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present invention is related to processors, and nore particularly to

m crocode for processors. Background Information 10 A conputer system can
be br okewoiﬂrlﬁs%gfhr ee basic blocks: a central processing RffE/USQESER,

menory, and input/output (1/0O units. These blocks are interconnected by
nmeans of a bus. An input device such as a keyboard, nouse, disk drive,

anal og-to-digital converter, etc., is used to input instructions and data
to the conputer systemvia the I/Ounit. 15 These instructions and data can
be stored in nmenory. The CPU retrieves the data stored in the nenory and
processes the data as directedEB{erapeMignogedsl i nstructions. The results can
be stored back into nenory or outputted via the /O unit to an out put
device such as a printer, cathode-ray tube (CRT) display,

di gital 5to-anal og converter, |iqui dEédcrystal display (LCD), etc. The
function of the CPU_(also referred to herein as a processor) is to execute
prograns. Prograns &ORBIESER myeplion s relatedrie prasessopmand math i nstruction is

broken down i nt g,:40Q20¥ tdMIPoRRE FRiPrOhRsdfRoWn as mcro-instructions or

m cro-operations. One Wway that processors execute 25 mcro-instructions is
by readi ng operands fromone or nore source registers and storing results

in one or nore destination registers. regi ster is a tenporary storage
area wWithin a processor for holfgq%rwﬁalnfﬂgﬂﬁt'w the processor. Registers
store hppts. A bit i3 Rnpuitdkysiéh @bt baBdkeh F6 BREODRIEMbOS! a Rentfh] Value or a
“I " value. Different P?gl;]i st%rs may be 3_8 used for ﬁ?é@é%?eqtﬁd}]cti ons. For
exanpl e, gener apropesspgdat(€§ls.ireermory; and mpudoutputdi/ONangeabheset o hol d

operands Tor | ogoel 20 B BIE fueafPSF E6L0 Rr iREGLAL. RihROgE o0 sters
keyboard, mouse, disk drive, analog-to-digital converter, etc., is used to
input instructions and data to the computer system via the I/0 unit.

15 These instructions and data can be stored in memory. The CPU retrieves
the data stored in the memory and processes the data as directed by the
stored instructions. The results can be stored back into memory or
outputted via the I/O unit to an output device such as a pninter,
cathode-ray tube (CRT) display, digital-to-analog converter, liquid

20 crystal display (LCD), etc.

The function of the CPU (also referred to herein as a processor) is
to execute programs. Programs comprise a group of instructions. Each
instruction is broken down into one or more operations known as
micro-instructions or micro-operations. One way that processors execute

25 micro-instructions is by reading operands from one or more source
registers and storing results in one or more destination registers. A
register is a temporary storage area within a processor for holding data
used by the processor. Registers store bits. A bit is a binary digit and
represents either a "0"” value or a "1" value. Different registers may be

30 used for different functions. For example, general purpose registers are
used interchangeably to hold operands for logical and arithmetic
operations. Special purpose registers may be used for holding status

information via various flag bits, for example.



information via various flag bits, for exanple. 2 3 JUN 2004 WO Ollﬁoﬁm 0k
Pd ' 1 USOQ 35662 Certain processor operations are easier to inplenent 6]

a hybrid wegfies39r anmed code and hardware | ogic than using, ] war e
|l ogic alone. For exanple, these operations can be pr ocesg%wﬁ%'{ogg%l

operations or a conplex instruction (or part of the instruction operation)

that uses 5 progr anMEehaiRgrockob bpRhiidng aOGiskr id Tl é‘fﬁé}ﬁ%in%}ryl;gﬁ

programmed code used to sinplify logic inplementation is
"m crocode. "  Trfdregremaadycode prd hirdwersddgic itkrnanbedds hardveird eogihe

m cr opr ocessor igrocode is tightly coupled with the hardware
logic. Traditi oaﬁ:a lnjifogre %@ﬁ%lgsl%gsree()pﬁFaé’-OB?B Wsﬁ?ﬂﬁﬁewwﬁ’%’a'ﬂ% resi de

inside 10 a pragesoniplerouevtion (b e 6 (RO MstrhsineHRAkBL) AABuder M crocode
have several disadvantages. Faor exanple, because each bit of m crocode

takes up preci diestgmEnedicede i simphbolesic ispdgmentationniTheprograsimed and is very
expensive. As ProgessQyr pﬁé} re.co £x, mcrqcode 15 al so
becomes huge incs?ze, otggu ?Egogpfﬁ?%@gg e{?"elso%aﬂg embcf%cc?glgsor silicon. In
addi ti on, becauskraditiadilty, trahicricode santtbadged ieide tMsmioocdEsicessor, the
m crocode can only be chan?qed by repeating the entire processor design and
manuf act uri ng cyPEFRISE HIRICToqpde rfghiicauplsgmith thehergware lpgicFor t hese and

other reasons, hgkifiohal niicRRE8ks' %%lrgqﬁo@raﬁl%tbimirgéﬁgmaggesga%ﬁ%%é.y Some

enbodi nents of the invention 1nc a tonputer s Ifsing a bus,
a procddsor andagpreesgut er readabl e nmedi um external to the processor. The

conput er readabl e ium i sagougl ed t]o the. processor bg the bus and stores
i nstructions to i mpl EVENEDFREHERREPIgFEtss dor mycraode havs sexei@! f ur t her

enbodi ment's, aspRGHFarkdEs AHYEHaAPES beEausdEach bit of microcode takes up

precious die area, microcode is often limited in size and is very
expensive. As processors become more and more complex, microcode

15 also becomes huge in size, occupying a large share of the processor
silicon. In addition, because traditional microcode resides inside a
processor, the microcode can only be changed by repeating the entire
processor design and manufacturing cycle--much like hardware logic
changes.

20 For these and other reasons, there is a need for the present

invention.

Summary
Some embodiments of the invention include a computer system
25 comprising a bus, a processor and a computer readable medium external
to the processor. The computer readable medium is coupled to the
processor by the bus and stores instructions to implement microcode
functions.
Still other and further embodiments, aspects and advantages of the
30 invention will become apparent by reference to the drawings and by

reading the following detailed description.



30 invention wll beconme apparent by reference to the draw ngs an

reading the follow ng detail ed descri ption.

PCT/ US 5 rief Description of the Drawings FIG | i
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r eadabl e

i geadeblermediumo t he processor. In the follow ng detail ed

enbagdj~ren ef er. I,S,.made tQ the acco nyi ng draw ngs
which forma part %gpéngfl%;gr?éc ‘irlén?&\%%icbg%(:kadr%gr%woomtno?n ﬁ?amv\ﬁ < rg)olﬁfri(%

speci fip 25 enbaditheeprosessér andingdthineapedifie figisbers BRywDin FIGIQHA. ced.
be understood that other enbodi ments may be utilized and structural
changes may be made At fldus maesydstailed plockahiegram of apsuampletgmbogimeant nt

of the machine specific registers shown in FIG. 3.

FIG. 5 is a flow chart of a method of using firmware as microcode
according to an example embodiment of the present invention.

FIG. 6 is a flow chart of an altemate embodiment of a method of
using external microcode according to one embodiment of the present

mvention.

Detailed Description

In the example embodiments described below, at least some of the
microcode for a processor resides on a computer readable medium which
is external to the processor. In the following detailed description of
embodiments, reference is made to the accompanying drawings which
form a part hereof, and in which are shown by way of illustration specific
embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and structural
changes may be made without departing from the scope of the present
invention.

FIG. 1 is a block diagram of a system, such as a computer system
105, of an example embodiment of the present invention. The computer
system 105 comprises bus 100, keyboard interface 101, external memory
102, mass storage device 103, processor 104 and firmware 106. Bus 100

may be a single bus or a combination of multiple buses. Bus 100
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invention. FIG 1 is a block diagramof a system such as a conputer, iylﬁ‘}ﬁ]ﬁ?
30 105, of an exanple enbodi nent of the present invention. The COh‘pth
system 1Q@ §04pEl ses bus 100, keyboard interface 101, ext %Hfﬂf Eﬁ%y 102,
mass storage device 103, processor 104 and firmmare 106. BUsS g y be a
single bus or a conbination of nultiple buses. Bus 100 3 2 3 JUN 2004 WO
01/50251 PCT/ UsQtb3H6s 2ommanicandh BANHeRIGatcofRohdiiks REL _ conponents in
the system Keyhoard interface 101 nmay be a dedicated device or may reside
in another devit® nigzfage hokmap e pdedientcddevehermepresideliher . Keyboar d

I nterface 101 al ' f rd to the syst nd transmts 5
signals froma k%a@g%grgg&i?%&#ﬂgggﬁgf 5%1}%%@{ grr?{gfrcr?ﬂ%‘\‘v ?@Z%%Pﬁ‘ conprise a
dynani ¢ random actefse h@ihaliows(doBpMg oty ksoard 16ttt dyStend HAALRAHEESS NMENDIY

( SRAM vi ce, or other no evices. External nmenory 102 stores

i nf or matd on froﬂ‘@%gglf’gﬁ‘&éégadg\‘ﬁ%smgn- Exieraal eyl 02 apyf or  use by

processor 104. MNagshrist Q/d988nHdeYhdtn Fﬁé(ﬁﬁa@! rd disk drive, a

fl oppy disk dri ve,%ﬁ)a CD- E/Imgeﬁ ce,;(%)%rgssillge ) nengr%f/wa%\?’lsé%lcor the like.

Mass storage devirdon a&eps muindes(SRANDdewtd, onother muineryn@dviggemory 102.

Firmvare 106 is nvoll atile &r;‘_(ermrgl. rogrammed wth data or instructions.

Exanpl es of fir mar8a! BHRON G- Sipres ipfarmstian from TAsH straes éeviceel- onl y nenory

(ROV), 15 progr apapkdcRsdopads %lﬁe%dssQPWMa%%r%@&é\ﬁéc jy erasable
menory.

progranmmabl e read-only nmenory (EE , and flas € processor
104 mayldbe conpanaydhes hard Wiskisimve nofloppyrdisledritey 2 G-Bdsiergesarch as an

Intelo architec nuf actured by ILntel __Corporation of Santa
Clara, Califor nitdai,gﬁpﬁén%ggé?‘g#e%ﬂﬁ? H[(?'ieMéfSe ‘érﬁ_ée ﬂ@”‘?e_nUQrRrP Wes | n alternate
enbodi ment s, t hénformemsorextetthl FRYndIE 10Z.0FRAWaR RIONs hBndo Rgwer POr' M

architecture processor, an Al phaTM architecture processor, and the like.
memory prograrnmed with data or instructions. Examples of firmware

106 include, but are not limited to, read-only memory (ROM),
15 programmable read-only memory (PROM), and electrically erasable
programmable read-only memory (EEPROM), and flash memory.
The processor 104 may be compatible with, but not limited to,
processors such as an Inte!® architecture processor, manufactured by Intel
Corporation of Santa Clara, California, the assignee of the present
20 invention. In alternate embodiments, the processor 104 may be
compatible with a PowerPC™ architecture processor, an Alpha™
architecture processor, and the like.
In previous systems, a processor utilized microcode stored on the
processor to generate signals for controlling the behavior of various
25 processor hardware. Unlike previous systems, embodiments of the
present invention permit some programmed code that was previously
stored as microcode on the processor 104 to instead be stored on a
computer readable medium that is external to the processor 104.
Examples of computer readable mediums extemnal to the processor
30 include, but are not limited to, mass storage devices 103, firmware 106
and memory 102. In one embodiment, the computer readable medium
stores microcode instructions for non-performance critical operations.

Examples of non-performance critical operations include, but are not

4



In previous systens, a processor utilized m crocode stored on the 3 2004
processor to generate signals for controlling the behavior of vari on é%N

processokydagy&hdey €. Unlike previous systens, enbodi ments of the  present
i nvention permt some progranmed code that was previ ouslyg W@B&%

m crocode on the processor 104 to instead be stored on a conputer readable

medi um that is dihaedal ciche fhechiRg,Qo6ESialaliddfon, SERERLE SedlinL OMPUL €T
readabl e nedi ums external to the processor 30 include, %ut are not limted

to, mass stor agdTRERFUEAtNSS ard Fonfigairasionsanaching oectohandling, fldatingne
enbodi ment, the LY . Lum. $to m crocode i nstructions for
non- per f or mance Ffc:'?ri t Ecgfa“gggﬁg%egsﬁgs fl %%rzﬁ“slgf% it ﬁrﬁhl-t??é‘frF He critical

operati ons i ncl (e, babkwardrcempatibifityd, hitkkiNc AN pMGoRd hpR2EE&EET! US00r 35662
limted to, cache flu; @:&Hg cache invalidation, setting and reading
processar f eat urBETYPY dl2gRestisand detesfunetigmalityandisedin. handl i ng, fl oating

poi nt cal cul ati ons, L ' ' 32- bit architecture handling
HOSRIS G%Ql{?éf Block H'iragljaa %ﬂ(a?l examﬁge

(for backward conpatibility), authentications of m franagenent 5
i nterrupt, di agsotodimemdf thetprgeessonand Graiviateyshawd is B1GN, Iifbe 2A is a nore

detai |l ed bl ock diaagr.am of .an .exanpl e. enbodi nrent of the processor and
firmware shown iew%’%fi@?]?orﬁ"edﬂ‘ée“ﬁgﬁt@m%ﬁ e ptores progrgramer sade 21G nwar e 206

stores programgst ¢neellimkhe SRratt B R hiloBgksd 49%'&:33%%8@%6&0%@ processor
mhvar e ?

204. The programred code 10 210 stored in the fir I's Teferred to
herei n s the " 219 stesedin the fisnware?04ns rfeamyd| te herebmati the ffirmwhe fir mware code

210 i npl enent s ) Ch oper at i ons usi regi sters jch are specific to
a particular mac ﬁqngggﬁgfaggéeﬁgﬂlbf)ij'é'?ﬁngr&%g%%m&fmge FRREMentfe regi sters
are referred tmit@teddopsatiold Glhg eeghias which R GPeiRY 8-2 paHiGuigRChi ne

specific registers 15 function as an interface between the firmware 206 and
the processor 28WchingQr fappayeHsl modsliodaimashines Thamegisiersia® refetvedpr ocessor

204 includes aidhdteidlas “NraBhindREELAE RIPERES * Fnd SALRLE gpsecgfll\c/:sr@gi)sterzsmg' 'n one

15 function as an interface between the firmware 206 and the processor 204.
In the example embodiment shown in FIG. 2A, processor 204

includes a plurality of machine specific registers (MSRs) 208. In one
embodiment, one or more of the MSRs 208 are associated with one or
more functional units of the processor 204. For example, an MSR bank

20 may be associated with an external bus unit, while another MSR bank
might be associated with the processor’s cache. Each one of the MSRs
208 store one or more bits. The size of an MSR may vary between the
functional units. The bits stored by the MSRs 208 are updated when the
firmware code 210 stored in the firmware 206 is executed by the

25 processor 204. In one embodiment, the value of each one of the bits
stored in the MSR 208 affects the behavior of the functional unit of the
processor 204 that the MSR 208 is associated with. In an altenate
embodiment, the value of one or more bits stored in the MSR 208 affects
the behavior of a different functional unit of the processor than the

30 functional unit that the MSR 208 is associated with. The MSRs enable
the firmware to be used as external microcode for use by the processor as
further described by reference to FIGS. 3, 4 and 5 below.



enbodi nent, one or nore of the MSRs 208 are associated with one or r_‘@ 2004
functional units of the processor 204. For exanple, an MSR bank 20 r%;@ %

associ at agowkfrspn external bus unit, while another MR b%(}'g‘_ m %St be
associated wth the processor's cache. Each one of the M W StEr e one
or nore bits. The size of an MSR may vary between the functional units.

The bits stored by tBRwddEs 208RAUAIR: RIS RS ihlikqHaLs Gode 210

stored in the firmvare 206 is executed by t processor
enmbodi ment, the UHfgecdstingrshonnia foimware Aitematesintbogiiméts kheealddSR 208

affects the behayl f functi.onal .unit of the processor 204 that the
MBR 208 is assoc?%r?éﬂ&wﬂeﬁjh%lfﬁﬂ? IHP‘F&P%? T PEHRIBINEEHETOCRdfe val ue of one

or nore bits st Ob]ﬁﬁialiidnstshﬁéd\/&RaI%O@orﬁﬁJt%ﬁab]&ﬁe&]ﬁﬁaéﬁitﬁ‘?ﬁa]qg i di T erent

functional unit of the processor than the 30 functional unit that the MSR
208 is associ at eBFORFTSAr Frthenmms, embaslimentsof tHe invemtios atondidinisaltoas

external m croco . cessor, as, further described by
reference to FI c%‘?“%%rgi‘ angpé1 %&?@%&?@qﬁe SR BHERLRBS ‘?CE@QQ’E

PCT/ USOQl 35662 Hawmmaer, resdubizctnadinins I8fan ahemb@\eiodfferit! e BRferal M ted to
storing mcrocode instructions in firmvare. Alternate enbodi nents are al so
cont enpl at ed whi BIFTRCAFS dirRetiy maripylatestardwase fagicemipe prageswodethooper at i ons
stored on any coggpnd @k MSRgabl e nmedi um external to the 5 processor.

Furt hernore, enbodinents of the invention are not limted to wusing

regi stet® as an int eFfa28 it abladializgearofah altmbeeadodiheitadgrn t he

conput er readabl e nediu I n | t ey nat e enbodi nent, the external
m crocode di rectqrﬁcﬁﬁq{isglﬁw&'%gﬁl}lg]rﬂ'{/é‘?"ée"{‘%}dp’ér%ﬁd? Fleregrasicensaputel t hout
using the MSRs. rifdablenediBml Qn%n@gﬂﬁlﬂdi‘fi{eﬁgf}m%veﬁﬂo latc,[%grgbgﬁer embodi ment of

the processor shown'in FIG 1 and external m crocode€'s on a computer
readabl e nedi umre3deblgaedinmROnwhicha$ extemal wubapicoesson speeput er readabl e

medi um 220, whi %oé&n%ﬁecroagbﬁ ?ortcggtrgllii(r)lg Sest?prci"ati%gl%rf?ﬁe processor 224.
15 Examples of computer readable mediums external to the processor
include, but are not limited to, mass storage devices, firmware and
memory. The programmed code 222 stored in the computer readable
medium is referred to herein as “external microcode.” In an example
embodiment, the external microcode 222 implements microcode
20 operations by controlling hardware logic on the processor 224 without
the use of the registers shown in FIG. 2A. In an aiternate embodiment,
the external microcode 222 implements microcode operations using the
registers shown in FIG. 2A as an interface to the processor hardware
logic. In still another embodiment, the extemal microcode 222
25 implements microcode operations by a combination of using the registers
shown in FIG. 2A and by directly triggering the processor hardware
logic.
FIG. 3 is a more detailed block diagram of the processor and
machine specific registers shown in the example embodiment in FIG. 2A.
30 The processor 304 shown in FIG. 3 comprises a control register access
bus (CRAB) bus 306, a data control unit 310, and a plurality of
functional units 3082, 308b, 308c, 308d, 308e, 308f, 308g, 308h, 308i,
308;, 308k.



programed code 222 for controlling the operation of the processor i? ]iﬁﬂ!.

Exanpl es of corrputer readabl e nedi uns external to the processor ujélg

but are t ted to, nass storage devices, firmvare an The

progr am*r@c?iwég e1222 stored in the conputer readabl e rredleﬂfﬂg&?’ég%rred to

herein as "external mcrocode.” In an exanple enbodinent, the external

m crocode 222 i mpl eTRAICR A 806 BANFIR BoARRA TGN finknd Qé.{t%' 'ng harduware
regls

| ogi c on the processor 224 w thout the use o ers shown in FIG
2A. In an al t er fimcdorathiods Re%u-308k dfeheprbersnar 30diand oleodtea 2@ drdl npitement s

m cr ocode oper agj i.ng th sters shown. in. FI G  2A as an I nterface
to the processol% (ﬁa??ﬁ/\g?%go tBOS'uB’t%q CXFHIes REARUS insierAns@Revidethe ext er nal
m crocode 222 2f ¢dﬂﬁbﬂﬁ%§mﬁbﬁ§@ﬁﬁd§ys@d@ﬁrBiérfé%muﬁelﬁoﬂiﬁ’@'daﬁt'0“ of using

the registers shown in G 2A and by directly triggering the processor
har dwar & | ogi ccortiatunis 3i1Q f%tchﬁélaé lnﬁéltualilmeﬁtcmlm@kmmoagmmﬁuhwan@rpr ocessor

and nmachi ne sp | I n.the odi ne in FIG 2A
30 The processofr:f&‘g’oéi1 ({ﬁ&c f—ef %Eﬂ%}ﬁ%g’ée@n&?ﬁt’?mmﬁ?& nhéﬂr access
bus (CRAB) bus 348 comtrslainit mommenqiecmustm&mm@;@ﬁ ioPhebahicky of functional
units 308a, 308b, 308c, 308d, 308e, 308f, 308g, 308h, 3081, 308j, 308k. 6
2 3 JUN 2004 WPRFIAEES K10W0s OROQIBERERNTH I aRAmIzganentolpgtel conmmuni cati on
| i nks between t R oGESSQr 304 and the
data control un%b?rccw‘g%%'ﬁﬁﬁg %lgctgﬁggﬁ cﬁﬁﬁ%& g‘fﬁﬁéelﬁ)é'caﬁ cmBtr e various

i nstrué®i ons prmwpqlsadegmmrscoqn:twnilng teoreeaitaidimeas obfthetpieseay st em [ n one
enbodi nent, the data 5 c uni t 310_ f et ches agqfl nstruction from nenory

or from fi rrrvvar’@vfﬂ"o“f’% SB‘(“W@P‘ GHPR Ay repisien fo31semseddithim ext ernal to
the processor. rﬁi’t‘?omﬁﬁ@mﬁ?fétté}ﬁh £ the HHwRER HECPHRSmidH NSt UCtion into

one or nore operations known as mcroinstructions. |In one enbodi nent,
| ogi cal specific registers such as the MSR 314 for functional unit E 308e.

In one embodiment, the plurality of functional units 308a, 308b,

15 308c, 308d, 308e, 308f, 308g, 308h, 3081, 308j, 308k represent the
processor’s internal hardware logic. In the example embodiment shown
in FIG. 3, functional unit E 308e represents an L1 instruction cache;
functional unit F 308f represents is L1 data cache; functional unit H 308h
represents an L2 cache; function unit I 308i represents a backside bus

20 controller; and functional unit J 308j represents a front side bus
controller. In one embodiment, one or more of the functional units
308a-308k of the processor 304 have an MSR 314 register associated
with the functional unit. FIG. 3 includes an exploded view of functional
unit E 308¢ for the L1 instruction cache. Associated with functional unit

25 E 308e is decode logic 312 and one or more MSR registers 314. The
decode logic 312 determines the MSR address of an instruction on the
CRAB 306. Functional unit E 308e also contains one or more MSRs
which are described in more detaii by reference to FIG. 4.

FIG. 4 is a more detailed block diagram of one embodiment of the

30 MSR shown in FIG. 3. As shown in FIG. 4, one of the MSRs 402 for
functional unit E conirols certain functions of the L1 instruction cache
406. Each one of the MSRs, such as the MSR 402 for functional unit E,

are coupled to internal logic for the processor and each bit or group of

7



source and destination registers for each mcroinstruction are generg} J49 72004
pur pose regi sters. According to one enbodi nent of the present invention,

t he | ogi ge or destination register for some of th

: . ) : . -
m croinstructions fetched fromthe firmvare is one of theeprgéﬁorqg%ﬁépemflc
regi sters such as the MSR 314 for functional unit E 308e. In one

enbodi ment, the pidsE) intay M_SRfrel%g_E} SRts HB hictedBB8 befiflf}s. FdP 308c, 308d,
308e, 308f, 308g, 308h, 308i, 308j, 308k represent the processor's

i nternal har dwar examie.cone bt 4181 eheavtdRet (3rdootipisahe inyhlidationiofi aEhdhe 3,

F 3061 °r opr ecent ¢ e L FRATEERNDCRRe she. WHSHIRE AR SFfolGinse Kopr caont s an’
L2 cache; functi ey’ theidonf308iicl40R 16 svatigata tRaGknd bhee AUge 29 ifemtsg | er; and

functional unit J 308] represents a front side bus controller. In one
enbodi neht, one chettEE8sredhe functional units 308a-308k of the processor

304 have an MSR 314 pﬁg_issigg?]o?anc :oq{aﬁcémb\gﬁal}l{;m\%%ga]‘ggetc&gir&nal unit. FIG 3

i ncl udes an expl oded view o onal " un tRE8BL1 i nstruction
cache. Associ at efiirmivark ab uiqbtadeaiccording 18onE e3B8@inidht 6ete@eeskmgi ¢ 312 and
one or nore MSR registers 314. The decode |logic 312 determ nes the MSR
address of an irfé‘i’g'ﬁlf)[“'r 8%06‘?1‘3’?]%%‘1‘“%8‘%@“?8%@? §rtared i imEvage8e al so

contai ns one or @Rk WBISFor 'glﬁglle?g%Pﬁﬁ%ﬁ(&h&g’g@#@dﬂpﬁ%&gg%nreference

to FIG 4. FIG 4 1s a nore I agram of one € ment of the

30 MSR Hhown i n 45keBnblg lankuageh olire prograimeddcode ieexetuted by MpRscedfd? f or
rtain functions of .th instruction cache

functional unit C rol s, ce I
406. Each one of(gl%grg ,dlgﬁf,’ﬂe glrsm{’??ereﬂ)éﬁrﬁwcf'ﬂf’gf”ﬂ%@tlP%‘t‘ié!““l?r’?it E, are

coupl ed to int ertﬂégrdg@ﬁbﬁal%%gdit%opfcﬁ&@é&@gorﬁ_@% #RERelitlonQF y@y OUp Of 7 2 3
JUN 2004 WD 01/50251 "PCT/ US00135662 bits 410 in an MSR register affects the

processor's beharpgasmeadgnode flogkpPds). dnendhembadiment, onher SR of02e control s
the i nval i dat ! on,ghfiafidhiife plophfnB b0 dabsd 8 biotetioPlh G355 val0e- When the
15 from one of the processor’s general purpose registers to a machine
specific register (MSR). The instruction updates one or more of the bits
stored in the MSR. In the example embodiment shown in FIG. 4, the
CRAB bus transfers data to the MSR register to be updated. In an
altemate embodiment, an instruction in the programmed code reads an
20 MSR by moving 2 value in the MSR to a general purpose register. In
another embodiment, the MSR is used to communicate information to
external microcode such as information about a current state of the
processor or information about past events. One or more functions of the
logic unit on the processor are controiled based on a value stored in the
25 register (block 508). One embodiment of a method of using firmware as
microcode shown in FIG. 5 allows MSR bit values to be changed by
using specific assembly language instructions.
FIGS. 3, 4 and 5 illustrate example embodiments of the invention
which store microcode instructions in firmware and which use machine
30 specific registers as an interface. However, embodiments of the
invention are not limited to storing microcode instructions in firmware.
Furthermore, embodiments of the invention are not limited to using

registers as an interface for the external microcode. In alternate
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"1," the control logic 408 to invalidate the cache line in the LI 3 JUN 2004
instruction 5 cache is triggered FIG 5 is a flow chart of an enbodi nent

of a netwedigbdzsusing firmvare as m crocode accordi ng tod&oﬁugdapgggznent of
the present invention. In one enbodi nent, programed code 1s stored in

firmvare (bl ock 502). For exanple, the programred code is stored in

firmware in 10 ssibedinients, theguageoddhaipedgn anyEsnscaeidbfacahgd by a
processor (bl ock 504 t he one or nore registers associated with a

d
logic unit on Flﬁgmﬁl CIEQB@FE%‘P%&Q%‘H&H’%H“HPC Shrertly masipyintes to t he
execution of thRardRaRALARTR dh@ﬁﬁtees(sgmﬁﬁmﬁ us 'o%?a%ﬁjn%gﬁée’cqg”e”t’ one or

nore of the instructions in the progranmmed code cause ¥ocessor to
move a val ue 15T¥gisgfs.one of the processor's general purpose registers to a

machi ne. specific reghster {VSR). The instruction updates one or nore of

the bitd stored in?g%‘zélﬁé&owsﬁ%%ﬂgma?Wﬁ%rﬂfa%W% FIG 4, the
CRAB bus transt esifig eittmal eitloeoddSRcHEHeSbVne bRALBENAF n alternate
enbodi ment, an jinstruction in the progrgam're(ej code reaggﬁgﬁréfgmél\i/sR by novi ng

a val ue in the WBRHAR. Agdwwindn Fiur pdbemedgid begins by storiagot her enbodi ment ,
the MSR is use Sra R | ' mation to ..external mcrocode such as
dwro Bt doPrngxﬁertr %aéiaglﬁf%@élgg(??‘wmal fh? or mati on about

i nformati on about a current State

past events. Onproogssor(biock 602). i THesprofesidiexedidgh the Prighardied BSaPr OCeSSoOr are
contro:]éed base #%{11(@ van)ue stored in the 25 register (block 508). One
enbodi h&nt of & 4)- 0125 mgrer upcHRs of Hs pragessas aotieonsiollesin n FI G 5

all ows MSR bit -i@gﬂg ' iy ¢_assenbl y | anguage

i nstructions. Fﬁé%#g?&%egﬁl | Pfoggﬁrg?aej%e(%gﬁpﬁ%g%géjoggioﬁﬁnt s of the

i nvention whi cémbxdamentrthe emecardrorierfanationt arerenirolidd (bIBMRIG@6RBE Whi ch use
machi ne 30 spe if'lc"re I.sters, as an interface. However, enbodi nents of the
i nvention are n‘gfecl YFH%%H“S gar?f”&ﬁ Ry hEPEIGSESSR AN FeRRANSE EQ BXSRBUDERE] r muar e.

Uy eI S, OB s ehan A bl L Yo Btk
g 15 controlled (block 606) by updating one or more registcrs-. associated with
a logic unit on the processor in response to executing the programmed
code. In still another embodiment, the one or more functions are
controlled (block 606) by triggering processor hardware logic and by
manipulating the plurality of registers.

20 By using microcode that is stored outside the processor, the cost of
implementing microcode is significantly reduced because the code size
restriction for the microcode is removed. Extemal microcode according
to one embodiment of the invention can also be reprogrammed easily and
therefore increases the ease of debugging microcode. The ability to

25 reprogram also makes errata fixes possible, much like a software patch,
even after a processor is out in the market. Embodiments of the
invention overcome the traditional requirement that microcode is so
tightly coupled to the processor logic that the microcode must to be
placed on the processor die.

30 Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calculated to achieve the same purpose may be

substituted for the specific embodiment shown. This application is

9



2 3 JUN 2004 W 01/50251 PCT/ USQCQO 35662 enbodi nents, the m crocode ii JUN 2004
stored on any conputer readable nedium external to the proce ;sor a é/QP

t he nicragﬂﬂ irectly mani pul ates hardware |ogic on the wi t hout
the use 0 ngsgggllne specific registers. 5 FIG 6 is a floﬁe‘iﬁ‘%ﬁf&ggz an

al ternate enbodi nent of a nmethod of using external mcrocode according to
one enbodi ment Qhrehfi& R'B9&Uny aﬁ@ﬁ’t%ds%vaﬁﬁioﬁi@%‘f‘%e‘dﬂ} {cl'lﬁnv tidy"e€_Method
begi ns by storing progranmmed ¢ode on a conputer rea abl e medium external to
a processor (blldekeie@2)t.is Mikendpd tretsoinvexenitedsnitdiconyly bgniwieghscode 10
(bl ock 604). One ?r nor e Eunc ioEieof the processor are controlled in
response to exedlf %f%Wﬁ?%?% Hfred code (bl ock 606). In one enbodinent
the one or nore functions are controlled (block 606) by directly
triggering hardware on the processor in response to executing the
programed code. | n another enbodinent, the one or nore functions are 15
controlled (block 606) by updating one or nore registers associated with a
l ogic unit on the processor in response to executing the programmed code.
In still another enbodinment, the one or nore functions are controlled

(bl ock 606) by triggering processor hardware |ogic and by manipulating the
plurality of registers. 20 By using mcrocode that is stored outside the
processor, the cost of inplenenting mcrocode is significantly reduced
because the code size restriction for the mcrocode is renoved. External

m crocode according to one enbodi nent of the invention can al so be
reprogramred easily and therefore increases the ease of debuggi ng

m crocode. The ability to 25 reprogram al so nakes errata fi xes possi bl e,
much |i ke a software patch, even after a processor is out in the market.
Enbodi ments of the invention overcone the traditional requirenent that

m crocode is so tightly coupled to the processor logic that the m crocode
must to be placed on the processor die.
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30 Although specific enbodi nents have been illustrated and descri bed

herein, it will be appreciated by those of ordinary skill in the art?3 d&N 2004
any arrangenent which is calculated to achi eve the sane purpose may be
substituted for the specific enbodi mrent shown. This application is 9 23 JUN
2UO WD 01/50251 PCT1US00135662 i ntended to cover any adaptations or
variations of the present invention. Therefore, it is intended that this

i nvention beyhitm disshe@tty by the clains and the equivalents thereof. 10 2
3 JUN 2004 What is clained is: 1. A conputer systemconprising: a bus; a
processor; and a conputer readable nmediumexternal to the processor and
coupled to the pAcgesaner shytem@mpesingt he conputer readable mediumto store
instructions that .when executed inplenent mcrocode functions. 2. The

conput er system o?bg'f’ai m 1 wherein the conputer readable nmediumis
firmvare. 3. The apmuebset;Bxstem of claim 1l wherein the conputer readable

mediumis a mass_storage._dewi.ce. 4. S 0 i1 wherein
the instructions Fﬁﬁ?’gﬁglflfeag\arl}?lcPloeggﬁ%lﬂgrr{%ﬁg%“és%)ﬁé%?{agig]ecrolil%%hgor {(;hqgessor
har dwar e | ogpmcesor ththedmspthe eompyist madafle piedium to sivre irstmctidng thmt ocessor

further corrpwhgggx%u%tﬁilim %ﬁ&%nﬂgm&g‘g%@o}massoci ated wth one or nore

functional units o e processor. conputer systemof claim5s
wherein the instructions inplenment mcrocode functions by updating one or

nore of the pl Ura’ﬁh@)éofﬁgufe‘? Ls¥rfE b Pelaifn 1 Wir eﬁ?&%@fﬂl&)‘?&%ﬁ@l?ﬁnc@ﬂfg >

wherein the instruction enment  m croco ons by readi ng one or
nmore of the Pruwardty of registers.

3. Thecomputer system of claim 1 wherein the computer readable medium is
a mass storage device.

4. The computer system of claim 1 wherein the instructions implement
microcode functions by triggering processor hardware logic.

5. The computer system of claim 1 wherein the processor further comprises a
plurality of registers associated with one or more functional units of the Processor.

6. The computer system of claim 5 wherein the instructions implement
microcode functions by updating one or more of the plurality of registers.

7. The computer system of claim 5 wherein the instructions implement
microcode functions by reading one or more of the plurality of registers.

8. The computer system of claim 5 wherein the instructions implement

microcode functions by triggering processor hardware logic and by manipulating
the plurality of registers.

11



8. The conmputer systemof claim5 wherein the instructions inplenent

nmi crocode functions by triggering processor hardware |ogic and by 23 JUN 200
mani pul ating the plurality of registers. 11 2 3 JUN 2004 9. A nethod
conprising: storing a mcrocode instruction on a conputer readable nedi um
external to a processor; executing, by the processor, the m crocode
instruction; and controlling one or nore functions of the processor in
response to @xecut methbéeompdsing.ode i nstruction. 10. The nmethod of claim?9
wherein the one or f LL QNS Rl tr r ering

har dware on the prggggggﬁﬁ#?respon§%m§%ﬂ§é§¥ r&%@ﬁeéﬁé#%g% “%9

i nstruction. folaprbeessoet hod of claim9 wherein the one or nore functlons
are controlled - by 16 hi9 i.aked with a | ogic
unit on the pr ocesggﬁgﬁhér@eﬁggm%sspgﬂgcxec é@ﬁgq%h@%&grag%ode i nstruction.
12. The method of com;mﬂlﬂgm:anoretfnmtmnwf)ﬁxemo@smmtesmewe control |l ed
by trlggerlng c and by mani pulating the plurality of
regi sters. 3° #ﬁﬁﬁ%@ﬁﬁngﬁ&gﬁﬁpg mherein the one or nore functions are
non- perfornance critical functlons 14. The met hod of claim 13 wherein the

non- per.f or mangg, cr ’I‘hb‘ﬁ?éth&d%léxﬁx?whé’&ﬁl 1HEbRE beklotd AMANS a8 QMRofENSi sti ng

of ; cache flushing, .cache  inyvalidation, setting processor features, reading
processor f eab¥dEECnziBEETIRE BaEWRTCRRTAS Piogesspr BAernegsploi erecwmechs at i ons,
processor di ageRsbde inkti®ion32 bit architecture handling for backward
conpatibility, authentication, platformmnagenent interrupt, diagnostic
functions and debug functions. 12 2 3 JUN 2004

11.  The method of claim 9 wherein the one or more functions are controlled
by updating one or more registers associated with a logic unit on the processor in
response to executing the microcode instruction.

12. The method of claim 9 wherein the one or more functions are controlled

by triggering processor hardware logic and by manipulating the plurality of
registers.

13. The method of claim 9 wherein the one or more functions are non-
performance critical functions.

14.  The method of claim 13 wherein the non-performance critical functions
are selected from the group consisting of:

cache flushing, cache invalidation, setting processor features, reading
processor features, machine check handling, floating point calculations, processor
diagnosis, Intel 32 bit architecture handling for backward compatibility,
authentication, platform management interrupt, diagnostic functions and debug
functions.
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15. A nethod of using firmvare as m crocode, the nethod conprising:

storing a microcode instruction in firmvare external to a processor 23 JUN 2004
executing, by the processor, the mcrocode instruction; updating one or
nore registers associated with a logic unit on the processor in response
to the executing of the mcrocode instruction; and controlling one or nore
functions of the logic unit on the processor based on a value stored in the

one or nore regi st Anfiethd®of Ui ABHWAE a@ni€losbds, ife rhethbd esmpriNifg: i Si ng
controlling one or moyre f.unct%&Qns of. anof.her Iog‘ c ynit on the processor
based on a val ue s¥BHRE2HCIQRRIGASTYGhEN in JIawates g’é‘ﬂé‘? APEESRPEh the 1 ogic

unit. I T The met hogxgehtifg, dythd frotesser) e Mierauods indguétéqm: ogr ammi ng t he

m crocode instruction in the irm/va{e. 18.. A g{i@‘?@ssor conpyising: a
plurality of I|ogicURAAUNgONs AEMIFRregIIhy RO aGH ORCIEOBAY with each
one of thehplgxroabésbalyincrfesﬂo]gagétbthuakécs%g hﬁhenﬁcl}oboiﬁnm@gh;smﬂr_s to é ri gge_r
processor hardware | unct i ons en o .the, registers i s updated in
Pesponse to execut FUNTmE R Sramors fimctios pEe fogic o pidhe Rspcesses baskl
processor of ohaivalugStoskdkinahe onner moreregisterf t he regi sters are associated
with two or nore of the logic units. 20. An article conprising: a conputer

readabl e mediumto store mcrocode instruction executable by a processor
for use as m té.ocodbs metwdodighandss fusthetxiomprisingi comrolling esé demoret si de  of

sai d processofy,cdidns of another logic unit on the processor based on a value stored in one of
the registers associated with the logic unit.

17.  The method of claim 15 further comprising reprogramming the microcode
instruction in the firmware.

18. A processor comprising:

a plurality of logic units; and

one or more registers associated with each one of the plurality of logic
units, the one or more registers to trigger processor hardware logic functions
when one of the registers is updated in response to execution of an external
microcode instruction.

19.  The processor of claim 18 wherein one or more of the registers are
associated with two or more of the logic units.

20.  An article comprising:

a computer readable medium to store microcode instruction executable by
a processor for use as microcode, the computer readable medium to reside outside
of said processor.
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