2937421 APPARATUS AND METHODS FOR | NTERFACE REG STER HANDSHAKE FOR
“CONTROLLI NG DEVI CES. BACKGROUND OF THE | NVENTION 1. -Bi-elxd wfatdber
‘lpvention: This invention relates to conputer bus interface systens and,
‘nor‘e 5 particularly, to apparatus and nmethods for mnimzing the tine
necessary when controlling devices across a bus interface in a conputer
system 2. History of the Prior Art: U. S Patent Application No.

07/ 297,590, entitled APPARATUS AND 10 METHOD FOR LOADI NG COORDI NATE
REG STERS FOR USE WTH A GRAPHI CS SUBSYSTEM UTI LI ZI NG AN | NDEX REG STER,

Priemand Ml "j‘rﬂggﬁﬁ‘ﬁﬁl . o oD RHR N ek e Be1<TER CakiRe® rik HORHER L e, pEVICES.

accel erator a
bei ng accepted by a video frawmm Ahadi spl ay. Each
stage of_.the 15 gr aphi cs acc be capabl e of
-‘operati'P',gx-at as high a speed as possible in order to naintain the overall
speed of—t he grapfics pgefs! s thelavéneasuently, the interface stage

bet ween the central processing unit and the graphics accel erator nust be
capabl e of operating darhisineation vélatels tproooemiesbds interfacet Systemo and;emoreoned

rate. 20 The steps that the central processi ngi uni t associated with the
typi cal graphisics partievlarly: orapparatis apgimetheds tagayniauzing:ihe Une ngcespary when

Sutput displ ay areomERIY etk East B inicedelin chiBldybidR e '
graphics accelerator to 25 determ ne whether the data registers are ready
.to receive data, 2) wite all of the data necessary to the registers of the

graphi cs accel erapor, Histoppdfithe PrioruArt:egi ster of the graphics
accgelerator to find out whether any exceptions
U.S Patent Application No. 07/297,590, entitled APPARATUS AND
10 METHOD FOR LOADING COORDINATE REGISTERS FOR USE WITH A
GRAPHICS SUBSYSTEM UTILIZING AN INDEX REGISTER, Priem and

Malachowsky, fi_led January 3, 1989, describes a graphics accelerator

adapted to process data as rapidly as information is capable of being accepted
by a video frame buffer for a computer output display. Each stage of the

15  graphics accelerator described therein must be capable of operating at as high
a speed as possible in order to maintain the overall speed of the graphics
accelerator. Consequently, the interface_ stage between the central'processing
unit and the graphics accelerator must be capable of operating at a speed
which processes data at the aforementioned rate.

20 '

The steps that the central processing unit associated with the typical
graphics accelerator of the prior art must accomplish to initiate any particular
operation by which information is written to the computer output display are
many. It must at least 1) check the status of the graphics accelerator to

25 determine whether the data registers are ready to receive data, 2) write all of
_ the data necessary to the registers of the graphics accelerator, 3) read the
status register of the graphics accelerator to find out whether-any exceptions



-2- exist which would nmake the operation inpossible to acconplish, and 4) . '

wite the command to the graphics accelerator to initiate its operation. A
typical wite operation for two pieces of data, such as an X and a Y value ;
of a point to be displayed, requires at least five individual accesses by’
the central processing 5 unit of the graphics accelerator. It will be -
appreci ated that such an operation will require a substantial anount of

time, particularly because read accesses require a great deal of tinme. If
the interface between the central processing unit and the graphics 10

accel erator requires such a period of time in order .to acconplish the
initiation of each operation, then the interface cannot possibly transfer
data at a rate sufficient to match the bandw dth of the video franme buffer
Moreover, W th so many individual .accesses involved, if the interfacéyinme
to initiate exigt whichiwauldmaksetheroperatien inspessibie te agcompligh;, @ad AlLwite pof

I nstances in which 15 anot her task mght .run in a nmulti-tasking system
before the cthereammaggdito ihe, graphics,accgieralordn iniiate its,operalion. UP'cgl ‘é(?l'@ dat a
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tor leduces t h@nit otheNgraphicyr acdeturaion] ti will beapprackited tat\suth an aperation s
accel erator. '
: will require a substantial amount of time, particularly because read accesses

require a great deal of time. - | U

If the interface between the central pro@:essing unit and the graphics
10 accelerator 'réquires such a period of time in order to'acconiplish the initiation
of each operation, then the interface cannot possibly transfer data at a rate
sufficient to matdh the bandwidth of the video frame buffer. Moreover, with so
many individual accesses involved, if the interface time to initiate any
particular operation is long there are a great number of instances in which
15 - another task might run in a multi-tasking system before the current task can
finish. This can lead to problems of stale data and excessive context |

save/restore overhead. ‘ - ' \J



16 It is another object of the present invention to reduce the tine
reqU|red to check the status- of the graphics accelerator. It is a nore
partlcular obj ect of the present invention to provide apparatus and net hods
for accelerating the host*interface regi ster handshake 15 bet ween a
.central processing unit and a graphics accel erator. These and ot her objects
of the present invention are acconplished by a nmethod of initiating an
operation for a particular command froma first conputer nodul e through a
systeminterface to a second conputer nodule having data 20 registers and
-a status register conprising the steps of witing data to the data
‘regi-sters in the second conputer nodul e, and reading the condition of the
status register in the second conputer _nmdule to cause the initiation of
the particul ar command by which readlno the status of the data registers
-and issipg the particul ar conmeakeasALld = gl m nated. 25
These and ot her objects and features of the present |nvent|on w il be
better understood by reference to the detail ed description of the invention

which fallows taken ! §ag! figfetdte, inldbfect ot the'pfe geaxmbﬁ{utlgu Iﬁbﬁ s are

referred to by | i ke designations throughout severa BRI EF
DESCRI PTI ON COF Tldﬁewmgﬁmséaéceléiamrat es a flow chart for the prior
art nethod of initiating an operation across a computer bus to a register
interface of & device. 5 Fi gure 2 illustrates a flow chart for a first

met hod for reducing th

It is anothar object of the present invention to provide apparatus and
U methods for using that apparatus {0 reduce the time necessary for initiating
operations with a graphics accelerator.

10 it is another object of the present invention to reduce the time required to

check the status of the graphics accelerator.

It is a more barticular object of the present invention to provide
apparatus and methods for accelerating the host interface register handshake

15 between a central processing unit and a graphics accelerator.

These and other objects of the present invention are accomplished by a
method of initiating an operation for a particular command from a first computer
module through a system interface to a second computer module having data

20 registers and a status register comprising the steps of writing data to the data
registers in the second computer module, and reading the condition of the
status register in the second computer module to cause the initiation of the
panticular command by which reading the status of the data registers and
issuing the particulai' command as separate steps are eliminated.

25 _

These and other objects and features of the present invention will be

better understood by reference to the detailed description of the invention



necessary to initiate an operation across a conputer bus to a register
interface of a device. 10 Figure 3 illustrates a flow chart for a
second nmethod for reducing the time necessary to initiate an operation
across a conputer bus to a register interface of a device. Figure 4
illustrates a flow chart for a third nmethod for reducing the tine 15
necessary to initiate an operation across a conputer bus to a register
interface of a device. Figure 5 illustrates a status register for a
particular nodul e operating at a conputer bus interface in accordance with
the invention. 20 Figure 6 is a conparison of the m ninmumand the maxi num
nunber of clock cycles required for the different processes defined herein
and a conparison of relative tines. 25 Figure 7 is a block diagram
illustrating a circuit configuration fot arrying out the invention. N -6
NOTATI ON - AN[gy; dNIuhiblvs Adikdrrtogetier et 1|@rt$rawin§§na wWiiER ke @lainomsiand | das

whi ch follom/are presented in terns of algorithnms and synbolic -
represent at i patgrred 101ty likei desigratioda througheutsthevéeveral figutesiput er nenory.
These algorithmc descriptions and representations are the nmeans used by
those skilled in the data processing arts to nost effectively convey the
substance of their work to others skilled in the art. An algorithmis here,
and generally, conceived to be a self-consistent 10 sequence of steps

| eading to a desired result. The steps are those requiring physical
mani pul ati ons of physical quantities. Usually, though not necessarily,




t hese quantities take the formof electrical or magnetic signals capable of
"being stored, transferred, conbined, conpared, and otherw se mani pul at ed.
1t has "'proven convenient at tinmes, principally for reasons of conmpbn usage,
to Yefer 15 to these signals as bits, values, elenents, synbols,
characters, terms, nunbers, or the like. It should be borne in mnd,
however, that all of these and simlar terns are to be associated with the
.appropriate physical quantities and are nmerely convenient |abels applied to
these quantities. 20 Further, the manipul ations perforned are often
referred to in terns, such as adding or conparing, which are commonly
associated with nental operations perforned by a hunman operator. No such
capability of a human operator is necessagy or desirable in nbst cases in
any of }pe operations described herein which formpart _of the present

i nventi@Q, the operations amli B nE LN - ST oddle BOAXINSR-hi nes for
performwg the operations of the present invention include general purpose
digital conputers or other simlar devices. In all cases the distinction

‘between the met hod Op‘%‘@}rbqgﬁ%éé tes a fi6w CHYH f&tr Hlﬁgﬁoﬁﬂ{rﬂ%ﬁ{d & Aiikitg FRt hod

of conputation itself shoul orne rnmn present I nvention
relates to appar gperatiidadrossaidontputérctiss food réfistePintérface 61ATBLVIEs. | N -
processing electrical or other (e.g. mechanical, chem cal) physical signals
to generate osher desired physical signals. - 8- DETAI LED DESCRI PTION OF

THE | NVENTI ON As outlined above, the initiation of a tg/gi cal wite
‘operation using a pri drigure 2iillusirates a flow chart for a first method for reducing the time

U necessary {0 initiate an operation across a computer bus to a register interface
of a device.

10 Figure 3.illustrates a flow chart for a second method for reducing the
time necessary {0 initiate an operation across a computer bus 10 a register

interface of a device.

Figure 4 illustrates a flow chart for a third method for reducing the time
15 necessary fo initiate an operation across a computer bus to a register interface

of a device.

Figure 5 illustrates a status register for a particular module operating at a

computer bus interface in accordance with the invention.

20
Figure 6 is a comparison of the minimum and the maximum number of
clock cycles required for the different processes defined herein and a
comparison of relative times. '
25 Figure 7 is a block diagram illustrating a circuit configuration for carrying

out the invention. .



art graphics accelerator requires at |east five accesses to the graphics 5
accel erator by the central processing unit. These accesses are illustrated
in the flow chart of Figure 1 and include two read operations and three %
write operations. The read operations are required to determi ne whether the "’
regi sters of the graphics accelerator are ready to receive data (step 1)

and to discover the status of the graphics accelerator (step 3). The wite.
operations 10 are required to wite the two pieces of data (step 2)
necessary to determ ne a point on the conputer output display (for a

t wo- di nensi onal display) and to wite the particular command to be
acconplished (step 4). Atypical wite operation at an interface nmay

require fromthree to seven 15 clock_periods to acconplish the handshake
required between systenms for the operdtion. On the other hand, a ‘typifal
read handshake operation iNOTATION! ANDuUJ CRLATUREt em may r eqNefy
fromfive clock cycles to twelve clock cycles in order to acconplish tThe
handshake operation.: Moreover, certain read operations nay require an

unknown anount of _tinme tgQ acconplish Since both read and wite ., :
handshake operatii %ﬂ@ermﬁ%"fath?i‘iﬂ?' "RU?:%%WS‘&“ @ﬁ%‘ﬂl@'ﬁ)@ﬁ%&e‘* B the

oper Bt O O e i By G5B Bt e S BB 19,
2t any. conpultiin o BRPLEE meimbe Tice dgbRRait d8Ryiions aii rebiesahialBRs = L on
operation cagrehel mbansiused by tosesskilod(in the taw prosessilpanerpmost us - 9-
and net hods for reducing the nunber of read and wite accesses necessary to

initiate anyefectivelypeonueydhe snbstance ohtheimwericiorothers skilledingheart n t he f1\Qu
chart of Figure 2 for reducing _

An algorithm is here, and generally, conceived to be a self-consistent
10 sequence of steps leading to a desired result. The 'steps are those requiring
physical manipulations of physical quantities. Usually, though not necessarily,
ihese quantities take the form of electrical or magnetic signals wbable of being
stored, transferred, combined, compared, and otherwise manipulatéd. it has
proven convenient at times, principally for reasons of common usage, to refer
15 to these signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. It should be borne in mind, however, that all of these a_nd_ :
similar terms are to be associated with the appropriate physical quantities and u _ |

are merely convenient labels applied to these quantities.

20 Further, the manipulations performed are often referred to in terms, such
as adding or comparing, which are commonly associated with mental |
.operations performed by a human operator. No such capability of a human
operator is necessary or desirable in most cases in any of the operations
described herein which form part of the present invention; the operations are

25 machine operations. Useful machines for performing the operations of the | _
present invention include general purpose digital computers or other similar i
devices. In all cases the distinction between the method 6pérations in -



5'the tine necessary to initiate any operation. This first arrangenent
elimnates the first read operation required by the central processor in
‘ogder to determi ne whether the registers of the graphics accelerator are
abl'e to receive the new data to be witten. In order to acconplish this, an
assunption is nade that the graphics accelerator is, as a default, able to
~accept data transferred to it and 10 that any. data transferred wll be
utilized by the graphics accelerator. This inplenmentation ignores the first
step of the prior art nmethod in which it is determ ned whether the

regi sters of the graphics accelerator are full and instead wites the data
to those registers presum ng they are enpty. |If the particul ar object being
witten is a two-di nmensional figure, such an operation 15 requires two
individyal wite accesses for the X and Y-chor di nates of the particul ar

poi nt telbe wi tapemating a chmpiutdrandsthieanethod rof comiputationi itsefflshould be borne in

di mensi 6mal , then three individual wite accesses are necessary in order to

write the three Mingi vihepresealpyentiondelates toapparatusandie methad steps for

Two concomitants exist from the assunpti.on that the reqister f th
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for the graphic [ i I s 1 i rs are
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operate correctly. Second, once the command has been witten to the
graphi cs accel erator by 25 the processor, the command nust be conpl eted by
the graphics accelerator so that its registers are not full and are ready
to accept the next data to be witten. In this enbodi ment, once a command
isunitiated the data is copied to an -10- internal set of registers so
that the data registers are ready to accept the next data. In the system
described in the above-nenti oned copendi ng patent application, a nunber of
'pi pelined register stages are available for this



purpose. 5 In this inplenmentation, the next step after witing the data to
the registers (step 2) is to read the status of the graphics accelerator to
make sure that the object can be drawn (that no exception exists) and that e
the data registers are ready to accept the next data. 10 As w || be
understood by those skilled in the art, this first inplenentation of the
present invention requires three wite operations (for two di mensional

obj ects) and a single read operation thereby elimnating one read operation
requiring at least five clock cycles and substantially enhancing the speed

of 15 operation of the bus interface. Figure 6 offers a conparison of the
relative times for the prior art operation and the first inplenentation of

the invention. It will be seen that the elinination of the first read
operation requi red by the pri or art offers & 35% i nprovenment in speed~of
operation. 20 . DR ANV DO RNE B IWNN I § 1Y M IONent | dRg:s
illustrated in the flom/chart of Figure 3. This |nplenentat|on el i m nat es
the step which requires that the command itself be witten after the
data is loaded in th re r In
i1 o §npl cment at| &5 SyfiRbhabG4 8 Fudfich b S 17pR i ok, HGhG RS,
the command ig GfahitseaccaidratBe adirdy ot (Ba Ve BBE¢ssaa18 the gRighiesiesCrT bed
in US Patent pl'i cat1 on No. 07?297,590, 5 (Ng§% ed APE fﬁg AND

METHOD FGOR L @ébkRiratorbihélsbintraEpioséssthy k. UNiesdl dddesséRardHIIGRraleBISTEM
UTI LI ZING AN | NDEX REG STER, Priem and Mal achowsky, filed January 3,1989,

i s especi al | thefloptchart of Eiggeantianchingluda twa read mraswnsms\h@ea\pmecs
? gfeger ator Io%%lrgt%enss "Ptgé \r/eacI géera{igrt\sugrerree 'uusrctag to de?ermme whéther the ation andu
registers of the graphics accelerator are ready to receive data (step 1) and to' |
discover the status of the graphics accelerator (step 3). The write operatiohs
10 are required to write the two pieces of data (step 2) necessary to-determine a -
point on the computer output display (for a two-dimensional display) and to
write the particular command to be aceqrhpushed (step 4).

A typical write operation at an int_efface may require from three to seven
15 = clock périods to accomplish the handshake required between systems for the
operation. On the other hand, a typical read handshake opera_tion ina
computer bus interface system may require from five ciock cycles to twelve \J _
clock cycles in order to accomplish the handshake operation. Moreover, : !
certain read operations may require an unknown amount of time to accomplish.
20 | . .
Since both read and write handshake operations require a significant |
number of clock periods in the operation of a corhputar system (the read
operations usually requiring substantially more time than the write operatiohé‘).
the number of read and write operations involved in the initiation of any
25 -~ particular operation at any computer interface limits the speed with which the

particular operation can be initiated. This specmcation describes appara_tus



10 bl ock nove operation. Consequently, when one of these status registers
I s addressed and no exception exists, the next (command) step is known
'sgnply fromthe address of the status register which has been read; and the
cormand may be executed without a separate command being witten. 15

The steps required to inplenent the wite operation are thus first to wite
‘the data-to the data registers of the graphics accelerator (again, two
wite accesses are required for two-di nensional vertices while three wite
accesses are required for three-di nensional vertices), then to read the
‘status of the graphics accelerator by reading all of the bits of the status
register. If there is 20 no exception, then the conmand is executed. |f:
there is an exception then the command i s nqtgexecuted. However, this

| atter sptuation is the sane situation that the systemwould be in were it

t o havewysed t he andi metheds faeradugingdheinimbertaf fead and wiite Aacesses necessary to
Consequently, the |lack of the step of witing the conmand to the graphics
accel erat or does ‘HEgtefMESYC Qg?ai?ﬂperation when an 25 exception occurs.
- 12 - It will be understood that inplenmenting the initiation of an
operation in manner reduces the transaction to two wite accesses and a

single read access the( fiay afrdRgémBht i8lifustratst in the frfbwecﬁdm Figare 2 fot rtgmt:iﬂg

i npl ementing any particular opéeration. Figure 6 offers a conparison o

relative tinmes fahetine Hecessaryoo initiatecary aperatiomnThisHistsmrangdment eliminates
i mpl ementation of the invention. A third inplementation (shown in Figure 4)
may be practi ced the fivstread @perationgaquisest by the eentral iprocassonin ordecta defermine
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graphics accelerator is, as a default, able to accept data transferred to it and

.10 that any data transferred will be utilized by the graphics accelerator. This
implementation ignores the fi_rst stép of the prior art method in which it is
determined whether the registers of the graphics accalefator are full and
instead writes the data to those registers presuming they are empty. Iif the
particular object being written is a two-dimensional figure, such an operation

.15 . requires two individual write accesses for the X and Y coordinates of the
particular point t0 be written,; if the info_rmation being written is three-

" dimensional, then three individual write accesses are necessary in order to

write the three individual coordinates of the particular point.

20 Two concomitants exist from the assumption that the registers of the
graphics accelerators are not full. First, the central processor must wait for the
graphics acce!érator 1o be in a condition where its registers are ready to
accept more data (not full) in order for the optimization to operate correctly.
Second, once the command has been written to the graphics accelerator by

25 the processor, the command must be completed by the graphics accelerator so
that its registers are not full and are ready to accept the next data to be‘written.
In this embodiment, once a command is initiated the data is copied to an



application, the graphics accel erator does not handl e operations which lie
outside a particular test window area, does not handl e operations |ying
outside particular clip w ndow areas, does not handle the drawi ng of at °

| east one form 15 of quadrilateral, refers transformation overflows or .
underflows to the associ ated processor for solution, refers divide-by-zero
operations fromits transformation engine to the associ-ated processor, and
does not handl e operations when its pipelines are full. Normally, each of
t hese exceptions would be indicated by its.own individual bits in the
status register. 20 The usual operation required to read the status
register of a prior art graphics accelerator requires reading all of these
exception bits, loading a mask to deternmine a particul ar exception, AND ng
t oget her the bits of the mask and those in the status register to select
the bits to be utilized, conparing the 25 bits to be utilized (pos§ihly
wi th another mask), and, finally anching to the particul ar operatiofffto
be carried out in response to the eXception.- - 13 - In contrast to such
prior art intersalgetohtegisteisssosthatthetdata vegistersiateseady to netept theegextt er such
as that il Iustrated in Fﬂé%re 5 which includes, in addition to exception

bits for c3Ai@ d9 the,gystem; desgrbed inthed bqyﬁsmeawm«mqnmenbn bit held

s bach SboBfin dyibefSe Bt e hen HieBRREISE 00 1o °

positions ‘mhsgethan bit 31 and provides a one at bit 31 if any one or nore
exceptions exist. Consequently, a one in bit position 31 of the status
regi stér indicates that an exception exists. A zero in the bit position 31 _
of the status register, on the other hand, indicates that no exception (W)
exi sts and the leg@s uﬂplemem&gwprﬁwwdﬁtap aftarwriting the datacto thé eagistecs -

Processors sf:eprgfn té’ rea_%v_t_ e'srt]aslbé l6‘;{h'e('q’gnrsapignh gt o&glefator to make sure that the
~object can be drawn (that no exception exists) and that the data registers are
ready to accept the next data. |
10

As will be understood by those skilled in the art, this first implementation
of the present invention requires three write operations (for two dimensional
objects) and a single read operation thereby eﬁminating.one read operation
requiring at least five clock cycles and substantially enhancing the speed of

15 | operation of the bus interface. Figure 6 offers a comparison of the relative times U _

for the prior art operation and the first implementation of the invention. it will be
seen that the elimination of the first read operation required by the prior art
" offers a 35% improvement in speed of operation.

20 ~ A'second implementation of the present invention is illustrated in the flow

‘chart of Figure 3. This implementation eliminates the step which requires that

™



and then branch deternministically if the bits are set or not set. It is
‘generally true that all processors have a test for positive and negative
‘operands by | ooking at the high-order bit and doing a branch if the bit Is
"0"" (positive) or "1" (negative). Since bit 31 is the high-order bit
-normally used in thirty-two bit conputer is systens to indicate whether a
nunber stored in a register is negative or positive, nost m croprocessors
‘are able to determne the status of that particular bit efficiently.
Consequently, all that is necessary for the read access of the status 20
register utilizing the present invention is to read the status word, test
'bit 31 and if a zero is present indicating the status is positive, branch
(branch on greater than or equal to zero) to _the next operation to be
acconpl i ghed. This substantially reduces the time required for processing

t he par#icul ar r et coromand itsblf berwritten afterdhe katalis loaded-indhe data tegistérs and
status bit 31 indicating the 25  status Ii;gﬁgative, the entire status word

Pas bﬁen read by mﬁtﬁwn ‘!ﬂ?ﬁfmiﬁﬁf’- umplgmentation. ththe ?f@t“lsﬁﬁéeaéb?ﬂql
: ; . . ) . ;
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for acconpl i sh§ ngehtitled APRARATUS PAND METHODFORLDADING COORDINATESt
conputer 10 with which is associ ated a device state nachine 15. The state

machi ne 15 may t aREGISTERS EORMEEWETH & GRAPEHCSISIBEYSTEM UTRMING Alhe
Siate mohine 15 TRbeXRBaISTER. Fred 56k ghSinio i bl SRS o 1
SLate M e 1o, bpighy aBaie' Abmplfh s5uf S doctdion” T grahcs ¢ 1
accelerator includes individual status registers for a draw operation and for a
10 block move operation. Consequently, when one of these status registers is
addressed and no exception exists, the next (command) step is known simply
from the address of the statﬁs register which has been read; and the command

may be executed without a separate command being written.

15 Tha steps required to implement the write operation are thus first to write |
the data to the data registers of the graphics accelerator (again, two write
\_ - accesses are required for two-dimensional vertices while three write accesses
are required for three-dimensional vertices), then to read the status of the
graphics accelerator by reading all of the bits of the status register. If there is
20 no exception; then the command is executed. If there is an exception then the
comrhand is not executed. However, this latter situation is the same situation
thai the system would be in were it to have used the prior art method for
-initiating each operation. Consequently, the lack of the step of writi'ng the
command to the graphics accelerator does not affect system operation when an

25 exception occurs.



11, a data bus 12, and control lines 13. Address information is furnished
on the address bus 11 to address decoding logic within the interface |ogic
circuit 14. The decoded information Is 15 transferred to the state
machine 15 on lines 19, and to a status register 18 and data registers 16
withi'n the interface logic circuit 14 on line 21. The data bus 12 is
connected to the status register 18 (only one status register is shown

al t hough the nunber of such registers is often greater) and to the data
regi sters 16. The control signals on line 13 are furnished to the state
machi ne 15, the 20 data registers 16 and the status register 18. Both the
data registers 16 and the status register 18 are connected to the device
state machine 15. In a wite operation in which the host conputer 10 wites
information to the state machine 15, an ad'df]és‘s is generated by the host
conmputer 10 and 2% will betunderstoed thatimplementingshp dojtiatiarnvof ameperation S
decoded and pl aced on Iinﬁs 19 and 21. Contyrol sné%gals on Jipe 13 i ndicate
to the statu§anngrseducesshg ransaction 10,two.Writg aecessgs@ng;a singleg®adati on is a

it tign. The inf ' i e - then. A th
host - conput cpoteseiternt SubRahfily Boygingahe sing B BI0Z b RMe Pl By 2°

ot 16 . . _ : hi
157 or use 1 ARkl estatiin. TPIGURT S cifBNS & Goliarisln of g RIS thhéd for Ry 1°
read of the gridkdpt GpedhaidreandYhé beconbimplembhiation ol thé irventish.ess of the
status register 18 sent by the host conputer 10 is read by the address

decoding logic 17. The signals on lines 19 and control lines 13 indicate.

that the status register 18 is being read by the host conputer 10. The -
state machine 15 # H’H@f'é’ipjeﬁ"ﬁ@taélﬂﬁr(gﬂ‘?w&f'b”ﬂ%ﬂéi)é“@!bb? dicad by vasyngt er

oi ts of st at 306 end pRarrafUiithd rdrthebRing 3§ sIAdh vooiser ol BB e U e
status regi syghnd fh i grick aH. N6fmlly'thE status register includes a number of bits
10 which are set to indicate individual gxceptions. For example; in the graphics
accelerator referred to in the first above-mentioned co-pending patent
application, the graphics accelerator does not handle ope'ration's which lie
outside a particular test window area, does not handle operatioris lying outside
particular clip window areas, does not handle the drawing of at least one form
15 of quadrilateral, refers transformation overflows or underflows o the associated

processor for solution, refers divide-by-iero operations from its transformation

engine to the associated processor, and does not handle operations when its \J |

pipelines are full. N_ormaﬂy. each of these exceptiohs would be indicated by
its own individual bits in the status register.
20 |
~* The usual operation reqUire_d to read the status register of a prior art
graphics accelerator réquires reading all of these exception bits, loading a -
mask to determine a particular exception, ANDing together the bits of the mask
and those in the status register to select the bits to be utilized, comparing the
25 bits to be utilized (possibly with another mask), and, finally branéhing to the
- particular operation to be carried out in response to the exception. -



data in status register 18 onto the data bus 12. This information is
itransferred to the host conputer 10. 15 Thus, in accordance wth the
iaboye-described nmet hod, if the control line 13 indicate that a read
operation is occurring, and address lines 19 indicate a read fromthe
status register 18, and the state nachine 15 indicates that there in no
exception, then the conmmand wil|l be executed by the device state machi ne
15. 20 It will be obvious to those skilled in the art that the utilization
‘of this last inplenentation conbined with the other optin zations above
descri bed accel erates the operation of initiating any particul ar operation.
It does so by drastically reducing the length of time required to
.acconplish the particular 25 read access. 08 +he status register. The

maxi mum gnd mnimumtipes illustrated,in Figure 6 for carryéaﬂpout t he

particubey optim zat i olfsCotast 1% guch,prier ant afrangementss the-pres yentiandyges,a

o et b B fiby ST o WA RGN D igU B il ki, ( A0FHE o
operation of a hogicddtioh bifsfr'edhTfhe NRiNialaKedeptians, P BYéral BXESRIBN bit

vari ous other extensions of the present 1nvention and variations therein

wi |l be obvious t heldiathe high brdér bit 31hef theistatus registede Thstgraphits accdlérator
scope of the invention. For exanple, it will be clear that such an

interface my e Qfaieach pf thenadividual exceptionabits inseach ofitba exreptian bitpositions

Becel erator . the  oHrsAbam bt cand:pividesiapae 8E bl aEHoRs of Mote PxSGRIORR: r

f Olij.w' exist. Consequently, a one in bit position 31 of the status register indicates that
an exception exists. A zero in the bit position 31 of the status register, on the
other hand, indicates that no exception exists and the operation may proceed

.. 10 - without further checki'ng. Processors commonly have instructions that test bits
and then branch deterministically if the bits are set or not set. It is generally true
that all processors have a test for positive and negative operands by looking at
the high-order bit and doing a branch if the bit is "0" (positive) or "1" (negative).
Since bit 31 is the high-order bit normally used in thirty-two bit computer
15 systems to indicate whether a number stored in a register is negative or

positive, most microprocessors are able to determine the status of that

W, particular bit efficiently.

-Consequently. all that is nécesSary for the read access of the status |
20 register utilizing the present invention is to read the status word, test bit 31 and
if a zero is present indicating the status is positive, branch (branch on greater
than or equal to zero) to the next operation to be accomplished. This
substantially reduces the time required for processing the particular read
access. If, on the other hand, a one exists in the status bit 31 indicating the
25 status is negative, the entire status word has been read by the processor; and
| that status word need not be read again for the exception which exists. By
simply sampling the particular bits of the status word, the processor utilizing the



- 17 - CLAIMS 1. A nmethod for initiating a particular conmand from a
first conputer nodule to.a second conputer nodul e conprising the steps of:
performng a wite operation fromsaid first conputer nodule to said second ,
conputer nmodule, said wite operation transferring data fromsaid first
conputer nodule to said second conputer nodul e; requesting a read status
operation by said first conputer nodule from said second conputer nodul e,
said read status operation conprising the steps of; transmtting a control
signal fromsaid first conputer nodule to said second conputer nodul e

I ndicating to said second conputer nodul e that said read status operation
was requested, and transmtting a request address fromsaid first conputer
nodul e to said second conputer nodul e, whefein said request address

uni quely identifies said particul ar command, “generating a status word tn
sai d- second- gsapbicsaceslerator is.abledo dletermine which exception fxists and hawi tows
request wherein said status word indi cates whether any exceptions exi st

so as to brangkin response to1hatexeeption. conmand unexecut abl e by said

second conputer nodule; transferring said status word from.said second
conmputer nodule to said first conputer nodule; and

- Figure 7 illustrates in block diagram form an interface for aocorhplishing
5 such an operation. The circuit includes a host computer 10 with whic_h is
associated a device state méchine 15. The state machine 15 may take any of a
number of different forms; for example, the state machine 15 may be a graphics u
accelerator such as that described in the patent application just referfed to.
Between the host computer and the state machine 15 is an interface logic
10 circuit 14. The circuit 14 is joined to the host computer 10 by an address bus

11, a data bus 12, and control lines 13.

Address information is fdmished on the address bus 11 to address
decoding logic within the interface logic circuit 14. The decoded information is
15 transferred to the state machiné 150n lines 19, andto a status register 18 and
data registers 16 within the interface logic circult 14 on line 21. The data bus .
12 is connected to the -status.registe_r 18 (only one status register is shown \J
- although the number of such registers is often greater) and to the data registers
16. The control signals on line 13 are furnished to the state machine 15, the
20 data registers 16 and the status register 18. Both'-the' data registers 16 and the
status register 18 are connected to the device state machine 15.

In a write operation in which the host computer 10 writes information to

- the state machine 15, an address is generated by the host computer 10 and

25  sent to the address decode logic 17. The address is decoded and' placed on
lines 19 and 21. Control signals on line 13 indicate to the status register 18 and

the data registers 16 that the operation isa write operation. The information is



executing said particular conmmand in said second conputer nodul e when said
'status word indicates that an exception does not exist, and when said
‘centrol signal indicates that said status word has been requested by said
first comput er nodul e, said particular comand being identified by said
address in said read status operation, said second conputer nodule
executing said particular command utilizing said data transferred to said
second conputer nodul e, whereby initiation of said particular command as

- 18 - a separate step by said first conputer nodule to said second
conmputer nodule is elimnated. 2. A method for initiating a particular
comand froma first conputer nodule to a second conputer nodule as clainmed
inclaiml, further conprising the step of reading a single bit of said
status ward by said first conputer nodule whereil® said single bit of said
status ward i ndi tmiretsaweieuwiroaniﬁed'iqsepomputardmmthecda&a;bumizemtl'csramxoplnate
particul ar conmand unexecutable in said second conputer nodul e.

met hod for initiane@the data registers 156%%"9'?'@)!1334 be V%‘FSf@m!ﬂﬁ\e dayics QiatGO
5 heend SorPuteglRi fo 36, 48 e date W e HESTEURHGBeR Fofe o L
particular comand from
| 5 In a read of the status register by the host computer 10, the address of
the status register 18 sent by the host computer 10 is read by the address
\_J | decoding logic 17. The signals on lines 19 and control lines 13 indicate that
| the status register 18 is being read by the host computer 10. The state machine
15 transfers the appropriate signals to the status register 18 over lines 20 to
210 indicate the various status conditions (thirty-two bits of status information). The
state machine 15 initiates the read of the status register 18 by transferring the
data in status register 18 onto the data bus 12. ‘This information is ti'ansierred to
the host computer 10.

15 ‘Thus, in accordance with the above-described method, if the control
line 13 indicate that a read operation is occurring, and address lines 19
-\_'/ indicate a read from the status register 18, and the state machine 15 indicates
that there in no exception, then the command will be executed by the device
state machine 15.
20
It will be obvious to those skilled in the art that the utilization of this last
implementation combined with the other optimizations above described
accelerates the operation of initiating any particular operation. It does so by
drastically reducing the length of time required to accomplish the particular
25 read access of the status register. The maximum and minimum times illustrated
in Figure 6 for carrying out the particular optimizations detailed in this



a first conputer nodule to a second conputer nodule as'tlaimediin claiml
further conprising the step of providing a system inferface® having
address decoding logic, at |east one status register, data registers, and
a bus coupling said first conputer nodule with said second conputer
nodul e. 5. A nmethod for initiating a particular command froma first -
conput er nodul e through a systeminterface to a second conputer nodul e ‘as
claimed in claim4 wherein performng a wite operation to transfer data
fromsaid first conputer nodule to said second conmputer nodul e conprises
the steps of: transferring a wite address from said first conputer:
‘nodul e to said address decoding logic; decoding said wite address by
said address decoding logic so as to,gelect data registers and a status
regi ster; - 19 - transferring said-data fromsaid first conputer nodule
to sai d dat apecification cleady diustrate thededuetinn of lima @csomplisked by this| si‘ggﬁl
fromsaid first conputer nodule to said second conputer nodule, said Wite
control sigh¥enli@di cating to said second conputer nodule that said wite
operation has occurred. 6. - A nethod for initiating a particul ar
command froma first conputer nodule through a systeminterface to a

Although various methods and apparatus have been described for

. -

s  optimizing the operation of a host interface register handshake in a cOmputér
system, various other extensions of the present invention and variations therein
will be obvious to those skilled in the art without departing from the U
scope of the invention. For example, it will be clear that such an interface may
be used with numerous peripherals associated with a central processing unit
10 and is not limited to the interface with a graphics accelerator. The invention

should therefore be measured by the claims which follow.



second conputer nodule as clainmed in claim4 wherein the gtep of requesting
a read status operation by said-first conputer nodule from

"conputer nodule further conprises the steps of: sending salmmmlﬂﬁmmm””"’
address fromsaid first conputer nodule to said address decddi hg Yodic;s *
decodi ng said request address by said addre¥® decoding logic so as to

generate a decoded request address; transferring said decoded request

address from sai d address decodi ng | ogic i d second conput er nodul e
wherein sai d decoded request- address sel eaé'%%ix%ai d particualar command to

sai d second cornputer nodul e;. and_trapnsferring said control signal frgmsaid
first conputer “rodul e t ’E%Pao@yg?ﬁnwﬁ'fb??%\'g% %nﬂaf'blg‘éfﬁrs‘ég%ﬂneo Bfer
nmodul e, sai d cent fdlrsti graimputdircampdgleo sai G ssecotdc oopnpaterpdnbdulbat

said stajus V\or&@gﬁg@l {ﬁgugééﬁg by.said first conputer nodule. 7.
at’1 ng

A met hoskfor initl artrcular command froma first conputer nodule
t hrough a system i nt er fReeLePNEING ccONFEHuOPErAtdone from asadd | firsti m

4 wherein tranddigiter Sachdiat ¥» WBadaf rsuBesd d compitéCopBrbge, ™dykg to
said first conputer nodul e QgBrl ses the steps of: witi ng sai d, status word
generated by séﬂrdlts"’ecoﬁﬂeﬁ'aﬁ'ﬁ er HRANATERG NG A% x: uETPByi §3vd i nfitEsted

by said computer module to said second computer module;
requesting a read status operation by said first
computer module from said second computer module, said .
read status operation comprising the steps of;

U . transmitting a control signal from said first
computer module to said second computer module indicating
to said second computer module that said read status
operation was requested, and

transmitting a request address from said first
computer module to said second computer module, wherein
said request address uniquely identifies said particular
command, ' _

génerating a status word in said second computer
module in response to said read status operation request
wherein said status word indicates whether any exceptions
exist so as to render said particular command

. unexecutable by said second computer module;

E. -/ transferring said status word from said second
' computer module to said first computer module; and |
executing said particular command in said second
computer module when said status word indicates that an
exception does not exist, and when said control signal
indicates that said status word has been requested by
said first computer module, said particular command being
identified by said address in said read status operation,
said second computer module executing said particular
command utilizing said data transferred to said second
computer module, _
whereby initiation of said particular command as



[

- 20 - 'reques"ti ng address; and initiati ng a read of said status register by

IR o rocsae B Py =27 e, perd e

gar €i chl at comiand froma first conputer nodule to a second conput er . nodul. e
as claimed in claim1l wherein generat+ng8said status word in said second
conput er nodul e conprises the steps of: performng a Bool ean OR operat on
on all blts in_said,status rd excep horder bi t as, to erate .
an operand.? SRE3ZEHE n@tes%mgyhl (g %éFsﬁ'l FPREST §‘t° ViR d n said
operand of mdchomd:mmtﬂ? opdulbéi bs ebilmindtedany bit in said status word
Is set. 9. A method for initiating a particular conmand froma first
conput er nodul e through a systeminterface havi ng data regi sters, at |east
one status %egisterd mﬁhe@ldf@ssmé‘ébathggl agpar @suéayee:@ma@érrﬁm '

nodul e, saig ggiled d‘d%(ﬁifﬁe’i‘ nﬂoéu‘fesk%psa OkecBRaf Yoiigiter? Wbakfe QE"%t ion
from said fiyst_copputer podul e thro sai d s%stem | nterface to sal d

second cor‘rﬁu’c%ﬁ‘m‘\"ﬁ)du’r AP wlin |or"F Ahg e

transferringeadingi te sxaﬁbdreesmtf bamsaaai dstatust woedpbyer siﬂdsclﬁs&ddr ess
decoding |l o

ecodi ‘ﬂ% ie ess. .S ?ect ‘? |sters
and a statu 'P%‘@?%’ferg?‘}é Vﬁ%’h’b gggg (fa’tnz?qf ﬂégai 79
word indicates whether any exceptions exist so as to:z
render said particular command unexecutable in said

. second computer module.

3. A method for initiating a particular command from
a first computer_ module to a second éoiuputef mo_dule as
claimed in claim 1, wherein said single bit is a high
order bit of séid_ status. word. o

4. " A method for initiating a pa-‘r.ti_cular command from N
a first computer module to a second computer module as '
claimed in claim 1, further comprising the step of
providing a system 'inte_rface haVing- ‘address decoding"
logic, at least dne status register, 'data registers, and

~ a bus coupling said first 'computer module with said
second computer module. |

5. A method for initiating a pafticular command from
a first computer module through a system interface to a
'second computer module as clalmed in claim 4 wherein
performing a wrlte operat:.on to transfer data from said
first computer module to sald second computer module
comprises the steps of:

transferring a write address from sa:Ld first
cbmputer module to said address decoding logic;

decoding said write address by said _éddress
decoding logic so as to select data registers and a
status register; ' - ‘



nbdul e to said data registers selected by said wite address, [ [
‘read status operation by said first conputer nodule from sai deliﬁﬁlﬁm"iﬁ”ﬂl““lll
conputer nodul e, said read status operation conprising the st mos
sending a request address from said first - 21 - conputer nodule

to sai d address decoding | ogic, decoding Sat8 request address by said

address decoding logic, transferring said request address decoded to said

~second conputer nodul e EQaﬁ§fE?riﬁbe%%i§“&5E@fEkBH'%%1&0 compute
transferring said _control signal fromsaid first conputer _nodule to salﬁ

system i nt er f acBOGHAet §Os§Rd sQESﬁdrEEHﬁEFEF fisderkedgap®dcont rol signa
indicating to sal d secondaaemni.—ehgrmdulwﬂﬁbat cofitflodt Aignalr ¢ rivas Esea

db d
edond conput or EABL STTPTERhoMeRULS cte o oAIdh efSy " someles, peduld, -
wher ei nusai d staamd wer fitendcentrsl weidral anynddoadyingonsoexsatid second
to render meRBEEE!QHhﬁ&e %ﬂﬁﬁagggunﬁfﬁﬁutégéfaé ﬁahQsSSSBHﬁﬁgﬁnpUter

nodul e; transferrihg said status wor romsald econ comput er
said first conputer nodul e conprising the steps of;

6. . A method for initiating a particular command from
a first computer module through a system interface to a
second computer module as claimed in claim 4 wherein the
step of requesting a read status operation by said first
) computer module from said second computer module further
N comprises the steps of: |
sending said request address from said flrst
computer module to said address decoding logic;
decoding said ‘fequest address by said address
decoding logic so as to generate a decoded request
address; _ . .
transferring said decoded request address from
said address decoding logic to said second computer
module wherein said decoded request address selects said
particular command to said second computer module; and
transferring said control signal from said first
computer module to said system interface and to said
second computer module, said control signal indicating to
said second computer module that said status word has
been requested by said first computer module.

7. A method for initiating a particular command from
a first computer module through a system interface to a
second comphter module as claimed in claim 4 wherein
transferring said status word from said second computer
module to said first computer module comprises the steps
of:

writing said status word generated by said second
computer module to said status register indicated by said



witing sald-statds word generated by said second conputer

status ndi cated by said requesting address; and
[ @ﬁ‘!ﬂm ster by said second conputer nodule
ted in said status register onto said dat

nodul e to said
initiating a read
by placing sald "
a bus; executing

sald partlcular command in said second zowrput er nodul e when said status

word indicates that an exception does not exist, and when
si gnal |nd|cates that said status word has been requested
conput er uestig 381984 #4"Lormand bei ng i denti.fied

said contro
by said first
by sai d address

in said read stat usiriperat iren,a geeald smbcsaii&ospmt&s ﬁegﬂkﬁeﬁxapu}.'am said
partlcular d S seg
nodul e, vvhe%e Im%&ﬁ{é{?%%l ofnﬂ‘gé(;{“l?ltjé %S? %t%?”t"gm%g“ gagg ?’é step by

said first lmmtbrlmmﬂcb status dreqwtey oeté@oﬁﬂléod@t«ae
el imnated. 10. - A nmethod for initiating a particular c

buandule IS .
omrand frqﬁya

first conputer nDduIe t r9¥g a éstentjnterface havi ng data registers, at
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single bit gf sakﬂ St at s, d.by said first conpute
si ngl e bité%a%ﬂﬁ %ﬂzﬁthg%&g(thQezn generatlng sa 4 anE
: said second computer module comprises the steps

| e mheretn sai d
us word 1

of:

performing a Boolean OR operation on all bits in

said status word except a high order bit
generate an operand; and

so as to

setting'said high order bit of said status word \‘4
when said operand of said Boolean OR operatlon indicates
any bit in said status word is set.
9. A method for initiating a particular command from

a first computer module through a system interface having

data registers, at least one status register, and address

decoding logic, to a second computer module, said method

comprising the steps of:

performing a write operation from said first
- computer module through said system interface to said

second computer module, said write operation comprising

the steps of;

transferring a write address from said first

computer to said address decodlng logic,

decoding said write address so as to select data

registers and a status register,

transferring said data from said first computer
module to said data registers selected by said write

address,

requesting a read status operation by said first

computer module from said second computer module, said

read status operation comprising the steps of;

sending a request address from said first



i hdi cat es whet her any exceptions exist so as to render said particular

command unexecutable in said second conputer nodule. 11. m Imu' {
Jdipitiating a particular command froma first conputer nodul e t "“'IIII”III
‘systeminterface having data registers, at |east one status redistert akd s +

address decoding logic, to a second conpute2lnodule as claimed in claim 10
wherein said single bit is a high order bit of.said status word. 12. A

method for initighbhide? RBAHLEULET 5G9EMBAA-LLE hACkhERY fogpULer Module

t hrough a systeminter aving data registers, _ oné status

regi ster, and address dée6adapgl wpid meestcopddreaputhy sadd caddress
claimed in clai ge8odRGeLBgi8e step of generating said status word in said
second conputer nodul e conprises,the steps of: perform ng_ a Bgolean OR,
‘operatigg on all bits iﬁrggFﬁeEFéPﬁssﬁderégeéﬁ 3ddrgfis ofgepdedt toggaid
settingtsai d higécondercdnputer ssbdubé asus awrtowselesti daier pagdt9busaird
Bool ean OR opergéﬁgg éndicates any bit in said status word is set. 13.

.An appar at us for |n|?|ating a particular command froma first conputer
‘nodul e to a second conptransfieduing said menhrelusignalr ifrow:saidt €imstins

coupl ed to sai dobhpdtef O RNe MRAU Said -system f ShebipRSEC LAY ¢dRt BafgOM
said first conputer nodule to . . .

- second computer module, said control signal indicating to
said second computer module that said status word has
been requested by said first computer module;

. generating a status word in said second computer
N module in response to said read status operation request
wherein said status word indicates whether any exceptions
exist so as to render said particular command
unexecutable by said second computer module;
transferring said status word from said second
computer module to said first computer module comprising
the steps of;
writing said status word generated by said second
conputer module to said status register indicated by said
requesting address; and
initiating a read of said status register by said
second computer module by placing said status word
Y located in said status register onto said data bus;
executing said particular command in said second
computer module when said status word indicates that an
exception does not exist, and when said control signal
indicates that said status word has been requested by
‘said first computer module, said particular command being
identified by said address in said read status operation,
said second computer module executing said particular
command with said data transferred to said second
computer module,
whereby initiation of said particular command as
a separate step by said first computer module to said



sai d seco er nodul e; request status neans for initiating a status
request bﬁ salg ‘lrst computer nmodul e to said second conputer nodule, said

\mmml rising: wite control neans coupled to said second

i ndicating to said second conputer nodule that said
status " request has been initiated, and %quest address neans coupled to
sai d second conputer nodule for unlquely I dentifying said particul ar

command, Stédedndeéofiphtergnegaiei 1§ 8l shahatedPrd in said second conputer
nodul e wherein said status word i ndi cates whet her any exception exist so as

to render 'said particular command unexecutable in said second conputer
modul e; tra®ferring methedcbHopl tnitbatingl a|parttoubatecoﬂmdnaef&aﬁ sai d

second conpytef, opdule 8&??f2@b&ﬁfg ?ﬁfg%ééa%uéygeég %ﬁQE&ﬁggg Eg%gﬁ? to

conput er nodul'€ 16 sai executl on
sai d seconcﬂ%ptﬁ@%shﬁﬁﬁbeatoleéi'écmﬁi r@jt%‘é‘ilﬂl yegisterar andnadditesswdhi d

second cowma@éamguhsg%enwlai séabHa ¥BhPutBe sRIRAL Nahsap 1Siﬁaat'0n

does not exjst, .and whén said wite control neans i ndi cates t at sard

status wor dhaS15ddh PeqBWthethy COBPYising: "&ﬁrpﬁ’F@P neluireading a
particul ar sm:med biti ngf i daridi fstathy werd agdrsasai rivaitl eeaputist us

oper ati on, gw d conp t ul xecg t|n Salg? articul.ar

comand  wi'tH é] i% ﬁ%ﬁ? t IS e%lé}rgj"t% g’d’ d & coﬁ ignf Solere,
.indicates whether any exceptions exist so as to render
said particular - command unexecutable in said second
computer module.

11. A method for initiating a particular command from
a first computer module through a system interface having
data registers, at least one status ;egisfer, and address
decoding logic, to a second compuﬁer;module as claimed in
‘claim 10 wherein said single bit is a high order bit of
said status word.

12. A method for initiating a particular command from
a first computer module through a system interface having
data registers, at least one status register, and address
decoding logic, to a second computer module as claimed in
claim 9 wherein the step of generating said status word
in said second computer module comprises the steps of:

- performing a Boolean OR operation on all bits in
said status word except a high order blt, and

setting said high order bit of said status word

when said operand of said Boolean OR operation indicates
any bit in said status word is set.

13. An'apparatus for initiating a particular command
from a first computer module to a second computer module,
said apparatus comprlslng.

write means coupled to said first computer module



Whereby initiation of said particular conmand as a separate step by said ———
first conputer nodule to said second conputer nodule is elltunwnﬂﬂ
An_apparatus for initiating a particular command froma fir "AI"”"””"‘
modul e to a second conputer -nodul e - 24 - as clainmed in clai

further conprising status readi ng neans fo23reading a single b|t of sai d
status word wherein said single bit of said stat us word indicates whet her

any exceptio e e gt cul
unexecut abl e. nﬁ%r ékéﬁifégrlﬁé dégaf (%rgglglmstaﬁl gxp 2 p%?'?-?‘g‘tgﬁ m%?rf&nﬁ%rom
a first corrput%?lﬂnﬂ%‘én@ocam@é‘é%ﬁdme@mier rmdul e as clai rred in claim 14,

wherein said single bli—e GOEBE | sga@a@ugn HedHdler o t i0fi t3atd nef ahUssiEds 16.
An apparatus for ini t| | nga II cuI ar command froma first conputer

modul e to a secEMLEd ’ersol COFPYEET nmefuls 1B Faddhesecond
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status register, data r ers a_bus coup aid firsg. conpute
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18. An appar at us inittratin I cul ar
regquest address means coupled to said second

computer module for uniquely identifying said particular
command,
status means for generating a status word in said
/ second computer module wherein said status word indicates
| whether any exception exist so as to render said
particular command unexecutable in said second'computer
module; .

_ transferring means coupled to said first computer
module and said second computer module for writing said
statué word from said second computer module to said
first computer module; '

execution means coupled to said second computer
module for executing said particular command in saiad
.second computer module when said status word indicates
that an exception does not exist, and when said write
control means indicates that said status word has been
requested by said first'computer_modulé, said particular
command being identified by séid address in said read
status operation, and said second computer module
executing said particular command with said data
transferred to said second computer module,

whereby initiation of said particular command as
a separate step by Said first computer module to said
second computer module is eliminated.

14. An apparatus for initiating a particular command
- from a first computer module to a second computer module
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~ particular command unexecutable. ot
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\\ma“t bed with reference to the acconpanyi ng draw ngs.
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as claimed in claim 13, further comprising status reading
means for reading a single bit of said status word
wherein said single bit of said status word indicates

whether any exceptiqns' exist so as to render ‘said -

15. An apparatus for initiating a particular command
from a first computer module to a second computer module
as claimed in claim 14, wherein said single bit compfises
a high order bit of said status word. |

16. An apparatus for initiating a particular command
from a first computer module to a second computer module
as claimed in claim 13, further comprising a system
interface having address decoding logic, at least one
status register, data registers, and a bus coupling said
first computer module with said second cbmputer module.

17. A method of initiating a particular command from
a first computer module through_a system interface to a
second computer module substantially as hereinbefore
described. ' |

18. An apparatus for initiating a particular command
from a first computer module to a second computer module,
substantially as hereinbefore described with reference to
the accompanying drawings.

er module to a second conput er nodul e, substantially as

N\



