2230116 - 1 - AN | MPROVEMENT FOR Pl PELI NED DECODI NG OF | NSTRUCTIONS IN A
Pl PELI.NED PROCESSCR 1. Field of the Invention. The invention re@gﬁwb
i nstruction decodi'ng apparatuses, particularly those 5 enpl oy !
m croprocessors. 2. Prior Art. Mcroprocessors, as well - as other conput ersp .’
must often enpl oy a decoder which decodes,macro |evel instructions. In .7
effect, the instruction is interpreted by the decoder and the decoder Y

i ' i B DEGRRLYE OFe

determ nes what nust bdlod h 23! bPE]
instruction. In many caakal boREREL INED | BRACESBERD V" f or st ori ng

mcro |level i nsérﬁ%ﬁmh@ cc?pccﬁj@ lé%ﬁ-p&,ﬁecoder provi des a | ook-up to
5 .

t he m crocode. croprocessors, nmacro |evel instructions are of
fixed length (e.g., P2Fhid s} thehinventigh.ot hers, instructions can be of
different .lengths. It 1s a nuch easier 15 task to decode instructions of
fixed I ength, since Tie inventioncelatéstd idstroction decoding\apparatuses| pdrticalatigithose
fields in the instruction. In contrast, with varjable length instructions,
an i medi at & dae@pidy@ddn MiSroRrREAPAAES.- may or nay not be present and its
starting point in thg 'En.st ract-i on wll vary.-The Intel 386 m croprocessor
(Intel and 386 are tfa é'ﬂﬁf\ 5 of Intel” 20 - Corporation) is an exanple of a
m croprocessor W th YidrbaicBsteraghwendsl sthit Esthputeds, fisdt dHen BfioR)'a dfonar
byte wi de, such as sone I nstructions Instructions can be up tdo 8 bytes
wi de (with no pwhichdecoles anaero level instamtionst rineffieot; the Efstroction isviaterpréted by
the length of the instruction can be substantially |onger (e.qg., 15 bytes).
A singl e decodethetdeapsies@adithe secoden datpemings yhat imust becdenia the piocassel 19

ass woul d : . . ] .
P 10  execute the instruction. In many cases the microprocessor includes a memory for

storing micro level instructions (microcode) and the decoder provides a look-up to
the microcode. |
In some microprocessors, macro level instructions are of fixed length (e.g.,
*32 bits) while in others, instructions can be of different lengths. It is a much easier
15 . task to decode instructions of fixed length, since for instance, the decoder knows
where to find certain fields in the instruction. In contrast, with variable length ‘
instructions, an immediate data field, for example, may or may not be present and
_its starting point in the instruction will vary.
The Intel 386 microprocessor (Intel and 386 are trademarks of Intel
' 25 Corporation)' is an example of a microprocessor with variable length instructions.
An instruction can be one byte wide, such as some MOVE instructions. Instructions e
can be up to 8 bytes wide (with no prefix). Moreover, with an instruction prefix or
override, the length of the instruction can be substantially longer (e.g., 15 bytes). A

single decoder to decode these variable length instructions in a single pass would



- , .
be rel atively conplex, and perhaps nore inportantly, would consune a
rrelatively large substrate area. In the Intel 386 the variable | ength
in§tructions are decoded over the.course of several conputer cycles. First
the -instruction prefix is examned followed by 5 other fields. Execution
of the instyuctions begins after conplete decoding. Wth nmany instructions,
the Intel x386 requires several cycles for decoding; for exanple, LOAD
requires four cycles for the instruction to be . decoded, STORE requires two
cycles; JUW, three cycles to 4.25 cycles. On the average approxi mately
three cycles are required before an instruction is fully decoded. As w ||

be seen with tHReFr i%’bﬁ@ﬁ?'ﬁ"n?@‘ﬁPPWPSt"ﬂ%’%'ﬂHQ@ﬂ&r‘@g’éﬁ(9&?15“},‘“?@d’@&iwe‘y
because of pipgljni manner in which the instruction is decoded.
Decoding tine 3%@%3%@%9 é&%’age of approximately 1.8 cycles. The present
I nvention is intend I JVArah®@ ri gﬁg‘? ' | '

version of the Int eﬁﬂégglﬁacﬁﬁgc%s@g? Bh e ‘ﬁnt e ng\g?%agﬁg%r@ggg% e%\?@e
i s described i rpfizevera esmputericydiepu Firstitiel insteuctibneprofhoisrexamingt followed by

m croprocessor is described in Programm ng the 80386 by Crawford and

Gel si nger, publdteenfields. Exesptioniafdire instrugliongagins-afferrcampletardeonding. With

for toring prdM@RX IEHOFHRTS, it sl U 1BHERS AP VRS2 TES 1Pb FocREU MceHaTaPiS
ot et o= oSSR B R e L6 ok ST0RE eos g
or sections.  eycles; JUMP, three cycles to 4.25 cycles. On the average approximately three
.' cycles are required before an instruction is fully decoded. As will be seen with.the
~ 10 present invention, these times are greatly reduced because of pipelining and the
manner in which the instruction is decoded. Decoding time drops to an average of
approximately 1.8 cycles. _ _
The present invention is intended to be used in a microprocessor which is
an improved version of the Intel 386 microprocessor. The Intel 386 microprocessor -
15 is describ-ed in numerous printed publications. The programming for this
microprocessor is described in E;Qggammgg_me_&m by Crawford and
Gelsinger, published by SYBEX, 1987.



- The first of the sections decodes a first field of one instruction

si mul taneously while the second of the sections is setting up execution -
based on a second field of the preceding irnstruction. Put another way, the
first and second sections pipeline the 10 instructions and operate gp.them *
in parallel. In the currently preferred enbodi nent, the first sectiong
decodes the OP code, and bits representing the address node, scalingg"
factor, and base and index registers. The second section controls use” of

t he address di spl acenent and i nmedi ate daga field.. The first section

generates pointers to the. storage neans 1%~ which all ows each of the

sections to receive the correct fields of the instructions. Each section

can receive any byte fromthe storage neans. Qther aspects of the present-

i nventi on SUMMBRY@FaTHE JNVENTIONhe detail ed description of the ’
I nventi on. BRI EF DESCRI.PTI ON OF THE DRAWNGS Figure 1 is a general block
di agram of t he An énpiavement is deseriied der @ mRiciapeacessor whichasthe gtcﬁ%@ﬂ. 5

or osent i roERDP AT SR BLetEiohad thetckBhs a3 dpbiunB el Sieding it o1 /on

uni t . §gwh%émidds%ﬁé ttR8 indtRicBAd a&eeﬁdmbrefnpreﬁathsofrﬁélimgs}mmeﬁﬂ on,
decoded by the 1 nvented apparatus. 10 Figure 4 iS a nore detalled diagram
i || ustratisgmbpfices thergse offa decadisg meanisowhie thcludestwoastages dresectionsibl e
length fields of instructions. Figure 5 is a diagramused to illustrate the

ti m ng andThe fiestiohthe sestions degedes adirsidield phoneinshuetinmeimuliaaenyshhwhile
the second of the sections is setting up execution based on a second field of the

preceding instruction. Put another way, the first and second sections pipeline the | .
10  instructions and operate on them in parallel. o \J.
| In the currently preferred embodiment._the first section decodes thé OP code, |
and bits represénting the address mode, scaiing factor, and base and index |
registers. The second section controls use of the address displacement and
immediate data field. The first section generates 'pbintefs to the storage means |
15  which allows each of ihe sections to receive the correct fields of the instructioné._
Each section can receive any byte frdm the storage theans.
Other aspects of the present invention will become apparent from the |

detailed description of the invention.
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Figure 6 is a nore detailed diagramillustrating the timng and instruction
fl ow associated with the present invention.. DETAI LED DESCRI PTI ON OF THE
PRESENT | NVENTI ON An instruction decoding unit for a m croprocessor
particul'grly useful in conjunction with prefetched instructions is
descri bedw.1n the follow ng description, numerous specific details are set
forth such;as. specific nunber of bits, etc., in order 5 to provide a
t hor ough understandi ng of the present invertéen. It will be obvious,
however, to one skilled in the art that the present invention nmay be
practiced wi thout these specific details. In other instances, well-known
processi ng t ec BRIGFe DESCRIBTIONt OFH THERRAWINGScui t s have not been set

forth in detail in grder not to obscure the present,invention in: .
Unnecessary detail . Figyre 11 a generabhlockiaoian eARJRICTRRIGRSSAT i Which thhe

design of the next m of in the Intel 286 and 386 fam |y of
n1croprocessorQ?e)%ggmqvﬁﬁgaﬁgsgégﬁ' an understandi ng of the Intel 386

m croprocessor nmay be hel pful in fully appreciating the significance of the
present invention. In addition to the numerous publications avail able on

t hi s m crops ocessor Figute 2dp arkbclodiagram showingehe instridction devoding uhit ol the
80386, by Crawford and Gel singer, published by SYBEX, 1987. OVERVI EW OF THE
M CROPROCESSORPrasenHinzentioHangits Sorrre¢tiopetitherrefeichaibany asegmentation unit.

m croprocessor in which the present invention is enbodied is a 32-bit

m croprocessor fabricated with conpl enentary netal - oxi de-sem conductor 20

(OV08) technol 00y. FoukdSHAESIANNE ribddchert et bFah HisRithin KBOSGed ) ik

‘associated with a ce processi ng un tiona
menory and fl omveAtedoappdratusit. | n part because of the inprovenents

obt a{ ped b1yot he

Figure 4 is a more detailed diagram illustrating the format of an instruction

and illustrates the variable length fields of instructions.

Figure 5 is a diagram used to illustrate the timing and pipeline flow

15 associated with the present invention.

Figure 6 is a more detailed diagram illustrating the timing and instruction

flow associated with the present invention.



i nstructi oh decoding unit of the present invention, single cycle .
I nstruction execution is realized for many instructions. Referring to - -~
Figure 1, the main units of the mcroprocessor are illustrated such-+as the _3
‘bus ‘interface unit 10. Thi.s unit provides the necessary interface betyeen

the internal buses of the m croprocessor, and in particular the cach '
menory 11 and prefetcher 12 and the external buses responsible for Fgf%hlng
~data 5 fromthe external data nenory system. External 32-bit address bus

and 32-bit data bus are used. The partlcular interface unit 10 used i'n the
currently preferred enbodi ment of the microprocessor is not critical to the

present | nPpETAILED IOESCRIPTION OF THE PRESENW/IINMENTIONt he present
invention it should be noted that prefetched instructions stored in the
prefetcher 12 cAn instrustiomdsiceding unitdor pimicrapsecasser particulady wsefubin

pabad éé‘ﬁx&né?oni’\&-té&ﬁéf“mhpaﬁé'ﬁ@@m ts #95c5B0h 38 B Biin deschRlion. . o

386. Th |
executignt h%gﬂ?%as}r nec?il on-o tmg%n?gﬁon unlﬁ'bwh thgﬁﬁ?ﬁ S her
12 and @t hey pioflefdta mbumunué@tédamg ORthebdem it\RnBERT WA belsbwviows,

descri bed I n conjunction with Figure 2. In general, the instruction :
decodi ng uhowevir talese skitled ircthei arythat she nmsanhmvemm may bel pradticedeen, s

different fromthe instruction deco unit of e intel 386 in 20 that
it provi dewltbglﬂtaﬂ’ﬁ\ﬁ? specifig F’ﬁ\j‘"&ngﬁ q’ﬁ%q"ﬂ??ﬁfs' '%°W'9ﬁ%?ﬁ’&l with two -
Lo o BERbIGRR, BORURF AR gBE st Nhdb bR BECHRH 1 BRIBLAL o0 |
LEEoueS, R pEEIp ool rman senkon bnsteapeae 10 10,
addr esgp node spEhé pregent imventien résulted during the design of the next microprocessor S
in the Intel 286 and 386 family of niicroproce‘ééors.'.'-For this reason, an
understanding of the Intel 386 microprocessor may be helpful in fully appreciating
the significance of the present invention. In additlon to the numerous publications
available on this microprocessor, its operation is descnbed in E_Qg_am_m_g_mg
15 80386, by Crawford and Gelsinger, published py SYBEX, 1987.
OVERVIEW OF THE MICROPROCESSOR IN
_ WHICH THE PRESENT INVENTION IS EMBODIED
The microprocessor in which the present invention is embodied is a 32-bit
microprocessor fabricated with co_mplementary'metél-oxide~semiconductof,

20 (CMOS) technology. It includes on a single substrate not only those units
assbciated with" a central proCeséing unit (CPU), but additionally a cache memory
and floating point unit. In part because of the improvements obtained by the |
instruction decoding unit of the présent invention, single cycle instruction execution

is realized for many instructions.
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- 7 - second stage primarily directs use of the address displacement or
internmedi ate data fields. The control unit 19 contains a nenory which
stéres the microcode instructions (mcrocode) for the mcroconputer. It
shares cartrol of the 5 microprocessor with the instruction decoding unit
since as W'l be described, the first line of microcode is provided by the
i nstruction decoding unit 14. The control unit 19 is responsible for

i nstruction boundary processing, such as rhﬁérrupt/exception arbitration,
and the halting of the instruction decoding unit 14 when necessary. The

control unit 19 hand - A ’ le 44l O h
nmenory mss, etc. Thb%Z%'ﬁgag%? I?uhé:?t{hfﬁﬁlé@ @ﬁt{%%&tﬁﬁ@g&é@??ﬁ#@35€@ugt§lﬁﬁf or
the m croprocesggen akihé 805 HtbBadd\Gnieid.t TARUMG pro@UEs tHY AecesSaryShteHatd | €.
barrel shifter, constant ROM and flags. The m croprocessor also includes a

floating point tetwedrBthelintesnalrbuses ahtie micrdprocésspr,caricoinepesticular theeache
floating point instructions. DESCRI PTI ON OF THE PRESENTLY PREFERRED
EVMBODI MENT OF THEmReySENENG mrateithent 2 radthe exigonal buses:tasapngjbledpr fefching data

Fi 1 | | h in Fi 2 20 h ) | i d
1051 S L B Rl SRl i o S, 51T O a5k b e
t ide th t . j I

el udes T oo DUYEPLIEES, Hhe PR IRBaLE AR 1D Ued NGt WibteEd.

logic 28. The r egitddahent of thé Mhicrdpracessdrie hoptsiical RIwd present invienness. ei t her
fromthe cache nenory or the bus interface unit. This is shown generally in

-/ - 10 For purposes of the present invention it should be noted that
prefetched instructions stored in the prefetcher 12 cah b_é communicated to this
prefetcher from the bus interface unit 10 or from a cache memory 11.
The paging unit 13 and segmentation unft 15 generally are sim.i'lar to those
~employed in the Intel 386. The timing has been changed, however, to support one
15 clock execution. The interconnection of a segmentation unit with the prefetcher 12 -
and other relationships with the instruction decode_r unit 14 are described in-
conjunction with Figure 2. _
In general, the ins_truction decoding unit decodes the incoming instructions,
and as will be seen, is different from the instruction decoding unit of the Intel 386 in
N 20 thatit prb,vides parallel decoding and pipelining. It is implemented with two stages
or sections of pipeline decoding to yield one decoded instruction per computer
clock cycle for most instructions. The first seciion basically decodes the Op code,
address mode, scaling factor and base and index register bits (collectively

sometimes referred to as the register and address mode specifier), while the



Figure 2 by bus 48. The register 26 is 32 bytes wide in the currently
preferred enbodi nent. The instructions stored in the register 26 can be
‘coupl ed either to bus 29 (K1Q or to bus 30 (K2Q . These instructions are
coupl ed to these buses through the nultiplexer 27. Any adjacent. three-bytes
in register 26 may be coupled 5 to the bus 29. Any adjacent four byt XS ‘may
be coupled to the bus 30. The signals on lines 44 fromthe code cont¥ol
circuit .36 provide a pointer (KLP) to the first byte of the 24-bit field
coupled to bus 29. The "(5)" following "KIP" indicates five bits are used
to designate this pointer since this is what is needed to designate a '
si ngl e byt sectind stag8 primariysdisects eiseiof the gddress displackment @nintponediate 10
(K2P) coupled to the prefetcher 12 on lines 43 points to the first byte of

- gy [ am.

t he 32-bitdatadieddsoupl ed to bus 30. As will be described later, the fields

: | ed buseg, 29 - 30 lap.. th A ' ind tiall | ed

The"bus 29 duri Fab ERGTRL B GeERia g emcly it oiehel Bclodgal o be” o
| ed to; WY TR ey . : B li 41

(KIPY) " pr oleiaciohs (epsotay br MY RIGHIApar REfabsTomiold M8 56 i <

occur s sf t gficroprscessor with thninstrictidrodécuiing UnivEince astwill befdaseribeg,thboaded
into the register 26. This pointer indicates to the control circuit 36 the
starting bifstling of micracede isarevided bydhe imstrustiomdeeoding Lnitd4. 4The kontoland

K2V) indicate_ whether th 10 data and K20 data is valid. The signals on
lines 40 (F%‘ié%ﬁ&eﬁpﬁﬁ'bgﬁ @%G@P&Wﬁgﬁm’eﬁ?ﬁ%wﬁm ing coupling of -
20 inter | £ i N : ' ' d
Fogi ¢ ar r o {rRIAYeAERBH Eiftisioh, Bndifia Helingor e BRIAEESA Atdodiid BHETA"
ordinary dggedinegessity VMThb dontrobemit 10 MandiBs mskr ortib frégzeséaridivons, edeh ess
nmode specifier are always coupled to the decoder 31 fromregister 26 \J
(except0 Wna_smatha mesarymissiete.ncl uded a prefix). From :
|  The data path Gnit 17 is the main execution data path for the microprocessor. |
It contains the arithmetic logic unit, register file, barrel shifter, constant ROM and
flags. _
The microprocessor also includes a floating point unit 18. This unit contains
15 iogic to execute the fioating poiht instructions.
'~ DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENT OF THE PRE_S_ENT INVENTION

The instruction decoding unit 14 of Figure 1 is generally shownin Figure 2 _
20 between the dotted lines 46 and 47. This unit and certain circuitry in the préfetcher o/
12 operate together to provide the advantages of the present invention.
The prefétcher 12 includes three major sections: register 26, mutltiplexer 27 |
and associated logic 28 The register or latch 26- receives prefetched instructions

either from the cache mémbry or the bus interface unit. This is shown generally in



. _
- 9 - this data the decoder 31 through the code controller 36 determ nes
the length of the fields actually needed by the decoder 31 and hence, the
poitnt at which the pointer for the K2Q bus should point within the register
26. The decoder always receives 24 bits, even when an 8 bit instruction
resi des iwsregister 26. The decoder 5 31 couples signals to the execution
set up stage 34 which identifies the type of address needed to satisfy the
instruction. As will be seen, the decoder 31 and execution set up stage 34
operate in parallel, however, decoder 31 opBrates on one instruction while
the stage 34 is operating on the preceding instruction. The |atches 35

whi ch are coupl Kiguteo2 bipdustfh uThefegikten2i:is 32 bytes widesingthelcurrbatly pesferréd ng
fromthe decoding to be clocked through the |atches 35 and timed with
subsequent " deceribedimandi Thepestrustinrsisiojed indhe registeri28 cam kehcelpled either to

i ncl udes the specif] U cont | gnal d .ce/ desti nat | i st

enabl e oi gnal o BuaeS Bt er S (KA ThedRlnBRicinge ok coukled finese bises,
A e L ! !

P reality hodidiantheThEliBRaSEa?. " Ahp SARCEROEREFLABETA todittel 2 malhe cilnied

nm crocode sighcaplthe bﬂ@%@@(nﬁédja&%iﬁt Houritftdsinal bdTodpid tdake blg 3bi rst two

| ines of the mcrocode. For "exanple, this occurs for a store instruction or
when t he decoder 31 Fhesignalson dives 44 froontheutoriei acnntrolicireuit 3 providel apoibteri ng

L G S bS5 1 T

(control uni i 1045R1eR fygrsare U348 10 BeRbRMefIRE b fioBh IS T MRl Hietiea to

designate a single byte of the 32 bytes stored in register 26. A second pointer
~ 10 (K2P) coupled to the prefetcher 12 on lines 43 points to the_ first byte of the 32-bit
- field coupled to bus 30. - As will be described later, the fields coupled to buses 29
~ and 30 can overlap, that is, bytes initially coupled to the bus 29 during one clock
cycle may in a subsequent clock cycle be coupled to bus 30.
The 5 bits coupled to the prefetcher 12 on lines 41 (K1PJ) provide a jump
15 pointer to the code control circuit 36. ‘This occurs after new instructions (following a
| JUMP command) have been loaded into the register 26. This pointer indicates to -
the control circuit 36 the starting byte of the new instructions. The signals on lines
42 (K1V and K2V) indicate whether the K1Q data and K2Q data is valid. The
signals on lines 40 (isx8 and izx16) are control signals for controlling coupling of
20 intermediate data fields. “
- The decoder 31 is an ordinary programmed logic array (PLA) circuit (which
includes logic gates) programmed to do ordinary decoding. As will be seen, the
OP code and register and address mode specifier are always coupled to the

decoder 31 from register 26 (except when the instruction included a prefix). From



- 10 - selected based on an entry point provided by the |atches 35 at the
time when the latches 35 is providing the first Iine of mcrocode. As
currently inplenmented, all instructions use at |east one l'ine of m crocode
fromthe control unit 19. In sonme cases, this mcrocode sinply indicates
the 5 conpletion of an instruction cycle. Also I n many cases the fléfi
line of mcrocode fromthe decoder 31 is a "NOOP'. Execution set up age
34 which may be | ooked at as the second stage of'decoding, as nentioned,
primarily controls address generation, 90§ nore specifically, the sequencing
for the address generating. For this reason, it is 10 inplenented
Primarily @S dardithb UeBBESH FEthrdligh 01 stle SSHIFCHBR 36 YefdHMGSING IORGIHOTWI t hi n
the segmentation unit 15. The decoder 31 provides the |inear address

requi r ementg fietds actualiypgesdst byrthe decodenidd andbhencadd theepainhatrwekich she many
cycles will be needed for the instruction. In general  one cgcle I s needed

i f there ipoioterjordhpdé2Q bug sheuld paintnithin “éﬂ]f?&'%@" 3§CFBS decader-aways i 1

oad s Sane‘évaEs%&%%&%véﬁ o agh B SsthUg ] BHOS BeBiar vl TR SRRer,
via th 00@5 $b%nggfs@§ t’aﬁheU(ge &ﬁ&iﬁsaq%&?gewwhuéﬁ:dmhw% ploft ©

machi n er and assocl at Si'gnal s are coupled from
the decodegadtbss Aebd6d & sanshy) ufeanwua:tmlmcnswutuseseemehoaemwmcanwn whi ch
has been decoded. Fromthis information, the 20 code control unit 36 .

det er m nesexduutioniset bp stagee34 oaacatwmpawlgl \ieweyer, W@Cp@ﬁ!frﬁbﬂaenalﬁ emd K2P

when he. pereHuctes Wt s sieder 3 EcHeraiid o i pifcapigRigspiaidh © “°P%°1

- The Ia_tches 35 which are coupled to the output of decoder 31 allow signals
10 resuiti’ng’ from the decoding to be clocked through the latches 35 and timed with e
o subsequent "decoding" being performed by stage 34.” The latch output includes the

specific ALU control signals and source/destination register enable signals. The
.output of the latch includes the entry point (look up) of the "first" line of microcode in
the microcode memory of unit 19.
.15. | In reahty, however, the entry point points to the third effectwe line of
microcode since the decoder 31, with the latch 35 provndes the first two lines of the
| microcode. For example, this occurs for a store instruction or when the decoder 31
sets up an a_ddress calculation during one cycle. During the following clock cycle
' the seéond line of rﬁicrocode is provided by the latch 35 to initiate a bus cycle ' .
20 (receive from memory). For the next clock cycle the third line of code is provided by bt

the microcode memory (control unit 19 of Figure 1). This third line of code is

r

2



4 :
The code control circuit 36 also perforns other functions in the curiently
preferred embodi ment, for instance, violation bits which would indicate
segment ati oh violations, or other violations are detected by the prefetcher
12 and cqupled to the control unit 36. The control circuit 36 may also in
sone instlances, 5 determne the nature of the violation. The pipeline
control circuit 37 is also a state machi ne which provides overall control

of the pipelining to the instruction decoding unit. This circuit recognizes
fromsignals coupled to it fromdecoder 31-wHden an instruction includes a
prefix, then determ nes the nunber of additional cycles needed to handle
the particul ar 1seledtadtbasediopran entry peint provisiedy the llatches 3% at theltinae when the
conjunction with Figure 5, several cycles be needed. The circuit 34
control s these a'éﬁﬁhgiso'#a!s %9\‘.91’@9."‘?’?’&‘[9%&?%%@%%? ol circuit 37 on lines
49 provi des a "advancg,Si e e [ t

34, a "flush pipeli neﬁﬁghﬁgg‘& '"]is‘fq %’hgﬁe ga%fgﬁngrgléléunr% eoéﬁﬁ%gg}%éﬁl\?%oézﬁg%cggg

particul ar stagey§Rshe QERir6LGth PREMAdS coss2his AGébESdd Smplylindicates the The
entire circuit of Figure 2 is realized with ordinary circuits. Control

si gnal s not rs&equecompletion ohan imsdrictomayiileg Also intmeany casesithe first liné ohmicrecods
illustrated in Figure 2. Additionall functions not required for an
under st andi ng of fremdhg desedr 31N APle. g., test functions) are not shown

e ! AoLt A 2L RS54 0 Ghich o BY RN i s rmn
ek noehe o RO i SRR iy S0 Redtes SRl PR s,
: _, - specifically, the sequencing for the address generating. For this reason, it is
~ 10 - irhplemented primarily as a state machine. The actual address calculations occur
~ within the segmentation unit 15. The decoder 31 provides the linear address
- requirements to the stage 34 and from this stage 34 determines how many cycles
will be needed for the instruction. In general, one cycle is needed if there is only a
base and displacement, and two cycles are needed if there is a base, factor for
15 scaled index address and displacement. A load signal and field sizing signals are
coupled to segmentation unit 15 via the control circuit 36.

The code control unit 36 includes a state machine, adder and counter and
associated logic. Signals are coupled from the decoder 31 to the circuit 36 to
indicate the type of instruction which has been decoded. From this information, the

20 code control unit 36 determines through the adders and counters where the
poi.nters K1P and K2P should point. The contro! performed by circuit 36 will.
become more apparent when the pointers are discussed in conjunction with Figure

6.



- 12 - invented decodi ng apparatus. Instructions include an OP code and in
sone cases a separate address field 50, displacenent field 51 and i nmedi ate

field 52. The lengths of these fields vary as will be discussed in
conjunction wirth Figure 4. In sone cases, an additional prefix 55 is used.
5 In Figure 4, a typical instruction is illustrated. The OP codg

- field may be either one or two bytes in length. In sone cases, the estire

instruction consists of only a single byte where, for exanple, the first
five bits indicate a MOVE and the | ast1ithree bits, a register designation..
A typical OP code is shown as having two bytes, 57 and 58, in Figure 4. The

address node bygry &8dd eshitedcireuit BE alstrpericrmblothBPRACAGNS in'tABicBEBRTyTETDr Y ;

byte 60 includes the scale factor for scal ed i ndex addressi ng nodes (SS),:
t he gener girefermgdsembodindrd, 108 énstances violatibrx bitswhichewol(ldrindigateand t he

general register to be used as a base register. The bytes 59 and 60 are :
referred tsegmentation wglatiops. enetharviplationsgae detasted by the prefetehen R andi s the

e £ el e i) it of! 309 ror Sy b kBl &
field g2 S’Bﬁfe:‘?ﬁiheg?%Réﬁﬁ@%?tﬂé‘viﬁidtioh.”“rUCti0”5 ‘and this field may be 1, 2

or 4 byte ong. er variations occur, for instance, segnent register
speci fiers for Ty pipbling contediireuitdy i @iy a etdté inmadhire WRichqstevites bdsralior
bits may be used for conditional instructions to specify a condition
assert ed conirotohthietpipeliniag i the instpuction decodingunitinThig circuib reqdiggizes 4 it
shoul d be noted that the.first three bytes of all instryctions (except for
Shose. havilfin 5188 Fouplac i i ot BeEsdarai whit shriBsisIon JIiaes A PHI o

et Ut Rl e L Ao B i LSRR A BB BGHR "

each_ case, ese ree bytes are coup ecod \)
r enmei Rigng iRsthadtionl FRAGASIaNGS,deowilld déstribed i ebniuABdtPwiR Figlra st delral he

segnentation unit 15 S _
cycles may be needed. The circuit 34 controls these additional cycles. The

pipeline cont'rdl circuit 37 on lines 49 provides a "advance signal® to the decoder -
31 and execution set up stage 34, a “flush pipeline” 6r reset signal, and a signal to
indicate whe.n a partiéUlar‘ stage has completed operation on an instruction.
15 | " The entire éircuit of Figure 2 is realized with ordinary circuits. Control
signals not requifed for an undersiandin'g of the present invention are not
illustrated in Figure 2. Additionally, functions not requifed for an understanding of
the :present invention (e.g., test fUnctions) are not shown in order to facilitate an
understanding of the invention.
20 | INSTRUCTIONS OPERATED UPON BY THE APPARATUS o
| ' " OF THE PRESENT INVENTION

Figure 3 illustrates the general format of instructions for the Inte! 386, these

being the instructions decoded in the currently preferred embodiment of the

[



- 13 - of Figure 2. The first three bytes contain the information needed
for the decoder 31 to determine the address node and how many cycles wl|
beineeded to conpute the address. For instance, it was noted that if a
base, index and displacenent are present, generally two cycles are

requi red.Ab TI M NG DI AGRAMS FOR FI GURES 5 AND 6 The
general pipelining of the invented apparatus can be generally understood
fromFigure 5. Across the top of the chart the ¢cycle is shown. Each cycle
corresponds to a conputer clock cycle. For exanple, the internal clock
cycles for the m croprocessor may occyr at.a rate of 25 _nmHz. The | efthand
colum 10 i nailgunied CRESARE geBaracs.  beypudhs BolieR o Grifete anio somarasss
the chart repr ' IR Ig: o ' Ve

net et on 11 5 Soparalh pdobs b, BERemer fiekd'S} 3R fofedfald oz, °Tre

coupl ed to. the jggsadof tRdseields w?%s&vmeérdimdsba iﬁé@i?uﬁ&f&n&wi(ﬁ Figurd 4. In
er S

simul taneously with this transf t he decoder 31 i ecodi ng instruction
10, the i nstr ucsonue cases, aoradditibed! prefixiSddsiusedll. Simlarly, 15 during

this period of tine the executian s_etn‘g}ﬁ stage 34 of _Fi %'Jl:r,e 21s
control IingSthe sequBiiguig 4o typicaldasinuctipn is Busisateds Jhe QR cpde fieldmay bey
the sane tine executi .S . QCCUr | of. I r ' I t.e back is
occurring for i @pfgg?%hwegw%%d@ Hegﬂfﬂl {qsécpﬁ%F#%%%?ﬁ%ggf’@qmg%ggr&sms of
however, some i yf'er\ﬁ Ciol Fst Avebits Mdiatd :
seen during cycﬁdyggliak{éagsferﬁétrg' ’3@??,3’2?%'}@,@&‘;*’?‘3% ﬁ‘20 ] ﬁé’t‘%%t%?’gnthﬁz,
decoder 31 is dastaHreecbits)sireyisteraesibhatiomdAtthpicak©Pwoderis skdwnips havingitao
operating on instruction 10. In sone cases, as nentioned, a prefix édprefix
¢

55 of Figure 3)bytes; Sfcanst 88.dnFiguse 4unkhe address madediyde S9dadicatgs thecaddressipon
CPoSkY 1D, Imede Aad Maestemaibnn; BYiE o eiidds The siak fheldt 16t fhitdindex
addressing modes (SS), the general register to be used as an index register
(index) and the general register to be used as a base register. The byteé 59 and
60 are referred to as the register and address mode specifier. The field 61 is the
address displacement and this field may not be present in all instructions, or it
.15 could be 1, 2 or 4 bytes long. Similarly, the immediate data field 62 may not be
present in all instructions and this field may be 1, 2 or 4 bytes long. Other |
variations occur, for instance, segment register specifiers for certain regiéters may
occur within the OP code fields, or bits may be used for conditional instructions to
specify a éondition asserted or a condition negated. | .
N 20 . Importantly, from Figure 4 it should be noted that the first three bytes of all
| instructions (except for those having a prefix) contain sufficient information to
determine the instruction being requested and the total length of the instruction. In
each case, these three bytes are coupled to the decoder 31. From the remaining

bytes of each instruction, an address can be calculated by the segmentation unit 15



- 14 - to the pipeline control circuit 37 and this circuit then determ nes
how many cycles will be required to transfer the entire prefix, OP code,

- and regi ster and address node specifier to the decoder 31. As illustrated
in Figure 5, it is assuned that this occurs during cycles 3, 4 and 5.
Decodi ng occurs during cycles 4, 5 and 6 and 5 execution set up occuys
~during cycle 7. Execution is shown occurring for this instruction duflng
cycle 8. During cycles 5 and 6, the execution set up stage 34 is
_inoperative; simlarly, the executi-on3stage is shown as inoperative during
cycles 6 and 7. Instruction 14 is shown as being transferred to decoder 31
during cycbeFigurd 2. Thecfirdethrée bytes @datais thedinformation meedéd fdrihe deesder 31
requiring two cycles, 8 and 9, for address calculation. This, as nentioned, .

woul doccuto drerainenthecasitress mode|anderow ManyCyciaswil berpedesip sompute .
occurs to Maduesherostsuise aas Bolst e base inpdkata doplforat &re”
transferreg requlrBdFi 6, ti f the
gl ster. oBraserl REEl o ey are reg B DT S0 Ch e ha “Sever al

i nstrucgions are stored iMIRGS DIAGRAMS FORCFIGURESYS AND gictions one
through four. Instruction one is assuned to have a two byte OP code and
regi ster and adThegenenal pipgiving dkthe invented @apparatys can begganerdly t he
designation "OP" indicates both the actual, OP code and register and address
tode 00 pBesrsieqd oIKiusrS. HAGaRS 1 1oP 1406 GEAR SIS BIRS I8 oW L8R 3 b 1

: di Fiald. . 6 it _ e
| mredi at o FYEPgoreaBoNdEl SRoiel ook cile)'Eor e (BB ufmar ek eyclos o,
four has ayg4nBinhicldprécd8or AaY o2dubat a Fits R 259ARE! Thb ®tthantTolund |y, the
K1P pointer applied to the prefetcher 12 (pointer 67) points to the fII’SU

byt e i n0t hindicajes the stages Tthe pipeline24Thé nembers bentamgddn ¢he chart represent

*

an instruction number. For instance, during cycle 1, instruction 11 is transferred

from the prefetcher 12, that is, it is coupled to the decoder 31 of Figure 2. During
~ the same cycle (that is, simuitaneously with this transfer) the decoder 31 is

decbding instruction 10, the instruction that preceded instruction 11. Similarly,

15 durihg this p_eriod of time the execution set up stage 34 of Figure 2 is controlling the
sequencing of address calculations for instruction 9. At the same time execution is
occurring'%or instmcti§n 8 and write back is occurring for instruction 7. (Not all
instructions have a write back, however, som'efsingle- byte instructions do require
write back.) As can be seen during cycle 2; transfér_to decoder 31 occurs fbr

20 'ihstru"ctidn: 12, decodei' 31is 'decodirig instruction 11, and the execution set up unit \J
is operating on instruction 10. o o

In some céSés. as mentioned, a prefix (prefix 55 of Figure 3) méy be present.
Assume _that the decoder during cycle 3 upon de’coding the first 24 bits of

instruction 13 determines that a prefix is present. This information is communicated




3
- 15 - therefore transferred to the decoder 31. This field is indicated to
the right of cycle 1 by the nunber 68. Decoder 31 upon decoding this field
detérmnes that the first 16 bits are the OP code and provides the
appropri‘ate signals to initiate the execution of this code (generally to
the | atch.85). Through the code control circuit 36 it is 5 determ ned
that the 1K2P pointer 69 should point to the beginning of the inmediate
field in instruction one. This pointer causes {ie four bytes follow ng this
field.to be transferred under control of the set up stage 34. The field is
i ndi cated by bracket 70 to the right of cycle 2 in Fiqure 6. The code
control circuit 18thepipglipe sonirelLirgyit &7@%@'53@@“!15@9’@18%9!‘@"@?&0& many eyclas

bi fol | ow PQj 7.1 red fha 10 . decoder, 31. Thi
fierd is genor iy Beramutadls gt TRRE drits biasi R o, BBY Teie? Bng Adifese, <
eld is general _ _ _

Chese bi ts. ar o, i@ rpadier1BIhg UabM o, HErIZ) I FBId 5.} [{assBRadhatiti

i medi ate fiel ddcgurd sringi6icleyB,i4\and §. (Devoding scetrsSduriy éytfosia) 5amd 6 @nd S
set: at the beginning of this field. (D splacenent fields are transferred to
t he' segment abi orexegutiornsat upiocalirsduringcydle & dexegution isshowsy ocnurding for this he

cache unit.) The field is sho for _cycle Lth the nunber, 76. The control
T euit 36 hext StBIAIAREUIDH GO & DUt Frrled hianels. frd xacHiph AehYP SIHORIA S
74 b ansf LI 0 X i 1 his .

T4 10,08, Lr a0t SR sIANE e SrdubH S W es AEBERUL bong cvctes

poi nter for instgpgceion three is not needed. This is generally indicated by
t he nunber 75 for 20 cycle 4. This process continues as shown in Figure 6
for instruction four Indttuctiond4deshowh asitreing tragfemred 10 decaderi3d quingtoycke &nd
w t_ \he _ap%oprdiegtogeé Ib)? ldoe!go eeri'3n1gdxarrir$gng;cer r7e gdt then requiring two cycles, 8 and 9, for
" ‘address calculation. This, as mentioned, would occur where the address includes
a base, index and displacement. Since two cycles are required, as indicated
during cycle 8, no transfer occurs to the decoder 31, however, during cycle 8,
“instruction 16 is transferred to the decoder.

15 In Figure 6, a portion of the register 26 of Figure 2 is illustrated. It is
assumed that several instructions are stored in this register, specifically,
instructions one through four. Instruction one is assumed to have a two byte OP
code and register and address mode specifier. (For purposes of Figure 6, the

| _designation "OP" indicates both the actual OP code and register and address mode

- 26 speciﬁer fields of Figure 4.) Instruction one also has an 8 bit immediate ﬁeld.
Instruction two has a 16 bit OP code and a 32 bit immediate field. Instruction three
has only an 8 bit OP code. Instruction 'four has a 24 bit OP code, and 32 bit
displacement field." Initially, the K1P pointer applied to the prefetcher 12 (pointer

67) points to the first byte in the register 26. The first 24 bits in the register are



- 16 - In the lower part of Figure 6 the execution of the instructions is
shown. During cycle 3, instruction one is executed. During cycle 4,
instruction two is executed, etc. 5 Thus, an inproved instruotion
and decodi ng apparatus has been di scl osed which provides inproved
performance particularly for a m croprocessor that uses variabl e Ienqﬂh

I nstructions. - 17 - * C L M S * CLA M 1. In &

m croprocessor having storage neans for storing prefetched instructions and
decodi ng nmeans for decoding the instructi-on® -from said storage neans where
at least two of the instructions are of different |engths, said

i nst ruct i othereforetransiariet ta the deeader 310 his field isindicated taghefighteaisycle ¥ r st

et &'@%gvmﬁﬁgw RBCRpE R &%@r&?#@%%ﬂegﬁﬁfﬂaﬂeﬁaﬁ] LAl
bytes of Sﬁfééi? ﬁn\t sa| ?,’?dgéf&%ggh?gf’é? :I 5 %&ha\% &b %o ﬂfmé???néjéxei‘%’ugn

I nstructio sal ing rnformation used by
sai d firstop@id b6de tgériérr@lwtd%e fatch 855 Thrdog Wiy codeCcort®l GircuttBrigge  neans

or 5 determined that the 1K2P pointer 69 should point to the beginning of the immediate
field in instruction one. This pointer causes th.'e four bytes following this field to be
transferred under control of fhe_ set up stage 34. “The field is indicated by bracket 70
to the right of cycle 2 in Figure 6. The code control circuit 36 also provides pointér
71 so that during cycle 2 the 24 bits following pointer 71 are 't_r_ansfetred fo the
10 decoder 31. This field is generally indicated by the number 72. Note o_fice again \J
that 8 bits of the immediate field of instruction,é are transferred to the decoder but
these biis are, in effect, ignored. During the next cycle, the entire immediate field
for ihstr‘uction two is transferred since the pointer 73 is set at the beginning .of this
field. (Displacement fields are transferred to the segmentation unit and immediate
15 fields are transferred within the cache unit.) The field is shown for cycle 3 with the
number 76, ‘The control circuit 36 next provides poihter 74 causing the 24 bits
following pointer 74 to be transferred during. cycle 3 to the decoder 31. Since this
“instruction has no mtermeduate field or dnsplacement field, a 1K2P pomter for
instruction three is not needed. This is generally indicated by the number 75 for
20 cycle 4. This process continues as shown in Figure 6 for instruction four with the u
control circuit 36 providing the pointers and with the appropriaie fields being

transferred.



2 ) .

sel ection of the second field of said one of sgird i,nstructions from
sajd storage neans and to provi de a second pointer to said storage neans
for selection of ‘the first field of the instruction follow ng said one of
said instructions, said second field having information used by said second
section fgr address generation, wherein said first section includes neans
for indicating to said second section the nunber of cycles required to
perform-address cal cul ati on for said one of'6aid instructions; and said
second section being coupled to receive m bytes of instruction data as

i ndi cated by said f t %t:&‘ one of
said instructions 'ﬁﬁeslg?gpéﬁgﬁgﬁ#&? Qwé’genﬁﬁgg'?ﬁﬁg'tbé?ﬂg‘é’“ﬁ%ﬁs erein

sai d second segiriag oyelet3,dhstrudtion oas iseksuuted.i Dosng cydle 4] inspogtivn tvwm issai d
first section indicating the nunber of cycles required to performthe -
18 - address cekeatedien. for said one of said instructions so that address

cal cul ations are sequenced, such that while said second section causes said
setting up of said one of said ins section is decoding

said first field of tfgl dy AbYEd Indihubiiid S B8cctitidlappéraflls R Bken disclosed

i nstructions.

which provides improved performance particularly for a microprocessor that uses

- variable length instructions.



2. The |nprovenent defined by claim1 wherein said first field

i ncl udes the OP code and register and address node specifier. 3. The
i nprovenent defined by claim1 wherein said mcroprocessor uses mnicrocode 4
and includes nenory for storing at |east sone of said m crocode, said §#¥-st-
section providing a | ook-up for said mcrocode. 4. The |nprovenggu
defined by claim3 wherein said first section for cértain of sard ¥

instructions provides at |east one line of mcro
i nprovenent defined by claim1l wherein said fi rs ﬂﬂﬂ”"i"’l"ﬂ’ m/,m ng at
| east a first line of microcode for semd7of said #nstruct imon san

to other m crocode. 6. In a mcroprocessor having an |nstruct|on
decoding unit- and a register for storing a plurality of instructions which
are coupled to said unit, each of sai&Lgﬁgéructions having a plurality of
byt es, said mcroprocessor operating upon instructions of different [ength,
an i nprovenent conprisin said unit having a.,first,_and second st sai d
first stage Feceiviniha i PHEARFOSESaRE  HBVABH r5tesacs memps iy
decodi ng t hes€brinde prafibticlgidst instuuictiloinesandodiecoding means for

decoding the inSt:uctions from'said-storage means where

at least two of the instructions are of different
lengths, said instructions compfised of a plurality of

bytes and having at least a first and second field, an
improvement wherein said decoding means includes at

least two sections, | _ ‘

the first of sald sections coupled to receive n- ‘\J_

bytes of said. instructions and decoding a first field of |
one of said instructions from said n-bytes, said first

field having information used by said first section to
provide a first pointer to said storage means for
selection 'of the second field of said one ~of said
instructions from said storage means and to provide a
second pointer to said étorage'means for selection of

the first field of the instruction following said one of
said instructions, said second field having informatioﬁ

used by said second section for address 'generation,
wherein said fifst section includes means for indicating

to said second section the number of cycles required to W
perform address calculation for said one of said
instructions; and o

said second section being coupled to receive m-

bytes of instruction data as indicated by said first
pointer and'to cause said setting up of said one of said
instructions with said second field from said storage
means, wherein said second section controls address
calculations in response to said first section
indicating the number of cycles required to perform the



sbecifier (first field) of one of said instructions during a first
conputer cycle, said first stage also signalling said second stage to the
addr ess displ acement or imediate data field of said one—ef-said
instructions and determ ning the |ocation of the OP code regi ster and
address {ynode specifier (first field) of the instruc !ﬁ E. ,un
said one of said instructions, wherein said first stage

indicating to said second stage the nunber of ggctes reqU|red to perform
address calculation for said one of said instructions, said second
stage control ling use of said_address displacenment or |nned|ate data field
(second field) ofdduegsogalrndatieni farandideonpencfveaid instractionstsge

i ndi cating the nypher aghrexs! ealeaﬁatﬁsﬂst araeéégﬁahéé& asdéﬁsehsel GHigsion
for said one of said instructions, tﬂlﬁﬁga.sec n ter cycl e, sald

second cycle fol FBRANFEELNE 9L FaHFES ¢ Fad §ﬁET1 REa PP, R Said
cal cul ati ons ar eoge@eit ednttiruey idhs] Sﬁm\dfﬁtete séct bors aiid faéabdsﬁ@ge

i s decodi ng the OP.code n | St 5% Jode cifier (firs
field) of the in§?i‘§c§r"6ﬁ%f %Il Je ssaﬁ‘c?d AnStuct ey |%°2’tnjre‘37r’c‘t’f%n%"‘( 3! She
The i nprovenent défsaéd bpstruchiéngherein said first stage is coupled to
receive said first field under control of a first pointer and said second
stage is coupled to sequence use of said second field under confrol , of a
second pointer, 2said fFpet 1BRYOYEMSRY defined by claim 1 wherein said

first field includes the OP code and reglster and

address mode specifier.

Y, 3. The improvement defined by claim 1 wherein said

| - microprocessor uses microcode and includes memory for
storing at leaét 'some of said microcode, said first
section providing a look-up for said microcode.

4. The improvement defined by claim 3 wherein said
first section for certain of said instructions provides
at least one line of microcode.

5. The improvement defined by claim 1 wherein said
first sectlon providing at 1least a first 1line of
microcode for some of said instruction and a look up to
Y other microcode.

6. In a microprocessor having an instruction
decoding unit and a register for storing a plurality of
instructions which are coupled to said unit, each of
said instructions having a plurality of bytes, said
microprocessor operating upon instructions of different
length, an improvement comprising:

said unit having a first and second stages, said
first stage receiving a plurality of instruction bytes



poi nters being generated by signals fron1iZLE’L;LgL_sLage-8‘ The

| mprovenent defined by claim?7 wherein sa * - 20 -
first stage initiates execution of certain “ E@gons .

The i nprovenent defined by claim6 wherein g““““\t uses
m'crocode and includes nenory for storing at «l east*sone of said n1crqude
and said first stage providing a | ook-up for said m crocode through &

| at ch. 10. The i nprovenent defined by ﬁkﬁlﬁ]Q wherein said first stage .

for certain of said instructions provides | ines of .m crocode. 11.
The inprovement defined by claim 10 wherein said second stage controls bus

cycle initiat ;nah ding e Jop' e&a&rosﬁaseé gzéggaahoraa%&%a%dfeor

storing prefetc I nstr ctlons and déco ans decodi ng .t he-

i nstructi onssne@mféﬁrd é@éréé're ﬁ%ﬁﬁé)v\kﬁe%ﬁ I‘éﬁstsa}’vﬁ) dmsrGtionsct i ons |
are of diffegapingengt fﬁr@@u domﬁﬁtéﬂCtdyQﬂ% cospiasadreit asﬁhgéalaltsso of

Dyt a0 N1y oS g T e ol d W Hen
or immediate data field of said one of said instructions
and determining the location of the OP code and register
and address mode specifier (first field) of the
instruction following said one. of said instrudtions,.
wherein said first stage includes means for indicating
to said second stage the number of cycles required to
perform address calculation for said one of said
instructions," ' ' o o/
said second stage controlling use of said '
address displécement or immediate data field (second
field) of said one instruction and responsive to said
first stage indicating the number bf'cycles_required to
perfbrm the address calculation for said one of said
instructions during'a second computer éycle, said second
cycle following said first cycle in time, such that
address calculations are'sequencéd during said second
cycle while said first stage is decoding the OP code,
- and register and address mode specifief (first field) of
the instruction following said one of said instructions.

7. °  The improvement defined by claim 6 wherein said
first stage is coupled to receive said first field under
control of a first pointer and said second stage is
' coupled to segquence use of said second field under
control of a second pointer, said first and second
pointers béihg generafed by signals from said first

stage.

8. " The improvement defined by claim 7 wherein said




S . ) .
reference to the acconpanyi ng drawi ngs. 13. In a microprocessor

having an
pIurallty “of

instruction decoding unit and a register for storing a
i nstructions which are coupled to said unit, each of sai

II’]S'[I’!JC.'[II_OI’IS _havi ng a pl urality of bytes, jsai dm croprotu mmI|MJ|w I“l

upon i ndkructions of different | ength, an inprovenent s

herelnbefore described with reference to the acconpanyi ng dramﬁngs

- 20 -

first stage -initiates execution of certain of said
instructions. '

9. The improvement defined by claim 6 wherein said

. microprocessor uses microcode and includes memory for

storing at least some of said microcode and said first
stage providing a look-up for said microcode through a
latch.

10. The improvement defined by claim 9 wherein said
first stage for certain of said instructions provides
two lines of microcode.

11. The improvement defined by clalm 10 whereln said
second stage controls bus cycle initiation.

12. In a microprocessor haVing storage means for
storihg prefetched instructions and decoding means for
decoding the instructions from said storage means where
at least two of the instructions are of different
lengths, said instructions comprised of a plurality of
bytes and having at least a first ahd second field, an
improvement substantially as hereinbefore described with
reference to the accompanying drawings.

13. In a microprocessor having an instruction
decoding unit and a register for storing a plurality of
instructions which are coupled to said unit, each of
said instructions having a plurality of bytes, said
microprocessor operating upon instructions of different

“length, an improvement substantially as hereinbefore

described with reference to the accompanying drawings.




