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" APPARATUS FOR READ HANDSHAKE | N HI GH SPEED ASYNCHRONOUS BUS | NTERFACE"
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention: This invention
relates to conputer circuitry and, nore particularly, to 5 handshake
circuitry at a conputer bus interface for connecting asynchronous cl ocked
nodul es. 2. History of the Prior Art: The typical interface systemfor
transferring informati on between two 10 conputer systens or nodules is a
synchronous interface system one in which the two systens are operated by
the same clock. Joining the two systenb-is usually a data bus for carr§irig

i nf or mat i on, ampramhdww?o@lm:né HANSSHAKY 'mHméﬂeﬁsv@nﬁbnﬁBﬁtdug'y\htgﬁs; or
acconplishing a so-ca .

wite line, a read |ine, mmwmmeqwred for-
transferring signals bet t he handshake
operation. In the normal synchronous interface where both conputer systens
are running on the sane cl ock, the conputer systemw shing to read

i nformation 20 frmmm.provi des a read signal on the read

control line during a first clock period. In response to that signal, the

second system san:ﬁhlssnwwmtesﬁe compuier cincuitry andy\mosy padicalaty| tong a
second cl ock er| O?(Q finds the data at the address designated and pl aces -

the data %n f‘ GVt Rt AFompreer busdateriaca fog connecting asyachionous
particular d Iy returns an 25 acknow edge pul se on the
acknow edge Eﬁoﬁﬁe‘ﬁlg‘q‘?éﬂ?@ate that the data is at the data bus ready to be
transferred. Before additional information may be read through the
ii@rerf-ace system an additional clock period is necessary to

2.  History of the Prior Art:

The typical interface system for transferring information between two

10 computer systems or modules is a synchronous i_nterfacé system, one in which
the two systems are operated by the same clock. Joining the two systems is
usually a data bus for cafrying information, an address bus for carrying
addresses, and control lines for accomplishing a so-called "handshake”
between the two systems. Normally a write line, a read line, and an

15 acknowledge line are required for transferring signals between the two systems
to accomplish the handshake operation. | '

&

In the normal synchronous interface where both computer systems aré

running on the same clock, the computer system wishing to read information

20 from a second system provides a read signél on the read control line during a
first clock period. In response to that signal, the second system samples the
read line conne’cting.the two systems duri.ng a second clock period, finds the
data at the address designated and places the data on the data bus during a
period defined by the address of the particular data, and finally returns an

25 aékno'wledge pulse on the acknowledge line to indicate that the data is at the
data bus ready to be transferred. B_eforé additional information may be read

through the interface system, an édditional clock period is necessary to
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term nate the original read signal, and another clock period to term nate

- the acknowl edge signal. Since each of the signals on the handshake lines is
driven by the system5 clock, the read handshake operation in a
synchronous system where the sanme cl ock control's both systens nmay require
~as many as four clock cycles. This does not include the tine required to
obtain the data fromthe addressed position which varies depending on the
address- of the data and on the addressed device. 10 Where the two systens’
joined™y the bus operate at different clock frequencies, it is necessary
that the incom ng and out goi ng handshake signals be synchronized to each of
the two systens as they travel in each dif¥e@ti-on. Consequently, an incom ng
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the sending systginoWledgesighhl, mnner in which this is acconplished by the
prior art is to use two stages of flip-flops on each handshake |ine, each
stage being driven by the clock of the systemreceiving the particul ar
signal. The use of two stages of flip-flops to receive the 20 handshake
signal s adds at | eastSipo®eaehipt thergignals epidhphandghakelinesds dsivep bythe isystem

boen aeynonr Snouoshdhs TR hagHEeHe CRBEHATCD AYRSTeRd s SYster WhGES the same.
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S position which varies depending on the address of the data and on the '
addressed device. |

10 _

Where the two systerﬁs-joi ned by the bus operate at different clock
frequengies, it is necessary that the incoming and outgoing handshake signals
be synchronized to each of the two systems as they tra\)el in each direction.
Consequently, an incoming read signal must be synchronized to the clock of

15  the receiving system while the outgoing acknowledge system must be
synchronized to the clock of the sending system. The normal manner in which
this is accomplished by the prior art is to use two stages of flip-flops on eaéh
handshake line, each stage being driven by the clock of the system receiving
the particular signal. The use of two stages of flip-flops to receive the

20 handshake signals adds at least two additional clock periods to each step of

the synchronization in an asynchronous interface of the prior art.

There have been asynchronous interface systems designed which
utilize various techniques to speed up aspects of th_e'handshake operation.
25 For example, in a write operation where the data is immediately available,

multiple pipeline stages inay be used to move the synchronization problem from



the interface circuitry into one -of the two systens, a techni que which
noves the bottleneck fromthe interface system but does not renove the ,
bottl eneck However, in the read handshake operation, the data nust be found .
at 5 .sone address of the second systembefore it may be-transferred to the -
requesting system Consequently, a read handshake operation cannot utilize
the sanme sort of pipeline circuitry used in the wite handshake to renove
t he del ay caused by synchronizati on between two asynchronous systens from
the interface. This is true-for two reasons. First, as expl ai ned, the«bead
‘data is not 10 imrediately available (as is the Mﬁlte I nformation) so “the
data cannot be i medi ately transferr-ed.3 Seeond, obtalnlng the data from

different ad i f on
ch(ferent addigSagnadBbrkaly i/ ded ohe REieid, o (bl S ERHlBRTng,
‘the read devigftiérgeR! ffor@@halméﬁéd%esy%déiﬁw doBy nberewwd thb'tﬁttléﬁé&ﬂ' ately,
data at another address may be is ‘available in one clock period, data at

anot her address may be available in two clock periods, and so on. In fact,
the tinme in which it takes to obtain certain data nmay not be even

ascert ai nabl e unt iHoweyergigthergad béeds!tai@anmatmmdhgdqtaamsybe fQUﬂdsatd |
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response to tthe sanwsont o V\E@@hﬁ@ew&ﬂﬁ?us&dﬂbtw WAt haridshak@tcrfepfoventhbhe data
bus for transmtting to the requesting system and, an acknow edge S|gnal\;J

is 25 sent tdelay eausqtbs tsyn@romzanm betivesmtwo aayrmhnondusosygtams\mrom the
addi t1onal St|2 e?fsécgf 1Ih||§ S tmeo or two rea_s%ns First, as explained, the read data is not
| 10 immednately avaﬂable (as is the write information) so the data cannot be
immediately transferréd. Second, obtaining the data from different addresses = -
may take different lengths of time which may depend on the particular address
to be'read or may depend on the current status of the read device itself Data at
one address may be available immediately, data at another address may be
15 available in one clock period, data at another address may be available in two.
clock periods, and so on. In fact, the time in which it takes to obtain certain

data may not be even ascertainable until the data has been obtained.

Consequently, it is necessary in pi'ior art interface arrangements to

20 utilize the standard method for synchronizing handshake signals. That is, a
read signal is provided by the requesting system, synchronized through two
stages of flip-flops, and the system furnishing the data bégins to obtain the data

_in response to the signal. When the data is obtained, it is placed on the data |

bus for transmitﬁng to the requesting system; and, an acknowledge signél is

25 sent to the requesting system and synchronized through two additional stages
of flip-flops. |



SUMVARY OF THE INVENTION It is an object of the present invention to speed
t he operation of asynchronous interfaces connecting different systens on a
conput er bus. It is another object of the present invention to provide
asynchronous interface systens for comutger. buses which operate nore
rapidly to acconplish a read handshake than do systens of the prior art.
According to the present invention there is provided an interface for

~transferring data on a bus bet wBBMMARY| ORt TRENINVENTIONt em and a second

conput 8L/ syst em said first conputer system operating in accordance

with a first clock and _said second conputer system operating in_accordance
with a second clock, sd&itd ¥§ ran chiece@ihdhe auesendy davestdan & sreed

anot her, said itheeer foise@r2016M | S6PJY: aBPABArbAbus’ O\inteRdatesnaldonnedbine
first conputer ,systemto the second conputer systemto indicate to the
second conput efh%?ﬁr&ﬂtt IS T 191 & %egr emrequests to read data

| ocated at a specified address of the second conputer system determ ning

nmeans, coupled to tfe ’ée&%@h{log?ﬂ%gétsé‘ftﬁﬂbt grk%gg‘itvqn%?tﬁgg‘ci&j ed

address, for deternining the anount e require I the seco
conput er syst eProyids @syxnchuanousintenfane syatens far Gannuten dusss

means coupl ed {4 ildhe dHERItE Midie MPRITY It dREdHPd sh @ hd iHliRIsHakd he
first conputer system \
than do systems of the prior art.

According to the present invention there is

N\ provided an interface for transferring data on a bus
between a first computer system and a second computer
system, said first computer system operating in
accordance with a first clock and said second computer'
system operating in accordance with a second clock, said
first and second clocks asynchronous to one another, said
interface comprising: |

means for providing signals from the first
computer system to the second computer system to indicate
to the second computer system that the first computer
system requests to read data located at a specified
address of the second computer system; - '

determining means, coupled to the second
computer system to receive the specified address, for _
determining thé amount of time required for the second
computer system to retrieve the requested data at the
specified address;

means coupled to the determining means for
providing a coded signal to the first computer system
indicating the amount of time required for the second
computer system to retrieve the requested data and place
the requested data on the bus; : _ _

wherein said first compui:er system retrieves the
requested data at a time indicated by the coded signal



i ndicating the anount of tine required for the second conputer systemto
retrieve the requested data and place the requested data on the bus;
wherein said first conputer systemretrieves the requested data at a tinme |
i ndi cated by the coded signal wi thout waiting for a handshake si gnal
generated by the second conputer syst indicating that data is avail abl e
on the bus, thereby elimnating the wait time required for the second
conprtg{ systitonthawaditidkg Sognal ,handskakengiyhal Jenelaited e&hggjfs
avail able o a AN uter .system, BRLEF. . A
DESCR PT! ON P SRBRTREE BVt 1hnlbafdWy (e aeh s oPRLLEPLE g o
priar art i@rerthee st chhenebyosddminaginggcthrer wait Sisensequinedg
synchronousiger 5 £héUr 8edohl) icompultied NGyHtad HN I hdnEsHnAté NI FBﬁaiLgnals
utilized |n.tQ§Ih ndshag pqégglgh for the interface sgiten1|f Ustrated in
Figure 1 (a}PfrEe( Ea | | r9RER Teapested);ig aVARIARIS: iR Hhe
circuitry fdusl0 taqeegh i tlhe nfitse compater s¢stahormation in the :
handshake operation in between two asynchronous systens. Figure 2(b)

illustrates a timng diagram showi ng the signals utilized for acconplishing
a handshake in an asynchronous wite handshake operation as



15 shown in Fi gure 2(a). Figure 3(a) illustrates in block diagramform an
I nterface system constructed in accordance with the present invention. 20

Figure 3(b) illustrates a timng diagramfor the operation of the interface
system shown in Figure 3(a). Figure 3(c) illustrates an exenplary codi ng of
signals used in the operation of the interface system shown in Figure 3(a).
25 . Figures 4(a):and 4(b) illustrate the precise manner in which the

different delays may be made to fit an interface for systens operating at
two di héerent specified clock frequencies. 5 NOTATI ON AND NOVENCLATURE Sone
“portions of the detailed descriptions which,follow are presented in terns
of algorithnms and synbolic representations éb.oper_ations on data bits 10
Fepresent ac| ons. ar ot he’ neBHiEE-BREKAEATON LEOTHE dRAWINGS |
representations are the _ T ' a 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
sel f-consistent 15 HFegameehapisod biockdiagramdiiugiratingaa pror artihteréace! systeh for
steps are those requiring physical manipul ations of physical quantities.
Usual | y, t hougtcanmectiag degether two syste@squaningtsyachrtaniouslyhe f or m of

el ectrical or magnetic signals capable of being stored, transferred,

conbi ned, cénpared, and otherw se mani pul ated. It has proven conveni ent at

o e 2 R AR W g i

handshake operation for the interface system illustrated in Figure 1(a).

U
Figure 2(a} illustrates in block diagram form prior art circuitry for

10 - accomplishing the transfer of information in the handshake operation in

between two asynchronous systems.

Figure 2(b) illustrates a timing diagram showing the signals utilized for
accomplishing a handshake in an asynchronous write handshake operation as

15 shown in Figure 2(a).

Figure 3(a) illustrates in block diagram form an interface system

constructed in accordance with the present invention.

20 Figure 3(b) illustrates a timing diagrarh for the operation of the interface

system shown in Figure 3(a).

Figure 3(c) illustrates an exemplary coding of sigﬁals used in the
operation of the interface system shown in Figure 3(a).

25



nunbers, or the like. It should be bone in mnd, however, that all of these
and S|n1Iar terms are to be associated with the approprlate physi cal
quantities and are merely convenient |abels applied to these quantities. 25
Further, the manipul ations perforned are often referred to in terns, such
as adding or conparing, which are commonly associated with nental
operations performed by a human operator. No such capability of a human
operator is necessary or desirable in nost cases in any of the operations
descri bed herein which formpart of the present invention; the operatrgmﬁ
are machi ne operations. Useful nachlnes for perform ng t he operations of
the present invention include general puUfpose digital conputers or ot her

simlar 5 devices e et e. neth

operations in opergigibﬂﬁsag&aé%ﬁg f(g n@ﬁ@&?ﬁhg %‘ﬁgﬂgﬁﬂ\?@g P'Qfﬂgﬂ qo'feg%?‘r
shoul d be bor ggigl nidy1ble meid 1Bt B Ihtekfae Tr n%aa&%ua aP PGB and t o
nmet hod steps tor “operating a conputer 1n pro eSS|ng el ectrica ot her

(e.g. mechani gpécifiedt elockafroqueéncies.al signals to generate other desi red
physical signals. 10 Throughout this specification where a conputer system
is referred to, it should be understood that the termis intended to

include circuitry often referred to as central processing systens,
co-procesd ng systens for a55|st|ng central proce55|ng systens such as in
mat hemati cal mani pul ati ons, xnd the |ike as

wel | as conpl ete i ndependen ESCRIP OF THE
PREFERRED ENMBCDI MENT 20 Flgure 1(a) Is a bl ock dlagran1lllustrat|ng
a synchronous interface systemfor connecting together two systens running”
on the sanme cl ock. Soye portiénsofitteydetaileddesaiptions sdtichfllogera presanted ifat a o

bus 11 which, in the
terms of algorithms and symbolic representations of operations on data bits

.10  within a computer memory. These algorithmic descriptions and representations
are the means used by those skilled in the data processing arts to most

effectively convey the substance of their work to others skilled in the art.

~ An algorithm is here, and generally, conceived to be a self-consistent
15 sequence of steps leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals capable of being
stored, transferred, combined, compared, and otherwise manipulated. it has \J
proven _convenient.at times, principally for reasons of common usage, tb refer |
20 to these signals as bits, values, eleménts. symbols, characters, terms,
numbers, or the fike. It should be bome in mind, however, that all of {hese_and
similar terms are to be associated with the appropriate physical quantities and

are merely convenient labels applied to the'se.quantities.

25 Further, the manipulations performed are often referred to in ferms, such
as adding or cbmparing. which are commonly associated with mental

operations performed by a human operator. No such capability of a hu?nan



‘preferred enbodi ment, nay conprise thirty-two lines for carrying data. Al so
connecting systemA to systemB are a wite line 12, a read |line 13, and an
.25 acknow edge |ine 14. A system cl ock appears on line 15 and is furnished
to state machines 16 and 17 which control the handshake operation between
System A and System B. As used in the present disclosure, state nmachi ne
refers to a digital logic state machi ne, a processor such as a centra
processing unit, or sone other circuitry providing control functions. Al so
shown o Figure 1 (a) is an address bus 18 for conveying addressing

I nformati on between the systens A and B. 5 Figure 1 (b) is.a timng diagram
which illustrates the signals utilizedgzn a typical full handshake read

operation. These .include a clock signal which_ is. ni d to .each of the
SFate nachi ndoton R acPsSagdasiallen s SPeh i S PRI SRR 15,
read signal Js ; ; I'?;p? ﬁé% ; i irgnal
provi ded on %gxﬁgﬁSWé%g@“{h?ﬁg“f. f#ﬁg der f?(r')hv;égggﬁrrﬁﬁias egéhrbgig?r@
operati on i n pRadhife Bperatioas.s UseRinmathineedospafarming the speraishsof théie state
machine 16 on the read line 13 following the rising edge of the first clock
pul se 100 angrésentdnibriion inéludagedeatad putpase digital computersent adhertsimilarddr ess

bus 18. Follow ng the risi n% edge of the second cl ock, pul se 101, 15 the
read signél idevicesplladlisasesdhe distinctipn batween the methed Bﬁ?@t'ﬁm"‘c he address

poi nt it 1 o neERuierd Cotpuldi Fhee PahEFoF b mAIshOF 1B6f Lita BTl " | ©

T ferent 11 s O e B o e e Tor e 1 the

s§‘s’t em B may gpewatinigea@ompiitercin grecessthg eleotrical ar ather ¢e.gamechaniaalpt her

address chemical) physical si'gnéls to generate other desired physical signals.

10 ' |

- Throughout this specification where a computer system is referred to, it

should be understood that the term is intended to include circuitry often referred
to as central processing systems, co-processing systems for assisting central
processing systems such as in mathqmatical manipulations, graphic_:al

15 accelerators, and the like as well as complete independent computer systems.

20 ~ Figure 1(a)‘ is a block diagram illustrating a synchronous interface
' system for connecting together two systems running on the same clock.
~ ‘System A and System B are connected together by a data bus 11 which, in the
' preferred embodiment, may comprise thirty-two lines for carrying data. Also
connecting system A to system B are a write line 12, a read fine 13, and an
25 - acknowledge line 14. A system clock appears on line 15 and is furnished to '
state machines 16 and 17 which control the handshake operation between |

System A and System B. As used in the present disclosure, state machine



may require several clock periods. The time required to obtain information
at sone addresses may not, in fact, be pre-determ nable. Once the

i nformati on has been found, it is transferred onto the data bus 11. In
Figure 1 (b) the 25 wvarying tine required to obtain the data and place it
on the data bus 11 is indicated by the broken lines in the-latter portion
of the second cl ock period 101. 10 On the rising edge of what is shown
in Figure 1 (b) as the third clock pulse 107, an acknow edge signal is, sent
i ndi cati ng data has been placed on the data bus 11 and is ready to be #gad
by the system A. The acknow edge s signal is read by the state nmachine 16
of system A on the Ieading edge of the next ocpck pulse 108 allomﬁng the

termnation of the re Si to ocC Ur Fi nal | ac nOV\46
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bet ween two ﬁf(éq‘&héﬁaeas%s&bﬁsem%forleoneeymgxa‘aaeé&wrgunwm;@ﬂ betwéern mat ,
system cl ock n Figure 2(a), systemA operates in a response to a first

clock A whil esyswshemdhdBerates in response to a second clock B. System A
Is joined to systemB by a 1 5 data bus 11 and an address bus 18, and has
read |ines13 and acknow edge |ine 14 for acconplishing the read handshake
bet ween the two sy tens

shown in Figure 2(d 9“'351 (Pﬁ\lﬁrﬂ ?'Eﬁggl g%ﬁ‘t"\"y&? Hﬁgﬁé@aﬁtﬁ@%ﬁdﬁt"ﬁg‘s frggd
o o gl ot s 1=, -
furnished to each of the state machines 16 and 17 of System A and System B
on the clock line 15, a read signal provided on the read line 13, and an
10 acknowledge signal proVided on the acknowledge line 14, In order to
accomplish a read operatio'n ina synchronous system, a read signal is
provided by the state machine 16 on the read line 13 following the rising edge
of the first clock pulse 100 and the address of the data to be read is placed on
the address bus 18. Following the rising edge of the sacond clock bulse 101,
15 the read signal is sampled by the state machine 17 of System B and the

address of the data to be read is read by system B from the address bus 18.

At this point it is necessary for the state machine 17 of the systemBto

obtain the data from the addressed space. This may take any of a number of

20 different time lengths. For example, data at an address at one point in the |
“system B may require one clock period to obtain while data at another address
may require several clock periods. The time required to obtain information at
some addresses may not, in fact, be pre-determinable. Once the information
has been found, it is transferred onto the data bus 11. In Figure 1(b) the

25 varying time required to obtain the data and place it on the data bus 11 is-

" indicated by the broken lines in the latter portion of the second clock period

101.



‘Because the two systens A and B are driven by two different clocks so that
signals which are sent fromsystem A appear at one rate but can be used at
-system B only at a second rate and vice versa, it is necessary to
synchroni ze 25 the signals transferred between the two systens to the

cl ocks of the receiving systens. In order to acconplish the synchronization
of the read handshake signals between the two systenms A and B, a pair of
flip-flops are used in each handshake line. In-operation, the state
machi de* 16 of system A places a read signal on read line 13. The read
signal on read line 13 is transferred to the input of a-first flip-flop 20
which is driven by clock B. The output of the flip-flop 20 is transferred
to flip-flop 21 which is also driven by cl B and then to the 5 state
machi ne 17 of system B. The data is access and placed on the data bus 11,

rand an acknow edge Gri thedising o8g@ 0 Whahist SHOWRCIK Figdradgs) 4¢ fi thitd cldik
acknow edge signal fromthe state nmachine 17 of system B are furnished to a

first flip-fl poisa3107, andacknowlédge sigokl ia. sehbh indicdtingtdatd habdebhigtadddogn 23 i s
furnished to a flip-flop 25 which is also driven by clock A and furni shes

an output to thedatabus ihandie reaslydo heweadby:thmsystem Jurheqaknowladget r at es
209 oL 20 TR 58 AN 1 S A BB e TGO o
ey =" eoc Y PRcR BBl Y6 ety Oy i ol Sty ol 2°,
dat a i nf or mat iFpmally2¢he acknowlébigé Biynai fiaybectbaminated fflohvirigsthedkbadikg idgee 200
f clock A the read signal fromstate machine 16 is driven active on the
réad |ine 13. opthe hextselecknpulsé dOB. pul se 251 of clock B, the read pulse is
provided to the first flip-flop 20 '
10 Figure 2(a) illustrates in block diagram form the typical circuitry in the
prior art for accomplishing the read handshake operation between two
asynchronous systems, i. e., systems running on different system clocks. In
Figure 2(a), system A operates in a response to a first clock A while system B
operates in response to a second clock B.- System A is joined to system B by a
15  data bus 11 and an address bus 18, and has read Iiné 13 and acknowledge
~ line 14 for accomplishing the read handshake between the two systems. Also
included in the normai interface but not shown in Figure 2(a)'is' identical
circuitry for accomplishing the read handshake operation in an opposite
direction; since the operation is the same, only circuitry for transferring in one

20 direction is illustrated.

- Because the two systems A and B are driven by two different clocks so
- that signals which are sent from system A appéar at one rate but can be used at
~ system B only at a second rate and vice versa, it is necessary to synchronize
25 the signals transferred between the two systems to the clocks of the receiving
systemé. In order to accomplish the synchronization of the read handshake

signals between the two systems A and B, a pair of flip-flops are used in each



which attenpts to assune a set state. In fact, the particular state the
flip-flop 20 actually takes wll depend on the timng of the appearance .of
the read signal 25 and the B clock pulse. If there is sufficient set-up .
i and hold time for the incomng read signal to stabilize at the input to the
| flip-flop 20 when the clock pulse is received, the flip-flop 20 wll set;
! and the read signal will be synchronized with the clock of the system B.
| However, depending on the tine at which the clock pulse is received and the
val ue of the inconing read signal at that instant, the first flip-flop»®
nay, in fact, assune a netastable cond|t| n, swtching erratically between .
the two pOSSIb|e states-and finally set t i Hng into one of the 5 states.

' the correei shandynalg inandnapzeetan e S meBtine, bt SR £ Slecht aireld oo
| of the system g gRyl e Ta0 faisal Ukl oh oad @18 0aRlenbd g ¢ e

next clock w I p-Tlop sync ron| ze the rea si gna

al t hough one ﬁﬂﬂ}t Hols 20ewhieH iS Afvereby cloeR®@. THe \dowur ot thd flip-fio
condition of t fbrlagﬁ%”gb B on the risi ngvedge of the ﬁ:frd cl ogk Sm se
252 of clock BOi$ Inanetdrwdttodﬁp-ﬁlbp 21| which i pisp@rives hyrelociyBtand: then te the
signal provides an output_to place the second flip-flop 21 into the sane
state. Thus, stademaahing bhobsystemB.ranged in the path in order to isolate
any erratic 1 5 switching of the state of the flip-flop 20 fromthe state
machi ne 17 of t'he receiving systemB. As may be seen, the use of two stages

of flip-flops to rjﬁﬁ dé?e?%?g%%ga%&w@ﬁ fhéiggt% Bus J‘paas‘,{d% addi tional .

clock periods to e roni zation I n an asynchronous W
i nt er f ace " desizgRRGwicligd Eigral a8 pracetdidh tHecadknowledyd line2®4. The acknowledge |

signal from the state machine 17 of system B are furnished to a first flip-flop 23

10 driven by clock A. The output of the flip-flop 23 is furnished to a flip-flop 25

which is also driven by clock A and furnishes an output to the state machine 16

of the system A.

Figure 2(b) illustrates a timing diagram showing the signals utilized for
15 accomplishing 5 hahdshake in an asynchronous full handshake read operation
between system A and system B of the prior art. The signals shown are clock
A, the read signal, clock B, thé acknowledge signal, the address information,

and the data information.

20 On the rising edge of the first clock pulse 200 of clock A, the read signal
from state machine 16 is driven active on the read line 13. On the second
clock pulse 251 of clock B, the read pulse is provided to the first flip-flop 20 |
which attempts to assume a set state. In fact, the particular state the flip-flop 20
actually takes will depend on the timing of the appearance of the read signal

25 and the B clock pulse. If there is sufficient sét-up and hold time for the incoming
read signal to stabilize at the input to the flip-flop 20 when the clock pulsg is

received, the flip-flop 20 will set; and the read signal will be synchronized with



Assuming flip-flop 20 was able to set after the rising edge of clock pul se
251 of. clock B, after the rising edge of the third clock pulse 252 of clock
:B,.the read signal is synchronized to the clock of systemB, and the state
machine B may sanple the read |line. .-The address of the data to be read,
pl-aced on the 25 address bus 18, may now be read by system B. At this
point, as with a synchronous system it is necessary for the state nachine
17 of ,1he system B to obtain the data fromthe addressed space. This may
take & of a number of different time lengths. In Figure 2(b) the tine
required for this operation is consider to fall within the period between
the 5 broken lines after the third clot® period 252 of clock B. Once the

i nformation h It RS r t { Wien
the 1 nfor mat 1 anerdock S8 System "  HoReRe dpendRl SrithE s i e pRE
may be sent. ThfséreeveddmhdtheRalud NESHIh ' ' 7 to
the first fli pélgl op 23 on the ag%ouvs{ gdtggql?cﬁg ?Téaar%g’"gf g’;‘ﬁ%ﬁ?’%@é‘g‘aﬂés on
_ the rising eddastfliptflop 20 owdy, infast a38iimefa metastabiesonditionf switchiret s
flip-flop 23 and the second flip-flop 25 on the rising edge of the clock
pul se 208 of carstically batween thertweepossible states and digallysseftiag into anerafitter ed
A of syste n the rising edge

h ized wi,th 15 .th ..ocC, A  Finally, iS
of "the ol odkc priptes: Jyumaren; il s rn 3ha o s Pt s Ho-matesy isbisdeim d by
th tat | I, t]
(deasser ted) oo SeEatetl e Fosa Yihds Ui DG nitoRGed Witk g RERR AR o e
read line 13, dystetnlB produemgidicodBut fol set thd tipRidp 21 ﬁﬂof,@heﬂhf]:&fm:fclé jpassune
orrect state (as explained above) on the rising edge of the clock pul se
259 of cl ock Bsetrthe fipefiep20randfsyinchiomize’thet eadssignat althougt end additibsalon t he

ri sing edge of the clock pulse 260 of clock B to synchronize the
deassertion ofcle¢lepeded hasbean usedh clock B. Finally, on the

10
Whatever the condition of the flip-flop 20, on the rising edge of the third
clock pulse 252 of clock B, the output of the flip-flop 20 responding to the read
signal provides an output to place the second flip-flop 21 into the same state.
Thus, the flip-flop 21 is arranged in the path in order to isolate any erratic
15  switching of the state of the flip-flop 20 from the state machine 17 of the
receiving system B. As may be seen, the use of two étages of flip-flops to
receive the handshake signals adds at least two additional clock periods to
each step of the synchronization in an asynchronous interface designed in
accordance with the prior art.
20
Assuming flip-flop 20 was able to set after the rising edge of clock pulse
- 251 of clock B, after the rising edge of the third cloc_:k pulse 252 of clock B, the
read signal is synchronized to the clock of system B, and the state machine B
may sample the read fine. The address of the data to be read, placed on thé

25 address bus 18, may now be read by system B.



ri sing edge of the clock pulse 261 of clock B. the state machine 17 may 25 -

deassert the acknow edge signal on the acknow edge-line 14. The deassertion
of the acknow edge signal causes the attenpted change of state of the
flip-flop 23 on the rising edge of the clock pul se 214 of-clock A and a

change of state of 14 flip-flop 25 on the rising edge of the clock pul se:

215 of clock A Finally, the state hachine 16 of system A sanples the

deassertion of the acknow edge signal on the rising edge of clock pul se 216 .

of clock A. 5 It will be understood by those skilled in the art &%
review ng the typical operation of the prig art interface system just
descri bed for connecting asynchronous syst to transmt information to

one anot her, that < of Ml raklon, ;

asynchronous syst eé&qﬁ'escf&tﬁdr“é?%ﬂ%é?’éﬂﬁ?gﬁ)&%g&%@’ @fg %‘f?}gg&u@ﬁ “feoﬁ'&é? t han
the time requhberinkqy7 ARG EPLMB 18 obfain tH dRE M tHe! adifesteBypacePaHRd | on

i n a synchronous system The transfer of information to acconplish a wite
oper ati on opeanay take ameoofia rsmbesetditfedeny titmadengthe. WoFigate 2(bjthastirlees t he
read operation insofar as the handshake signals are concerned. The only
real differ erféquired forthiseperation !ﬂ@ﬂsmedg@fﬂlWMB the period betweeartbper of

data. | | t t] the data is, i di | | | for t f :

from syst 6m AroReR Jeegaher et chckinstiod PPEafcac B Hed thainiSimaton. -

found at - soney Actk ol RISHEAYEN Sntd ' ddta b1y | e red from system B to
ecause e Inro

system A. 20 rmation 1S 1Tnmedi ately available in the
wite operation, various circuitry has been proposed to elinmnate sone of
the delay found in the wite handshake operation. However; a read operation
cannot utilize such circuitry-to elimnate the ‘delay necessary to
synchroni ze t he handshaki _n(i] L '
When the information is placed on the data bus 11, the acknowledge
10 signal may be sent. The acknowledge signal is provided by the state machine
17 to the first flip-flop 23 on the acknowledge line 14. The diagram presumes
on the rising edge of the clock pulse 207 of clock A successfully sets flip-flop
23 and the second flip-flop 25 on the rising edge of the clock puise 208 of
clock A. At this time, the acknowledge signal is considered synchronized with
16 the clock 'A of system A. Finally, on the rising edge of the clock puls_e_209_of
clock A, the acknowledge signal may be sampled by the state machine 16 of

system A and the read pulse driven negative (deasserted) on the read line 13.

When the read signal is deasserted on the read line 13, it will cause the

20 first flip-flop 20 to attempt to assume a correct state (as explained above) on the
rising edge of the clock pulse 259 of clock B and the second flip-flop 21 to
assume a correct state on the rising edge of the clock pulse 260 of clock B to
synchronize the deassertion of the read signal with clock B. Finally, on the
rising edge of the clock puise 2_61 of clock B, the state machine 17 may

25 deassen the acknbwledge sigﬁal on the acknowledge line 14. Tﬁe-déa_ssertion
of the acknowle_dge signal causes the attempted change of state of the flip-flop
23 on the rising edge of the clock pulse 214 of clock A and a change of state of

\/



oper ati on between two asynchronous systens for two reasons. First, the data
25 to he read is not imediately available as is data to be witten so.it
cannot be i mmedi ately transferred. Second, obtaining the data from

di fferent addresses which may be read in system B takes different |engths
of time which depend on the particular address and device state. Data at
one address may be available imedi ately, data at another address may be
avai | abte in one clock period, data at another address may be available in
two cl ogl periods, and the time to obtain data at sone addresses may not be
pre-determ nable. For this reason, it 5 IS necessary in prior art
interface arrangenents to utiIize t he standqu.nethod for synchroni zi ng

read handshake signal s. [ si gnal ‘i s provjde y the system A

synchr oni zed thﬁ'B&?ﬁ 35/\8"5?%1&§'§9(ﬂdgpl r}h? p&;gp 5@%&9&& é‘?@qyei'?

. System B then r onse
tg t he signal . ﬁ%&n“‘%ﬂﬁmg a&,ss}s@qal ne ?/t"gayggé%ﬁe@'&m@ tﬂgta%tlg@%légg

the data bus tosu%ﬁélté:mih‘é riélﬁﬁ’ea o F CloRRIpRAkEe2 18 Bf@bck A, sent to system A and

synchroni zed through two stages of flip-flops. Later the deassertion of the

read and the acknow edge si gnal s nust each again be synchroni zed through
two stages of flip-flops. Thi s invention provides a new

arrangement 5 or deallt M@}‘ WPMﬁ@ﬁ@%ﬂ’h}"%ﬁcﬁh'bﬁh'ﬁé%%énﬂ'?v'ﬁwwgrféﬁdymaﬁlds hake
where there are two,.as hr onous, sys ni,c t h _one .anot her.
FITSt, the systQRRTBHON R IILENGHA GHER-e3IRTE 105 056k lof fofhécig
synchroni zation se@
- system handl es ?%Ie reaé;u I'ng-o Wn Oﬁﬁrﬂéﬂ@ﬁﬂ#ﬂﬁ%ﬁ}ggiﬁ %@Q"\%@rbggééel g;‘gf
havi'ng di f f er enhakdyhake tead vperaliohfor stidtean \sysehronsLs gsesemrﬁe@nfeerwerrent
for dealing with unknown del ay periods during a read operation. Figure 3(a)
i I | ustrat es an subsianti@abpetiod of tinncmmhalgngamhm the time required for accomplishing

10 the same full handshake operation in a synchronous system.

- The transfer of information to accomplish a write operation operafion
requires essentlally the same operatlons as does the read operation insofar as |
the handshake signals are concerned The only real dlfference in the two

15 interface operations is in the transfer of data. In a write operation, the data is
immediately available for transfer from system A to system B while in the read
operation, the data must be found at some address of syetem B and then is

transferred from system B 1o system A..

20 Because the information is immediately available in the write operation,
various circuitry has been preposed to eliminate some of the delay found in the
write handshake operation. However, a read operation cannot utilize such
circuitry to eliminete the delay necessary to synchronize the handshaking
operation between two asynchronous systems for two reasons. First, the data

25 to be read is not immediately available as is data to be written so it cannot be
immediately transferred. Second, obtaining the data from different addresses

which may be read in system B takes different lengths of time which depend on



constructed in accordance with the invention. The arrangenent includes a
first system A which operates on a first clock A a second system B which
operates 25 on a second clock B, a read line 40, a data bus 47, an address
bus 48, and a plurality of acknow edge |ines 41-45. Each of .the

i ndi vi dual acknowl edge lines 41-44 may carry a zero or a one bit. Rather
than constructing the synchroni zation in a manner in which each signal is
synchroni zed to the clock of the receiving systemas it arrives, the _
present system stores the addresses of the second system and the known; %
times for retrieval associated with each of such addresses, conpares tThe
address on the bus with the stored addrepSgs to generate a signal
indicating the tinme for retrieval of data at the particular address,
transnits codB® PEYRWATaddiass and dgvicastate: iData at @neraddressiinag beysisfiable

decodes the gj . ing the delays so that the recelving system
may be prepa?@%’gtﬁh'gaaﬁ%sgé?&gef Fﬁgfeﬁﬁ "¥§Y0b?@(¥é|'w9t'%9"9r¢l®krmribdn, and
provi des st aRgg Sthar ap! [ s few addresses the time for
retrieval of inf gﬁ %gt | on%?%%n%v!ﬁ%'cﬁei%&@ﬁb‘mw ﬁﬁpg %&Pﬁ?-aﬂdéﬁwimm a |
preferred enbbtainsaita abstmeeridresses ah e“%f#gi of .t he
system A on the line 40 is directed t%’ﬁ%‘%ﬁ%ﬁf&?ﬁ&%@m co itﬁgt'%%ﬂ\' 'tarray
| ogi ¢ ci r&ui S Becessanhin prion art inkenfacecardngamems @ utildethedidmiaid ethsd € ' ed

on the addregs bus, 48 .f.rom-sg tem A to systemB is also directed to the
encodi ng cont®hS¥NChrRNizing res ﬁ’@gﬁ%hfﬁﬁer 1als.5 Thahisyastead| signad is provigedof

of i i or mat O 18 Yt A BypEiead HBugHaee Siages ol Miotaps ancsampiodty -
Com v | o AR Stk it R b OSIGR con
on he addr esespunse46 thedignal Whed thé daf istMainBa By ¥yshntB, S O &Y
10 the data bus to system A, and an acknowledge signal is sent to system A and
synchronized through two stages of flip-flops. Later the deassertion of fhe read
and the ac!gnowledge signals must each again be synchronized through two
stages of flip-flops.

15 This invention provides a new arrangement for dealing with the delay
problem posed by the read handshake where there are two asynchronous
' systems communicating with one another. First, the system eliminates most of
the delay caused by the synchroniz_afiori of the two systems to the two different
~ clocks. Second, the system handles the reading of information from an
20 addressed system having different known delays. Third, the system provides
| an arrangement for dealing with unkno'wn: delay periods during a read
operation. Figure 3(a) illustrates an arrangement in block diagram form
constructed in accordance with the invention. The arrangement includes a ﬁrét :
system A which operates on a first clock A, a second system B which operates
25 on a second clock B, a read line 40, a data bus 47, an address bus 48, and a

plurality of acknowledge lines 41-45,



the particular address. This delay is sent on the acknow edge |ines 41
through 44 to the state machine 16-as a coded response indicating the
specified delay 25 tine. It is decoded by decode conbi national | ogic
‘circuit 50 residing in state nmachine 16. At the time specified by the coded
response, the data at the addressed position wll have been placed on the

data bus 47 and nay be I medi ately utilized by system A if state nachine
116 dekermines fromthe decoded delay that the read data has sufficient
setup';\’i;,rre to clock A. Figure 3(b) illustrates a timng diagram

illustrating the clock A clock B, 5 address and data information, the
read pul se, and the acknow edge signal asléhey appear on the specified

lines of the interface,bet . .\ Py § [.S] cl ock
pul se 300 of clock 1aqhh§\‘ tﬁﬁﬁ@?@%@%"é‘cﬁdﬁgﬁwfﬁégggr@ié%ss%g?oa%at he
read signal is 4aSEitt GatEt thae cofstficting thet Symdhrohigatidriinea Wamhenin whichf
system A. The read signal and the address are connected to 10 encoding
conbi nat i on | oggehcsigaaliis syachrdhized tythe clock of the teapiving sysiemtasdit avives,
acknow edge signal s g/hi ch are immediately placed on the lines 41-44 at the

state machi ne 1hegiresgniisystem storesdhe agddressgs of the second sysiam and thasknawny 4s
and the read signal  togethe enerat e.j he engode know e ' S
speci fyi ng he tae%;orffgm%Lagﬁ%at?é Efagééﬁﬁé’gé."cgﬁ@é&éﬁé- %ﬁ%%ﬁgﬁé the 15
acknow edge lines,41- iy g4 Nelo y fei rehtipause
t he decode conb?if’r{?%%ﬁﬁltﬁé]g&ygx '@C}H%%' @h@%@pﬁ%@%&@?ﬁg%ﬁtsﬁgf g@i‘%élﬁ?o t he
state machi ne ‘1§ qlifige sotaetdeval siaty af the pdrficuideaddress Grarmshisandby sigrials he
ri sing edge of clock pul'se 301 of clock A the state 20 nachine 16 nay
sanpl e the out pipticating tikostcimes tocthetsenaingosystemo decodss the signals representingt he
time at which the data will be available on the data bus 47. ,Af,terqqfdhe
specified del aythesdelays s@thaltheteceiving system may, beiriepared @b she ingicateg.yme

10 to receive the information, and provides standard synchronization for those few

addresses the time for retrieval of information from which is unknown.

More particblarly. in a preferred embodiment each read sighal sent by
the state machine 16 of the system A on the line 40 is directed to an encoding
{5 combinational array logic circuit 51 in the state machine of system B. The
address transferred on the address bus 48 from system A to systém B is also
directed to the encoding combinational array logic circuit 51. Almost all
— | addresses df system B will (in the usual case) have known time delays for the
retrieval of information in response to a read request. As pointed out above,
20 some of these delays may be’ short while others are long. The encoding
combinational érray logic cifcuit 51 of system B receives the address sent on
the address bus 48 and the read signal and generates an encoded delay for
the particular address. This delay is sent on the acknowledge lines 41‘ through -
44 to the state machine 16 as a coded response indicating the specified delay
25 time. It is decoded by decode combinational logic circuit 50 residing in state
machine 16. At the time specified by the coded response, the data at the

addressed position will have been placed on the data bus 47 and may be



Is placed on the data |line 47 in response to the rising edge of clock pul se
356 of clock B. At clock pulse 307 of clock A the data is read by system
A, and, at 25 clock pulse 308 of clock A the address and the read sighals
are deasserted. Since these are directly connected-through the ’
conmbi national logic of the circuit 51, thé acknow edge signals are renoved
fromthe acknow edge |i nes 41-44. At the sane tine, the data is renoved
fromthe data bus 47. It should be noted that at no tinme has it been -
necessary to utilize the clock B pulses at all in acconplishing the &J°
synchroni zation except in clocking the data onto the data bus 47. 5 Figure .
3(c) illustrates an exenplary coding of the b gnal s appearing on the lines
In a preferred enbodi nent,

't Zoros appdBmeiRBRAHIERd B shsla K Retemcking 118 Meteigmnes bomdbpi oval of
I nf [ f Th f [
ci'gni 11 es. 1o egUed SR tafy sk Hefs hits SUIRRIN sllp fodfo ook (he woual |

formof two flip-flop synchronl zation be acconplished between system A and
B by the line 45. As pointed out above, the unknown delay situation is an

unusual situati on Figure\3(b) illosteates iantimingudiagam ilstrang! tHetloSIOA! éfobR'B of
synchroni zing two conputer systems. The nethod and signals for

acconpl i shi ndaddiess an(iﬂﬁ%mmonomea‘eed|mllsmaoddhacaekmMedgé<5|gimas| pt.i on
provi ded for hand, the delay to

bt a n ¢ he. 4Py BB56Ar O the Siecilegines.of dba Injerins oeneon systams Acnd .
CE! et " A 08 i S48 bt o bl S GR e RN Ao b "
appearing on dddféssBus48 af@RE Fedti'sighAl 18'2888rtdd BF the'tddd ine 40 by the state . -
machine 16 of system A. The read signal and the address are connected to
10  encoding combination logic circuit 51. The logic circuit 51 generates the
~ coded acknowledge signals which are immediately placed on the lines 41-44
at the state machine 17 of system B. In effect, the address on the address bus
48 and the read signal together generate thé encoded acknowledge signals
specifying the delay for the specified address. These are placed on the
15  acknowledge lines 41-44 and within a single clock period of cloék A cause the
decode combinational logic 50 of the state machme 16 to provide to the state

machine 16 the specific delay for the address

Consequently, at the rising edge of clock pulse 301 of clock A, the state |
20 - machine 16 may sample the output of the decode combinational logic 50 so -
~ that it knows the time at which the data will be available on the data bus 47.

After the specified delay (shdwn below the data signal in Figure 3(b)), the data

is placed on the data line 47 in response to the rising edge of clock pulse 356 |

of clock B. At clock pulse 307 of clock A, the data is read by system A; and, at
25 - clock pulse 308 of clock A, the address and the read: signals are deasserted.

Since these are directly connected through the combinational logic of the

circuit 51, the acknowledge signals are removed from the acknowledge '|ines
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Indicate that the delay is twenty nanoseconds, ones on |lines 41 and 42 and
zeroes on the other lines wll indicate a thirty nanosecond delay, a one on
Jine 43 and zeroes on the other lines will indicate a forty second
nanosecond 25 delay, and so on. It will be noted that using this exenplary
codi ng arrangenent with del ays spaced by ten nanoseconds allows retrieval

times fromten nanoseconds to one hundred fifty nanoseconds to be
speci f*ed by four acknow edge lines. It will be obvious to those skilled in
t he art\ that by varying the nunber of 5 i nes available for transmtting

t he coded acknow edge information or by chan%ng t he meaning of the
particular intervals from for exanple, ten{#noseconds to five

nanoseconds, a riety of different. delays na obtai ned. to fi n '
partroutar | nt ebTdde AP saiadins. Yhe BB TaeVed folindl dita phg o7, haBRty be
signify positio ' ﬁﬁge 7 t .
nanoseconds, nu@ﬁteglttg%% ﬁ@gﬁéﬁgsﬁé{s/&%’é an%?é?.a i/ﬁggéﬁdéljﬁgwﬁﬁr%"'sléét%oatsal"g'ﬁi fy
fi ve nanosecondacgsifpisingthd syithidifizftionsexdeptn EBrkiG thé dataento the data
Furthernore, providing lines to signify lesser tinme delays allows

i ndi vi dual del abas#éd@. be nore precisely selected to fit nore exactly to the

exact clock cycles utilized by the sending and receiving systens to
elimnate ndre of the 15 systemtine loss. In any case, the arrangenent

i des for i medi oni.zat i f ipf ' d bet .
Bynchr onous syst ens AU AU anrafts, 8 e8pripiins B8ing o} the Sionefs Ahrarng n on
f the handshak i ag; t ' th
opeed of the | ni P-4 inShdor SZpBLAY MepeticaRt udleyy FERDrGRRLET 1
nmay” be provi dedehfjodiments it 2erfds gppear onhrezich®t lihes Be-445 Bsbritheiiss oMt f r om

system A; and the sane details would be.included in such a system

retrieval of information for transfer to system A is unknown. This coded

10 information signifies to the system A that synchronization will require that the
usual form of two flip-flop synchronization be accomplished between system A
and B by the line 45. As pointed out above, the unknown delay situation is an
unusual situation and will occur infrequently in the usual operation of
synchronizing two computer systems. The method and signals for

15 accomplishing such a synchronization are in accordance with the descriptioh

provided for Figures 2(a) and 2(b).

| If on the other hand, the delay to obtain the data to be written requires

ten nanoseconds, then the combinational logic circuit 51 will generate and
20 cause a one to appear on line 41 and zeros to appear on lines 42-44fo
indicate this. A one appearing on line 42 and zeroes on the other lines will
indicate that the delay is twenty nanoseconds, ones on lines 41 and 42 and
zeroes on the oth_er lines will indicate a thirty nanosecond delay, a one on line
43 and zeroes on the other lines will indicate a fdrty second nanosecond
- 25 delay, and so on. It will be noted that using this exemplary coding arrangement

with delays spaced by ten nanoseconds allows retrieval times from ten



Figures 4(a) and 4(b) Illustrate the precise manner in which the different
25 delays may be nmade to fit two different clock cycles, one of '
thirty-three nanoseconds per clock period and another of forty-three
nanoseconds per clock period. For exanple, if a single clock period of
thirty-three nanoseconds 20 is necessary to obtain data at a particular
address, a forty nanosecond delay is signalled on the acknow edge |i nes
41-44. |If two clock periods of thirty-three nanoseconds are necessary to.
obtain data, a delay of seventy nanoseconds is signalled on the acknow{gtige
lines 41-44. In like manner, if one clock period 5 of forty-three
nanoseconds i s necessary to obtain addresFQU data, a delay of fifty

nanoseconds iS_Si e the acknow edge’lines 41-44. Thus, it will be
obvi ous how c'f%?é%ﬁé& ?Ri%? E'Hﬁqre f y%a%qgsgﬁan%&p be spesifigd bydapedge |i nes
41- 44 may be ' gdiqﬁ hde individual clock frequencies of the reading
system It w“ﬁ“"@'un e?g%%'od by those skilled in the art that the tine

required to 10 generate the encoded acknow edge signals through circuit 51

and to decode those signals through circuit 50-using the conbi nati onal

| ogi ¢ of those ci ritwiltbe obvibubto thakse skilletiin tnaitdiatty tying theRLMBBP NY

specific hardware tg acconplish this invention so that the round trip

conbi nat i 8nallings|aygilable| fee ransmitting thecsasied aeknowdedgghinforaiationsmr diyat e

machi ne 16 ta l e t t 15 _acknpow edged delay information in a

synchr onous r@%ﬁgﬁ‘% t?'? 'ﬁﬂ%’ﬁﬁ% i&%ﬁ@ﬁ”‘?ﬁﬁeﬁ"?& tgom, torexample;demnt age t o

provide a sysifpdsubd P I | ; ' allqw the two

systens to run on&?dr’] e_pendeegtﬁa'yggghg&ﬁ;r%%a&%ﬁﬂ%ﬁh %Hﬁ mﬂl%econputer o

nodul e whi ch dbtaihed lte fit@ny paﬂi&eldrmﬁieﬁac@ahuﬁgbh‘xeﬁﬂcPoﬁeiﬁﬁgﬂ_ e.hﬁfﬁaaiﬁﬁe . bu
Iig to be

Interface to be programmed to accept different systens w thout” hav
revi sed to opeerg:lines;torsignifycpositions at one hundred sixty and three hundred twenty
10 nanoseconds, much slower systems may be handled. By adding lines to
signify five nanoseconds and below, much faster systems may be handled.
Furthermore, providing lines to signify lesser time delays allows individual
delays to be more precisely selected to fit more exactly to the exact clock
cycles utilized by the sending and receiving systems to eliminate more of the
15 system time loss. In any case, the _arkangement pkovides for immediate * |
synchronization of information read between asyﬁchronous systems without
the need for double flip-flop synchronization of the handshake operation; and

therefore substantially accelerates the speed of the interface. A

20 - Obviously, such an encoding arrangement may be provided for
transferring information to be read by system B from system A; and the same'

detai_ls would be included in such a system.

Figures 4(a) and 4(b) illustrate the precise manner in which the differént
25 delays may be made to fit two different clock cycles, one of thirty-three
nanoseconds per clock period and another of forty-three nanoseconds per

clock period. For example, if a single clock period of thirty-threé nanoseconds



systens. All that is necessary is -that the significance of the individual
acknow edge |ines and the signals sent on the acknow edge |ines be variable
f.or ,a nmodul e contai ning the handshake circuitry to easily fit to any other
system 25 whether the delays and the clocks for those systens are |ong or
short. Al t hough the invention has been described wth reference to
particul ar arrangenents and systens, the details of those arrangenents are
used fgr illustrative purposes only and should not be considered to linmit

t he i nvanation. It is, thus, to be contenplated that many changes and
nodi fications may ‘be nmade by those of Qrdinary skill in the art

W t hout departing fromthe scope of the in I on. CLAI MS 1. An

interface for {4 s%ysfbgoﬂéﬁmadéw é%afl 3 Si%lﬁ&?"ﬁ&&e@s,fé ?o;fgysﬁé?i&%@r‘d ﬁ%‘ﬁkg@

and a second conputer system sal conput er tem operatl

! n accordance W:sldglaﬂeé bh&he@bﬁﬁdﬁvlédge ﬁﬁé@'_ﬁﬂﬁ?nﬁ tﬁ@%&gﬁer@!ﬁbﬂhiﬂ%r@bi ng
in accordance with a second clock, said first and second cl ocks

asynchr onous t onanesecondseare neaessary te obtaie dataya delay@f seventy naaosecomdsds ng

T e O™ "Cignalled on thb acknowibags Inas 41-44. in 1k mannar. f one lock penod

| 5 of forty-three nanoseconds is necessary to obtain addressed data, a delay of
fifty nanoseconds is signalled by the acknowledge lines 41-44. Thus, it will be
obvious how close the individual delays signalled on the acknowledge lines
41-44 may be adjusted to the individual clock frequencies of the reading
system. [t will be understood by those skilled in the art that the time required to

10 generate the encoded acknowledge signals thr;u_gh circuit 51 and to decode
those signals through circuit 50 using the combinational logic of those circuits
| must be taken into consideration in implementing specific hardware to

accomplish this invention so that the round trip combinational deléy is less than
one clock period. This allows state machine 16 to be able to use t_he_

15  acknowledged delay information in a synchronous manner.

. It should be noted that it is a special advantage to provide a system
-/ which may be so closely adjusted yet will aliow the two systems to run on
independent clocks. This allows an individual computer module which is to be
20 connected to a bus by such ‘a read handshake interface to be programmed to
aécept different systems without having to be revised to operate with other
| systems. All that is necessary is that the significance of the individual
acknowledge lines and the signals sent on the acknowledge lines be variable
for a module containing the handshake circuitry.to easily fit to any other system

25 . whether the delays and the 6Iocks for those systems are long or short.



to the second conputer systemthat the first conmputer systemrequests to
read data |ocated at a specified address of the second conputer system
determ ning neans, coupled to the second conputer systemto receive
the specified address, for determni ngige anount of tinme required for the®
second conmputer systemto retrieve the guested data at the specified
address; neans coupled to the determ ning neans for providing a coded
signal to the first @dihdugh sgbeennvehtin nhashcesrmwudeselribede wienif.ed
for the seco r ys%ﬁfq: ri e d t he
request ed da?'(l e b&é er%‘?‘rl\igiél HS%@mé%jut e%?‘(ag gﬁggeggt’r Piélseggthe
request ed daﬂ&t@ﬂ-]& t¢$rethﬁ§9c@ﬁ'@@mmﬁﬁ:m §Bgﬂa|fqn thblustrative for

3 Pandshake ?Jug;gﬁlse&e[kﬁﬁ eanatyﬁhbalaew S@@Bhﬁ%ﬁéﬁ‘é&eﬁ bR | e € gat
ata is avail,abl'e gn the er [ equi re

for the secor® E(S'ﬁgﬂﬂ'b’r }3’1 I’f‘g‘h%y S‘\eg t?mrﬂé?ﬁn&%tm%m dat a
requested i schazgesbl amh tntuaitﬂis;atmnsaacﬂay hebé| rmdde oripyit etheget et 2.
e s e f aCeAndiAngkeni! Nth (B 2arbClylGibe | Aliiry ¥OGHS! fhdNe
means for provi din § conprises a read I''né and an r éss bus

coupl ed bet wssepe Qﬂ1é= rinverdiiner system and second conputer system




D

*3. The interface for transferring data as set fo thin |m1

wher'ei n the determ ning means conprises conbi nati onal Iogl C \lﬂ“u "II IIIMIJII““I
‘determ nes fromthe specified address the amount of tinme req

second conmputer systemto retrieve the r ested data and gener ates the

coded signal for providing to the first uter .system-to indicate the
anount of tinme required for the second gggﬁgter systemto retrieve the

requesked data and pl ace the requested n the bus. 4. The
i nterfage for transferrlng data as set forth in claim3, wherein, said

d f
et erm ni ng megns furt gfggg ngags ép%néfgffﬂg?n Qfé‘ll.éf |&{:\t [ onbgfs

dat a addresses avallab e second conputer syst and t

correspondi ng BeSWeenofat ifﬁé'sltqu‘PIFE‘éit?’é s¥steny Arfdt 2 I%%‘a?’é@ SOMPRERTof

the data addr e§§§%emsal dg&oabi rﬁrﬁﬂal doput esONP8yEtemt heo tingd :m
address to the entifi c.aél on dat addr esses, m ne

t
cor r espondi ng Qﬁﬁﬁﬁ' ajCe; Yk }Peaw%tt ocf‘é?]f'l ap tﬁ‘?e‘qjagﬁc?ﬂgatcgﬁ'p ef"he
speci fied addrsgstelr operatlimy iin ecadcarddmere twikisfar secgndardogk,seaiflort h

[ | ai m 4, vvh f 4 .d di
[ McLarm e, SSEED: ol bl AU U RIRRNGS A0 e ANl
wherein said nnangrtouceplc@mpmwgm-coded signal includes nmeans for

QLSV' ding a coded signglean | L aAlPrdPFdind'e sidRals NeLofSCehedl HGRsE
computer system to the second computer system to indicate
{ to the second computer system that the first computer
W \ system requests to read data located at a specified
| .address of the second computer system;
determining means, coupled to the second
- computer system to receive the specified address, for
determining the amount of time required for the second
computer system to retrieve the requested data at the
specified address;
means coupled to the determining means for
providing a coded signal to the first computer system
indicating the amount of time required for the second
computer system to retrieve the requested data and place.
the requested data on the bus;
wherein said first computer system retrieves the
requested data at a time indicated by the coded signal
without waiting for a handshake signal generated by the
second computer system indicating that data is available
on the bus, thereby eliminating the wait time required
for the second computer system's handshake signal,
indicating that the data reguested is available on the
bus, to reach the first computer system. |

2. The interface for transferring data as set forth _
in claim 1, wherein the means for providing signals
comprises a read line and an address bus coupled between



- ———

- saj [ unL systemwaits for a handshake signal indicating that
d%!i‘“\sm‘g“ﬂmm“ n the bus before retrieving the data requested fromthe
b c .

1, wherein,
of signal |
conput er

$ The interface for transferring data as set forth in clafm
said neans for providing a coded signal conprises a plurality
i nes coupl ed between the firafZconputer system and second

. system_ for transferring the coded signals fromthe second

conput er sysﬁ&ﬁiﬁiﬁ#ﬁaq?WEHt%bnﬁﬂﬁﬁﬁmsysdeﬂ¢ceaddCéhputerospstem.systgnl

further conprising neans for- decodi ng the coded signal

time at whi

to determ ne t h@#:

3

ch the firgt cponputer systemcan retrieve the requested data
fromthe busB'?. fh%elgg?ﬁf?ﬁﬁe§P5rtFPHﬁ§F€F#Pﬁgd&£§1Qﬁ;%ﬁ% forth in

claim1, whedain t¢baiwded swherleins pheviditersinling Omeahs’ SEofipptkesYC! €
from when si

of the secon

dat a

| i nes coupl ed between the first conputer system an
for the firs@8% &5 §t€ﬂﬂﬁ9ré§h&%% £

on ab

i . I d ified ad
?@ﬁpﬁ%&éﬁ 189460 it (O Riedl cton S Chreleing

C
asldrasfeethe f anguntoneft etimpst vegmditted s€oundtbenpséesndyst em
asynchr onous doa\puteaﬁh@memcwriﬁéﬂgie@er%S'%&@ﬁe&gﬁcg&nﬁﬁ%ddﬁés bus

Secon
Brr Pxpviding to the first

computer system to indicate the amount of time required
for the second computer system to’ retrieve the requested
data and place the requested data on the bus.

4. The interface for transferring data as set forth
in claim 3, wherein, '

said determining means further comprises means
for storing identification of data addresses available in
the second computer system and the corresponding amount
of time required to retrieve data located at each of the
data addresses;

said combinational logic comparing the specified
address ‘to the identification of data addresses to

determine the corresponding amount of time required to

retrieve the data located at the specified address.

5. The interface for transferring data as set forth

in claim 4, wherein,
- certain of said data addresses have corresponding

times required to retrieve the data which are not

ascertainable; _

further wherein said means for providing a coded
signal includes means for providing a coded signal to
indicate that the time is not ascertainable; and

said first computer system waits for a handshake
signal 'indicating that data is available on the bus
before retrieving the data requested from the bus.’

er system

\~)



data |l ocated at a specified address of the second conput er—systen data ?gi“

I i nes poupl ed between the first .conputer system and second
for transferring data between the first conmputer system an_dim \‘\“
S

‘syst_em_ encodi ng | ogi c neans coupled to phe second conputer cem-f of

receiving the specified address and determning the anount of tine required

for the second conputer neans to retrieve the requested data and output the

data tg the daba bus | Thes interface: famEransirRring datacasf sehe famshnt

of ting,. 2554 E%HE&' htY wileraghnow edge |ines coupled between the first

conputer system and second conputer s§stem f.or .co ni_cati ng.the code from
8608

the encoding | ogic meaf@ifd s; 0%t Providing £ §49831nFOPRI A E®Reans
coupl ed to theaf igRir&DiPyt ©Ff Sybdean f Aindsc ocouplédie betdeeno thienttiitgtt he

amount of tinme_required for the se d cQr r retdj8ve th
requested dat a®gf uk&Eput SY ﬁgeﬁat agﬁ‘g th%%é bg%\%% v\/ns'ré)rsgr'le?\'l sa? £
first conputertrapsferring ches codedegioprdg fem the secondngompidierat ed
by the code LLapam tttoeq:h%qrﬂsl.gtt RempritedMsgdgensi gnal |ines without

_ said first computer system further comprising
means for decoding the coded signal to determine the time
at which the first computer system can retrieve the
requested data from the bus. |

/ : 7. The interface for transferring data as set forth
in claim 1, wherein the coded signal is provided within
one first clock cycle from when signals are provided to
read data located at a specified address of the second
computer system. '

8. An interface for transferring data on a bus
between a first computer system and a second computer
system asynchronous to one another, comprising:
_ a read signal line and address bus lines coupled
between the first computer system and second computer
system, for the first computer system to request to read
data located at a specified address of the second
computer system; . | '

data bus lines coupled between the first computer
system and second computer system for transferring data
betiveen the first computer system and . second computer
system; ' '
| "~ encoding logic means coupled to the second
computer system for receiving the specified address and
determining the amount of time | required for the second
computer means to retrieve the requested -data and output
the data to the data bus lines and generating a code
indicative of the amount of time;



wai t1 ng for—a—handshake signal generated by the second conputer system

|?m ' - ata is available on the bus, thereby elimnating the wait
t ﬂy"ﬂmgﬂm&@ he second conputer systenl s handshake signal, indicating
t hat €het di s ested is avail abl e o%he bus, to reach the first '
conput er system .9. A method for transferring data on a bus between a

first conputer system and a_second conputer system said first conputer

system operating i n &c®FAIERiH ackpeuledgeckings Sanpledc hrFwasmut er
s?/st Em oper athﬁgfﬁﬁs&cwmm v@ﬁ;@n wnﬁegégjﬂ& kcoﬁﬁgﬁei'i sy tend ﬁﬁ@ﬁlt ; send
ci ocks  asynchroneu ne _another sai od, conpri Sin e
steps of: p?/%é?‘aﬁﬂgcgitéﬁ stq}er o‘f‘ﬁ’@?\egrw‘stth(?orﬁﬂﬁ@%s}%%?omﬁﬁ %sé:tf’ond

conput er systhen fdrstdconputerasyssiten;i r st conputer system:- requests to
read data | ocated ci fy d of ; o] co tere; em
determ ning the armu%thc%ﬁ??me irdg%%ﬁ?r gﬁﬁéxé? tr?tgﬁgel%gﬁd% g?é( s?yls%%%tm to
retrieve t heCPRRUESTeBYRkeM af orhdegRding efhgdoreds; tor oldenhgly ddwed

signal to thgmbiiht! oFORHiMeS reifi e | £6l CBhé V8e@bndheonputelr Heanis ®o
required for_t e.secoqg conguter Séste to r t_rlgve tQﬁ re uestgd d%ta at
t he specifi eB®4H4PEEs Teavesth F@&?es? BYERYEN a IRy the
: data bus lines; : . _
_ ~wherein said first computer system retrieves the
" requested data at a time indicated by the code
transmitted across the acknowledge signal lines without

waiting for a handshake signal generated by the second \/

computer system indicating that data is available on the
bus, thereby eliminating the wait time required for the
second computer system's handshake signal, iﬁdicating
that the data requested is available on the bus, to reach
the first computer system.

9. A method for transferring data on a bus between a
first computer systeni and a second computer system, said
first computer system operating in accordance with a
first clock and said second computer system operating in
accordance with a second clock, said first and second
clocks asynchronous to one another, said method
comprising the steps of:

. providing signals from the first computer system
to the second computer system to indicate that the first
computer system requests to read data located at a
specified address of the second computer system;

determining the amount of time required for the
second computer system to retrieve the requested data at
the specified address;

providing a coded signal to the first computer
system indicative of the amount of time regquired for the
second computer system to retrieve the requested data at

z



'said first conputer systemretrieving the requested data fromthe bus at a :

time indicated by the coded signal wthout waiting for a hanﬂwﬂmmﬂumlmm

;to be issued by the second conputer systemindicating that t oGUNl :
data is available on the bus:; whereby tkz wait time required for the secdnd
.conmput er system s handshake signal, indi %rng that the data requested is
avail able on the bus, to reach the first conputer systemis elimnated. 10.
The nethod forthe Spseified address anduslase sthe fredhested! data on ¥igsein

t he stlep: of . dehid ji ey t he amount of time required for the second conputer
systemto retrieve the reguested data at the specified address conprises
the steps of: storing Saifd {Eixnst cempukenr em¥stem antetribving the

corr ezpondi ng rexjuesterd QaBRS from Q?@ B?Q_r ags ;55[ ﬁgf%%%h?ig?gte?f@i Z{:}lkﬁr o
ccording to t ecd fi address to, retrigeve .
?or t he geconcflb?o%u%één{gs‘f’gﬂ??‘bt YRR 9% 3 hppdshake signal t‘FfecLe
speci fi ed addi@syed by theThecontihcdmbuterr sysiten iiv@idaliting thdd/stms Set
forth in clai m&u%fi&é§q§%ﬂwloﬁ ?f’tgé ;}\)/déj'ed within one first
en ed to 14

clock cycle from sl gnal's are provi ead data | ocated at a
speci fi ed address of tYhereRbngheowaitr tipet ecnequired forhethet tmsbdmi

transferring -{i]ﬁinfptﬁ&ézseéyégéi\hsi hatld@hE® L N 1AGEEALINGT +3dtd the
_addresses hav'd@ﬁ:ac%'zra:e;xsi ggehngis available on the bus, to reach the
first computer system is eliminated.

\e/ 10. ' The method for transferring data on a bus as set
' forth in claim 9, wherein the step of determining the
amount of time required for the second computer system to
retrieve the requested data at the specified address
comprises the steps of:
storing a table of addresses and the

corresponding retrieval times for each address; and
‘utilising the table according to the specified address to
retrieve the amount of time required for the second
computer system to retrieve the requested data at the
specified address.

Co 11. The method for transferring data on a bus as set

\—i ~ forth in claim 9, wherein the coded signal is provided
within- one first clock cycle from when signéls are
provided to read data located at a specified address of
the second computer system.

‘12, - The method for transferring data as set forth in
claim 9, wherein, _
certain of said addresses having corresponding
times required to retrieve the data which are not
ascertainable, '
' said step for providing a coded signal proyiding



times rieve the data which are not ascertainable,
said stmﬂ'Ha‘ lmﬂ , a coded si gnal providing 27. a coded signal ,
i ndi cat'i=ngct not - ascertainable, and said first conputer

on the bus before retrieving the data uested fromthe bus. 13.
Handshake ~circuitry for an asynchronous bus interface system
transferri ngadatcoded Wwesdghalst imiiicatcingl cthptt erthsysteime sulsst amdt al| y

as her ei nbef gﬁgg%g% al?:ﬁ% at]_piref erence to Figs. 3 and 4 of the oth’

acconpanyi ng L.
sa:.d first computer -system waiting for a

handshake signal indicating that data is available on the
bus before retrieving the data requested from the bus.

13. Handshake circuitry for an asynchronous bus
interface system transferring data between first and
second computer systems, substantially as hereinbefore
described with reference to Figs. 3 and 4 of the
accompanying drawings. ' ' '

.system waiting for a hands’hake Si gn?e—gi ndi cating that data is avail able "



