P AR AR TS R DO N

ASYNCHRONOQUS M CRO- MCHI E/ | NTERFACE FI ELD O: THE | NVENTI ON The preﬁr‘tqu 657 v
I nvention relates to m crocoded machi nes ("m cro-machi nes"), and

particularly to mcro-machi nes which run asynchronous fromthe systemin C
whi ch they are interfaced. BACKGROUND OF THE I NVENTION In prior art

conput er systens enpl oyi ng m cro-machi nes which are cl ocked asynchronousl y
fromthe systemw th which they are interfaced (i.e. wherei n"the cl ock of
the mcro-nmachine is out of. phase or hasla different period than the clock
running the systemw th whic erfaced), |atency

A
(the time |ag between the ti ---'-"-““—’1—:‘1- *’-'--*': Frhg instruction to

the m cro- machgpg o ©he imgqu nstruction conpletion) is a critical and
t roubl esone probfem— FOT purposes of the Specification herein, the term

"nicro-machi ne" or Theyprasembutnventionnealntes te miiracededsmackimesut ati onal

conput er system whi ch incl ude, mrand or i nsir t on egi ster which |s
Cyploally " Updat ot S10-BYBRYEE e (80 CROFS, PR tLE o8 hal Seh-macnanor, Bt En

m crostore Menpiy giyhcirbfbud frofs Wel BySXEH Ui mchnew Nerel Ratérlded.
These conmands typically are conprised of controls ( signals as well as

data. In order to overcone the problem of |atency which occurs in

m cr o- machi nes_{ ha Y, fromthe CPU from whiech the

m cr o- machi ne PA%E RJ@B ég @m prior art systens enploy various
synchroni zation intg 18¢bf0ast fc%ﬁbh't&r%&ﬂ% b1 SYAATC I P8 -md¢hiine@ which
asynchronous m cro-machi ne. Such prior art synchronization interfaces

gener al | y hol datéecliockedi wnM&vsinrﬂmm systam wih, 'by%ﬁﬂkﬂm aget he
i nstruction to, the k of th [0z e
sypchroni zat | oﬁngﬂi‘é’é’, &8 5‘?‘? % b‘l: °SE gnf%hrerrsmt"%g-gggmfé ol bF

phase or has a different period than the clock running the system (

lm;"u R

with wﬁich the micro-machine is interfaced), latency (the time
lag between the time of issuance of an incoming instructioh to
the microfpachine and the time of instruction completion) is a
critical and troublesome problem. For purposes of the
Specification herein, the term "micro-machine" or asynchronous
micro-machine is detined as a computational computer system which
includés a coﬁmand or instruction register which is typically
updated at'every clock cycle with commands that are read from a
microstore memory and which are uéed to execute an incoming

- instruction. These commands typically are comprised of controls {i
signals as well as data. - .

In order to overcome the proﬁlem of latency which occurs in
micro-machines that run asynchronously from the CPU from which
the micfofmachine receives its instructions, prior art systems
employ various synchronization interfacing circuitry between the
master CPU and the asynchronous micro-machine. Such prior art
synchronization interfaces generally hold the incoming
instruction issued by the CPU, synchronize the instruction to the
clock of the micro-machine and, at the completion of the |

synchronization process, set a flag bit which informs the micro-



¥ 2 - machine that an instruction is waiting. The mcro-nmachine then, in
turn, transfers control (changes addresses) to the routine that corresponds
o {he incom ng, now synchronized, instruction. The two primary.exanples of
such: prior art synchronization interfaces are "FIFO'and shared nmenory
systens. However, with all such prior art synchroni zation systens,

synchroni zati on of the incom™mng instruction and transfer of control by the
m cro-machine to the routine of the instruction occurs substantially
consecutively, such that the.length of ngg_it takes to synchroni ze the
incom ng instruction and the length of ti it takes the mcro-machine to

transfer control to t outi,ne,that, corres s tqo.the . instructjon

o ati ve | FuRbeifae #Eak oY qRELEREachy ih FELER, | e BslBr BRCHARY tReR,
transfer of cogpd rﬁlrn‘?y trifsfard Loatsot ”&hﬁik&é ﬁd@ﬁﬂaeﬁ”‘%&eiﬂé Epoudtih8NCY IS
nmerely reduced and is not minimzed. Accordingly, in all prior art systens

enpl oyi ng asynmﬁ)msem’m@ dodthe rknciomigg, BoX m@yhremm doetrudtdan. and
unsol ved probl m The tfirm m cro-nmachj ne/ i nt e{#‘ ace' usegv £ \&(ﬂ“s
intended to retRy W& PTIBAEY iumRieH; @ RTIPF ARG $ERSErFPAlEs t he

m cr o- machi ne. 1nterﬁce§Wﬂl‘xﬁﬁ"UﬂE bWFé\&”mo%C%dtmatO the present

invention there is provid asynchronous
m cro- machi ne/ i nt erHoa@e!erespbﬁsmld- suchh prilpg| srt moqhtgpﬂmﬂpnc!ﬁmmm

{ransm (e 1 o BTk 00 59 Bl SBRRREAY HiksrabfEHR iRl SSERELEDAA, o o

the incom ng i&ederddl b9 thé AMireFndifhe to the routine of the igstruction
U ' occurs substantially consecutively, such that the length of time

"1t takes to synchronize the incoming instruction and the length
of time it takes the micro-machine to transfer control to the
ioufine.that corresponds to the instruction are cumulative.
Further, no actions are tiken for that.instruetion uﬁtil transfer
of control by the micro-machine takes place. Therefore, latency
is merely reduced and is not minimized. Accordingly, in all

' prior art systems employing asynchronous micro-coded machines,

'latency remains & critiecal and unsolved problem.

The term m1cro-mach1ne/1nterface used hereln is 1ntended to

refer to a-comblnatlon micro-machine and 1nterface for the mlcrq-machiﬁe;



said mcro-machine/interface being clocked on clocks fromdifferent clock

sources which are asynchronous to one anot her, whereby it is required that
the incom ng instruction be synchronized to the nicro-machi ne/interface
prior to decoding the incomng instruction ‘and executing the routine
representative of the incomng instruction, said asynchronous

m cro-machine/interface conprising: data path el enent neans for

single incomng instruction from sai d-CBU-and for perform ng actions :
associated with said i ncom nwﬁéﬁwﬁynchr oni zation of the
incomng instruction to the m ' decodi ng of the

I ncom ng instruction corrprl sing the channeling of data associated wth the
i ncom ng instruction t

[ iC o] f
machi ne/interface; ins ruc %hgc]ggéd %génﬁlésgéc%ﬁne%{%ﬁﬂ'?hethfﬁea 6'ast h

el ement nmeanprevidedcodi rﬁjlthe asypehnenewns: r ucmiigrornaghiaefiins exiface

routine reprﬁégﬁbﬂbi% Ofot e & mgmnqnbaatihgctiﬁmma@iwct:ﬂasm%w on

recelvin an exeCUtl ero tlne epr.esent
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means for

i ncom ng i nsEFAB: Roost S/NY
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nmeans occurs

the m cro-

roni za incorfing 1 ns
said micro-machine/interface being clocked on clocks from

different cl_ock sources which are asynch-ronous to one

another, whereby it is required that the incoming
instruction be synchronized to the micro-machine/interface
prior to decoding the incoming instruction and executing

the routine representative of the incoming instruction,

said asynchronous micro-machine/interface compris:.ng.

data path element means for receiving a single
incoming instruction from said CPU and for performing
actions associated with said incoming instruction during
the synchronization of the :-incoming instruction to the
micro~machine/interface and decoding of the incoming
instruction compris:.ng the channeling of data associated
with the J.ncoming instruction to an arithmet:.c processor
of the micro machine/interface;

instruction decoding means .c,:_onnected to the data
path element means for decoding the incoming instruction

to determine the routine representative of the incoming -

instruction;

instruction execution means for receiving and
executing the routine representative of the incoming
instruction;

means independent of said CPU for synchronizing
the incoming instruction to the clock of said micro-
machine/interface;

-,
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fachi ne/interface and the decoding of the incoming instruction such that

said actions are perforned prior to execution of t he routine

hep esentative of the instruction. BRI EF DESCRI PTI ON OF THE DRAW NGS
E 1 shows a bl ock diagram yiew of the first embodi nent of the invented

nlcro machi ne/i nterface of the present invention; FIGURE 2 shows a timng

diagramillustrating certain signals whichgre transnltted or asserted

during a typical operation of the m cro-nmachine/interface of FIGURE 1,

FI'GURE 3 shows an expl oded bl ock di agram view of the

sKnchr oni zat : 03/ ZynChr_OHI AHer¥imsehét ?EQIBQEEEbeOfofFlﬁR/E dctbabRwi4hin

shows an expl ode oc agranmvi ew.of a sync roni zation/sync i zation

assi st of a secdﬁﬁgt qﬁb p%¥htkmf* SR ed BFRRR,- nﬁEﬁPﬁgllﬁ£§$¢ . the

FI GURE 5 shows asynahﬂordizaym wivtheé inchnidgeixhatlruehionf tbhshenmdm:m@l-

m cr 0-machi ne/ R S5 elecXdaulRilay 0o Ol gfbamiYicaiq
f

f
t he synchronlzatlog;syné%ronlzatlon aSSISt 0 ro- machi ne/ inter e
of FIGURE 5. Iimstaugtionsygipthet e itaekienrrere ERBobPrRRispriorhso

fol I owi ng descrigidduitic PWHOSEhed! DeRitdnd | Obepgtidsentatdive bl @FKS, the
timng relatlon m4i§enc are set forth in order to provide a thorough
under st andi ng of+% i nvention. However, it will be apparent to one
skilled in the art that the present invention may be practiced w thout

t hese : '



specific details. In other instances, well known circuits and devices are
shown in block diagramformin order not to obscure the present invention
in.unnecessary.detail. In Figure 1 there is shown a general block diagram >
of . the first enbodi nent of the invented nicro-pachine/interface denoted
generally by reference nuneral 9. la §Lgure 2 there is shown a timng
diagramillustrating certain signals which are transmtted or asserted
during the operation of tBRIER iON-OF THE DRANINGSFi gure 1. Qperation
of the mcro machine interface of Figure 1 will be described in conjunction
with reference pGhREUL Srows'3"BYSEk dia@riR vidwRzCSRA £ 3% ¥mBSdiment '
illustrative timng diagramof the execution of a particular instruction
under the omhchei bnvemtedhimicriormachine/intelrtacé ot ahkapeedernts insentkmsut i ng
a previous instruction when t e.inconingé%nstruction_arrives,'- eration

he ..
of the mcro- nECAPRE/ 2 #RO¥S & témipe diagrap pLIYRITALLRE contadnsfIgRRALSON
wherein a RpgidiUte' ErdieiiitQh bt DELiAX QGG aAGRLLDE dgiTRILEN of
instruction arrives. In the exanple i nstruction enployed to illustrate the
operati on ofné hflcdro-akchthesimurifack bhcPIGUREOLTEChI Nne/interface 9 of
Figure 1, the incomng instruction is asserted by the CPU 10 sonetine
during cl ock cy&TEURE showsygnceyploded bieek dlmgrapneism mf ithstructi on
used as an ex I ' i Lt f th d,cont ai ned
" the | nodRERCRAERE SR e flishial thon aeBElh ddipdlont 61 BRARCATOT O O
files 40A of datraGpREh4 admswntas éfploded bleEKidiagramt 416w iclai N the exanpl e
instruction herein described contains an operand, an op code, and a user
regi ster aceitnehsonization/synshrgppzetion agshshrte shaend pmbodiment of

i cr o- machi e/ , 4L gL 85 Sn Pebo- ¥Rk 1 e HAlckg M NG MaNY. L her o

FIGURE 5 shows a block diagram view of a third embodiment of
the in?ented micro-machine/inter!ace;

FIGURE 6 shows an exploded block diagram view of the
synchronization/synchronization assist of the micro-machine/

interface of FIGURE 5.
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types of instructions (e.g. vector addition, subtraction, etc.) and is not
restricted to executing only the exenplary addltlon I nstruction, the
gpagttcular instruction described herein being merely for purposes of

il Fustration and clarity with respect_ 60 operation of the

m cro-machi ne/interface 9. A conmmand regi ster 55 enters an "idle state"
upon the conpl etion of every I nstruction. For purposes of the Specification

herein, "idle statecDETATHED DESQRIRTION: OF-THE) PREFERRER: RMBODIYENRS ch t he
conmmand register 55 is not executing the routine of an incom ng instruction
(i.e. the period of tinme during which the command register 55 is frozen and

i's not clocking tin anehtéblFowiigaedsritioae 6P UpirtRsesSefi édpldnitidn,an
i ncom ng instruction). Since, in the exanple operation first descri bed

herein, a prb¥tsusosist blmk%nt\laénsm&ia@tiedspm.orettce sreodetAfoftiFiigure 2,
t he corrmand regi ster estat ent e incomng. instruction
“arrives (The® f‘g‘f tﬁgfgv{)i &ﬁ#ﬁﬁ&“&bdﬁ“ﬁ'ﬁé? b?ﬂl%’&fé@d in greater
detai | bel owdvéndilohe!  HowdVed,! D€ 1 0CbeOkphdifedt %%H@C&uifi%ani@rihaece 9,
and the clock of the CPU 10 are asynchronous from one anot her, the phase

rel at i onshi pabetthadn theeprésant éhvemwuambarntatcltéced odd:h@htt ticese
m cr o- machi ne/ i nt Therefore__the i ncom ngti nstruction

f .
i s not synchPBR? r 8$?ﬁbsclgﬁk° °r nstances,n¥eil knovh Sirseite afdi| one

to two cl ockgeyrddss skt Bhiowd Mg/ ¥100k @hgrasd EUP&'PJ‘ or@Bf " it %bgaeécwom
on Figure 2) that - - Indicates the arrival of an incom ng

I nstructi on. thmeprxsealt tywézﬂ:iaint én symedussairyadetwilof the incom ng
i nstruction, the commuand regi ster 55 leaves its idle state and begins

execut i ng the i nddhFhGUFAst therrots hodn paanarad birek imgramat tihe

first .embodiment of the invented micro-machine/interface denoted
generally by reference numeral 9.

In Figure 2 there is shown a timing diagram illustrating
-certain signals which are trahémitted or asserted during the
‘operation of the micro-machine/interface of Figure 1. Operation"
of the micro machine interface of Figure 1 will be descriﬁed in
conjunction with reference to Figure 2, however, Figure 2 

- represents only an illustrative timing diagram of the execution
-0of a particular instruction under the condition in which the
micrq-machine/interface.9 is not executing a previous imstruction
W, when the incoming instruction arrives. Operation of the micro-
machine/interface 9 will later be described in a situation
wherein a previous instruction is being executed when the
incoming imstruction arrives.

‘In the example instruction employed to illustrate the
~operation of the first embodiment of the micro-machine/interface
-9 of Figure 1, the incoming instruction is asserted by the CPU 10

sometime during clock cycle A-B of Figure 2. The particular

incoming instruction used as an example herein requests the



comands of the routine of- the incomng instruction). Accordingly, since, ¥
i the exanpl e operation described herein, the incomng instruction arrives.
during clock cycle A-B, the command register 55 is in its idle state unti I'*-';,'”
clpck D of Figure 2. As stated, in prior art asynchronous m cro-nachine s ’
syhchroni zation of the incom ng insteuttion, as well as transfer of control
to the routine of the incomng instruction nust occur before any actions

for the insaddttiom dfaitbepbperand gogtaired dontheasincoming Apetruction and

m cro-nmachine/interface 9 initiateg actjons for the, inconj ] nstructj.on

bef or e execu}PPoﬁmb‘fe”("l’Fe°i’n§?$’t&tﬁroﬁf ng?‘f%'rﬁg@?e’be#’&’@ ?hgg%{orﬂsﬁﬁdpa{h

regi ster 55 efigggpﬁs. fd-gﬁﬁﬁﬁgiﬁ“ﬂ@* 1hBEreToaNda fe @i&mﬁ@é‘tiﬂ&rﬁﬁ:tl&e

i ncom ng instruction) uring transfer of control to the routine of the
! nclom ng i nyletrefhi describedatovinings abcopervadls posep Hosle, hand g uses novel

i npl enentation of the fact that many actions are comon to, the yast -

naj Ol’h ity of registertaddresg; oIt H’élgh%r?émrﬁﬁ%ﬁeérpqyﬁgﬁﬁn&hf% té’ﬁ
arithmetic unit. th | f r el i S i ster
A NToti ) Ul - BRER SRk 30c'a e SUhOI of hérArdiscelfy Buegl oL or
achi eved by typesOdg taPtFutitiohgngeg. Wectonraiditaded subtracsimandet®d)i st er
55 upon the conpl etion of ,eve@/ I nstruction and which collectively conprise
a si nlg: e commdniis otciressrieted itoj eggenting ond¥ the exeppdary AdditdQRand: .
As wi al so | ater be expl ainegd. || 1, Al > AGL] b Gl sthake

pl ace prior X8 ruci_::Ptgn._ @fegﬁ§?%¢lﬁ3? ¢ Eggﬁ\%&rﬁn ngglgﬁgﬁét?g{ﬂ iégﬂﬁ%itggri ng
transfer of yOuhiyOkok purpRsesUss N4 1aEtFIELINQAEI BLa 13t Mithi Pespertaltso
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operation of the ‘micro-machine/interface 9.
A command register 55 enters an "idle state" upon the
completion of every instruction; For:purposes of the
_Specification herein, "idle state” is defined as the period of
time during which the eomman& register 55 is not executing the
"routine of an incoming instruction (i.e. the period of time
during which the command register 55 is frozen and is not
clocking through the commands of the'rbutine associated with an
incoming 1nStruct16n). Since, in the example operation first
described herein, a previous instruction was completed prior to
" clock A of Fiéure 2, the command register 55 is in the idle state
when the incoming instruction arrives (The idle state of command o/
register 55 will be discussed in greater detail below.)
Further, since the clock of the micro-machine/interface 9,
and the clock of the CPU 10 are asynchronous from one another,
the phase rel'ationship between the clock of the CPU 10 and the
clock of the micro-machine/interface 9 is not known. Therefore,
"the incoming instruction is not syhchronized to the clock of the
micro-machine/interface 9 until one to two clock cycles after

arrival of an instruction'contrbl signal (shown on Figure 2) that



achi eved, by a synchroni zati on/ synchroni zation assist circuit 60 which
determ nes when :these actions take place. The above nentioned control
gng?1s of which the idle state command is conprised are stored in a nmenory
| ocation, of a mcrostore 50, that is associated with the operation of the
m cro- machi ne/inter- face 9 when t he"dbfinand regi ster-55 is in the idle

state. Upon s 64l thieOlr vl deNEA! Hiiddiflibg ThisefUEIGACS GhAIbRE CONt T O

to that nenory location and the idle state conmand stored therein. Since
the command rcyglet sfteé3S sysskromizaitdéosoat ridle dngoming dinstirectidm thate
command while the sane is in_the idle state, it causes_the performnce of

actions ccnnﬂ?ﬁmFBnﬁnﬁfg#ﬁiﬂﬁnPﬁg}?ﬁﬂ?ﬁrEEE|¥ﬂ%§ BrRER and DRELRR iFPcutitee
commands speghfi ¢f @Niﬂ%]eufs‘%%bf'fod)f (11 41€ YeRERY E'ﬂ:ﬁk'}%&r eabdPh aad during

transfer of cont ro routi ne ere y great ecreasi ng | atency.
These cont r okosimgnds sofirthed iroutite ioft mhél 116c o8l ngyr 1nstgidh1p&)and wll be
di'scussed below with reference to Figures 1 and 3. IS, I mportant

to-note that ASGREILABIThe SEBASr oP SPGnEFLRRYS (RETREHI QR ﬂeéﬁéiefﬁn%m'&f e aI o)
asserted by Gaanpndh %Q‘i:réétmegrkivéf diy nk” 1dek | g' ? e S e];#; - €.
BT8Pt e erence

when it is executlng the i ncom ng 1 nstruction nt “di

bei ng that thkemignniregieiter 55 sl ondad 1a1é h&a&@rmﬁtuh lcQQickiEb 5P A feer
t he command regi ster 55 | eaves the idle state are a part of the routine
that is asso&-ated with the inconi ng i nstruction, whereas the cont rol

signal s asserted ‘Bgo%tq’teth%mggn&oﬁ° 9y ; a'r?)m\ﬁ?}gﬁs?% m{cri‘o_m %g state are

not. A first grou e’cont e cpm"ran regi Sst er 35
asserts when gyfichPénizZlitd ot 8¢ L1 EnbORITE ﬂae&ewtp&l el fefi QR ItTansidl Ch

t hecommand register 55 transmits to a -

Y ~ of control to the routine of the incoming 1nstruction must occur
before_any actions for the instruction take place. In direct
contrast, the invented micro-machiﬁe/interface 9 initiates
actions for the incoming instruction before execution 61 the
1nstructiqn begins (i.e. before the command register 55 begins.
clocking through the commands of the routine of the 1n¢ohing
instruction) and during trgnsfer of control to the routine of the
incoming ianstruction. |

The above has been made pgssible through the nove;
implementation of the fact that many actions are cohmon to the
vast majority of 1nstructions_(ife. the channeling Qf an operand
to an arithmetic unit, the channeling of a register file address
to a register file, etc.) |
_ As ﬁill later be explained in greater detail, this is partly_
achieved by various control signals which are loaded into command
register 55 upon the completion of every instruction and which
collectively comprise a single command which is peferred to
herein as the "idle state command”. As will also later be

explained in more detail, the actions which take place prior to



synchroni zati on/ synchroni zation assist circuit 60. These idle signals %
I nform the synchroni zati on/ synchroni zation assist circuit 60 .that the
germand register is inits idle state and are al so channel ed through S, _
synchroni zati on/ synchroni zati on assist. circuit 60 to instruction’|at chesﬁo -
and paraneter latches 30 (as indicgted in Figure 1) and, upon assertion

t hereat, open instruction and pararfeter |atches 20 and 30 such that they

are in thexecuijon Of the fingamingolmgdruesden wimsh durdngotresteregester 55 is
in the idle state (ip our exanple operatiqon until clock Din Figure 2).

Wien the &3 d%f’eéggt’é‘?“%erggv ggiit“é" PE ipstructiop ig_lgeanpl e

oper at i Ona gtefevddI By & CEPichrdnich 0fén JdyncRPoh il 19nIRBL PP’ riGRESE T €.
Deassertion by the conmand register 55 of the idle signals closes Tatches

20 and 30wbich determinesswhen ctheser ections thienplicsa Thatadowe been flow ng -

t her et hrough,, and, t hus. hg infornption transmitted continues to be '
transnmit t@gfbjspﬁeg‘ePPnig‘%{)égﬁnﬁgsoé?Mhuﬁ?? 1142 Ehtte rommtddstsare opened
by reassecsnpridla whe bibfed N3 Seiibhy 1RURKGA] Bt U mibfositRULHON OF the
i ncoming instruction. A second group of the five groups of controls signals
that the tiatrdsdasegeited §3thrties vperathan ofn thé emicke-nflchiifei ftsr-gnal s

which nmultiplex incomng instruction i:-nformation that is transmtted to
dat a pat hfa¢e feRhensthe fonnend regls tiea 26 44 43 thayddlpate tas ¥9on exi ng

control  sj y edet ' of es i gpa re _asserted when
the commmet omelebBRCE ol TuBREusElom o1l SRTadH "t Fafifer 330 FCT
oper at i ontéletmat bedolgr Bd¢ntiionshh@ctieonalat ghae 30mdakdi stdrleai r open -
(fl owt hrough):- node upon the arrival of the incomng instruction (i.e.-

soreti ne HRARRddOn Finrge thel eemmard) rpgigternBf rsasertsgthe congndlher ei nafter

“arrival "gigﬁi'fs YLRE%Y e bRE tE R W' Ehb Whdd P05 4 thQUe ~ -
state, it causes thé'perfcfmancé of actions common toc most "
1ncomingfinstrﬁct;ons piior to execution of the commands
specified by the routine of the incoming instruction and during
‘transfer of control to ﬁhdf'routine, thereby greatly decreasing
latency. Thése cout}ol signdls iré;&ivided into five'majdr
groups and will be discussed below with réferénce to Figures 1 -
and 3. It is important to note that some of the control
signalé'of the idle étate'cdmmand are zlso asserted by command

" register 55 when it is not in its idle state is (i.e. when it is
executing the incoming insfrﬁétion), the important difference \;y
being that the signals which are loaded in the command registér‘“
55 after the command register 55 leaves the idle state are a part
of the routine that is issociated with the incoming instruction,
whereas the confrol signals asserted by the command register when

- it is in the idle state are not.

A first group of the control signals which the command
register 55 asserts when in the idle state are termed herein as

"idle signals", ivh’ich the command register 55 transmits to a



* 11 - instruction latch 20to data path elements 40 and the data path
mul.ti pl exi ng signals issued by conmand register 55 while in the idle state
gh"e{br_&el t he operand of the incomng instruction to arithnetic units 40B of
data path elenents 40, also upon arrival and before clock D. Al so upon
arrival, the incomng instruction is serted at -the input of the

emhodi rent . EBAGPT kAR bRy ardd et EaLIEh WeBdRe e oo, " dbegalifle  The

instruction degrslfs 16Bc2h ithe!&gidhireRisd B¥bn /AlrhOlr i 2a’E6h Vb 1leliC @it
regi ster address specified.in the incomng i'nstruction and transl ates the

user regi st ef0athptdbei cpmnahd negdateyi 6 dn Lisddlddstateaind heerelsgst er
files 40A (in_our g£x llary, instruction register 1). he reqgister file
nddress 1 st PRRERFTEARIPRNY FRREbLF s ernrirantansles Asdlstytlsouatt 1
el ements 40 @00dtd CLrAradRIcE 1AThSECE6 ahia PYrhRetér Glaiteles 5P es15B Of

I nstruction translation 15, in the exanpl e operation described herein,
soneti ne aft dmdheatedn|ingEligurd deand ockpdd. ashertion thered . eopeddr ess
transmtted al ong paraneter registers by- pa 26, i s channel ed by

cor respondi ndRAATECHIPRI TR RP A MESAT, L 4R BP &g BB P us. RR E AR b ER 1
command r egi 5 ad.a hegl iRt Mhewq egtst 85 55
is in the i dﬁgggfa%e%not(ga% hefﬁggdpgllss | Epﬁ?é@o t g Pe‘él ster fieFeg-‘iOA of
data pat h el ¢sehbsthe) idlenstate (het oxecrexampileadbperatiohosktil clbekrRgimst er

file address channeled to the address inputs of the register files 40A
begi ns the r E48RFY Dr t hEheRthe é‘Pm&&B?eE%d’ff&ﬁds? hhRaves; 1F§idde; giate,

out putting Of(?ﬁhf’nec%g(k)%&%vt eddt3bn’ 8L 1¥eal hOr a‘ixég?éf’n)r SHLSI&‘I 1 of

the register Tiles respect to paraneter registers ‘3 | 0adi ng of
pareitet er regighels i¥e ideasseited. cDednserosdn chalthe sognshad register 55

of the idle signals closes latches 20 and 30 such that the same
capture the ihformation that has been flowiﬁg therethrough, and
thus,.the information transmitted continues to'bé transmitted by
their.respective outputs until latches 20 and 30 afe opened by
reassertion of'the idle signals upon comﬁletion of the.execution
of the incoming instruction.

A second group of the fivé groups of controls signals that
the éommand regiéter 565 transmits when in the idle state are
signals which mulfipléx incoming instruction information that is
transmitted to dafa path eleméhts 40 and are termed herein, as
"datﬁ path multiplexing contfol signals”. A prédetermined set of
these sighals are asserted when the command registei 55 is in the
idle sfate. ; o |

Since,.in the exaﬁple operation described herein;
'insfruction latcheé-zd are in their bpen'(flow-through) mode upon

" the arrival of the iﬁcoming iﬁstruétion'(i.e. somefime between
clock cycles A to B, as shown in Figuré 2.and hereinafter

"arrival"), the operand of the incoming insfruction flows through



- 12 - asserted by synchronization/synchroni zation assist circuit 60 to
paraneter registers 35 and these signals are not asserted until after the

co nd register 55 leaves its idle state. Accordingly, in the exanple e

i @struction herein described, the above nentioned register file address i§‘~
nét cl ocked into paraneter registers 83} -and as such, is not valid at the
out put of paraneter registers 35, until after clock D. Since in the exanple

oper ati on ) 'r',ge% | ' - hstar +55, sleass e idle
signal s at lesgggcg?sgnid t u_?_blgtafgﬁgg%}o{ﬁﬁaaggagrie‘l?lﬁg?e y-é ?f%’ge_ _%E cl ock

D, the opemadtiphéximg signsls dssuedkbpd, comamnill pegisterhs5Uglitie1dir veéi On
| at ches 20.is therebxg tured by instruction |atches 20 and remains valid

ca
at the out pBte FAtatRechangel, the opaeand of; $he| inqamimeodaatruntdosi gaal s are
reassert edg P ek b® hOTeak hEn ' t i ' i ruction.
It wll be.gppre%:'ft% g:gi{ﬂha%bé’h”befogsg?aﬁ%ﬂjmﬁlgﬁe%s cialfft &qgg% ﬁg_?;rfﬂ% I on

| at ches 20a8d véfurie B1aexl phich is valid at the output of instruction

| at ches 20 nay be used agai n throughout the routi ne when an err.or occurs.

The address fi APDUPPRATTIt N n§he nicopdpBotnstinctiopnis assersedist

exenpl ary REOHANE GEStAY Ciddbruk 6 3Tl fhn (A1 | RRLEHELIIQR O code and

t he user regi st ress) 1s channele ess Input’s of mapping

RAM 15A, aggakststdont D8, Ol Ruet préferPedT8@PbAndMYy bbhprOied RS hAPFingN
control bits that designate what type of operation (i.e. addition,
nul ti pl i caBA¥niShktand) apningkructippedeeodpd®Bad (i.e. single precision,.

nstructi on cortaorasrecEra s it sy anBEri ARt BINER 18w cer
arrival aﬂﬁe&ﬁiﬁﬁbetﬁgoﬁﬂéﬂDﬁﬂtdsaéﬁ dddieeBl £péditied in the incoming ) ;_)
1nstrﬁétion.aﬁd t:iﬁslates the user register address into the
the regisfer file'addfess of the régistér files 4DA”(1n.our
exemplaryiiuéfrucfion register 1). The registei file addreés is
transmitted Qlong parameter regiétérs b&Qpaés 26 to data path
'elemehts 40'ahd to pﬁraméter registérs 35.by_ih§truction decode
15B of instruction trﬁnslafionﬂis, in thé examplelopefation
described herein, sometime after arrival and before clock D. The
registef file ;ddress trﬁhsmitted'along paramétér registers by-
pass 26 is channeled by corresponding data muitiplexing éontrol
signals ﬁhich are trahshitted by command.register 55 to data'path
ele_ments 40 whén the comma.nd.re'gister 55 1is8 in the 'idie sfé.te, to v/
the address 1npufs of the.register files 40A of data path
elements 40, éometime.between arrival and clock D. 'The'register
file address éhanneled to the address inputs of the.régistef
files 40A begins thé reading of the :egistér addressed and thus
initiatgs thé outpufting of the contehtsldf that register (in our
example, regisfef 1 of ‘the reéister files 404).
With respecf to parameter registers 35, loading of

pérameter registers 35 is controlled by load ehﬁble signals

¥

-



fhrough parameter latches 30 to data path el enents 40. The instruction
control bits that designate what type of -13- operand is contained in
ak;mcon1ng i nstruction are channeled to-the arithnmetic units 40B by
corkespondi ng data mul tiplexing control signals which are tranmsitted by
command register 55 to data path' el emghl& =40 while the command register 55
isinits idle state. As WI| |ater be discussed, the instruction

control bitsaeRarteddyyfEpebrgpkzatipa/ W@p’epqu 86t akreyiny 69 Ho
I ncom ng | ns%magééggr e iggégé’tﬂﬂ aagds ¥‘$ (ﬁlgqgﬁ £ ot! é'&ﬂlt%dd'? $f|

after the co |'eaves i ate. I'n t e exa

operation heheltérdﬂﬁi:rdolﬂmindaﬁeﬁiﬁead55pwa?é§§ ats| pdr1@2asl. are cI osed at
clock D so that the previously nentioned control bits which designate what

type of oper 4cFBRdIRElYaqdRsthR) a¥pmphe inglometdon aanaie: Aescriked; hehe by
captured by %.lﬂgﬁg%m&ire%l ?é?%@%r?’gif‘é'g;fdrr%sgom OUsh kb 3ithed and at

the output o € sane un coiran ster reasserts the idle

signals. The papah&der tdgd st BSleangnasé asudnat 15 it Ghlo@edBithen otﬁput
requested by the incomng instruction are channel ed after clock D by the

commands out @t pewwtqrne'esémm 3Segnotil wemcmlarre a part of the
routine of the in tructl nto arl tICU A0 her eb
natructing the AfTTHar Sae, TRampl8 ofefifaeRaberShn deporiiad, the an
perform It Irsgwa@ftwu_eaesmsethbaiawraaghaaérwtdlgaﬁ bf cneexaus! e,
addition, subtraction) differ fromone another only in the value of the

control bits lassbes £ dndi 80 axecitheneby eldsed ahatladksDgnthe apeaandype of
ogeratlon 'S rq%gesé;ior to clock D, was flowing through instruction latches
~ 20 is thereby captured by instruction latches 20 and remains

valid at the output of the same until the previously mentioned
idle signals are reasserted upon the completion of the routine of
the incoming instruction. It will be appreciated that the .
operand which is captured by instruction latches 20 at clock D
and which is valid at the output of instruction latches 20 may be
used agaln throughout the routine when an error occurs.

The address field of the incoming instfuction (hhich in our
specific exemplary incoming instruction is comprised of the
instruction op code and the user register address) is channeled

\_/ - to the ad_dress inputs of mapping RAM 15A, and causes the
outputting, by mapping RAM 154, of instruction control bits that
designate what type of operation (1.e. addition, multipliecation,
etc.) and what type of operand (i.e. single precision, double
precision etc.) are associated with the incoming instruction.
These instruction control bits are outputted by mapping RAM 154
gsometime after arrival and before clock D and are transmitted
through parameter latches 30 to data path elements 40.

The instruction control bits that designate what type of



- st e * w e e e s wer ot o - - -

In prior art devices these control bits are stored in a nmicrostore with a *

different set of commands for each routine. |In the present invention,
si peg these control bits are derived fromthe incomng instruction by the.;";,i
i fstfuction decode 15B and are - 14 - not stored in mcrostore nenory °

50, the sane routines may be used for maIgy-different instructions, thereby
m nim zing the anount of mcrostore space required for storing commands. In
vi ew of theorersnd i mondeined in the| Lneemingdastauctiamaret phanngiedt tof t he

present invention wherein ntp bits_that signat e e of '
operati on igh? @d’géggﬁfiﬁbfnﬁﬁg %ﬁéotﬁ’l 8T T AER Foﬂ"%’hc"‘%&?i%@’p"e‘ of operand
I s cont ai negodtidNesignils #hioh reitrahtatt by boRdand ilagibE6P-gBAGBI nes
whi ch are syn- chronous with the master CPU (i.e. where the clocks of the
m cro- nachdata Paght ekengmysaAl vhilshthe cpmhandcegistérd5 dente itise above

described result effect, (i.e. mnimzing that anmount of m crostore space
requi r ed fo*;’sat SRS co nﬂg}l %ﬁ%e%acﬁ%m% e Hosgreettbus and -

asynchr onoUgedEr@10bi8s NiHARS adbegndfd SratPerbe Ut oBErRELRLAE FOYRINYeAN 1S
enpl oyed. The address field of the incom ng instruction which, as stated,
i s channel eby tthet hrcomithg-d9struetionf aréecnotamtidzédwithdn dato paplci fies a

menory | ocatjon w thin nmappi 15A that, contains_the routine starting
addr ess t ha_?i‘?'%e“é?sgéi ‘é’fr%ﬁ \ﬁ??ﬁrt icﬁPB’ﬁPﬁgr?é}ﬁtteﬁc?? AP2v85ntts M 1Bet veen
arrival andgglyck D of Figure 2, the. mapping RAM 15A transnits the -
I nstruction routine starting address to the input 41 of next address

generation 45. 3Snntke exampleviopesitich bevetmdiescribae, easamgsheedperati on

herei n descri bed, conmmand rezgi ster 55 is in jts idle state until clock D,
parameter latches 30 are closed at clock D so that the previously

mentioned control bits which designate what type of operation is et
requested by the incoming instruction are thereby captured by the
"parameter latches 30'¢nd are coantinuously asserted and at the
output of the same until the command register 55 reasserts the
idle signals.

The control bits which designate what type of operation is
requested by fhe-incoming instruction are channeled after clock D
by the commands outputted by the command register 55 which are
a part of the foutine of the incoming instruction to -
arithmetic units 40B, thereby instructing the arithmetic unit 40B
as to what type of operation it must perform. It is important to U
note that many instructions (for example, addition, subtraction)
differ from one another only in the value of the contfol bits
associated with each instruction that designate what type of
operation is reguested.

In prior art devices these control bits are stored in a

microstore with a different set of commands for each routine. 1In
the present 1nVention, since these control bits are derived from.

the incoming instruction by the instruction decode 15B and are



“predet ermi ned val ues of a third group, of the previously discussed five
groups of control signals, termed herein as "next address control signals"
@Hﬁgﬁﬁserted at the input 43 of next address generation 45 sonetine prior
to-clock D. These next address control signals instruct the next address
generation 45 to channel the instructi¥®n=routine starting address, which

was -15- apsm t ' 41 of n dress generation 45, through
next 'addresggéeggégaetdlt gﬁ ﬁgc%%%t%hg éﬁﬂ?ﬁ%?ﬁ'n%ﬁ?_s“o"fe% le‘%%ﬁl%s_r (fsﬁyogg ugpd
After clock for meNy Addepest Cidtrabtodl)2therdty GinimezERECind BRobkYt d¥e
routine of the incom ng instruction, are asserted at input 43 of next

addr ess gen@igrpghors spagei required for stordngdcemmendsmnerati on 45 to i gnore
the routine stargin ddre of. the .incomi ng instruction and gl so.instruct
t he next addr essiﬁeﬁee.r'atqf_o?iﬁiS"‘?ﬁY\ﬁ_ f’%)s ?Fe‘r"g’l'_ei he ’er?ﬁi ﬁ?‘?@e'ﬁj‘i?ﬂs{hﬁ% |
addresses agpecaspéet Vil tné fres@it MovetibHCwhOFOH ROntPSE AR RRat! - & -
sequential addressing, junp, call, return etc.). The next address control

si gnal s assdesignite chutatipre coff perattomtiisc requestaiedif thel lipgomhagrout i ne

of the incom ng instruction determ ne corresponding nenory |ocations wthin
microstore 3BSHRRTEIR apd what Jyrenet enesrRdnts &?fﬁ%&ﬁﬂ%" hergdn BYY i ne of

t he i ncom ng,i ' i o) ' rii qdr ess_of the
i ncom ng i n%t]'rh E(S:t%eir g##%kais%g?fe@ééé{ %g géé?ﬁ%@r%tﬁ? SL%?&mig%og?(ﬁ)r e 50
soneti ne af ichronous walthantebpister CPUC ki 8. avbesp adiel cE6clts ENBhY hDEWE- ON
wthin mcrostore 50 which contains the first conmand of the routine of the

i nconmi ng i nd&RdifeoRnd the CPYATH dnsphase wikh one apotherysingetheomand at

the input 5},3(ecCy DehCPSI R e2TectS QLEYI MK Tb3CHREdmcudst OF |

speci fic exanple escri bed
microstore space required for storing commands) can be achieved
in both synchronous and asynchronous micro-machines when this
aspect of the present invention is employed.

‘The address field of the incoming instruction which, as
stated, is channeled to the address lines of the mapping RAM 154,
also specifies a memory location_withih mapping RAM 15A that
.contains the routine starting address that is associated with the
.incoming instruction.
Sometime between arrival and clock D of Figure 2._the"
mapping RAM 15A tranémits the instruction routine starting
\v/ address to the input 41 of next address generation 45. Since, as

previously_diécussed, in the example bperation_herein described,
command register 55 is in its idle state until clock D,
_predetermined values of a third group, of the previously
:discﬁssed five groups of control signals, termed herein as "next
address control signals" are asserted at the input 43 of next
address generation 45 sometime prior to clock D. These.next
address control signals instruct the next address generation 45

to channel the instruction routine starting address, which was



herein, conmand register 55 is inits idle state and is frozen until clock

D. Accordingly, the first command of the incom ng instruction, which in our

examphe is asserted at the input of command register 55 sonetinme between

s

-

arrival and clock D, is not clocked through conmand register 55 untiil aftel

the command regi ster 55 | eaves its iﬁlg'state at clock D. The cl ocking of
command register 55 will later be disScussed with reference to Figure 3.

- 16 - Oper atTansmifttednto inputasl opd s‘&ﬁ#’@hﬂdd#’ﬁ%& igemezstion 45,r thirougid of
Figure 1 wil] reference to Figure 3 in

addition to Elxgu?dggﬁg ﬁ%cfunsfsreqﬁ"ﬁg{ té’ §hfhﬁ dress dnBYEE AF éi‘ | oded bl ock

di agram of thifercnteeecsds OfartERCHISHEK DAt heRt smwsan%é 1%1” sfiﬁﬁkfé circuit

60. I nstruction control signals are transmtted b
i nstruct i on Hekyarei Fselﬂfi@ﬁ oy thecroudingaos ottiesy.ncunbmg ziaisrtoucamn st

cl ock cycles

t 60 b h d bed,
g\l rBCg:‘ Fi gurgllez ‘%fﬁﬁt t’&‘)égf: Jbﬁ %fgﬁfra% :9&’@%6;%?1&?%%6%@% rival of”

the incom ngmdﬁ-hwcuerhm allaPess NRARrRERYA W leh SgRGEd REd philydeef er ence

to Figure 1. The instruction decode circuit 62 det er er or not a
val i d accessstiagtisgnaddremscof cthéd\incoeiaPUL dst mietionfamd \allsodinsEafet | S

bei ng request.ed, asse%és the in ut of flip flop 64. Flip flog 64 is
clocked by tYh® PeBtyaddress. esperatinn 4éhPﬂE/?91t€@PPaeteegtheawema RiRg di ngl y,

at clock B gnfoiishote SidiiHsses &5 ﬁﬁgda& Y £GP nd loleP tﬁ%oﬁl %ﬁnd

input D of flip flop 66. The sync I's shown 11 B flo
66 is al so cinq:tlradtimtﬁeeclmduemﬂ:iaheadnm!s@iﬁaphyﬁlﬁap,arai,naceeﬁdhpgl y, at
clock cycle C, the synch 2 signal is asserted at the output Q :

etc.). The next address control’ signals asserted by command
register 55 which are specified by the routine of the incoming
instruction determine corresponding memory locations within
microstore 50 wherein.are stored the remaining commands of the
routine of the incoming instruction.
- The instruction routine startihg address of the incoming

' instruétion is asserted at the'addréss inputs of microstore 50
sometime after arrival and before clock D and specifies a memory
location within microstore 50 which contains the first command of
the routine of the incoming instruction. Microstore 50, in turn
asserts the first command at the input 51 of command'register 55;
As previously discussed, in the specific examplé described
‘herein, command register 55 is in its idle state and is frozen
until clock D. 'Accordingly, the first command of the incoming
instruction, which in our example is asserted at the input of
command register 55 sometime between arrival and clock D, is not
clocked through command register 55 until after the command
register 55 leaves its idle state at clock D. The clocking of
command register 55 will later be discussed with reference to

Figure 3.

p
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of flip flop 62. The synch.2 signal is shown on Figure 2. The synch 2

signal outputted by flip flop 66 is, in turn, asserted at the input 61 of
eowqyn? regi ster clock control circuit 69, the input 65 of decode of shared
confrof signals circuit 72, input 82 of decode acknow edge signal circuit
80 and input 76 of reglster and latchcpptrol 88. Al so, as shown in Figure

3, input 63 of r r%[ttqr CLPC %EQBBPJ:& 'o&:?%&&cl?r%nﬁz@?f&? (fZ: é% ch*cuOif

decode of share ontT of St gnal's circul

acknow edge sbgﬂabiﬁui-ew w130 @ad,bel dPsié $sged aaddét&ﬂf w8 péLérénice Itaf Ch
control circuit 88 are coupled to the output 53 of the command register 55

of Figure 1, Figurg dednt addition| To- Figurds/d sadi2us InoRigwte S ghats is

t her ef ' d de of shared tyol I t
7215 coupt oB-CE A £<BAEREL ok SRR, 3t BN RErBRAFER oncr ol i gnal <

which initi abﬁnaﬁdﬁaatieﬁ/émhh-asmmxﬂ RIBILEIAGRu1Y 86U N dakerdlon
el ements 40. A fourth group of the control signals which the command

regi ster 55 aeBtrals siEpnls rrehsransnl tted dyafRU t1d tedamcinitrugtioni gnal s

whi ch d .t har ed trol al d di d bel Not e:
fhece s onal B9ares RiERRLFCHLAY einodeindotforiironstntinn apskef ™ |\

I NSTructionsky rHpie 68 Betwdén pri‘ﬁvtﬂélsé%ﬂilicuﬁé%iéﬂ hggé%hfes%?%é&'

signal s which are transnmitted by the command register enit 1sinits
idle state actotkkeyelesoArB offigyure .atTheseoinstimcssddor eoBirolhelignsls s
stored the idle state command_and all of the control signals which the

command regi $pgicate theRxuivilentthe dnggpipg, §Q§$r“BF%9%t%H¥9haPE'tQﬁ&ﬂ1 from
memory | ocat |,opss 1y QeBbFIEEY WitnSQePbfld 13" f1 8l 8¢ the commands which

COQPIISE the routi ne.
The instruction decode circuit 62 determines whether or

not a_valid access is being requested by the CPU 10 and, if a
valid access is being requested, asserts the input of flip tloﬁ
64. Flip flop 64 is clocked by the clock of the micro-ma-
ch;ne/interfaqe_9, and, accordingly, at clock B a synch 1 signal
is asserted at output Q of flip flop 64 and input D of flip flop
66. The synch 1 signal is shown in Figure 2. Flip flop 66 is
also coupled to the clock of the micro-machine and, accordingly,
at clock cycle C, the synch 2 signal is asserted at the output Q
of flip'flop 62. The synch 2 signal is shown on Figure 2. The

\v/ synch 2 signal outputted by flip flop 66 is,_in turn, asserted at

' the input 61 of command register clock control circuit 69, the
input 65 of decode of shared control signals circuit 72, input 82
of decodeTaCRnowledge signal circult 80 and input 76 of register
and latch control 88. _Alss, as shown in Figure 3, input 63 of
register clock control circﬁit 69, inputs 67 and 73'01 decode of
shared control signals circuit 72, input 81 of decode of
acknowledge signal circuit 80 and, inputs 77 and 78 of register
and latch control circuit 88 are coupled to the output 53

of the command register 55 of Figure 1, in order to



A particul ar shared control signal is asserted by decode of shared control t
signals 72 whenever: (i) a control signal corresponding to a particul ar
desired shared control signal is asserted at input 67 by the command T
régLster 55-and the idle signals (which are also transmtted by the connaﬁﬂf
regi ster 55) are deasserted at inpetl7Z/8 or; (ii) a signal corresponding. to

a particular. desired shared contrql signgl is asserted at input. 67, idle
signals ar é'eﬁggg?t?d'it"b‘si ﬁBﬁf"’% sgﬁaa#%eﬂé?ﬁgﬁ"g‘i oyl _isf“is§e§s'3%1r‘l"ed to
input 65.  pp@Sastsdedbe WaRPed NEoRITTRRgd Y Bl Pbubp 7% 15" énﬁjlt‘a state It
asserts predeterm ned signals which correspond to shared control signals.

Thus, in tliatexpetl ®lementsr4R aindnagsertis shhyed csmtiroddsigidilsr ahdeknce t o
Figure 1, sonetine before clock D.a first predeterm ned shared control -
18 - si gnalndthehd astiepgyfer Abhe dngouing dpsiyugiione Wthindadie P8R, ol
signal s cirlGUhbnfs 460 the arithnetic unit 40B of data path elenments 40.
This first predetermned shared control signal triggers the |oading of the
operand of the Antewethg grbapr of tthencomtro) begnils whilchC theidomdfaladat cl ock

D. The conmmand regi ster clock control circuit 69 of Figure 3 is coupled to

the clock &eghsterpimeserde vhendohiBaddiqyriste axp termedhareimpg s
al so coupl e'gg.%ﬁ’aﬂmwtﬁcl%ﬁ‘%P?%gégcfn%t%%%%%%-wt§ n%‘i%."ga'n GeC! OCK

cycle after e poin e sync Signal and the idle

signal s ar @aissassé® thelowspeNoter! thesé sippils Hie AlboOBrafsémEttddnakhe
exanpl e operation herein described at clock D) the command register clock
control ci Pagtt oot mautdnenef 4ldc LngtryefelansimaiPtecglseerass, such that

the same | Sa4stoldsy |dleugbanr dA1of! ORLRH UL diSe' bhttn I

specified tine starting addres com n
transmitted by the command register 55 when it is in its idle

o/
state are taken from a memory location of microstore 50 wherein
is stored the idle state command and all of the control signals -
which the command register 55 asserts when it is not in its idle
state are taken from memory locations of the microstore 50
wherein are stored the commands which comprise the routine.
A particular shared control signal is asserted by decode of
shared control signals 72 whenever: (i) a control signal
corresponding to a particular desired shared control signal is
asserted at input 67 by the command register 55 and the idle
| signals (which are also transmitted by fhe command register 55) “ \;/
- are deasserted at input 73 or; (1i) a signal corresponding to a
particular desired shared control signal is asserted at input 87,
idle signals are asserted to input 73 and the syncﬁ signal 2 is
asserted to input 65. As stated, when the command iegister 65
is in the idle state it asserts predetermined signals. which
correspond to shared control signals. Thus, in the exemplary

instruction previously described with reference to Fi-gure 1,

sometime before clock D a first predetermined shared control



i nstruction which had previously been asserted at input 51 of the command
regi ster 55, in-the manner described with reference to Figure 1.

Jher Eafter, during the renmainder of the routine of the incoming instruction
t he®cl ock of command register 55 continues to be enabled by the register
clock control circuit 69 until the commmA8 Tregister 55 indicates, to the

regi ster cloglq copt gé}loﬁ ro‘ﬁ“kiéxﬁge 2hNeg %/HH(?I‘QE&OQY ?eic&:&‘é wcﬁéﬁ@at t he

instruction by reasserting the previousl | scusse e sig

i nput 63 thercpftrol gmilsbelficue 2, eto bthet aFtthtet RYivaier 408 sxk aadat r ol
circuit 69, as described with reference to Figure 1, the comuand register
55 conti nuoudafhagliererts 40 thhscfirehmretetsrgined sharedhceptrodpeders bd

by the routi r}%?igﬁ%f&? 1%%99%%? éﬁ%XE%é‘xdadx{deﬁ Qﬁge{nactoingggchi{tl‘ﬁ#%tﬁ?;f

Figure 1, suc € nex ess .geheration Circuit cont i nUous

sequences t hrigitghthe arildmetdenddiit |40Baht 08Fod¥ DYi crostore 50 such that
m crostore 50 continuously outputs the remaini ng conmands of the routine to

the input 51 of c@heeerppand fegister clieckdeenirolachnowt bdPeodi Fignne 8ois
i ssues an ackrbqlgg '
C

U5 VS ab0 oS Ehafe 30 PR a4 " ©

a clock after nire reglg idle sl

thereof and tderigael 2 aviadislaliso 3665168k AkhePLEcB320tnd M. Note:
because the incom ng instruction is captured in the instruction | atches 25,

paranet er | atirchide/anterfacen: elOnecgiacieraycds sfter gheepointitantipe at
COMTN 10! Sy BotE i< BeL 4 e o LR Hol L BRSEP Y o
i's no |_onger fe"s‘i‘ék%?%?;,t @'t ¢hptks 81 and 63, (i.e. in_the example operation
— ~ herein described at clock D) the command registef clock control
éircuit 69.enab1es the clock of the command register 55, such
that the same leaves 1ts idle state and clocks througﬁ the first
command specified by the routine starting address of the incoming
1n§truction which had previbusly been asserted at input 51 of the
command register 55, in the manner desqribed with reference to
Pigure 1. _ . |
Thereattér, during the remainder of the routine of the
1nqoming instruction the clock of command register 55
cont;nues to be enabled by the register clock control circuit 69
W . until the command register 55 indicates, to the register clock
control circuit 69, the completion of the incoming instruction by
re#sserting the previously discussed idle signals at the input 63
thereof. After beiﬁg énabled by command regisfer clock control
circuit 69, as described with reference to Figure 1, the command
register 55 cqntinuously asserts next. address coptrol signals,
which are specified by the routine, at input 43 of the next
address generation circuit 45 of Figure 1, such that the next

address generation circuit 45 continuously sequehces through



-
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Wth reference to the register and latch control circuit 88 of Figure 3,
oufput 94 thereof is coupled to the enable inputs of ‘instruction |atches

20, ..output 96 is coupled to the enable inputs of the paraneter |atches 30. :;/ .
arLd_gut put 98 is coupled to the |oad/count/hold control inputs of par anet er '

regi sters 35. The register and Iatchwﬁgntrol circuit 88 channels, via
outputs 94 and 96, the idle signals ch open, respectively, instruction
| at ches 20 mnomrhzmttépn#s ol imderastore i enckk thatnaicegstdre 50dl e signal s

are asserted at 77.. As s ted W ¢t eference tog Figure 1, when these
idle signal & 'éﬁ’é‘ g‘ﬁi%e?‘tféﬂl"ﬁy 'tI}t?&l compands of {the poutine o the

I nstructi onﬁﬁtptsqsogocmimrﬁﬁts%rlggches 30 becone closed. Afifth
group of the control signals which the command register 55 transmits when

in the idle stattheadecode rmknlwrledgeasirqna.rta&ettssmeegastmoeaeage)l
signal s". The ararreter regi_sters control gnals are transmtted

command regPLEral #8 the ($RF 1ypt the AREY 5?‘5 gdrensition of & 880%1‘5y| hput -
78. These art %8 SFE@E‘Q/C ﬁfs‘feﬁg' ﬁ&?réi tsrg!, S &I@Jtﬁdp%@yi ltogf in the

outputting o t signals tputte y. regrs control
circuit 88 tmeddvt hall tvé ngynsay2 digndlf tshessedtedsagnphpuae2 agseks ed at

I nput 77 and the synch 2 signal is asserted, at input 76 the registers wll
be | oaded asamerc HNoke: thensaise; she oknqomdng| 68%"{)-?01%198 is captured in the

T or 0" MRC! PELLALRALRCyscholn BY! | Ml AN UEL] L EXBUE U aoas ! O €

signals are " not asserte signal®iI's"rgnored and the

par anet er rpggdtRirs BoNdL FiglirgNd| Swhes Ahlecdohyand nFegndte 55 Leaved fie
input 78 are routed directly to the paraneter registers 35. As stated for
purposes of 1419 AR | A RESSASUALH squgged with reference to Figure 1, \.J

transmission of ‘the incoming instruction by the CPU is no longer
required atter clock D.

With reference to the register and latch control circuit 88
of Figure 3, outpnt:94 thereof is coupled to the emable inputs of
instruction latches 20, output 96 is cduﬁled to the enable inputs
of the parameter latches 30 and output 98 is coupied'to the
load/count/hold control inputs of parameter registers 35.

The register and latch control circuit 88 channels, via
outputs 94 ‘and 96, ‘the idle signals which open,'respectively,
instruction latches 20 and parameter latches 30 whenever command
‘register idle signals are asserted at input 77. As stated with W/
reference'to'Figure 1, when these idle signals aré deasserted by
command register 35 at.inpnt 77, the instruction latches 20 and
parameter:iatches 30 become closed.

" A fifth group of the control signals-wﬁich the command .
register'55 transmits when in the idle state are termed herein as
"parameter registers control signals'". The parameter registers
control signals are transmitted by command register 55 to the

register and latch control circuit 88 at input 78. These



“mgro-machine/interface 9 of Figure 1 in its execution of an exenplary
i nstruction (the addition of the operand to the contents of register 1) has
been described. However, as nentioned, the m cro-machine/interface 9 may

ex‘e"‘ébfte a full range of nore conpli cated instructions such as,

for exanpl e,

vector addition, vector subtraction,” €9C. In a situation \/\herel n a vector

a0 1,001 pRSAUEELF kot bEe |IRREERO8l BRI BAP Y A1 £

3&] gs over the

course of tluz ased o) cotnt Neignalsr oetmitedn by hregimteer 1m@/|msk—y1
di scussed with reference to Figure 3, thereby_increnmenting or decrenenting
the regi st ercifeRat Rfirids $het EREPHLNE RRYpat-Ankf cthe ddile: efgnals are v | |

al so be appr.egiate me/qﬁ"ﬁ’tﬁ d?acgﬁgknée%u%heﬁsfm P§ LURBLOVES atthirg.fter

i nvented m cro-nmacC Sim

nmanner as-are para

regi sters 33,6 the Pegfidtrecgl il We DPLAEA atNShem¥xtdt FRAS1 tiDdE TStREEd
portions.of an incomng instruction. In the exanple operation herein
descri bed, aflogk Pﬁethﬁ)mﬁﬂmm&gh!s!%/ri%rlfé%‘es 2.) Purdpg inghmuctionsserts

dat a rrultlpl eX|n

| h el h
contents of © 9§3| ; a S t &rﬁ?‘? ; al’%ag Ptb%??r gewnf‘g iﬂp‘gﬁ‘ w@g%@?er
files 40A t Gyhg ﬁlréié]ﬂﬂt |i§ idred0Bnal td gurEmdter’ g1 stoes CoUHtRBY

register 55 -transmts a signal which corresponds to a second

shared contr ol

signal to sﬁi@hnéﬁlmamnﬂsymcﬁmmnﬂawmf@s'sﬁétatlmtt7603wm|!'<9hte1in turn,

asserts a se ond hay ed..contr ol nal dat path el enent s
Tt ates ¢ HATRGE niS ofte RERBRTES Keesp?

40 that

{FEAFLEE ‘er 1 of the register files

40B into the arl AEnBptdtediNiebs ﬁﬁg,o@eg wlmu%ltigtm i dpatgeLdheraddbng

therel n of the operand (which

been previously | oaded into the

hnetic Lﬂﬂdro&ﬁlcbyne/interface 9 of Figure 1 in its execution of an

exemplary instruction (the addition of the operand to the

contents of register 1) has been described. However,

as

mentioned the micro-machine/interface 9 may execute a full range

of more complicated instructions such as, for example,

vector

addition, vector subtraction, etc. In a situation wherein a

vector addition is requested by the incoming instruction, the

counting of the parameter registers 35 will be enabled during

several clock cycles over the course of the execution of the

-instruction in the manner previously discussed with reference to

Figure 3, thereby incrementing or decrementing the,register

file address stored in the parameter registers 35. 1t nill also

be appreciated that additional registers may be employed with the

invented'micro—machine/interface 9, in a similar manner as are

parameter registers 35, to perform register operations upon

direct untranslated portions of an incoming instruction.

In the example operation herein described, after the command

register 55 leaves its idle state it asserts data multiplexing

signals to data path elements 40 which channel the contents of



the first shared control signal) and the information that has been read
fromregister 1. The add operation initiated by the assertion of the second
sha;—e\d control signal continues until sometime between clock cycles E to n"
of: Figure 2. Accordingly, sonmetine after clock E, the addition is conplet eH‘
and command regi ster 55 transmts furzt her corrmands specified by the routine
whi ch channel the output of the arithimetic unit to the register files 40A,

verifies t h&henﬂnﬁr’ﬂﬁdke&%adﬁﬂ%mjlﬂelgﬂgtéhel &lerbkﬂé'télf £118s0064 o ¢aRd
the contents of register 1, channels the register tTile address (which, as

di scussed i sﬁ&hhdttmtmddn 40Book Eigires 1b tAlee, athe ommandutregisymr &5et er
registers 3%% geadsgresi gi)ts of the& ister files: 40B and wites
the results ?‘nf'ﬂ &5 o |‘i5’ﬁ'rFﬁPﬁn %&%P‘e?e?%é”éﬁd qopdrol

above- di ScugSgh PX AT MARhELL Pllo/eynBRrdh CIkITAC REBES: |d1iBhI Ay O occured
in a si tuatlon erein an incomng instruction arrived sonetl ne between

clock cycl ewhAcB, all tumr,ewssasts nstsecohd osharesl Bohtiel R gaxeCts athtay the -
m cro machi ne/i-nterface 9 during. clock cycle A-B, such that, comand

regi ster 55PRH4R elements cfloe thpti inhiiateshtbe Ionflng Phsthe COPERRLS (O ed.
- 22 - In apgphlpli O Qihghg Peglitb ¢i9o 40400 NatbnEag fa%%h%ehfccaﬁg'_se;gpg a

previous instruction upon arr.i of ‘@ new 1rncom ng I nstructi-on
exanpl e, thaogoan@vhicyisliser 1651 thagHsctthe Addingy atiepesn i 0TS tthe Coperanat
clock n, the command regi'ster 55 will enter the idle state at clock n and

begi n execut(FBiﬁc’bfh‘t%é’eﬁE\APFﬂH?‘Lﬁ?tY dpeded iatockhe erithmeatie. unbt 0Bt hut
because in ttﬁbsffrst’tﬁatal&% %Gﬁtpm%aisglé& et'he%niémﬁfti'ohs thdt Gt A€ at

cl ock
been read from register 1. _ W/

The add operation initiated by ‘the assertion of the second
shared control signal continues until sometime between clock
cycles E to n of Figure 2. Accordingly, sometime after clock E,
the addition is completed and command register 55 transmits
further connands specified by the routine which channel the
output of the aritﬂmetic unit to the register files 40A, verifies
that no errors were made during the addition of the operand and
the contents of register 1, channels the register file address
(which, as discussed is valid between clock cycles D to n.at the
output of.parameter registers 35) to the address inputs of the
register files 403 and writes the results of the addition v/

' operation into register 1 thereof.

The above—discussed example operation of the micro-machine/
interface 9 occured in a situation wherein an incoming
instruction_arrived sometime.between clock cycles A-B and a
previous instruction was not being éxecuted by the micro
.machine/interiace 9'during clock cycle A-B, such that, command
register 55 was in its idle state when the incoming.inStruction

arrived.



n, the previously described actions, which are triggered by the five groups
of control signals that the command register 55 transmts when in idle,
t.ake Pl ace. Al so, because the synchronization/synchronization assi st
ciretit 60 recognlzes that the new incom ng instruction has arrived, the
comand register is not required to execute commands which have been
fetched fromm crostore space in order Té2deternine if a new instruction

has arrived (as pled 66§F?t’tﬂ“s(‘,'&§§ﬁﬁnvﬁhtenml*é?@T'E%R:’b“@dinF?g{Pr@s 91182 and
3), as are all, f"?’? ?955{.3'{0; fst%é?fo?rt&oﬁs ﬂfl 3"8H S, He! LalBE U ES-
& appréeci a

As such, it W even I n-si I'ons wherein~a previous

i nstructi on dasbruciionxendj ecbrv\/eanmma.ewmnemm IregiByét 58 complytes
| atency is greatly reduced. Al so, as indicated with reference to Figure 1,
while a prevﬂbasp¥¢ﬁiqu§cﬁPBﬁFﬂQiNQRe&Et¢¥R}W:He thricommasdareging ead®P el lof

the new inco [ on. out put by ma RAM 15 sfyuction .
transl ation ?thg(g ﬁgéxtilﬁ% 'gastse tﬁ'gne q?on zﬂ;&)‘?(yf i gﬁ?%"%ﬂw P? #b? i
channel ed t 0 1ks€Fr@St W0 o8 UISdM cybte CDEEIN] NEEE,Sithatobesd iy Ini tBis dl €
state and asserts approgrl ate next address control signals at input 43 of

next address sgéutatianod QSGQM%HGEEE“Q?\@& datimdts Adle rtated nésQIQf-ﬁT ough

noXt 200 0o R oot LR i R b B e

execut e si ngltgvaCersiips B2t EottirodNS1 gria 1B tn&en:ﬂ&egoh&ahaus&%meadésess field
Is not .|arger than the address bus of the master CPU and the data field of"

t he i nconi'ng tragsmits iwhen donddlé.artgée phege-t hdlsiat deicausefthehe naster
ggqvésslﬁlg1aypg§}g%i Q%ibg}syncIy%gizgéfgéugég 2 c{}éMllcgotggééég ngcéﬂé¥1
the new incoming instruction has arrived, the command register is
not required to execute commands_which have been fetched from
microstore space in order to determine if a new instruction has
- arrived (as previously discussed with reference to Figures 1, 2
and 3), as are all command registers of prior art asynchronous
micro-machines. . As such, it will be appreciated that even in
situations wherein a previous instruction is being executed when
-2 new incoming instruction arrives, latencﬁ is greatly reduced.
Also, as indicated with referénce to Figure 1, while a
previous instruction is ekecuting the routine starting
\~/ . address of the new incoming instruction outputted by mapping RAM
15A of instruction translation 15 to next address generation 45
- (of Figure 1) will not be channeled to microstore 50 until the
command register 55 enters its idle state and asserts appropriate
next address control signals at input 43 of next address
generation 45 to sequénce the routine starting address through
next address generation 45 to microstore 50 as previously

- described.



| arger than the address bus of the master CPU or in which the data field is
| arger than the data bus of the master CPU nust be transmitted-to the

m exo- machine/interface 9 in two accesses. In Figure 4 there is shown an {:: .
exploded bl ock di agram vi ew of a synchroni zation/synchroni zati on assi st .
circuit 60A, which, when used in plagg_of synchronization/synchronization
assist circuit 60 of Figures 1 and 37 provides a second enbodi nent of the

m cro- machi ne/ Theepigre-mpghjnedinteriane Pnof sBigures hsandi@ fendesignedi | |

be observed, t hat nghroni zat i on/,synchroni zati.on assist circuit 60A for
two access ?éns%reﬁé??o%%n% i ﬁgse' soﬁ'%(‘f’gggn?r ypEhen the imstruction

synchr oni zaldord ey 7aenani s AgtOla Ag6F Thatl tEeialddiQsd btk Y ene wakddiat - t he
former has two additional flip flops 95 and 97. As with flip flops 64 and

66, flip fICREag8 theldaTaaf e bdbofl thie locoind ngui pst roétiomstisundt dargeeode
circuit 62, comwgnd regi ster clock contr%I circuit 69 at input 89 thereof,
decode of s dheofate bus gfatRe paghgr; CDY). dEoNAlL b\ ApPEagtatadnal -

circuit 80 aug §RQLSFEEFLAR1L Rl ALl Rhetidditioh S8arddl 21bYR AFcess
instruction, first and second iInstruction control signhals are asserted
respecti vel darger thanCthe hddriessndbiasust ithe fester ORI 6riiln #R1ch dhg St

I nstruction control signal is asserted when the-first half of a two access

i nstruct i orfa%® figddnts dagees than hher dafadmsefi the mr@teroCRRMmustsdeond

i nstructio LQl o3 | ' . opgd . hal f a two
aceess i notraaeregeed e mbEETREMORI JRGPIP 93 THORe Mcoslhel '
command T egi st elaSf g$ré A thére 16 skbwn AnteLp LIPS WD cXSERE 0N vifew BE
first instruction control signal indicating the arrival of the first access
of the two dEyashropiagtjon/sxachrenizetionsagiiat ciseyl tidHA; i woichy when o
reference.t

é%ed in place of Synchronization/syﬂchrbnization assist circuit
60 of Figures 1 and 3, provides a second embodiment of the micro-
machine/interface 8 for executing two access instructions.

It will be observed that the synchronization/synchronization
- assist circuit 60A for two access iﬁstructiéns of Figure 4
differs from the-Synchronizatiod/synchrdnization assist circuit
60 of Figure 3 in that the :lj!oriner has two additional flip flops
95 and 97. As with flip flops 64 and 66, flip flops 95 and 97
are coupled to the output of instruction decode circuit 62,
command register clock control circuit 69 at input 89 thereof,
decode of shared control signals circuit 72, decode acknowledge -
signal cifcuit 80 and register and latch control circuit 88.

1ﬁ a two access instruction, first and second instruction
control signals are asserted réspectiéely. by the CPU 10 at
instruction decode circuit 62. A first instruction control
signal is asserted when the first half of a two acceés
instruction is transmitted to the micro-machine/interface 9 and a
second instruction control signal is transmitted when the second

half of a two access instruction is transmitted by CPU 10.



Figures 1, 2 and 3 take place excepting that upon conpletion of the portion
of the routine associated with the first access of a two access instruction
the. command register 55 enters into a second idle state and transmt a
contfand that is associated with that second idle state.

Synchr oni zat i on/ synchroni zati on asSi% ~60A wi |l then disable the clock of
the command regis ' éJ#?a C h S
instruction is syélc urmgﬁxld;gg# as di ??ugggid gel g?v 'P; le'h Fkgx\?%tgq?ﬁ?stst?%ﬁ e
state, in a upBnatweAssensioncds the finsicdmatrde tildn toherob\siighelcomuand
regi ster 55 when in its second idle state is a part of the routine of the
two access i A8ffetting, thepraiyad gl the f4rgt c2eoRPS P8 e N REEes8| e state
will also la i Scu fLer Ih St 0 ' e

i nstruction h’gétgg%%%écgﬁg“cféﬁést ﬁféé%gtﬂsggsdgge%gﬁgdgéw&éftﬂggﬁgoﬁedge
si gnal out pufigidréy eRoded & ltakel pligse Hxgepting rthaitt ufén i onpletiannet
previously described with reference to Figure 3, the CPUwWII transmt the

second acces$bgnBortionofptheroytiseARporia tedFidh tmdisptachnrgs otk
second instr i [ ' RN ( i i ecode
orouit 03 aigo RS BLrRLONE ol colifed 3EELECeL b BRI RR §PC000
such that, oRec6h®CIdIEY Etateadmy tranSyith LOmhhgdathdtsS i8Saeddcadtal wufput Q
of flip flop 95 and input.D of flip flop 97. One clock cycle after

assertion of that sgernd 1idls|gtatie. aS¥ychnonizasiomisgynchrontzatiod assiske

tput Q of fli 97 and t the i 89 of d, register, cl ock
control “ci 1o oA gt Tinen ARRRbES R qef oithe) Sodnp gRIpeF S%3RH O°
signal s circyhk ddeodd@ccBasloftnal t9#6CAKesAC R LFE6kABNS LE NGy TeFontréd, 80

and the input 93 of -latch and enabl e control circuit
as discussed below. Unlike the first idle state, in a two access

instruction, the command outputted by the command register 55
.when in its second idle state is a part of the routine of the two
aécess instruction. The second idle state and its associated
idle state will also later be discussed.

_ After the first access of the two access instruction has
_5een accepted and the CPU.has received a first acknowledge signal
outputted by decode acknowledge signal circuit 80 in the manner
previously described with reference to Figure 3, the CPU will
transmit the second access and 1ts associated second instruétion
control signal. ._. |

_ Thé second instruction control signal will be asserted at
instruction decode circuit 62 and the same will, in turn, assert
the input D bf flip flop 95 such that, one clock cycle later, a
synch 1A signal is asserted at output Q of flip fiop 95 and input
_D of flip flop 97. One clock cyéle after assertion of the synch
1A signal, a synch 2A'sigpallis assérted at the output Q of flip
flop 97 and thus at the i'npu't 89 of command register clocl; |

control circuit 69, the input 92 of decode of shared control



88. The synch 2A signal plays the sane role in execution of the second half
of the two access instruction as did the synch 2 signal in execution of the
first half of the incom ng two access instruction. Accordi ngly, one clogk.
cyQ/e after the assertion of synch 2A and the assertion of the idle ot
signals, the clock command registejs 55 i's enabl ed, the sanme | eaves the
~second idle state and -a second acknomﬁedge signal is sent to CPU 10. Note,
in the secsughadsbotitreming 725 the fdpatr 80t oNRleRbde! aLhomibdgesSsignd 1@
asserted during the second access, it is not enployed in the second access.

In the twee $s80 rrAd (the; éHPEﬁﬁﬂﬁjpﬁeﬂﬁt@# qngene ke QQH&relaF%?qui gr oups
of idle S|§g1al b’ (m %leg g th gg&ﬁ} 25 P&Jrei ' esp t| vel y,
the first ‘and seco I dle sf‘ ser T o and easserﬁl 8? ?trﬁ i rst

group of igdcord BaaltSot riMEIewd ié@ewuﬁu&&uagiw ddlaal enelsyaghd er control
circuit 88 of instruction |atches enable signals and paraneter | atches
enabl e si gHdnglain ?@:Pp‘ééPFv%# yeheo i pet hadf ofidthe lmeomingr tepekadess| y, -

open and c f t S [ 220 and
par anet er J[h(ﬁ%‘wi-ﬁggié ' c%églrir%l% évo Jrngvsguéf O‘Iyé"lgcéggge% 1:\?lvlgt é‘ erence to
Figures 1 gdyach 24 hma‘ ithet asbwﬂldnt w2 Oothé autdllaesigﬁamstthucum and
paraneter |atches .20 and 25 capture portions of the first access of the two
access i nmﬁmﬂ}ld reglater AP 18 seew-pltbpaﬂ'%%/ bpvpatm§egpn¢ ngtleuct i on

and paraneter | atches 20 apture,po s of the second
access of ?tﬁé‘ t\?(BSa%cse%"'s‘”ﬂ%nES %‘6{7%‘3 F&E n1C Egté‘;odn% At ch enable
signals and pangRe} in |¢heC BEEoRY AU mBNE) Ssiticd %ﬁéef&ﬁ(inBYsE@ﬂ&ﬁIger and
latch control circuit 88 to the second pIurallty of -

address is not asserted during the second access, it is not

employed in the second access. k*/
In the two access instruction ‘embodiment of Figure 4, there

are two groups of idle signals transmitted by command register 55

during, respectively, the first and second idle states.

Assertion and deassertion of the first group of idle signals

triggers the outputting by latch and register control circuit 88

.of instruction latches enable signals and parameter latches'enable

siénals at, respectively, outputs 94 and 96 which, respectively,'

open and close a first plurality of latches of instruction

latches 20 and parameter latches 25 in the manner previously

discussed with reference to Figures 1 and 3. The'first o’

plurality of latches of instruction and parameter latches 20 and
25 capture portions of the first access oi’ the two access
incoming instruction. |

A second plurality of latches of instruction and parameter
latches 20 and 25 transmit and oapture portions of the second
access of the two access incoming instruction. Instruction latch
enable signals and parameter latches enable signals are'asserted by

register and latch control circuit 88 to the second plurality of



“latches such that the second plurality of |atches are open fromthe
~assertion of the first group of idle signals and after deassertion of the
¢sahme until the deassertion of the second group of idle signals. Simlarly,
wi™h reference to the paraneter registers 35 of Figure 4, a first plurality
of paranmeter registers of paraneter regésters 35 capture and transmt

portions of the first access of the. .t a Ss jncqQning instructjon. The
first plurd@tehens r Zhgt e éﬁf’g{’%r‘iﬂé?‘gg? |%‘ggﬁgghfg 'r'E?ad’pPﬁehfﬁﬂt i ons
of the fir %theaﬁggilstﬂ{n ot SR &P 136 CPol I Tt" YA 1L Ol gndI8Nakd Garq@FmBNd

regi ster |leaves the first idle state, by load signals outputted by register
and | atch deassetrtionm ofii th&Sanfe EBngil ctlie sleasaeptionddLt tke cagfcond greumd

plurality of registers of paranmeter registers 35 capture and transmt
portions ofofi Hd18e8bBRAcess of the incoming two access instruction when

the command re%f.&f{ahﬁa}v.@itﬁh&ﬁqgggg & theShatdnd s @Qgiéf.%stsi &8 .

regi ster and latch control circult to output appropriate load signals to
t he second milgutral 4} \a @irsePRirality ASt paramepériregistérs het fparametecess of
the two access instruction, when the conmand regi ster 55 enters into the
second i dl eregdgters cthreaptuse Apd Irapenit Rantdang,of thes ShEstyncchss; of

conj unct] ol 4B oY 0EN NnBhi RE/ SUAERERLLEA! 1BD AN bAGH fily! o804 PerTorm

. . Q
actl ons assocl af'ed € second access prior to the execution of the

sane. ThesgayameRdri féglstierbcareitrdggensd toiloadt thk iporithens otk thanner. as
are the idle state actions which have been previously discussed with
ref erence tidrstgueeess of the ijo pepess instEuskiomd Yo9BotRe PR MINd: he

T o or A" e IRl B8 SChofP ARRIBANERAD,
so~that exasuiregistér ldia atsh dbHtirodf cikeuiit\B8asE CFiguresBI A€ duaput 98
thereof. A second plurality of registers of parameter_registers
35 capture and transmit portiomns of the second access of the
incoming two access instruction when the command register leaves
. the second idle state thereby triggering register and latch
control circuit 88 to output appropriate load signals to the
second plurality of registers.

After completion of the first access of the two access
instruction, when the command register 55 enters into the second
idle state, control signals are asserted by the same which, in

K/ conjunction with synchronization/synchronization assist ci:cuit
60A perform actions associated'with the second access prior to
the execution of the same. These second idle state actions are
initiated in the same manner as are the idle state actions which
have been previously discussed with reference to Figures 1 - 3.

Fu:ther,_in the second embodiment of theimicro-machine/in-
terface 9, the command“register 55 does not have to execute any
instructions to detefmine if- the second access has arrived and so

that execution of the first half of the two access instruction



- 27 - wll begin prior to the arrival of the second access of the two
access instruction. In Figure 5 there is shown a third enbodi nent of the

i nvented m cro-nmachine/interface 9 having an incom ng instruction pipelineﬁk
so that the mcro-machine/interface 9 may hold and begin to translate and
synchroni ze an incoming instruction wWaighe. a previous instruction is being
executed. It will be observed that the third enbodi ment of the "pipeline"

m cr o- machi wélilnbegimeeioroto fhgus erbvall bifcthe faexmadhactesstoevhediwent of
the mcro- machine/interface of Figure 1 in that the former enploys next

_instructi on®*FSPRFetPBETHTF 190U f f erent synchroni zati on/ synchron- ‘i zati on

assist circuit 60B.; p§ghubPOTRerel1d 'Jh'&W?téh‘l'}doé?BgﬁiﬁBﬁEa& RReOf the

third enmbodi nrent of the mcro-nachine/interface 9 o Igure 5, operation of
t he m cro- maventdd mierbanecBine /inteetdes @ hheting mm iacbnbig Ahstitactisn t he
m cro-machine/interface 9 is not executing a previous instruction when an _

i nconi ng i nBLPEHIN% 0 thrt cthe BHezp-vachine/dgtarises @ mayt holk mad besip

| at ches 8, LRSELMGIILG at. pa ' | ;& < Wiy be in their
open 1 ow t Foorbpeiatd hil 8yatneln Pl Ja°kaPERRLE aiBESeth Whsre f 0 1"

i nstructi onpbyvidis 1dsthrestionUs' belrPrededutbas A twiwillCchedbserivBdotigit t he
I ncom ng instruction to the remai nder of the mcro- machine/interface 9 and

the same wi Ehepind epbpdimentnathshecinipedine? micro-meshisgy/intertaeeidn in

the manner ggey) qusl ¥ GERFLIPHON bl " AlBltC0RRol fudildWirCede dHRISLCT

shortly after ar he incomng I nstruction,
synchr oni zamk @i sy idterTacé Z6¢ iFAguRresi In thatUiHe FOBmdLacHPIdys hBrtenabl es
of next instruction |atches 8 thereby closing next instruction |atches 8

such t hat tﬁEsF¥Rﬂﬁﬁ°ﬁglﬂﬁ§¥??K§!&@ﬁ F$d¥§ﬁﬁr' d5Y¥P@ﬁ9ﬂizFﬁ§?¢lﬁﬂﬁcbHOPatChes&~)
8 shortly alfols &f 'dekdstOhbibdifid Honl "9 | -
- For purposes of illustration of the operation of the third
embodiment of the micro-machine/interface 9 of Figure 5,
" operation of the micro-machine/interface 9 will be described in a
situation wherein the micro-machine/interface 9 is not executing
a previous 1nstrﬁction when an incoming instruction arrives.
Under such a condition, next instruction latches 8, 1nstrqction
latches 20 and parameter latcheé 30 will be in their open flow
" through mode. Accordingly, upon transmission of an incoming
instruction by CPU 10, next instruction latches 8 will channel 3
through the incoming instruction to the remainder of the micro- \dj
machine/interface 9 and the same will begin to pgrform the
actions for the ingoming instruction in the manner previously
described with refereﬁce to Figure 1. However, shortly after
arrival of the incoming instruction, synchronization/synchron-
ization assist circuit 60B deasserts the enables of next
instruction latches 8 thereby closihg next instruction latches 8
such that the incoming instrucfion is'captured in next

instruction latches 8 shortly after arrival of the incoming



- 28 - imstruction. Synchronization/synchronization assist circuit 60B then
sends an acknow edge signal to the CPU 10 such that the incom ng
jnstruction is no longer transmtted by the CPU 10 and the sane is then
fre€ to transnmt another incoming instruction. Thereafter, the actions
previously described with reference to-BBgure 1 take place, and instruction

| at ches 20 phgh RAABR! €8y hTBREza A /ByRbRSEF 233 1 Bh Wd At xéﬂg,gﬂ igomd.

After the closing of instruction and paraneter |atches 20 an , the
synchr oni zathen/safiisaandicied dwhedgs isignaill tolith e6CPU 16amseh thathehenabl es of
the next instruction |atches 8 thereby opening the next instruction |atches

8 such that 1R¢RRAREADRETUGHAAD $8 Bfhd OnBRT { tRARSTHIESEd T £hefPYctOmad
~ncomng | n%l}é Ul %ﬁ&{?fﬂé&gk& P?ihoénﬁig%' é‘ﬁééﬁé“ %rnrczblﬂi‘l:go{nﬁ%gsggi)%ch  hat

i ncom ng inStruction, next Tnstructlion are agarn c

the second rHéfsiMer| Ntld Wektiiohs i pre3aBubiPdidderiBsd wie médbirelicd aloches 8
and the CPU 10 receives another acknow edge signal transmtted by

synchr oni.zaFiguve \Indhkenblege, oandi siistruct ton i latgbes ) mad parapetar
instructionllgtcheg 8 hav begn closed to.ca turﬁ tge I ncom ng i nstruction,
the same is™¥ FHeF 20 pRe ‘gllﬁsﬁ t *BPIYT BN FeRarhets on ATAPENER® 8 and
avai | abl e feiosiSfg RY LBEtHIA1GnRAd) faFamaker  BbtendsaB0o i3/ i30), Ughy descri bed

with reference to Figure 1. In Figure 6 there is shown an expl oded bl ock
di agr am of syschinrcpizailénisynchrnnbea tion eaststicircoit c80R ré8Bsénts tthe

St uct | oneHTIRtG o1 PRt 1%z ALEIAGR HBtehed AutbatEY RRREL Bttt od by
decode K naukeddf ¥ditdonti s Waucn hEk Bl BATATRRY JIIWCLLEN 1hS
\/ ¥urn, capture a new second_é;coming instruction. '

Accordingly, shortly after érrival'of a secbnd incoming
instructiqn, next instruction latches 8 are again closed such
that the second incoming instruction is captured in next
instruction latches 8 and the CPU 10 receives another acknowledge
signal transmitted by synchronization/synchronization assist
circuit 60B. Since the next instruction latches 8 have been
closed to capture the incoming instruction, the same is valid‘at
the output of the next instruction latches 8 and available for
use by the micro-machine/interface 9 as previoiusly described
with reférence to Figure 1.

In Figure 8 there is shown an exploded block diagram of
synchronization/synchronization assist circuit GOB-for the
pipeline micro-machine/interface of Figure 5.

As illustrated in Figure 6, instruction decode circuit 62
receives the acknowledge signal outputted by decode acknowledge
signal circuit 80. When an incoming 1nstruct16n is indicated by
an instruction control signal at the input of instruction decode

circuit 62, instruction decode.circuit 62 deasserts the enables
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an instruction control signal at the input of instruction decode circuit ‘

62, instruction decode circuit 62 deasserts the enables 29 of next _
instruction latches S thereby closing the sane -and capturing the incom ngQ, .
i;nstruction flow ng through the next instruction |atches 8. After the

fext” i nstruction |atches are closedyg the decode acknow edge signal 82 sends
an acknow edge sifnal to.the CPU 10, %ghbte, because the instruction is

captured i9f mext Parirpgtiepntatehefed iﬁﬁ?yoﬁ§8§¥ﬂﬁtﬁ?eréngt%RQﬂ, 1 at ency
pstruct | T Epg Yol 3a8Afbe AhirukbloR Aoviiy SRRNY HleOhoat, 10N

si gnal outjustiradtbyn dateliesagknowtedgetss qrexit thstridtida, 1a tetigsualrieon
decode circuit 62 then asserts the enables of next _instruction | atches 8

thereby opfthfssg.nRe darodeueekrRoriedsenalenah it perdadmackrrmiefss uction
stored thesrieﬂtnﬁll;;g? LTyl 20, Of e, | Bi{'ilk% ;tggb%gs%%tqggn% _previousl y_ﬂ

descri bed W erence to Fidure 1. I N n tirne, the next

i nstruct i oghgtaredesn Snénte 1netectivn ratehps SNGheC 2Pposed o FegLEtENh), .
i ncom ng instruction in the manner previously described with reference to
Fi gure 5. latemcy| ipanaipincrpased byhthet sddifioncnl tha ipedhneny al so be

enpl oyed in.a situatiopn wherei Gl.ock . whi.ch run 1 @I Q- hine is
i n phase vﬁ?"f?tﬁﬁgacf’gc%me rgﬁ%{s]&%ei%&#@éq% ssugg gpél{gug’f forr:?ﬁ'? e

" present i nygdEipeNof\Oieda¥k bWl GigeUREENOT JutPatted BV JecbBe Péknvwladgei N t he
t he above described performance of actions (i.e. the routing of data, etc.)

woul d be pekEmelnedreHitoB0s olrskruqtinar decede IACRE &% e RERATYR 8Pt he
i nconi ng | DSLLUGHLOM ! 1okl bR GPREEEHEL O tRbBP Gl Rt 1 the art

that in the& al'1on erein € m Cro-mchine a operate in W,
synchr oni cidgtrtictlo® NEa tvh@Eh8rand helpasngt ite dnd truct o sitoped at ches in

Figure | would be replaced with registers
therein for execution of the instruction in the manner previously
described with reference to Figure 1. At this point in time, the
next 1nStru;t10n latches 8 are ready for receipt and capture of a
- second incoming instruction in the.ﬁanner previously described
with reference to Figure S.

It will be appreciated that the present invention may also be employed
in a situation wherein the clock which runs the micro-machine is in phase with
the clock wﬁich-run§ the CPU. In such a situation, the'presént invention would
yield a superior function over the prior art in the the above described
performance of actions (i.e. the routing of data, etc.) would be performed \;)-
prior to the transfer of control to the routine ofthe incoming instructioﬁ.

It will be appreciated by those skilled in the art that in the situation wherein
the micro-machine and the CPU operate in synchronicity with one another, the
parameter and instruction latches in Figure 1 would be replaced with registers
since latch operation-would not be required in a éynchronous situation.

It will be appreciated by those skilled in the art that the

embodiments of Figufes-a, 5 and 6 may be combined as a single micro-machine/

-interface in order to perform all of the functions previously described with



dince latch operation would not be required in a synchronous situation. It

w I.l_be appreciated by those skilled in the art that the enbodi nents of

Fi ggﬁks 4, 5 and 6 may be conbined as a single mcro-nmachine/ interface in
ordd®r to performall of the functions previously described with - 30 -
reference to the two enbodi nents. The present enbodi nents are to be
considered in all aspects as illustrative and not restrictive, the scope of

the invention being indicated by the app@dded clains rather than by the
f.oregoi ng description, and all changes which conme within the neaning and
range of equivalency are, therefore, intended to be enbraced therein. -
31 - CLAI Mg 1reference t@ theykwA eRBOIIMeBES. nuchi ne/interface responsive
to a single incomng Instruction transmtted froma host central processing
unit (CPU) by decoding , incom ng i nstruction_and,executin routine

. fepresentative of the itﬁgrﬁ’ﬁﬁs?ﬁgt Pﬂ‘gﬁhéﬂ,en 5i 8*&p5°% s‘%ﬁ%fﬁere& In

m cr o- machi nedlht aspectsbasniliustretive andchet frestxi¢tivent theé oskope

'sources whic r S V{IY e ) - Igtears) 1 hat
the incom ngh?ﬁsﬁpgctl on ge S n%ﬁ%g ig'g@q{ég%t%ﬁe%r}?cﬁgié r??gﬁ%r?reeﬁq%ieﬁgéce
prior to decotethernthanchy the foregaing, descrdptdon.ngndhall Fhanges

representati ighpéht kdue'Coithin! e UéaNing Saind aFargédr @F0Udquivalency

m cr o- machi ne/ i nt eé{)ace corrp_r#_sh?g' gaéﬁa)lﬁa_t h el enent, means for receiving a
singl e i nconi et nERPEREPER/  +BREUdS PeNEPRCEL RIS act i ons
associated with said incomng.instruction during the synchronization of the
incomng instruction to the mcro- ' :



machi ne/ i nterface and decodi ng of the incom ng instruction conprising the
/;_L‘E?_E?l_i,ngf(ﬂf—dﬁta associated with the Incomng instruction to an )
Tthmetic processor of the micro nachine/interface; instruction decodi ng;.:
Eﬁ“ d to the data path el enment neans for decoding the incomng
““\ Wmmm determ ne the routine representative of the incom ng
« 1 mst kucti oh; *instruction execution means for receiving and executing the
routi ne representative of the incomng instruction; means independent of
said CPU for synchroni zing the incomng instruction to the clock of said
m cro-machi ne/interface; wherein the perkgpromance of said actions within
said data path el enent neans occurs during the synchroni zation of the
i ncom ng instructi-on to the m cro-machigignt erface and the decodi ng of the

i ncom ng instruction such that said acttons are perforned prior to
execution of the %outine TefMeaWYACHIPNUS Wicre-machinginteriacedasponsive tga - 2.

The asynchro .M. Cl.0- ' ' : Lna.t ] . Ln said
moane Tor sy RONPATHOTAG FRINEHAR At ingdfort BiRf el Foreinls GPE

ni cr o- machi ngédodinRy the Gcomifg netrutRindhdéxesutingld Rfiné FEPréRNtANER! thees: :
m crostore nmeans responsive to said CPU for storing and outputting an idle
st at e " commanigcomingangtructian, sajd 6P Ucand saidi micre-machinelntarface being clockachorns

bei ng.a part_,of the rautine, correspondi saipd incomng instruction:
cormand §egi Soehs i sieri SieEf ep(RRE waich it AnlrEbionpUL & ok e wfereB'
command, sai i reQUIFERINHal hEiifdoring Metiaction beignaitodizéd iathamicdn i dl e state,
said active state being defined as a first tinme period in which said

command r egi Baehingdrieraceprion te degading the indoming instruclioniand expcwlingghe routigesai d

Der od i 1 vnioBToeHiEe of erinbnfe 3 eett s88 AsGhiMEto B BeBREe e o
| Lg:;;u;;ijog;?ﬁﬁpﬂki@mmnd regi ster neans being coupled to said mcrostore

v

data path element means for receiving a single incoming instruction from
said CPU and for performing actions associated with said incoming instruction
during the synchronization of the incoming instruction to the micro-
machine/interface and decoding of the incoming instruction comprising the
channeling of data associated with the incoming instruction 1o an arithmetic
processor of the micro machine/intertace;

instruction decoding means connected to the data path element means
for decodihg the incoming instruction to determine the routine representative of
the incoming instruction;

_ instruction execution means for receiving and executing the routine

representative of the incoming instruction;

means independent of séid CPU for synchrdnizing the incoming
instruction to the clock of said micro-machinefintertace;

wherein the performance of said actions within said data path element
means occurs during the synchronization of the incoming instruction to the
micro-machine/interface abd the décoding of the incoming instruction such that
said actions are performed prior to execution of the routine representative of the

instruction.



‘data path el enent neans, said command regi ster neans enter‘rhg—sm—dﬁ—ebke\

state and outputting said idle state command upon the co

exec“utlon of said incemng instruction, said conmand regl mjwﬁmm
saivf idl e state cqemand upon the conpletion of the executlonc

said incom ng instructions such that upon conpletion of an

I nstruction previous to said incomng instruction, said command regi ster
nmeans transnits said idle state command to sai 82@ata path [el enents]
el enent neans prior to execution of said incomng instruction. 3.

The micro-machine/irgerface accThedasygctironsisamicra2mattinginterfasaiadcording ol Claimn
execution neans further conprises: instruction translation neans for
transl ating sai d W8 saf maans @éﬁYW%%iﬁ'$UFPWW igstructipr fo.tha glock of said

nstructi on_havigdige s iddiferfba hi 8t RURARG aplor iinidt et L e

i ncom ng i nstruction, sal d |nstruc I'on nmeans communi cating with

said m crostore nmeans andudrostomrméansngsﬂdnsWaltdsaid@RlStoDlstbnrfgand outpattingwini ne
starting address of said incomng instruction such that said mcrostore
means outputs to saildle StateapMmand2ad aplyrality of gorpmaads, saigplyality of cempands

I I f
<1 n sadi dro st aihng pan BEte ARE ool b SaRARCEAIRG Rl Blor: e

instruction, said synchresmmahd espisieramsarestobletsiving ahdulpurting saigioss tateneans
such that said command regi ster neans outputs sajd first conmmand to said

data path el ements, @ﬁwﬂﬂﬁ’eﬁ%‘ﬁ@@ma"&!@%ﬁﬁ%mﬁ@ haviig an agliveandeanddle state,
specified by said rqy c{&%v& &a?ea g eﬁaésrhf? Fihe e%ﬁ%@nﬂ%@ﬁ?ﬂ%ﬂ&' on

assi st nmeans for assls I'ng sync a I on an executtio ncom ng

instruction, said sysgitepmeans i emumhs incomargsinStaictign by vDipatling Gakbp!dralittoh
pat\h” el ement neans and the output of said command regi ster neans, said
comand regi ster nese8wARds said idip statechaing defined asa sacene imapsriod imwhich s3idi d

l'dle state command sc‘éﬁ%é%gl%r a2 4365 h& execute the incoming instruction; said

command register means bemg coupled to said microstore means and said
data path element means, said command register means entering said idle
state and outputting said idle state command upon the completion of the

_ execution of said incoming instruction, said command register receiving said

" idle state command upon the completion of the execution of each of said
incoming instructions " suchthat upbn completion of an
instruction previous to said incoming instruction, said command register means
transmits said idle state command to said data path [elements] élement means

S _ ~ prior to execution of said incoming instruction.

8. " The microLmachinejfinterface according to Claim 2 wherein, said
ihétmction execution means further comprises:
instruction translation means for translating said incoming instruction and

outputting a translated instruction having a routine starting address of the
routine of the incoming instruction, said instruction transiation means
communicating with said microstore means and transmitting to said microstore
means the routine starting address of said incoming instruction such that said
microstore means outputs to said command register means a first command of

said plurality of commands;



said idle state command sai d synchroni zati on assi st neans outputs a first

shared control signhal and In response to said plurality of commuands said .
,mrmln I ' ssi st neans outputs a second shared conrtrol signal to sajg
m"ml”mf nmeans; wherein said first shared control $ignals perforns
& pfedet et nisned nunber of said actions within said data path el ement neans
and sai d second shared control signal ex3taetes a predeternined portion of

2ol oo 19, 11511 U iyt uha om0 BGH B o SBH°EHE 17,
conpri ses: a next gRgLminGHizdiBA BFs&Id HcBRMIrY InétRiztion, BaIEyRERDAIZARA means

instruction translation nmeans and an output coupled to said mcrostore
means wherein t he enablesrsaidscommandregister veans suchthet saidicommand negistersmeanst i on

| at | d ch | ed i eans. 5. / -
e e hi el nt SAmE o M B miand KEsdd f6e8 Daft FlaPRme inna@ater, ovtpyts
transl ation neans tfg /fifihing c@mmdndd spaifbdby  sticdRutinelosERN datdPathelément

outputs control bits which, when received by said data path el ement neans
convey informati ofmeanssai d data path el ement neans pertaining to said

G'aim 5 whorei n sai d i AYEAIYeRRR padHneAeR 6 ABlog Sy AARSn BT o 1on
specifies to sai d gkebatidndfsaiifosmng Ristrbotion, Sdid SpiohPdnizafion AssiSthesHs @iy
said I ncomng instruction. 7. The m cro-machine/interface according to

Clai m 6 wherei n_soupledito saldidatmpalh element mgans,ancithg quipub af said peramand ti on
" hoom ng I nst r uct i*Ba s Wb Tk Sorkiigho fetitfes ek BbMinedo B8R. . Coor uing t o
Gl ai m.4 wherein saiyfichrofization dssist means baio RileBIaRScoMMAntPSuchaRatiin fesponse o (J
said idie state command , said synchronization assist thaans outputs a first
shared control signa! and in response {o said plurality of commands said
synchronization assist means outputs a second shared contro! signal to said
data path element means; _
whersin said first shared control signals performs a predetermined
number of said actions within said data péth element means and said second
shared control signal executes a predetermined portion of said incoming

instruction.

4. The micro-machine/interface according to Claim 3
wherein said instruction execution means further
comprises: :

a next generation means having an input coupled to
the instruction translation means and an output coupled
to said microstore means wherein the routine starting
address is received from the instruction translation
means and channeled to the microstore means.

5. A micro-machine/interface according to Claim 3 wherein said instruction
translation means communicales with said data path element means and outputs
control bits which, when received by said data path element means convey

information to said data path element means pertaining to said incoming instruction.



Yirst latch nmeans for transmtting and receiving a first Eredeterm ned

portion of said:lncomng instruction, said first latch ne muﬂﬂl,mnﬂﬂmgm

}o.s: said CPU, said data path el enent means and sai d synchr
neans sai d synchroni zation assist neans transnitting |atch ehathl e®si §nats
to-sdid first latch means such that said first |atch means Is open when
said command register nmeans is in said idle state and closed to capture
said first predeterm ned portion of said incomng instruction when said
command regi ster neans Is In said actiue3§tate second | atch nmeans for
transmtting and receiving a second predeterm ned portion of said

translated instrucgi orhe MrteimaeifgritidrRte BedBPARE to CIaivDSs WhieRdie Saill thiemiation
Instruction translation neans, said data path el enent neans and said

synchroni zat i partaisingde swammlwmwnc HPQﬂﬂeﬁdQ said dataspath means whattypaiot i ng
| at ch enabl e s |s,to0 s eca s such that, said second

| at ch neans |§pgﬁgﬂ"\‘/§n@ﬁu€s&€%g¥:gﬁa&?ﬁ"\5 °'?reans Is in said Idle state
and cl osed to receive said second predeterm ned portion of said Incomng '

instruction when said command register means Is in said active state;
‘regi ster means cou?i.l ethe: micsamachingsintasisce eccardingitd Gleim f whezein saiddnfommaliodat a

pat h el enent rre cel vi.n d trans ttin hir redete

B i onor " saPanARedp sERRF nBRichh $Bes b A Rela bef R R BLRLIBAEE .
transmtting roggfas‘aqg es,qgfngekn &did ltebmirigdn&tAictior.€0i st er nmeans ‘'such that,
when sai d * -35- register control signals are asserted

sai d register rreans r ecel ves said third predeterm ned portion of said
t E:LE‘E o £raie B on eana T oIS EARach BB Athe S R Pfrin saio
smtting spéiRliction exbcdiiG@fiMeansiunRél doRiprkedy of said instruction. 9. The
‘m cro-machi ne/interface according to Claim8 wherein said register
first latch means for transmming and receiving a first predetermined
portion of said ineoming instruction, said first latch means being coupled to said
CPU, said data path element means and said synchronization assisf means,
said synchronization assist means transmitting latch enable signals to said first
latch means such that said first latch means is open when said command
register means is in said idle state and closed to capture said first
predetermmed portion of said incoming instruction when sa:d command register
means is in said active state; -
second latch means for t'ransmining'and recelvfng a second
U/ predetermined portion of said trgnsl_ated instruction, said second latch means
being coupled to said instruction translation means, said data path element
means and said synchronization assist means, said synchronization assist
" means oi.nputting latch enable s'igna_ls to said second latch means such that,

said second latch means is open when said command register means is in said

idle state and closed 10 receive said second predetermined portion of said

incoming instruction when said command regfster means Is in said active state; -

register means coubled to said instruction tréns_laﬁon means and said
data 'path element means for reoelving ﬁnd transmitting a third predetermined

portion of saicy translated instruction, said synchronization assist

means transmitting reglster control signals to sa1d reglster means
such that, when said



control signals, issued by said synchronization assist means, increnents
ecrements said third predeterm ned portion of said incontng

| The m cro-machi ne/interface according to Claim 2 V\herelhue &

‘B‘m mm“ﬂ!mm! regi ster neans |eaves said idle state, said neans for
nehreni®ing t*he incom ng instruction transmts an acknow edge signal to

sald CPU such that said CPUis free to issug a next instruction. 11. The

m cro-machine/interface according to CaimT wherein said CPU issues an

instruction control signal to said neans for synchroni zing the incom ng

instruction, sai degis&trbumi'oltslgnatsraré absarteynsdid registecmeans teteives saidmhirsi on of |
said incom ng instruction and beginning said synchronization of said
i nconi ng i nst r uctRredetermined portion of saiq transateddosietigNie/ i nterf ace according

Said 111piT1 op moans: HHEY OEARRRGRHS llpbiyenrBld iffuoicd Farklaln ™>21S:

m cro- machi ne/ | ntméémcssmdétb@emm pathembary¥or frassmitting Ghidthird nterface
clock cycle after said f;m;)/fl op neans has received said.instruction

control "signal, cPredetermined pertipo et said instrughiami n sai d synchroni zation assist’
means, such that when said command register neans is in said idle state and
sai d synchroni zati on occurs, said synchronization neans outputs conmmand

regi ster enable s, gmbm&mﬂnaémwmteefabd aceording % Chiir B wherbinasaithiegisrdrer s
into said active state. S * - 36 - 13. : The

asynchr onousconte §lgﬁa'§h!5ﬁ‘§q byt %ﬁ@ WM'&F RQS'FU“Q}% mciemsmte B ur t her

noxt. | ncom noeo REERR e brache RO b Af MR8 ARMLAORT" T P

sai:d I ncomi ng Instruction, said next Instruction I at ch rreans conpri sing au
plurality of |atches coupl ed between said CPU and:said -
m cr o- machi ne/ i nt'¥ f Hheemicsermachingfinterface apcpedingtoLlaim @ whereig u@eupa@d to

by same. suchOOMEERE et mdios BEve G 1oig el b Theste RLOPSB B Phe "
incoming instruction transmits an acknowledge signal to said CPU such that said CPU

is free to issue a next instruction.

11. The micro-machine/interface accbrding to Claim 1 wherein said CPU
issues an instruction control signal to said means for synchronizing the incoming
instruction, said instruction control signal indicating the transmission of said incoming

instruction and beginning said synchronization of said incoming instruction.

12 ' The micro—_maéhineﬁnterfacé according to Claim 11 wherein
said synchroniiaﬁon nieans comprises:

| ' flip/flop means, said flip/flop means being coupled to the clock of said
mncro-machme/nterface such that, at least one micro-machine/interface clock
cycle after said ﬂnp/ﬂop means has received said instruction control signal, a
synchromzatxon occurs wnthup said synchronization assist means, such that
when séid command fegister means is in said idle state' and said
synchronization occurs. said sy.nchronization. means 'outputs command register

“enable signals such that, said command register thereby enters into said active

state.
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lext instruction latch means closes and receives the next—incos
I nstruction. 14: The asynchronous m cro-nmachinelinterfa -
acgarding to Caim 13 wherein while said Inconing | nstruﬂ“lmwllt ME"I!#“!"
synchroni zed by said synchroni zati on neans, said neans f oY )

the Incom ng instruction closes said plurali % of | atches, thereby

recei ving said next incomng instruction dutPAg said synchroni zation of
said Incomng Instruction. 15. . The m cro-machine/interface

according to O ai m Jygsherei n saifde hsyneRioR6us mé-uﬁbhmendt&ﬁcbmtnbgddmm

O

said.CPU In first and second predeternined portions and wherein sali
synchr oni zat i ont sdéghdudhercomprisesse nextiinstruction latsh meaps fasirecaivieg and:tsansmitting

ai d st uct i oh PRECORFTER nlSlondu pabliiere-HapipefhngiEh i freing g '
I ncom ng | nst r UpbbiamgIRéthRYGH, istidIRKOMStItHIDA ldtch maﬁnaédiﬁpr&uﬁc&_lpnmn?ea lAckes
that at |east one clock cycle after conpletion of the execution of said -
first portion otoupladbetweenmsaid CPLLand said micro-amachinedntpdace, saidpluralily ohlatohesns

oy o et et + Hs8 beitBisOuBa Pl Welan® fur abfihconizing the Infliing nstructionand . o
sai d second porpaifig coiiled B 8avhe BOch thEfsHbNG by Fatefphorsdid AOTindrubtitin L1iCt i On
and for periof R4 adt:ABPIoN 14Nch fdlrs Cdsds DAl rEc VBRI EPANG RRIAHink© ! O

execution of sajfktkad®hnNg I nstruction perforns actions wt 1'd data path
means whi ch are associated with said second portion, prior to the execution
of said Incom ng Instruction. * C L M S * - 37 - 17.

An asynchronous m cro-machi ne/interface responsive to a single incon ng

i gspyruction transmtted froma host central procéssing unit (CPU) by )
decodi ng the inconi i4-i nstruct &he asknchroaevs migso-machinefmerfacepceadingloiGlaimyf

.the incomng in ' seSald o @\Estﬁﬁ.j‘- ) - | ' ce being
‘cl ocked on cl OC&%?@%QW?%@%@@I Cc sod?’c‘:ggsgé/i\ﬁﬁ %&gt%&/ae&s’y aaﬁdgnous to
one anot her, whsynehsonizatiors means)isaitd mdans férlsynchonizing the incoming tinstmuctioh closes
synchroni zed to the mcro- T . N .

: said plurality of latches, thereby receiving said next incoming instruction during said

synchronization of said incoming Instruction.

15. The micro-machinefinterface according to Claim 1 wherein
said incoming instruction is transmitted by said CPU in first and second predetermined
portions and wherein said synchronization means synchronizes said first portion of
said incoming instruction and said second portion of said incoming instruction such

. that, said instruction execution means executes said first portion of said incoming
instruction while said second portion is being synchronized such that at least one -
clock cycle after completion of the execution of said first portion of said incoming
instruction said instruction execution means begins execution of said second porion.

3 [ The micro-machinefinterface according to Claim 13 wherein
prior to execution of said second portion, said means for synchronizing said incoming
instruction and for performing actions within said data path element means prior to the

~ execution of said incoming instruction performs actions with said data path means
which are associated with said second portion, prior to the execution of said incoming

Instruction.



prior to decoding the incomng instruction and executing

sai celving and translating a single incomng instruction and
outputting a translated instruction; comrand regi ster neans havi ng an
active and idle state, said active state being defined as the tinme period
in which said command regi ster means out put® Formmands which are a part of
the routine representative of the incomng instruction, said idle state

bei ng defined,as the tine periAgdaschﬁgg{mgﬁ rﬁ@{mdmﬁaﬁm?’erfa?giréép%gﬂgﬁs%[‘Ot

out put commmands$ which-are a part routine; .mcrostore

storing a pl wisglé inconfing nstractith tednsmitied fromiainost cémtral procédsing Ut (SPU) 8 e
state command, said idle state conmand bei n%__ associ ated with the operation

of the m cro-4acedingdhe incoming instpaetionandce (Riroutiog rapsesentative okthed i dl e

o ng. | nscpebring ARHAR, Yakd CEU ol iF ekt MRS norRHace DY SR Gh, T o
i ssuing a pl wicdksfionPdifferetit elbck 8Biirces which'asd asyneRroflous to one another, whereby it

synchroni zati on/ synchroni zati on assi st means bei ng cougl ed to saird CPU and
t he out put ofis sequired dhet:the incomirg instrugtian be synchronized tolthewsiero- coupl ed to

id f ransmifting ar i first, i ned i on_of
sai 0 i ncom ndnraLIe e FRY 1 BRiating Ve Teaimir 1nBiHEEG Sof hriafp ats, vy
sai d synchr orregrbmative BEtHeAREmMing MbhatHdns aidR@PAchronous mitro-ma&amdIhtdrfaks h

means coupled to said instruction translation neans for transmtting and
capturing a ROOWIENS:edet erm ned portion of said translated instruction in

e vt o oyae PRI o B LAY 5Pl o otrmang ¢ o
said instruction trasglaiing acinglemodminglinstruction and outputting a translated instruction;
_ command register means having an active and idle state, said active
. state being detined as the time period in which said command register means
outputs commands which are a part of the routine representative of the
incomihg instruction, said idle state being defingd as the time period in which
said command register does not output commands which are a part of said
routine; _
microstore means for storing a plurality. of commands of said routine and
for storing an idle state command, said idle state command being aséociated
~ with the operation of the micro-machine/interface when said command register
is in said idle state; _
synchronization/synchronization assist means for synchronizing said
incoming instruction to the clock of said micro-machine/interface, and for.issuing
a plurality of shared control signals, said synchronization/synchronization assist
means being coupled to said CPU and the output of said command register
means;
first latch means coupled to said CPU for transmitting and capturing a first
predetermined portion of said incoming instruction in response to latch control

signals issued by said synchronization/synchronization assist means;

-

the rout| tative of the Incomng instruction, said asynchronous -~
m CU ﬂ&mﬁg{ﬁﬂmce conprising: instruction translation neans coupled t
* L L
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Ytransmitti ng and capturing a third predeterm ned portion of said translated

.instruction in response to register control signals issu ﬂ mulllﬁmu'ulllullll
Lsy@_hroni zati on/ synchroni zati on assi st neans; register b$ l]
colipl ed to said instruction translation means for transmt'ti hg sai™ t*hi f'd
predeterm ned portion of said incomng instruction; next address generation
means for determning nenory |ocations of saigk mcrostore nmeans wherein
said idle state command and said plurality of "commands of the routine are

stored; data path el enent ns for performng, actions that are associ ated
with and are gpeci fi edsﬁ‘ipngi%ﬁﬁ iW?@BﬁFﬂ‘tP'?%@t?%FH"FEH‘E"°§&”PH§8%R%’“B§'B%“'

el ements bei ng coypingfhitiith 8Ad Sadtina | W@W |
synchroni zati on/ synchr(l)rll‘isbzaﬂ on@s&ésteé%gg s, sal ' I st l?C [ o?grarﬁdstg%t i on
means, said first isstdictienimrdsponse o said fatch eeritd! signals Issuedrbpsaidand sai d

regi ster by-pass rrear}?sf, such that said data path el ement neans receives
sai d third predet SYRFHRUZRNANSYPR IraRizatignASSiSt ABBAS i nstruction transnitted

by said instruction trﬁdﬁﬁ%@g,{,%swg@d tt??éig iﬁ%%gr%mshw%g‘?g&annel i ng

of data associated wt e 1ncomng I nstruc o an arit I'C processor '
of the micro nmachitrapsmitting ératespturingch thirdpeetibtermiriottportionestsaid tesrisiaiey sai d
idle state command to said synchroni zation/ synchroni zati on assi st neans,

said data path el SIRUHCHORINTESPOSE 1o ragistercontrelsignaledsspeddysaidn neans, said
idle state C0m”@yhéﬁ&ﬁi%ﬁn@n@lﬁbﬂzﬁ%ﬁaégﬂB\%ﬁﬁs;ge”er ation neans to

channel said transfated 1 nstraction t-o-sard mcrostore neans thereby
initiating the outputttegisterfbytgass means couplethtedsand instruction|translatibny mens for
commands by the cgm‘rand_re i,iter means, initiating actions w-thin said data
path el ement nean 'aaﬁ'ﬂ‘"i"fgsﬁ%r' third predetermingd pattiometsaid BeemipgdRstaIetionit i on

S TS L e PR ABLREE ORI gy oo manbd RSB
wi thin the data paitrostoemeansiwhersin said idle state command and said plurality of
commands of the routine are stored; ,
o~ data path element means for performing actions that are associated with
and are specified by said incoming instruction, said data path elements being
coupled to said CPU, said command register means,
said synchronization/synchronization assist means, said instruction
translation means, said first and second latch means, said register means and
said register by-pass means, such that said data path element means receives
said third predetermined portion of said incoming instruction transmitted by said
_/ instruction translation means, said actions comprising channeling of data
associated with the incoming instruction to an arithmetic processor of the micro
machine/interface;
said command register means issuing said idle state command to said
synchronization/synchronization assist means, said data path element means,
and said next address generation means, said idle state command instructing
said next address generation means to channel said translated instruction to
said microstore means ihereby initiating the outputting of the first command of
said plurality of commands by the command register means, initiating actions
within said data path element means and instructing said

synchronization/synchronization assist means to issue predetermined values of



mggéﬁ¥%’~’_,n,sa+d—tonnand register means Is In Idle state and said 1
| g Instructian i s synchronized, said synchronization/synchronization _
asg; “ﬁ said first and second |atch neans, thereby capturing ‘;; )
Sazﬂﬁ nd predeterm ned portions of said Incom ng,lnstruction, —
en es sald“reglster nmeans thereby-storing said third predetern1ned

portion of said Incomng Instruction and issues a command regi ster enabling
signal to said conmand regi ster neans, thereby clocking through said

plurality of commands outputted by sald n1crostore means.

-39 -
said shared control signal 1o said data path element means thereby initiating
further actions within the data path element means;

wherein, when said command register means Is in idle state and said
incoming Instruction is synchronized, said synchronization/synchronization
assist means closes said first and second latch means, thereby capturing said
first and second predetermined portions of said incoming instruction, enables
said register means thereby storing said third predetermined portion of said
incoming instruction and issues a dommand"registar’ enabling signal to said
command ragister means, thereby clocking through said plurality of commands W,
outputted by said microstore means. ' '




