

Instructions transnitted frsttchﬁ? frofl d ARt GRERRHS et tri?d&dlautsa;h:secondmstrucuon

denul ti pl exor 740 is transl ated and decoded by transl ator

Transl ator 741 conpri ssesnodesandry for translating and decodl ng
instructions of the first instruction set. The translated and decoded
instructions are then transxecuting a second dnstiustion of a sgepndiinstouctioneetit es t he
decoded instructions. Execution unit 744 is also coupled to register 745
whi ch stores val ues when processor 104 is in the first instruction set

23. The method of claim 22 wherein said first switch instruction is

jmpx.

24. The method of claim 22 wherein said first switch instruction is
x86jmp.

25. The method of claim 22 further comprising:

executing a second switch instruction;

switching from said second instruction set mode to said first
instruction set mode; and

executing a second instruction of said first instruction set.

26. The method of claim 22 wherein said second instruction of said
second instruction set is an instruction to move values from a register of

said first instruction set to a register of said second instruction set.

27. The method of claim 26 wherein said instruction to move values is
x86mf.

28. The method of claim 26 wherein said instruction to move values is
xB6smf.

T



node. Execution unit 744 is also coupled to register 746 which stores
val ues when processor 104 is in the second instruction.ggt.pode Thus in
response to a x86 x86snt, or x86fnf instruction, exeCTHiSORHRAT HAg%ENcn

retrieve val ues from I egihik gﬂéeth&gg I%GH | e executing roceggg[ﬁgm

I nstructions of the secon Li kewi se, | ]%ﬁ_.a_.
x86nt, x86sWPP8Met nt | cutlon unit 744 can al S0 Store

val ues into register 745. When trnaslator 741 receives a

jmpx instruction, translator 741 sends a second signal to
dernul ti pl exor 740. The second signal causes denul tiplexor 740 to
sel ect decoder 743 and to transmt instructions from I nstruction
cache 742 to decoder 743. In this nmanner, proesessor 104 switches to
the second instruction set node. When decoder 743 decodes a x86j np

instruction, decoder 743 transmits a first signal to demultipl.exor
740. In response to the first signal, denultiplexor 740 sel ects transl ator
741 and transnit s29.nst Theethodl 6ff caimi 26ivhersin said dnstiirctiéA 2o ntovie viakaésds or

741. In this manner, processor 104 can return back to the first instruction
set node. x§4bmd6/ 24895
PCT/ US96/ 01516 - 40-

30. The method of claim 26 wherein said instruction to move values is

x86mt.

31. The method of claim 26 wherein said instruction to move values is

x86smt.

32. The method of claim 26 wherein said instruction to move values is
x86fmt.

33. Inaprocessor, a method for executing instructions of 2 computer .
program comprising:

executing a first instruction of a first instruction set in a first
instruction set mode;

receiving a first interruption indication in said first instruction set
mode;

servicing said first interruption indication in a second instruction
set mode;

returning to said first instruction set mode;

receiving a second interruption indication in said first instruction
set mode; and

[
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Processor 104 can further conprise a jnpx disable register._The
jmpx disable register is coupled to translator 741. Wen g mpcadi s&x@)B@EN’
regi ster is set, the jnpx instructiron—s—au-Hfed and a | rrpx 'RQFQM@J' on

results in a disabled 64 bit | 34 he& Prﬁc ssor 104 doed S

t he secmyuctlon Tfonse to a | rrpx pa-mxggamsmn
Li kew se, processor 104] ll I nprise a x86j np disable

regi ster. The x86j np di is coupled to decoder 743.
When the x86j np di sabl e register is set, the x86jnp instruction is
nullified and a x86j np instruction results in a disabled x86 | SA
fault. Processor 104 does not switch to the first instruction set
node in response to a x86jnp instruction. -52- Al ternatively,
regi ster 745 stores val ues when processor 104 is in the first

i nstruction set node and aserwicingsaid seconddntentuptioprindicatian inisaid fisst

in the second instruction set node. In this case, register 745 performs the
functions of register Wcﬁﬁﬁsf-‘fégpé?er 746 is elimnated or incorporated
into register 745. Thus, because one set of registers is being used, the
x86nt, x86nf, x86snt, x86srnc x86f nt and x86fnf instructions would not

be “S?d- . 3, ! 6985&93?’%%&%&1 'hrsﬁh%ﬁ B{Bdeﬁsa
described with reference to specific exerrp ary e

thereof. It will, howaﬁ.plexmmcuonmnﬁsamsaidwcou@mmdetfmﬁaéiscans
and changes may be nmade thereto wi t hout departing fromthe broader
spirit and scope of t weduceddnstructionsset mode. set forth in the appended
clainms. The specifications and drawi ngs are, accordingly, to be
regarded in an illustrative rather than a restrictive sense.

35. The method of claim 33 wherein said first instruction set mode is a
reduced instruction set mode and said second instruction set mode is a

complex instruction set mode.

36._ The method of claim 33 wherein said first instruction set mode is a
64 bit instruction set mode and said second instruction set mode is a 16
and 32 bit instruction set mode.

37.  The method of claim 33 wherein returning to said first instruction
set mode comprises:

executing an IRET instruction.

38. The method of claim 33 wherein said first instruction set mode is a
16 and 32 bit instruction set mode and said second instruction set mode is

a 64 bit instruction set mode.

39.  The method of claim 33 wherein servicing said first interruption

indication in a second instruction set mode comprises:

LR A



WD 96/ 24895 oo .

PCT/ US96/ 01516 THIS SHER FRe e
Whereas nany alteratl ons—and Todi fications of the pr esent PEPLA 1
wi Il be conprehended by a RE&RasBhdn/Reglackd the art after : ng

read the fore oi ng descri pt be under st ood tha%cltn?fsm
partlcul ar nts shovﬂwall&mﬂlmd by way of illustra |onlszla?e
o)

in no way intended to be c ing. Therefore, references to
details of particular enbodiments are not intended to limt the scope of
the clains, which in thenselves recite only those features regarded as

essential to the invention. Thus, a nethod and
apparatus for transitioning between dBBstruction sets in a processor
has been descri bed.

- 42 - determining saxd first interruption;

determining a descriptor entry number for said first interruption;

storing a 64 bit intercept gate associated with said descriptor entry
number wherein said intercept gate refers to a memory address; and

executing a service routine in said 64 bit instruction set mode for

said first event starting at said memory address.

40. The method of claim 33 wherein servicing said second
interruption indication in said first instruction set mode comprises:
determining said second intérruption;
determining a descriptor entry number for said second
interruption;
storing a descriptor gate associated with said descriptor entry
number wherein said descriptor gate refers to a memory address; and
executing a service routine in said 16 and 32 bit instruction set

mode for said second event starting at said memory address.

41. The method of claim 33 wherein returning to said first instruction
set mode comprises:

executing an EVRET instruction.

42. A data processor for executing instructions of a computer program
comprising:
means for executing a first instruction of a first instruction set;
means for executing a first switch instruction;

I
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CLAI Ms: 1 1. A processor for running a programthat includes

instructions of first and 2 second |nstruct|on sets, wherermsaid-fitst.

instruction set is a conplex instruction set ~conput er rTHI'ﬁ SHEETHAS BEEN
i nRERLACEDN

(CSC type and said second |nsnﬁstsméetmsmetR laced reduced 4
a processor cor’rpl;LLl§1g 5
ﬁ e of instructions 0O ég'gal"’é‘5

set conputer archit e (RISC
one or nore cach‘g M{ es t hat

6 program instructi on processing unit coupled to said one
or nore cache rrermrl es 8 t hat decodes and executes a first instruction
in said sequence fromsaid first 9 instruction set and a second

instruction in said sequence fromsaid second 10 instruction set; 11
first and second register files respectively assoef4ated with said first and
12 _second instruction sets, wherein data associated with said first

instruction is stored 13 maaﬁsarodsmte rfaﬂhatf&gtﬁxs&@cuométﬂaidata%e&rﬁed

with said second instruction is stored in said second register file.
1 2. The pr ocesinstrucfion setimode; whérel n said instruction processing
unit 2 conprises: 3 a first decoder coupled to said one or nore

cache nenories that decodesmeans forpxecuting@ seeond instruetion ofs second insgructionnd
decoder coupled to said.,one or nore cache nenories that 6 decodes said
second instruction; * a multiplexor having an output and inputs
coupled to said first and second 8 decoders;

43. A data processor for executing instructions of a computer program
comprising:

means for executing a first instruction of a first instruction set in a
first instruction set mode;

means for receiving a first event indication in said first instruction
set mode;

means for servicing said first event indication in a second
instruction set mode;

means for returning to said first instruction set mode;.

means for receiving a second event indication in said first
instruction set mode; and

means for servicing said second event indication in said first

instruction set mode.

) )



9 an execution unit coupled to said output of said multiplexor that
executes the 10 first and second instructions, said execution unit witing

a first result of said first

-43- 11 instruction to said first register file, and a second result of
sai'd second ﬁbﬂﬁﬁ%'on to 12 said second register file. The
processor of c wherein said programincludes a smntck?%?"ﬁﬂﬂ@#?ﬁctlon
and said instruction processing unit further conprises: 3 an
instruction set node selector (I1SMS) coupled to said first and second 4
decoders and to said nultiplexor, wherein S?dq | SM5 generates a sel ect
signal that 5 selects said output of said I'ti pl exor in response to said

switch instruction. 1 4. The processor of claim1l wherein said first
instruction conprises 32-bits 2 and said second instruction conprises
64-bits. 1 5. A conputer system conprising; 2 a bus; 3

an external nenory coupled to said bus; 4 a m croprocessor coupled

to.said external nenory and said bus, sai d

BUS
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-
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MEMORY
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5 mcroprocessor including: 6 first and second register
files;, 7 an_instruction cache that stores first and second

instructions of a 8 program 9 a first decoder coupled to
said instruction cache that decodes said 10 first instruction; 11

a second dewwoesne@esipl ed to said instruction cache that decodes said 12
second instruction; 13 a nul tipl exor having ﬁyngﬂﬁpled
to said first and second decoders, 14 and an output; 15 an
execution unit coupled to said output of said nultiplexor that

-44- 16 executes said first and secon®/#nstructions, with a first result
of said first instruction 1 7 being witten to said first register file,
and a second result of said second instruction 18 being witten to said

second register file. u& 6. The conputer systemof claimb5 wherein
sai d execution unit donpri$€s: 2 . a first execution unit coupl ed
to said first decodef that €xecutes said first 3 instruction; 4 a

second execution unit coupled to said second decoder that executes said 5
second i nstructi on210 .

;pxmfnz

211 x863mt f e
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1 7. The conputer system of claim®6 wherein said m croprocessor
further 2 conprises: 3 a translator unit coupled to said instruction
cache, said translator unit being 4 adapted to translate said first
instruction of said first instruction set into 5 correspondi ng

instructio aid second instruction set, said instrug

storing sa?ﬁ:’g}r}ésgépondl ng instruction(s) of said second i ng@g%@?%‘n set.

1 8. The conputer systemof claim5 wherein said first instruction
set is a 2 conplex instruction set conmper architecture (Cl SC) type and
said second 3 instruction set is a reduced instruction set conputer
architecture (R SC) type. 1 9 In a processor having first and
second instruction set operating nodes, a 2 nmethod for executing a program
that contains instructions of first and second 3 instruction sets, said

met hod conprising steps of: 4 (a) executing a first instruction
of said first instruction set while said 5 processor is in said first
instruction set opergfTng 2™ 6 T = T (D) _TTECETVINg "|fi rst

i nterruption indication; ] c) alser |C|nglsa|df| st interruption
i ndi cation while said prcﬁss i's d instrudtion set

'_ sai fl §ec
operati ng node; DE 5 - 45 -
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9 (d) returning to said first instruction set operating node. 1
10 The nmethod of claim9 wherein said first instruction set is a. ClSC 2

instruction set and said second instruction set is a RISC instruction set.
1 11. The nethod of claim9 wherein said first instruction set is a
RI'SC 2 i n set and said second instruction set

instructi onna'ye'?&ugg 12. The nmethod of claim9 wherei Ecg’g%%%lfst
instruction set is a 64-bit 2 instruction set and said second instruction
set is a 16 or 32-bit instruction set. 1 13. The nethod of claim?9
wherein said first instruction set is a 16 or 32-bit 2 i nstruction set
and said second instruction set is a 64/Mit instruction set. 1 14. In
a processor, a nmethod for executing a programthat contains R SC and 2
CISC instructions conprising steps of: 3 - (a) executing a first
instruction in said program said first instruction being 4 one of said
CISC instructions; 5 (b) executing a swtch instruction, the
swtch instruction including a value 6 that indicates a |ocation of a next
instruction in sard program—amd~—7 = — — “(C) — Ex®&cdtin ai d next
instruction in said progr n 8 b&'ng one of said

RI SC i nstructiond. 1 claim 14 whetein step (b)

The nethod.

further conpriseg t ; conver by sal otessor, said
val ue into and addrdess sdiLd NPt i nstr
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The nethod of claim 14 wherein said R SC instructions conprise

1 16

64« bit 2 instructions and said CISC instructions conprises 16 or 32-bit

i nstructions. - 46-

1 17. In a processor, a nmethod for executing instructions of a

cohput er phpgbediegs Cconprising steps of: 3 (a) executing a
instruction of a first instruction set; 4 (Qﬁ“msﬁﬂﬁ%ﬁting a

first
first

first switch instruction that changes said processor froma 5
instruction set node to a second instruction set node of operation; 6
(c) executing a second instruction df/7a second instruction set. 1 18.

The nmethod of claim 17 further conprising the additional steps of: 2
executing a second™sw tth—i nstf uet+or that changes said processor 3

(d)

from said second instruction set node 'to said first Snhstruction set node of
operation; 4 (e) wexecuting a second instrlction of said first
instruction set.” 1 18 g§1e net of 17 vherein step (e) noves
a data value froma | I
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2 register associated with said first instruction set to a register
associated with said 3 second instruction set.

- 4+ - an execution unit coupled to said decoder capabl e of executing
sai d second instruction of said second instruction set and capabl e of
executing qu(fg espondi ng instructions of said second instruction set.
16. A conputer system conprising . a bus providin ¥at i on
| i nks between conponents in said conputer system a keyboard
controller coupled to said bus allow ng coupling of a keyboard to said

conput er system external neéetwry coupled to said bus capabl e of
storing information; and a mcroprocessor coupled to said external

menory and sai d bus capabl e of decoding and executing a first instruction
of a first instruction ~ = 7T T T T T == ===~
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set and a second instruction of a second instruction set, wherein said
fisrst instruction and said second instruction originate froma single
cenput er program 17. The conputer systemof claim 16 wherein said first
i Astruction set is a conplex instruction set and said second instruction

sé&t is a reeogaledsnst ruction set. 18. The conputer systﬁpnfgwﬁgﬂ m 16

wherein said m croprocessor conprises: an instruction capabl e

of storing said first instruction and said second instruction; WO
96/ 24895 PCT/ US96/ 01516

- 48- a first decod®? coupled to said instruction cache
capabl e of decoding said first instruction of said first

i nstruction set; a second decoder coupled to said

instruction cache capabl e of
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decodi ng said secand instructi on of sai d second instructi 3J}‘§%t&‘- i ';‘S BEEN-
a first nultiplexor coupled to first decoder and sai secoﬁ@DLACED

decoder capabl e of @ﬂm‘ﬁiﬁm °§$| d first decoder and said second
decoder in response nd - . g,; 9
coupled to said nult e of exgmuti ng mﬂ@seﬂ /J 15 16
I nstruction fromsaid nultiplexor. t f
claim 16 wherein said mcroprocessor corrprl Iegmjguﬂ%r D?le me
first instruciN HECELAMSapabl e of storing said first instruction; -

a first decoder coupled to said first instruction cache capabl e of

decodi ng sai dWhat i3 claimsed is:t i on; a first execution unit
coupled to said first decoder capable of executing said first

i nstruction, whér ei fi @%t?cPVPG?%QOfJQ'éG!ﬂﬂ'%aLR{PQTaFB that mcludes,uaggmgns@ft 0 a
signal to initi.ate executi tructlon cache
capabl e of st%f rﬂ&@?&‘*gﬁ%wm‘mm set ar%‘@ﬁ%??% said data processor 5
second decodgé ‘ﬁgﬂﬁ' Sd to said second instruction cache capable of
decodi ng sai A i nstructi on; and a second execution
uni t coupl ed to sab fprad dlRAGYREMEARE RS Gbre a sequencE KR RARIELS
second instruction, ereln sai secon execution umt TS

responsi ve togg@idlogigpal to initiate execution. W06/ 24895
PCT/ US96/ 0152% L

an instruction processing unit coupled to said one or more cache
memories that decodes and executes a first instruction in said sequence
from said first ISA and a second instruction in said sequence from said
second [SA;

first and second register files associated with said first and second
ISAs, wherein data associated with execution of said first instruction is stored
in said first register file, and data associated with execution of said second

instruction is stored in said second register file.

2. The data processor of claim 1 wherein said first ISA is a complex
instruction set computer architecture (CISC) type and said second ISA is a

reduced instruction set computer architecture (RISC) type.

3. The data processor of claim 1 wherein said second ISA is 64-bit

compatible.

4. The data processor of claim 1 wherein said instruction processing
unit combrises:
a first decoder coupled to said one or more cache memories that
decodes said first instruction;

a second decoder coupled to said one or more cache memories that

decodes said second instruction;

* c L M S *
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- 49- 20. _ The conputer—system of claim 16 whefﬁa,{é 7= 46
m cr opr ocessor conpri ses: a trangl ator,

priconafP SESN
t-ransl ating sai d fThis$h Bﬁmer dof said first linst rP@v%?R set |
into corresponding said second in IQ@n t
an instruction cachum‘l id tragy ator cmsf 9st§>/| ng]' 1
said second instruction of said second instruction !?E
storing said correspondi ng instructions of said se Ms mmﬁ: 3988

and a multiplexor having inguts eoppled tocsaid fiektianet settnddectiohs,
capabl e of executing said second I nstruction of said second

i nstructi on sfd amdutput; capabl e of executing said correspondi ng
instructions of said second i nstruction set. 21. The

conput er syst em ofarc@¥geution uniteeupled 40 said eutppt ot eaidanultiplexor thatur ¢ her

[ : . der, led t i.d instruction, cache
comDr1 S22 coguping the frst v S5 QN eLipSRUBIl MRS i b AT
et ot | ons stndeion RS WiBhde:said firs TEGRTer e, ‘dd'a $35oRa PeRI B sl s s or
a method for GXSRHGAQHHIR'BAlG WHittn o &hif YEBYAE Tegister file. Pr 09" aMm

conpri si ng:

5. The data processor of claim 4 wherein said instruction processing
unit further comprises: |
an instruction set mode selector (ISMS) coupled to said first and
second decoders and to said multiplexor wherein said ISMS generates a
- select signal that selects said output of said multiplexor in response to an

ISA switch instruction.

6. A computer system comprising:
a bus providing communication links between components in said
computer system;

an external memory coupled to said bus that stores information; and

a microprocessor coupled to said external memory and said bus that

decodes and executes a first instruction of a first instruction set and a second
| instruction of a second instruction set, wherein said first instruction and said

second instruction originate from a single computer program, said
microprocessor further including:

first and second register files;

an instruction cache that stores said first instruction and said second
instruction;

a first decoder coupled to said instruction cache that decodes said first

* c L M s *
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execut i ng a first instruction of a first instruction set;|Tyig sHEpT 1AS BE
executing a first switch instruction; WO 96/ 24895 OR;:PI%C‘ED EN
PCT/ US96/ 01516 - This SheetHasBeenReiliced —= B0

switching froma fil [ n set node to a secgyd i r |

set rmde;g and ”n" |||IILH¥HH ting a s?f{: nd instr g f%&gggnlis 16
I nstruction set. . he net ho f claim22 | #1228 S AP
switch instruction is _ j mpx. _ 24. The m%? w;{jﬁq@z@%
wherein said first $ubb&Ry HBShE I Rled Yo said instri&dd Bache that decodes said

second instruction;

a multiplexor having inputs coupled to said first and second decoders,
and an output;

an execution unit coupled to said output of said multiplexor that
executes said first and second instructions, with a first result of said first
instruction being written to said first register file, and a second result of said

second instruction being written to said second register file.

7. The computer system of claim 6 wherein said first instruction set is
adapted for a complex instruction set computer (CISC) architecture and said
second instruction set is adapted for a reduced instruction set computer

(RISC) architecture.

8. The computer system of claim 7 wherein said execution unit
comprises:
a first execution unit coupled to said first decoder that executes said
first instruction; and
a second execution unit coupled to said second decoder that

executes said second instruction.

9. The computer system of claim 6 wherein said microprocessor further
comprises:
a translator unit coupled to said instruction cache, said translator unit
being adapted to translate said first instruction of said first instruction set into
corresponding instructions of said second instruction set, said instruction

cache storing said corresponding instructions of said second instruction set.

O Y A



25, The nethod—ef—elaim22further conprising: THIS SHEETHAS BEEN:

second switch instructio splaced switching from daid sBEBIACED
i'nstruction s i rst instructi?W :
\executingas mﬁ m n of said first instruct™ C96a/| 15216
The net hod of n sai d seco#8 instructi (ﬂﬁ

second instruction set is an instruction to nove valm rQEQﬂQBG)f
said first instruction set to a register of said second instruction set.

27. The net how oﬁ"@l%!’PﬁP%QP"vxﬁéF ﬁdsfar axecusing psinestians of, ecomputars i s

x86nf . m% gl | aim 26 wherein said instruction to
nmove val ues ppgram com?ﬁ%@ﬁf @ steps of: O 96/ 2489
11111111111111111&7

executing a first instruction of a first instruction set; -1

(b)  executing a first switch instruction that changes said processor
from a first instruction set mode to a second instruction set mode of
operation;

(¢) executing a second instruction of a second instruction set.

11. The method of claim 10 further comprising the additional steps of:
(d) executing a second switch instruction that changes said
processor from said second instruction set mode to said first instruction set
mode of operation;

(e) executing a second instruction of said first instruction set.

12. The method of claim 11 wherein step (e) moves a data value from a
register associated with said first instruction set to a register associated with

said second instruction set.

13. A data processor for executing a computer program that includes
instructions of a first and a second instruction set architecture (ISA), said
data processor comprising: |

means for executing said first instruction while in a first mode of
operation corresponding to said first ISA, and said second instruction while
in a second mode of operation corresponding to said second I1SA;
" means for switching between said first mode and a second mode of

operation, said second mode corresponding to said second ISA.

R O R A
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29. The nethod of claim?26 wherein said instruction to nove val ues S

x86f nf . 30. The nethod of claim 26 wherein salgﬁpﬂ : %y“ ¢
nove val ues is x86nt . 31. The met hod ¢ JAgbl . SHFET
wherein said instruction to nove values is x86snt

The method of claim26 wherein said instruction to nove val §esp sy 4

x86f nt . 33. In a processor, a method for execyting |né{ J%?IOHS
of a conputer program conpri si ng e

instruction of a first instruction set in a f-jrst Lnstruction set
node; receiving a flrst |nterrupt|on |nd|cat|on In sard

first instructionpggd A : ANSEEONBIEBERY
i nterruption indication in a second |nstruct|on )

returning to said first 'nSIPﬂ-S’FRU@F@N—SEP@-INA—PRQGE-SSGR receiving a

second interruption_indication in said first instructi set node;
and A PROCESSOR CAPABLE OF EXECUTING PROGRAMS THAT

CONTAIN RISC AND CISC INSTRUCTIONS

FIELD OF THE INVENTION

The present invention relates to the field of electronic data
processing devices. More particularly, the present invention relates to

) the operation of a data processor.

BA ROUND OF THE-INVENTION

Traditionaily, a processor could only accept operating systems and
application programs in the instruction set for the particular processor. It
could not accept operating systems and application programs in another
instruction set. Thus, when processor architecture and instruction sets
were modified to incorporate technological advancements in a new
processor, the existing software base of operating systems and
application programs could not be utilized. New operating systems and
application programs had to be developed.

One prior proceésor did have the capability of accepting an
application program in one instruction set (VAX code) and also accepting
an application program in an earlier instruction set (PDP-11 code).
However, the prior processor could only accept an operating system in
one inistruction set (VAX code) and could not accept an operating system
in another instruction set e.g. PDP-11 code. In addition, the prior

processor could only accept an application program entirely in one

MVIENDED §3:!EE%F
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15 PCT/ US96/ 01516 VD 96/ 24895 | - \REPLACEMENT SHEET
i -92- servicing said second interruption indicati gmrmsatt
P first i nstruction set node. 34. The net hod ¢f jclaj,m. 33 ,
. WHerein said first instruction set node is a conpl ex if n§t rﬁém%"@&
* node and said second instruction set node is a reduceq nstruciion
" set. node. 35. The met hod of claim 33 wherein saidjfirst
i nstruction set node is a reduced i Rs42 ucti on set node—and—s&at+d
second insErucﬁugn set node is a conpl ex instruction set node.
36. The of claim 33 wherein said first instruction set node is a

64 bit instruction set nbde and said second instruction set node is a 16
.and 32 bit instruction set node. 37. The nmet hod of cl aim 33

wherei g rejurni ngy hayciak8r for rihnihg 3 pragrdr that includes instructions of first and

2 second instruction sets, wherein said first instruction set is a complex instruction set

3 computer architecture (CISC) type and said second instruction set is a reduced
4 instruction set computer architecture (RISC) type, said data processor comprising:
5 one or more cache memories that store a sequence of instructions of said
6 program; .
| 7 an instruction processing unit coupled to said one or more cache memories
8 that decodes and executes a first instruction in said sequence from said first
9 instruction set and a second instruction in said sequence from said second
10 instruction set; |
11 first and second register files respectively associated with said first and
12 - second instruction sets, wherein data associated with said first instruction is stored
13 in said first register file, and data associated with said second instruction is stored
14  in said second register file.
1 2 The processor of claim 1 wherein said instruction processing unit
2 comprises: |
3 a first decoder coupled to said one or more cache memories that decodes
4  said first instruction; |
5 a second decoder coupled to said one or more cache memories that
6 decodes said second instruction;
7 a multiplexor having an output and inputs coupled to said first and second
8 decoders; .
Q an execution unit coupled to said output of said mulitiplexor that executes the
10 first and second instructions, said execution unit writing a first result of said first

| amenoep  seeer | |IHMORA ORI




set node conpri ses: executing an | RET instructi 38.
The method of claim 33 wherein said first instruction set m

16 and 32 bit instruction set nbde and said second instruct}o 1 I;/gg iﬁj\lj QHEET
a 64 bit instruction set nobde. 39. The nethod of E r2§3 wher ei n
servicing said first interruption indi cation in a secpnf ¥ngdMkcio98n
set node conpri ses: WD 96/ 24893 43 ..
PCT/ US96/ 01516 . -53-
determning said first interruption; det er m ni rg—a—deserptox
ent r y1 punigstrdctionstol gaid firstiregister rmemtndmsecond result of said$6coriirdtieretiBhito
intercept gate associated with said descriptor entry nunber wherein
sai d 12t esaithsecpndragister file.o a nenory address; and executi ng
a service routine in said 64 bit instruction set node for said first
event starting at said nenory address:

1 3. The processor of claim 2 wherein said program includes a switch

instruction and said instruction processing unit further comprises:

2

3 an instruction set mode selector {{SMS) coupled to said first and second

4 decoders and to said multiplexor, whersin said ISMS generates a select signal that
5

selects said output of said multiplexor in response to said switch instruction.

1 4. The processor of claim 1 wherein said first instruction comprises 32-bits

2 and said second instruction comprises 64-bits.

1 &, A computer system comprising;
2 a bus:
3 an external memory coupled to said bus;
4 a microprocessor coupled fo said external memory and said bus, said
.5 microprocessor including: |
6 first and second register files;
7 an instruction cache that stores first and second instructions of a
8 program;
9 a first decoder coupled to said instruction cache that decodes said

10 first instruction;

11 ' a second decoder coupled to said instruction cache that decodes said

12 second instruction;

13 a multiplexor having inputs coupled to said first and second decoders,

14  and an output;

15 an execution unit coupled to said output of said multiplexor that

|_amenpep  seet || IHH A HRRD R
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:40. The net hod of claim 33 wherein servicing said second REfLA!’“’EME‘!’” SHEET

sinterruption indication in said first instruction set node cqnri ses:

determ ning said second interruption; det er mi ni rlg {a 2A8sdUL 199%

entry nunber for said second i nterruption; storing a

descriptor gate associated with said desd4iptor entry . nunber wherern

sai d descriptor gate refers, to a nenory address; and execiting

a servil6e rexecutes saidSistdaridsecuhdifstristtidnss witha firehresedt of said firstidstriiction

said second event starting at said nenory address. 41. The

met hod18f deingvaittentorssid firsttragisterdile, andba second tesulixafaaid seqond instruatian

node conprises: . executing an EVRET instruction. 42.

A dat a1Br ochelng writian eald sergnd fegisteffillons of a conputer program

conpri si ng: means for executing a first instruction of a first

I nstruction set; means for executing a first switch

I nstr ucgi on,
2

pCT/ USod/ 0516 The c%\%p%ﬁérzgﬁ?g’m of claim 5§ wherein said execution unit comprises:

a first execution unit coupled to said first decoder that executes said first

3 instruction;

4 a second execution unit coupled to said second decoder that executes said
5

second instruction.

7. The computer system of claim 6 wherein said microprocessor further
comprises:

a translator unit coupled to said instruction cache, said translator unit being
adapted to translate said first instruction of said first instruction set into

corresponding instruction(s) of said second instruction set, said instruction cache

O N AW N -

storing said corresponding instruction(s) of said second instruction set.

-

8. The computer system of claim 5 wherein said first instruction set is a
2 complex instruction set computer architecture (CISC) type and said second

instruction set is a reduced instruction set computer architecture (R{SC) type.

1 9 In a processor having first and second instruction set operating modes, a
method for executing a program that contains instructions of first and second
instruction sets, said method comprising steps of:

() executing a first instruction of said first instruction set while said
processor is in said first instruction set operating rrgode;

(b) - receiving a first interruption indicatioﬁ;

(c) servicing said first interruption indication while said processor is in

O N O oA N

said second instruction setl operating mode;

* c L M S *
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- 54- means for switching froma first instructi At w,
second I nstruction set node; and . means for grecuiay-a.
second instruction of a second instruction set. 43. A dat a
processor for executing instructions of a conputer program 26npUL 998y
means for executing a first instructianggf-a first instructjign set in a
first instruction set node; nmeans for receivingla first event
indication in said first instruction set node; neans.for
servici®g sai d f(d) st retuningitodiaichfirsd instruction seboperatingimede.uct i on set node;
means for returning to said first instruction set node; means
for receiving a second event indication in said first I nstruction set
node; and jcin second, event, i n

said fitst 10- jnthe U&Eﬁ‘g‘i°£g{a'fﬁ1e93\\g/lherelg said first Instruction set s a8 CIS& ' O™ ' "

2 instruction set and said second instruction sét is a RISC instruction set.

1 11, The method of claim 9 wherein said first instruction set is a RISC

2 instruction set and said second instruction set is a CISC instruction set.

1 12.  The method of claim 9 wherein said first instruction set is a 64-bit

2 instruction set' and said second instruction set is a 16 or 32-bit instruction set.

1 13, The method of claim 9 wherein said first instruction set is a 16 or 32-bit

2 instruction set and said second instruction set is a 64-bit instruction set.

-t

14. In a processor, a method for executing a program that contains RISC and
CISC instructions comprising steps of:

(a) executing a first instruction in said prograrri, said first instruction being
one of said CISC instructions;

(b) executing ; switch instruction, the switch instruction including a value
that indicates a location of a next instruction in said program; and

(c) executing said next instruction in said program, said next instruction

® ~N O A W N

being one of said RISC instructions.

1 18 The method of claim 14 wherein step (b} fynher comprises the step of:

2 converting, by said processor, said value into and address of said next instruction. -

1 16 The method of claim 14 wherein said RISC instructions comprise 64-bit

2  instructions and said CISC instructions comprises 16 or 32-bit instructions.

-
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17. In a processor, a method for executing instructions of a computer program
comprising steps of:

(@) executing a first instruction of a first instruction set;

(b)  executing a first switch instruction that changes said processor from a
first instruction set mbde toa secoﬁd instruction set mode of operation;

(¢) executing a second instruction of a second instruction set.

18. The method of claim 17 further comprising the additional steps of:
(d)  executing a second switch instruction that changes said processor
from said second instruction set mode to said first instruction set mode of operation;

(e) executing a second instruction of said first instruction set.

19. The method of claim 17 wherein step (e) moves a data value from a
register associated with said first instruction set to a register associated with said

second instruction set.
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