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22 17563 DATA TRANSFER METHOD BACKGROUND OF THE | NVENTI ON 1. Field of the

I nvention This invention relates the field of comunications nedia for -

transferring data between a source and a plurality of peri pheral 7 ny;
éo

coupl ed to the source. More. partieularly, the 5 present invent I"Oﬁ-

to data transfer along a peripheral device bus between a plurality of

peri pheral devices and a host conputer. 2._4. Art Background In the

computing industry, it is quite common to transfer 10w data and commands’
between a plurality of data proc@ash TRANSRERCMETHORUCH as for exanple,
conputers, printers, nenories and the li1ke. The i1.nterconnection of

conputers and ot her peripheral dwtmugblaplﬂgl Invveigeskoped in the early
1970's with the advent of conput®r TNeTwWorKkIng SysStens, wiich permitted the

di stribution of &5 &Esﬁe_ta_s@mm}_m resour ces beyond the i medi ate
proximty of a main ter as_the. ARPA ne

wer e devel oped to pr%\;}?%gi gggggs §1?/ %qugza rktS"T“ﬁP&%catuﬁes%e Png
systens and the tszauiecf«ﬁridgtathebdﬂfunsudbxﬁ-)éstﬁiﬂsa phutdidtgase of 20
geographically local networks, so-called |ocal area networks” (LANS) were
devel oped to corRFe'?lPhFBQthfé’r‘cﬁs GoupPLed itonthe SWFHEt eMOreRATHIALIRT Ly the
peripheral's &oCahatbenty PhidHtlibn ¥bialEs SHTBa bk dxilnBte/a13flh 3 GRE 1BMASA NOS,

and permtted each of these devices to comruni cate anong fhenselves or with
devi ces att achedd@& ceobus Hetwieenh o pleralityalof gpexd phetabdeyipes mint & Host

I npl ementation of distributed computing. I.n other words, sone of the

devi ces coupl ed TP RYEETr ocal “area net wor k may be dedicated to perform 6%
sp@Sific functi oggs, mhgga‘i,u,gd storage, data base nmanagenent, : "

In the computing industry, it is quite common to transfer
10 data and commands between a plurality of data processing devices,
such as for example, computers, printers, memories and the like.
The interconnection of computers and other peripheral devices
principally developed in the early 1970's with the advent of
computer networking systems, which petmittéd the distribution of

1S access to computing resources beyond the immediate proximity of a

main frame computer.

Networks, such as the ARPA network, were developed to
provide access by various users to large time-sharing systems and
Y the transfer of data between such systems. 1In the case of
. 20 geographically local networks, so-called "local area networks®
(LANS) were deve;oped to connect together a collection of
computers, terminals and peripherals located, typically in the
éame building or adjacent buildings, and permitted each of these
devices to communicate among them#elves or with devices attached
25 to other networﬁs. Local area networks permit the implementation
of distributed computing. In other words, some of the devices
coupled to the local area network may be dedicated to perform

specific functions, such as file storage. data base management-



-2- ternminal handting, and so on. By having different machi nes perform’
different tasks, distributed conputing can nmake the inplenmentation of the
systemsinplier and nore efficient. Presently, networking has only been
applied to provide 5 comunicati ons between data processi ng devices, which
are machi ne input devices. However, it would al so be useful to provide a
net wor ki ng neans to provi de conmuni cati on between a single conputer and a
plurality of peripheral devices such as hunman i nput devices, listen only
devi ces, appliances, etc. Human input 10 devi ces include keyboards, cursor
control devices (such as a "nouse"), a@d sketch pads, etc. Listen only

devi ces include transacti logs,, etc. In the priqr_art, such .devices are
attached to a ﬁﬁ?f'{i'}:aén%ﬁ?ée)xg“?h?‘dﬁgﬁ"amboﬁy géﬁ?’@a?é&&’&“éa’é‘ﬁ& g\?lsce.
O'ten, additiopatforst akfiferentrdsie)id@drivurdlsl 8hputifg Y makenak i nput

device to be added. Further, the addition of cards requires that the host
conput er be podmpiameasakion\pf Htheo spetdraringdiesr andimong SfEichrR-al devi ces

to alive system %Qrf?{;,iygr“?{ °r3¥§§ #tﬁgohg?{}up%?@g& & E%Fviggr i pher al

devi ces are not genera perat e or exanple, soneone 20

usi ng a nouge. icomgeniaatlibys Metveen Bgti peokeydiagrdevikeskaitdiepasireanathinesane
tinme). Thus, the devices could share a common line to the host conputer

wi t hout creat i AgPURALVAFSR | BOVRUSEY s woul? Alsa: P sehE? i@ Ptidecar ds.
Prior art net WEK&B&%%“EQ&% 6 Hol dd Hdﬁulnﬁﬁﬁé%%ak%éﬁkbﬂdé s4RgieO"

est abl i shing control the network to allow a device to transmt. Such
systenms are notcoppetien ahdra mrduwel kimngf aferipheéysledayickey Feds asshurdd only one
! S\Jgener ally u%%gugtde%igtlasn.e'listen only devices, appliances, etc. Human input
1p devices include keyboards, cuisor control devices (such as a
*mouse"), and sketch pads, etc. Listen only devices include
" transaction logs, etc. 1In the prior art, such devices are
attached to a host computer through a port dedicated to each
“ deQiée.--bftén. adéitional *cards” are regquired to allow a
15 petiphefal input device to be added. Further, the addition of
cards require; that the host computer be powered down, with no
mechanism for adding peripheral devices to a live system. Such
prior art systems are }nefficient since peripheral devices are
‘"not generally operated simultaneously. (for example, someone
o/ 20 using a2 mouse is generally not using the keyboard or.sketchpad at
. the same time). Thus, the devices could share a common line to
.ghe host computer without creating data traffic problems,
- eliminating the need for cards.
Prior art networking schemes also include elaborate methods
25 for establishing control of the network to allow a device to
transmit. Such systems are not needed for networking of
peripheral devices, since only one is generally used at a time,
In addition, prior art networking schemes provide for means for

attached devices to identify themselves to each other through



In addition, prior-art nefworking schenes provide for nmeans for attached
devices to identify thenselves to each other through -3- el aborate e
"handshaki ng" schenes.  Again, such conplexity is not required to connect:
peri pheral devices. since there is no need for these devices to identify

t henmsel ves to other devices, only to the host conputer. 5 According to the -
present invention there is prOV|ded a nethod for transferring signals-and
data, wherein the signals and data are transferred under the control of a
host conputer between the host conputer-3and first and second peri pheral

devi ces, 10 wherein the signals and data are transferred over a bus
coupling the first elaborateotiearndehaking! aﬂchdmﬂ .cesAgain hwuchosampdexigyt &5, and

wherein the first apg §é‘c§iﬁ9€d Pc%%&ﬂfé&é‘{ﬁegﬁ Yheras &bﬁ»ieee SIAEE tfthétzﬁaﬁtEIress

conpr|3|ng t he’ steps 8 t he host co Initia activating the first
15 - peripheral dégedefary tb?%ﬂqémqesngo adewtltfwetfmeems tpOthey devigRfess

of the first per|phgﬂgluﬂqhqus@mgm@ﬁim@ signal that matches a first nunber
stored as an tended address of the first peripheral device; after the

first peripheral device is activated, the 20 host conputer sending a
comand over the bus to theAcEdorﬂin@(tdrﬁ%pﬁésdnlneuixjehsiorpehém&sa;broded{éd:e,

Comput er sendi ng- t [oeg, s A ELEREE Yighers Fu BRRY sl e 2ol
the host conputer basdhdaka avettirapsfiersed amdex the control of a host. computer
between the host computer and first and second perlpheral devices,
10 vherein the signals and data are transferred over a bus coupling
the first and second peripheral devices to the host computer,
and wherein the first and second peripheral devices have a
same first address, comprising the steps-df:
the host computer initially activating the first
15 peripheral device by transmitting over the bus (1) the first
address of the first peripheral device and (2) a sigpal that
matches a first number stored as an extended address of the
first peripheral device;
after the first peripheral device is activated, the
20 host computer sending a command over the bus to the first
address of the first peripheral device, wherein the first
peripheral device executes the command without the host
computer sending the extended address of the first peripheral W
device;
25 the host computer both actlvatlng the second
peripheral device and deactlvatlng the first perlpheral
device by transmitting over the bus a second number as an
extended address, wherein the second number is the extended
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peripheral device and deactivating the first peripheral devi.ce by
transmtting over the bus a second nunber as an extended address, wherein
t he_second nunber is the extended 30 35 -4- address of the second

peri pheral device, and wherein the second nunber is different fromthe
ftrst nunber: after the second peripheral device is activated, the host
conput er *sendi ng a command over the bus to the first 5 address of the
second peripheral device, wherein the second peripheral device executes the
command wi t hout the host conputer sending the extended address of the
second peripheral device. 10 15 20 25 30_435 BRI EF DESCRI | PTI ON OF THE
DRAW NGS Figure 1 is block diagramillustrating the networking system of
the present invention. Figure 2 is a timng diagramillustrating the

present 5 inventionagdraess o thelgétdnd PeEHiHRr8N EiEE, and wherein the
second number is different from the first number:
after the second peripheral device is activated, the
host computer sending a command over the bus to the first
5 address of the second.peripheral device, wherein the second
périphefal device ekecutes'the command without the host
computer sending the extended address of the second
peripheral device. '
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i Rt d e meeeen . meme oo

Figure 3 illustrates a register of a peripheral deV| ce of -the present

invention: Figure 4 is a flowchart illustratingthe sequence of operations -
utili'zed by a peripheral device to request service by 10 the host s
conputer. Figure 5 is a flow chart illustrating the sequence the operations
utilized to provide new addresses to devices sharing the same hard- mnred :
address. Figure 6 is a timng diagramillustrating a conmand 15

transaction of the present invention. -6- DETAI LED DESCRI PTI ON OF THE

| NVENTI ON A peri pheral device bus including apparatus and net hods for
transferring data between a plurality of'sﬁeri pheral devices coupled to a

host conputer is disclosed. %}{]lethBE%CQJﬁQW&@o? T&e %{‘mdson NUer ous

specific details are set for such as speciTic nunbers, registers,

addresses, tinmes, Srgfides) P1IbOK mt;g:a:etialustfhuihdethet GeproEKiti system
t hor ough understandl ng of the present invention. However, it wll be
apparent to oneekthe| Bepsent: fventioRnat t he present i nvent i on may be

practiced 10 w thoyg, %&bﬁ%eﬁpf%k'xﬁ Rbgbhs- %1'1 0y PiIG RIS pROSES

wel | -known circuits a evices are hovvn I'n dlagram ormin order
not to unnecessimvéntiobts wse ofigregnes artt zena @mcedimgReferring to Figure 1,

the preferred enbodi éﬂ resent inyenti o rfge se A Iurallty
of peripheral 15 d@\r;gtf&oafd 'é?g"ltﬁslﬂe'ﬁ#ﬂee"dc‘ rﬁ% 8?5"“‘(}16{2 rcgeug
are coupled thr QHg%és%hagiﬁveﬁﬁ%ﬁ 17 to a host corrput er 10. In the
preferred enbodi nent, all devices comruni Cate with the host
Figure 4 is a flow chart illustrating the sequence of
operations utilized by a peripheral device to reguest service by Q_J
10 the host computer.
Figure 5 is a flow chart illustrating the sequence the
operations utilized to provide new addresses to devices sharing
the same hard-wired address.

Figure 6 is a timing diagram illustrat:ng a command

15 transaction of the present invention.
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conputer by a mini-phono jack with the. follow ng Gonnecter assi-gnments;
ti‘p--power, ring-data, sleeve-power return. A "high" 20 signal (1) is 2.4
vol &8 minimum A "low' signal (0) is .8 volts maxi num Although a single
cable is contenplated in the preferred enbodi nent of the present invention,
ot her communi cations nedia, such as broad band net hods, fiber optic
systens, and infrared signals, are contenplated. 25 The bus of the
present invention supports coded devices, (for which a keystroke represents
a synbol or a function, such as a keyboard 14), relative devices, (in which
novenent of a display cursor in responsg-to a control device, such as a
nouse 11 or 12, may be fromany starting point), and absol ute devices

(for which there is a conPEIRILEANUESHRI®TION ©FartiDnsERTIONt ween di spl ay
position and device posijion, such as sketch pad 13). The Sésten1also

permts the networ ki*nBeHPREREL fgxice fyscnclydipg Aapparetys, aRd Petigrater

devices share ateBrebrivy davd bRdwedda PrufAitydor phbipHdialN@dvicac! ude an
address unique to the individual device which ¥he host conput er nust

recogni ze bef or eo¥Meddteix dogh roppusec dssdilsclosed. exnnpiee follovimng
contenpl at edgt h L Lances nmay be cpoupl ed tQ the host_conputer and
control | ed. b? tﬁ%sﬁ%g)tt_ké%rﬂgﬂ'f'é?% SPH‘:&}‘Ehgat’s% ults St EPTtRpBYSMAges woul d
have an 10 idgpé¢rmlc RaisbYs, Cfbdiiskeft,2ddifstTes, [t TTeR0SEignaiB e, On a

first level, would sinply address the hard wired address for appliances.
At this tine, afPrmpyfs gheesinmpfecdte eronide adthessighr understending of

I ndi vi dual applkggp LBy Q@ ag jvated by t-he host computer-if the host

conput er sends a S|€na Fo '{vﬁa§1% Ho e;3_%Iri’ aﬁcé"jilhl%%%ﬁ%st?h%"eextended

address of the appliangs. trNapxidadecha@desst iAvaitioNOhy Bédpracticed

identificatLﬁp nunber, - _ : : _ _

without these specific details. 1In other instances, well-known
circuits and devices are shown in.block diégram form in order not
to unnecessariiy obscure the.present inventioen.
Referring to Figure 1, thé preferfed embodiment of the

pfesent invention may be seen. A plurality of peripheral

iS devices, generally identified by.numberé 11 th;ough 16 are
coupled through a single cable 17 to a host computer 10. 1In the
preferred embodiment. all devices communicate with the host
comﬁuter by a ﬁini-phono jack with the following connecter
aﬁsignments; tip—poﬁet, ring-data, sleeve-power return. 2 “high"

20 signal (1) is 2.4 volts lﬁinimum. | A *low" signal (0) is .8 volts
maximuﬁ. Altﬁough a singie cable'is contemplated in the
preferred embodiment of the presént inventioﬁ, other
communications media, such as broad band methods, fiber optic
systems, aﬁa iﬁfrared signals, ére éontemplated.

25 The bus of.the bresént invention supports coded devices,
(for.which a kéystroke represénts a symbol or a function, such as
a keyboard 14), relative devices, (in.which movement of a display
cursor in response to a cohtfoi.deQice, such as a mouse 11 or 12,

may be from any starting point), and absolute devices



mhicﬁ;'ih the'preferred-enbodinent; may be up to 64 bytes |l ong.” Once the ™
host conputer has provided the extended address, the device having that L

address is active. Subsequent commands to the 20 appliance address A
| ocation will be executed by that device without the need for providing the
extended address each tinme. An activated appliance will-respond to all :

commands to the appliance address, while unactivated devices remain
passive. To deactivate an active extended address device, the host
conmputer 25 provides the extended addregs_of another extended address
device, activating it and deactivating. the previously active device. It is

contenpl at ed t halgo2Wn 8V théreMiECa ok Sndana0aErek! p6h i ohiihestwemput er
is suitable for the present networking scheme, such as |ights, ovens,

sprinkl er syst erfiisPApprResdhieR Bnfgdeniciei Resitizg, sucht s gketrh pashddhpl at ed
that at |east one otper hardw r.ed address_for extended add ' be
provided in the presgﬁ sgﬁé?%nﬁlwsﬁ%ﬂ“i:tﬁ ﬁla?jfggg"ablu d°€_§*&§§§?‘f§r%g§%t em
protection schendévitesl s @xtefdsd abidféds QevScdicBRsre BOEorGHTRREA Wirda\ddde at
5 _.this location coul.d contain an extended address which nmust be provided

by the systerh useesshabomwtt Rurthes: Anclusiel an RASzRas | Wdaue it ther 1n4ividvrtes,

i ndi vi dual operatians G U J.e t he ' [ Tefs =11

security. devi'cesa.%)‘;e)i%%r ggféggéhgsﬁ%%ecéﬁéﬁt%o%u%(ter%@g?ﬁ# g% per ? E? %ﬁgée

Such security devacae accésted) FoBCéxauples idkdgScodtenpléked Rhaendppldasgest em
or certain operations perfornmed on the system Also reserved for use on the
network of the pRa¥dift CPERARMA £BHher ROSHFPTRYES B8 SRVUYPIAEIRY thpppost

addr ess | ocat i oNgoRpe, drsof 8lci U sIVBML &R S8 OlpBELIRAE GbutleWhabeareOUp! o]

: o 10 identical hardwired fixed address. The host computer, on 2 first
level, would simply address the hard wired address for
appliances. At this time, all #pplian@éénc;uﬁied.to that address
are inactive. An individual appiiénce may Ee ééiivéted by the
ho_st computer if ﬁhe host combuter sendé a signal to that

15 aépliénce which.mgﬁches fhe extended addrésé bf.éhe appliance.
An extended ﬁddtgsé is an individual identification number,
which, in the preferred émbodiment. may be.up to.64 bytes long.
once ihe_host computer has provided.thé extended address, the -
device having that address is active. Subéequent commands to.the

20 appliance address loéation will be execdted by that device U/
withbut the need fo: providing the extended addtéss each time.
An activated appliance will iespond to all commands to the
appliance addtgss, while unactivated devicéé remain passive. To
deactivate an active extended address déviéé;'thé host computer

25 providés the extended address of another extéﬁdea'address device,
activating it and deactiQating the pteQiohéiy active device. It
is contemplated that any device which coulﬁ be controlled by ;he
hoét computer is suitable for the presént nétwdrking scheme, such
as lights, ovens, sprinkler systems, phdne'aﬁSWéring machines,

30



15 - bus.” Wen nore than one nouse is coupled to the bus, for exanple, the |
- host. conputer assigns new addresses to each nouse, those .addresses being at
thessoft address locations. Al though specific exanples have been given for
each type of device coupled to the bus, there may be nore than one kind of
20 each type of device wth that address. For exanple, a sketch pad has
been gi ven as an absol ute device but a touch screen would al so be

consi dered an absol ute device and be agsigned the sane fixed command
address as the sketch pad. In those situations, the host conputer wll
assign new addresses fromthe soft address 25 | ocations to each devi ce.
In the preferre8tenbdtli iresentimplated tbsbndt ilewsntdnenetlidre headwioes

peri pheral devic have been assj d addresses. as shown.  bel ow. Address
Devi ce Types ‘Sgreséxg%leé‘tgngeé ggg’?ﬁo eyirgsohe provided SRt B @GS 8th ess

security systemgystlé@. C8uch an address wolI¥ bé BsR806ox @PEYem protectiofXt €nded
addr ess appl i ances device 0010 (two) coded devi ces

keyboard 10 scheper) Pr(psprediientificatjon schemesde\Bozeexamplegus devien @t
ball 0100 (four sol ute devices sketchpad, tquch screen 0101
(five) § 2tgsig r*/ogatigp c%ufé congs#{é a@libte(réfe&)acﬂireks w%%cpexgtésrtvga

none 0111 (Sevelis)éov.ided byl €fCeyStem user before NMeCs}Hth cBLINIDe enabled. SOft
addr essed dupl i cate peripheral devices

In other instances, individual operations could require that the
extended address of other security devices be provided by the
U host computer prior to petformaﬁce. Such security devices could
‘ .10 function as “"keys" to lock the entire system or certain
operations performed on.the system.

Also reserved for use on the network of the present
invention are soft address locations 16. Soft address locations
are reserved for duplicates of peripheral devices coupled to the

15 bus., When more than one mouse is coupled to the bus, for
example, the host computer assigns new addresses to each mouse,
those addresses being at the soft address locations.

Although specific examples have been given for each type of
device coupled to the bus, there may be more than one kind of

20 each type of device with that address. For example, a sketch pad
has been given as an absclute device but a touch screen would
also be considered an absolute device and be assigned the same
fixed command address as the sketch pad. 1In those situations,

the host computer will assign new addresses from the soft address

‘25 locations to each device.



200 1111 (15) . ’ soft addressed dupl i cate peri pheral .
devices it will appreciated by one skilled in the art that other -addresses -
may be assigned to these-devices containing nore or |ess bits than in the~y
preferred enbodi nent. Fi xed hard-w red addresses 31, 32,33 and 34 are shown
in Fig.1l for nouse 11, nouse 12,sketch pad 13 and keyboard 14 respectively. *
Al |l peripheral devices have four .registers in the preferred enbodi nent’ to
receive data and send data. For each device, register 3 talk and register

3 listen have statJ$ Fht SFRERTTSA StRAVinent ofi the RELTANS LAYRP Ry BP |
information.  gaffius’ pEPIgHeRR) ot Sl have e ek 1GRIS LS MY £ sRbEndevi ce

speci fic except - 0- register 2 |listen which contalns the extended

addresses for ®Rlewaded address devices or device specific contents for soft
addr essed devi ces.

In_the preferred odigrent of the_pr nt invention,
there 5 are threéqg'yr-ﬁsess of comni%r&%ﬁgt he perg’gﬁﬁ—gl bus: conmands,
data and gl®bal si goles(zér@ymands argxtendéa haareside hesdurdeyuyseems,0 t he
peri pheral devices, data is sent fromthe host conputer to the devices or
fromthe devices to the host conmpute®evigfd gl obal si gh®8%IBre speci al
nmessages sent -t o t hggANibhd SYSt €M dfhended adardfls L NeapsAfages£d enbodi ment
data is encoded as the ratio of lowtine to high tine of each bit cell. A
bit cell boundary is defined by a fatiévieg edge on the bus. A "zero" is
encoded as a bit cell.in vwhich the lowtine js greater than,the high tine.
This is shown in Fi.éﬁdeqﬁ% bit cel FORS H?ﬁ_ie"\’éf ore, X*¥HT5 15 “defined
as a bit cqjgl in whooil (RRrdedW tiNE pa1delve ddidAgebhe Rioghe, track ball

| 0100 (four) absolute devices  sketchpad, U
| ' o touch screen |
0101 (five) reserved " none
0110 (six) ‘reserved : none
15 0111 (seven) reservad " none
1000 {eight) soft addressed dublicaté peripheral
| ' devices
20 1111 (15)° soft addressed  duplicate peripheral
' © devices

It will appreciated by one skilled in the art that other W
- . addresses pay'bé qssignnd to these devices containing more or less
bits than in the preferred embodiment. Fixed hard-wired sddresses 31,
32,33 and 34 ere shown in Fig.1 for mouse 11,mouse 12,sketch pad 13 and
keyboard 14 respectively. :
A1l peripheral devices have four registers in the preferred
embodiment to receive data and send data. For esch device,
register 3 talk and register 3 listen have stetus informztion
such as device address and handler information. The remasining

registers are data registers which are device specific except



tine as shown by cell 21 of Figure 2. In the present preferred enbodi nent,
a-start bit is defined as a "1". A stop bit is a "0" which does not have an
addit-i onal- falling edge to . define the bit cell tinme. The stop bit is used
to synchroni-ze the stopping of 20 transactions on the bus. The period for
each bit cell of command signals and | ow speed data transm ssion is

approxi mately 100 m croseconds plus or mnus 30% For high speed data
transm ssion, the bit cell is 50 microseconds plus or mnus 1t. The format
of a data 25 transaction is a start QH&_(l), foll owed by up to 256 bits
of data and ending wwth a stop bit. It wll be appreciated that when other
comuni cations nedia are utilized, other signaling nethods nmay be utilized.
Commands ar e sendegdstyr 2y likeehetiich donthives phef &tvendeé daade smst fof t he
present invention, there are three commands; talk, listen, and flush. As
shown in Fi gure ¥¥tepged afoness Qevices oropeviceorpriid icafPerbhithiodn* Ml se is

sent out. An at_t;dgriegge?% dedkse is generated by the host conputer by
transmtting a bus low for a period of "T-attn". In the preferred

enbodi ment, T-attn i Inagppr exehatredyenif@ined0 ofi choyoesaus inThet iant erfteren

pul se is fol]lowed by a synch pyl se to give the initial bus.timng,_ Th

f ol | owi ng ed%e otr& %Qrgﬁlﬁgﬁefnﬁ%s‘émf"gu 849 °4 fr?erripﬁﬁg?}befréae?]%se %6’“7‘?%}5% he
first bit of theasQmanadglophhes MaBNd cofinbhdd QpEdsdit Bréd Ahebhdst ormpdtlee to
preferred enbodinent a "0"). After the stop bit, the bus returns to its

normal |y high stthe Perirker=3 devices, rdatacky segbrixame thathestofitRitieF st@n 8
bit value in thetg%?fegri;:g HTPOM TRBlaevives e FOTIRR L P eede S h i

device address fireld which specities
~ signals are special messages sent to the entire system.

10 In the preferred embodiment data is encoded as the ratioc of
low time to high time of each bit cell. A bit cell bouncary is
defined by a2 falling edge on the bus., A "zero" is_gncodec‘ as a
bit cell.in which the low time is greater than the high time,
This is shown in Figure 2 by bit cell 20. <Therefore, & »1* is

15 defined as a bit cell in which the low time is less than the high
time as shown by cell 21 of Figure 2. 1In the present preferred
embodiment, a start bit is defined as a 1", A stop bit is & "0"
which does not have an additional falling edge to define the bit
cell time. The stop bit is used to synchronize the stopping of

20 transactions on the bus. _

The period for each bit cell of command signals and low
speed data transmission is approximately 100 microseconds
plus or minus 30%. For high speed data .transmission, the bit
cell is 50 microseconds plus or minus 1t. The format of & data

25 transaction is a start bit (1), followed by up to 256 bits of
data and ending with a stop bit. It will be appreciated that
when other communications media are utilized, other signaling

methods may be utilized.



the fixed hardwired address of the desired peripheral device (e.g., 0011
for a nouse). The next, 2 bits formthe conmand and the final 2 bits forma .
regi stered address field which allows a specific register, RO-R3 within afi

Pl

addressed peripheral device to 20 be specified. |In the preferred

enbodi nent, the commands have the follow ng bit code: Comrmand )
Code Fl ush 01 Listen "10 25
Tal k

_ 11 The tal k command-orders the addr essed
device to provide its data to the host conputer. The |isten command orders
t he addressed device to accept data fragythe host conputer and place it in
one of its registers. The flush command has an effect on 30 -12- each
devi ce which is def icomthahys tdre séeiti wnily by dBwilat. | tinc e prefieexed or such
functions as clearin a register or resetting all keys on a keyboard so
that they will B8P e"&gagrrhevnweatpmepﬁew thers @a8 ‘r"sfe&dﬁ‘?@%aé'@(!'to

talk, it nmust 5 S ert I 4 out”
period. The ti mga%f't EQQ%;:W t‘nhgf%ps%r oxxlaérrgpgﬁ %48 @ﬁl 2 én?%rlggse%:ﬁgs (2
bit cells). Thessetecifcd connan@, ard attedtinm polsd |x§Es¢mt pubecanestteatioe on -

the bus and perforns its data transacti on, and then "untal ks" |ts§;ﬁ§ il?‘f
a ons

goes inacti Ve oRViRE i genergted by the Jipst COmPRLPE by STRRSRAYLAPI(3

whi ch are neit hgorCOPRIES SOFTRAlA! I AAS 8Rd '&@?en@dobﬁbotﬁnﬁﬁﬁl SridiGhude:
attention and synch, which is used to signal the start of

approximately 560-1040 microseconds. The attentzon pulse is
‘followed by a synch pulse to give the initial bus timing. The
following edge of the synch pulse is used as a timing reference e
10 for the first bit of the command. The command is followed by a
stop bit, (in the preferred embodiment a "0"). After the stop
bit, the bus returns to its normally high state unless a device
requests service.
The command is an B bit value in the preferred embodiment.
15 The command -includes a 4 bit device address field which specifies
the fixed hardwired ad&ress of the desired peripheral device
{e.g., 0011 for a mouse). The next 2 bits form the command and
the final 2 bits form a registered address field which allows a
specific'register. RO-R3 within an addressed peripheral device to
20 be specified. 1In the preferred embodiment, the commands have the -

following bit code:

Command ' - Code
Flush ' - ' 01
~ Listen 10
25 Talk ' 11

The talk command orders the addressed device-to provide its
data to the host computer. The listen command orders the
addressed device to accept data from the host computer and place

it in one of its registers. The flush command has an effect on
30



conmmand and to give initial bus timng;, service request, a-transaction that
devi-ces use to signal the host that they require 15 service; and reset,
used:-to issue a break on the bus by holding the bus |ow for a m ni num of
"Tres", which is approximately 2.8 to 5.2 mlliseconds, (40 bit cells).

d obal signals will be -described in nore detail in conjunction wth other
transactions. Since a peripheral device can only send data when it has 2D
been conmanded to tal k by the host computer, the present system provides a
nmeans for a device to notify the host cqgputer that it needs servicing.
This is acconplished by having the device send a service request signal to

t he host ter, ' t ' t i t b
nolding the 25 Baeh SYAEsPRER b FRISRRR B0t RaRalf o ST et GAP 5

Each of -the peri pisesafori@uck efuneeigsLds!t @1 dakend Us reffdtedcor FeskbEInPh11
registers (in the preferred enbodi nent four registers). Figure 3 shows one

of the registers Ked® an Pokpyhrard| sejdhptcthey Wikl Pengenpaansipdentified as
t he service request | ' it 3 -13- | e i by the
host conputer, ohren %I EL%R%\PEE egkﬁ%%)c}st ﬁﬁresse%gﬁ 5?%% tit:mmqs

t he device e bus he Sstop bit

of a command tsaneapbndmithin h@ebtain pegis®s CGalida ithe ddweCsutre@dsiod.
service. A device wll keep re uesting service until it receives a talk
command from t he e timeoutTEritl o dsc ppproximare R4 04t e R6Rsmitrosgropas (2

followed by a deWigect Pyl iR SE[HLe8: advliok (ot LCE; mnes if
It requires servi cli ng,ﬂtlﬁat 1:]% ﬁ itt h%ésﬂgaf g“t %tsgﬁﬁfd?éhtﬁle‘%itgg%f If it
does, it sets an besopesaictivacorbithe Mixcand herfioxhs casndaih ksametiont ahBom

tQE/ then “untalks" itself and goes inactive on the bus.

10 . Global signals are used for transactions which are neither
commands nor data transactions, Global signals include:
attention and synch, which is used to signal the start of a
command and to give initial bus timing; service request, a
transaction that devices use to signal the host that they require

15 service; and reset, used to issue a break on the bus by holding
the bus low for a minimum of "Tres”, which is approximately 2.8
to 5.2 milliseconds..(40 bit cells). Global signals will be
described in more detail in conjunction with other transactions.

: - Since a peripheral device can only send data when it has
'--éystem provides a means for a device to notify the host computer
-that it needs servicing. This is accomplished by having the
device send a service request signal to the host computer. 1In
the present invention, a service request is sent by holding the

25 Dbus low after the stop bit of any command transaction. Each of
the peripheral devices coupled to the bus include-a number of
registers (in the preferrgd embodiment four registers)., Figure 3
shows one of the registers for a peripheral device. Bit Al3 has
been identified as the service request enabie bit. When this bit

30 |



10 - host, the device checks to see if the coomand is addressed to the
device. |If the command was not addressed to the device, the device checks ~ -
to see if its service request enable bit, (bit Al3 of register 3), is sety /!
high. If so, it holds the bus-low after the conmand stop bit. (See Fig. 6) )
The device then waits until 15 the next conmand is received fromthe host

to see if it will be addressed to talk. If the command is addressed to the
device, the device determnes if it is a command to talk. If it is not a.

command to tal k the device sends a service request, perforns whatever
command is instructed and awaits the«18xt command. |f 20 t he command is

to talk, the device sends.its data and considers,its sgrvice r t,to0 be
satisfied. The j(fé\ffﬁehggg’nf’?’n s?‘["ﬁt FMPREFT Y £ 9o vise fif gpﬁgkeef\%ﬁg%’lldt

needs service. gye phkAUWBEiEE heSopWNULETa déhkoRd kOhni diEt £ Vag@hbeguest
enable bit, nore efficient operation of the bus is realized. Wen a service

25 request isin@dguved, Gfictlirodevicepeeds ssreiceon| ¥ deyiceHokld H88P ces
whose service request.bit was ena whet her _th e Vj

Addi tional Iy, tTREYSEEINT &SP ?ceer "Bg*‘nlegits'éﬁeé‘vﬁser‘[ glx?’lp go\%mégé *%é"? Qglree not
required fof pagdsell fhe F1BNW R ORE Figureld shbentincatepgtdnloved bg aevi ce
is able to detect collisions. If a peripheral device tries to output a 1
and the data |iéevice seqeiringt sexvi®e.t he device assunes it has |ost a

R e s e
the bus and pregravas,! be idahas Hatahto@enaetdIghectiis€.0r 1£ ditr dossu $si meks The
device sets an internal flag bit if it loses a collision. Prior art
peri pheral devi apdnteraalntlaebit. Bpepithe next command is sent out from the @/
. 10 host, the device checks to see if the command is addressed to the
device. If the command was not addressed to the device, the
device checks to see if its service reguest enable bit, (bit Al3
of register 3), is set high. 1I1f so, it holds the bus low after
the command stop bit. (See Fig. 6) The devibe-;hen'waits until
15 the next command is received from the host to see if it will be

- addressed to talk. If the command is addressed to the device,

- the device determines if it is a command to talk., 1If it is nota
command to talk the device sends a service reguest, performs
whatever command is instructed and awaits the next command. If

20 the command is to talk, the device sends its data and considers o’
its service reguest to be satisfied. The device continues to
monitor itself to determine when it needs service. By allowing
the host computer to control the service request enable bit, more
efficient operation of the bus is realized. When a service

25 request is received, the host computer negd only ask those
devices whose service reguest bit was enabled whether they need

servicing. Additionally, the host computer can disable certain

devices that are not required for particular applications,



collisons. This novel feature of the present invention perm.ts- 10 nore -
efficient.operation of the communications medium By having the device
sense a collision, it can-preserve the data that is transmtted and
indicate to-the host conputer that it requires serving. Additionally, the
col lision detection schene of the present invention does not require a
waiting period before a 15 collision is assuned. A deviee will end its
transmission if the line is nodul ated by another device or sinply not begin
its transmssion if the line is already ip use. Further, this collision
detection schene is useful in |ocating mil §7 pl e devices at a single

hardwi red address | o¥hehm®ending Gads, s @edicenid 2Me O el? F11FEgeHs 1.
I'n such a situatjon, tpe.hosig\/i .l _change the address of the devices by
forcing a col Iislon BFFHRAFFaAS eé’ljlﬁfi'rfae htP StRURRledrd thpdatgsiing Hiseves

this by issuing ér tgpek wacomaddé’ﬁ%?ﬁé%tsoii h%%e1€§tViaCS§111'§§o$°”e of

the registers of the 25 device) contains e I nformation shown |n'l9|gure
3. Bits AD thr Rathay denicsi n Thisowiars braydlaabeivdy abvicl lis 41 Besding
conput er thesfunct it% ﬁf a ggvi c; and the use of data provided by the

devi ce. Bits A8 Thi0Ggh sa | WaFh this Anhpens theclesing eevicenuntalkgaiesed fuhen

nore than one degié theiullahdBre 8By EOTHE | eling MR g8 tO the
bus. In that situation, one of strhe softqgg:ﬁletg%g%gﬂagr?selg esoeg'gsf%rned to
bits A8 through 784rafrissionen Ther devize sét: eontmednalidfessbiorift hatloses

device. Until that, &i those .bit | ocations _contain a random nunber which
aids inthe 5 zgt':é’cl??%%“df ‘?:‘E?’l"l‘i %’f%r?&gp'ﬁfraleﬂ%l‘mﬂee,"??e {RaPIf te deLesityed

a_talk R3 commanebiitdohal hrhegadve Bl geatdrdlost BRe S8R ent'8inbBRE10MOPL g Gt ect
a~col |l i sion. However, by having random nunbers in the
10 more efficient operation of the communications medium. BY having
the device sense a collision, it can preserve the data that is
transmitted and indicate to the host computer that it requires
serving, Additionally, the collision detection scheme of the
present invention dbes-not.rQAuigéié-wéi;igé p;;gédiﬁgfore a
15 collision is assumed, A device will end its transmission if the
line is modulated by another device or simply not begin its
transmission if the line is already in use. Further, this
collision detection scheme is useful in locating multiple devices
at a single hardwired address location, such as mouse 11 and
va 20 house 12 of Figure 1. |

. In such a situation, the host will change the address of the
devices by forcing a collision of devices sharing the same
address. The host achieves this by issuing a talk R3 command
addressed to those devices., R3 (one of the registers of the

25 device) contains the information shown in Figure 3. Bits AO

through a7 contain a device handler which tells the host computer
the function of a device and the use of data provided by the
device. Bits A8 through All are an address field which can be

changed when more than one device having the same command address
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address field of register 3, the output of the two devi ces wilT eventual |y’
differ. When that occurs, one of the devices will I D detect a collision

and stop talking. Bit Al2 is a high speed enable bit.- which if set,

host to enable t
Al4 and Al5 are
receives a talk

address) to the REebcCiURPBEEo11ibiodd1e ForlpRad iR, IEY ]

Bervie\asc the ccoparahdr addreser forc ehaeqieadtel r unsilcithan. tiBiet s
reserved gor future use and are set to 0. \Wep a.device

o%% Rt dotardons santaip & rapdom mumber which alds ipfhe 5ng
nlke (R e30E® & YPE

coupled to the bus, only one can respond since the ot E‘er wll detect a
col I i si on. Fi gur ¢a¥k sk wommiand raxdhbothobegasitghking revtiddrnes a@ithet houdds.

i r t al  signal th ' ds_.its status f
Hetieh e SoialTish: “Henets Y botiserenion RUPOEIRAE TR been

-16- After recei
Regi ster 3. If t
acollision, it
bit to indicate

leRRe s3I Wof WRbaLKer i3, SEld dudpith 8eicheabwb HeSiBal i1ag
a collision. 5 The host sends a listen R3 to the npuse

address. Each t alewveptweddiydditéest.s When thatrargurspldnesobrebiel devisiest wdll

devi ce. The q%vi

15

20

25

%eetect a collision and stop talking. Bit Al2 is .a high speed
enable bit which if set, provides for data transmission at the
higher modulation rate (50 microseconds per bit frame). The high
speed enable bit is set by the host._-computef. . If the host
computer is unable to receive data at the higher modulation rate,
it sets the high speed enable bit low in each of the devices. 1If
the host computer is able to accept data at the higher modulation
rate, and the device is able to transmit at the higher rate,
(that information being contained in the handler bits of register
3), the host computer sets the high speed enable bit high for
the device. As previously mentioned, bit Al3 is service request
enable which is set by the host to enable the device to perform a
service request transaction., Bits Al4 and Al5 are reserved for
future use and are set to O.

' When a device receives a talk R3 command the device provides
its status (handler and address) to the host computer. If there
are two devices of the same type coupled to the bus, only one can
respond since the other will detect a collision. Figure 5 shows

the method of assigning new addresses on the bus.

provi des for data transm ssion at the higher nodul ation rate (50

m croseconds per bit franme). The high speed enable bit irs set by the host
conputer. |If the host conputer is unable to receive data at the higher
nmodul ation rate, 15 it sets the high speed enable bit lowin each of the
devices. |If the host conputer is able td accept data at the higher

nmodul ation rate, ,and the . device js able to transmt at the_higher_rate,
(that informati of®EYRGeRHT &PfclHsn IREMSNEIRtAPRs Qe PESRS: 8PES)  the
host conputer sepaatds Hokk RAECEHERRIEY koL A8 e13Qu H)ﬁld@“i&?theﬁ*s
previously nmentioned, bit Al3 is service request enab'fe \Mgn ch is set by the

o

»
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checks to'see if its collision bit is set. If the collision bit is not set
t he ‘devi ce changes AS through Al to the soft address provided by the..

| i st«n R3 command. in this manner the address of 10 the winning device is
changed with the host conputer keeping track of the new address of the
device. If a collision bit is detected by the device after a listen R3
command, the device does not change the soft address bits, but may change
other fields in R3. The host conputer sends out another talk R3 conmmand:-to
see 15 if any devices renmain at the nouse address. In this situation the
remai ning nouse will send its start bitjgnot detect a collision, and send
its status fromregister 3. The host conputer will send back a |isten R3
command to the nousd®figlrErceiving a salk R3ngignsdsthendeyippiseqas die gtatus
collision bit bej Dy 2 oSl a I t, W a st 5. A8

t hrough All of ?gg?s’?%is E]%’oaqt h{eﬁgftﬁg’ d ‘g%siggéeﬁh\\?eé&f%mgt e ﬁgg%
conput er. The hebtt et bes tbeen = eolibidioh, altisheps tseinkifs (0ovakksd to t he

nouse address. gQI S )i'me si nce nf nouse remai ns at ,that addrg;;, the bus
is timed out and“BRR)h38P O aPetiEABRL AL P HRalPHEE G FOIS HER
addresses togeaqhefodth€eABER FilAleinB tH] HIDKSEs AHEE £65s. ERNOPLIKeRRREHENT
of the present invention, peripheral devices have a device on themto

i ndi cate activi Fgsets$ |the dnternedi ¢elkldsiomifdagoafi the otevign. b&ha épdceal key
on a keyboard or t,to n use, . Wen re than e, of a.device
coupled to tﬁggﬁgésj,tot %gghiot?tig%oc af%rmcgggd’lssﬁfg‘y ggnﬁgesacﬁég}selé’ﬁeg%tlsng
one of the devi Gesnd® detethdi@ersté haRbes ABCLRRRGhCAIL tBebhd $DEE Abalkss en
R3 conmand which will change the address of the device which is activated.

i mthis manner PAGVéPEARY HheldaterRA drmmand.ocdt bhli aMAnaSsitditerP dfeks of
addresses | q_ﬂ”“'trhleué?ll;n%phggﬁztel Qgsc'hanged with the host computer keeping

track of the new address of the device. If a collision kit is

- e

detected by the device after 2 listen R3 command, the device Coes
not change the soft address bits, but may change other fieldes in
R3. The host computer sends out another talk R3 command to see
15 1if any devices remain at the mouse a2ddress. 1In this situation
the remaining mouse will send its start bit, not detect &
collision, and send its status from register 3. The host
computer will send back a listen R3 commznd to the mouse address,
The remaining mouse will not detect a collision bit being set in
20 this instance so it will change bits A8 through All of register 3
to the soft address received from the host computer. The host
computer then sends out another talk R3 command to the mouse
address. This time, since no moﬁse remains at that address, the
bus is timed out and the host computer knows that it has assigned
25 new addresses to each of the mice sharing the mouse address.
In one embodiment of the present invention, peripheral
devices have a device on them to indicate activity called the
activator. The activator can be a special key on & keyboard or a

button on a mouse. When more than one of a device is coupled to



Thus, a peripheral  device bus has been described which allows a plurality

‘of peripheral devices to be coupled to a host computer through a singlte PN
port. The present application has been divided-out-of our co-pending U K i -
patent application ND. 8607632 in which there is described and clainmed an ~
apparatus for transferring sionals arid data, wherein the signals and data
are transferred under the control of a host conputer fromthe host cofputer
to the first and second 15 peripheral devices .and fromthe first and
second peripheral devices to the host conputer, wherein the signals and
data are transferred over a bus couplingifthe first and second peri pheral
devi ces 10 The N0stug oMY st FBAPNLY ELA d1BELRY'S hSsRAIdRbbiedting dragi cal
first state. 20 eﬁerence is also directed to co-pendi ng

di vi si onal applb£-that devicedoso 31 268AcEivabrS01BHEE hodt can then dspuets vel y

relate to a nethod for_transferri si,gnal s and, dat wherein . the.sjgnal s
and data are tr&?’n%‘feé‘rf‘écf‘lm&é' "ﬁ‘u&q"cﬁh. 8}“‘693 &hﬁ&%?fgﬁpﬁféﬁe-b%ﬁ\}\ggn t he
host conputer agg;éh gt a80£batRa0NYnPEisPREA A r dRY{CIRIa1BEViREeD ¢ DEhe
signals and data are transferred over a bus coupling the first and second
peripheral devi 3esated ehé arsigned mewt addresmes dmmupbivgpr PRPHSENPTY in a
| ogi cal first state, and wherein the first and second peri pheral devices
each initially contain the same first number—as a conmand address for both
the first and secondrmiz, pqrerppherll devicecbys dnd beereidesdritmd whiglesti ng
service by a device coupled to a host conputer through a co pni.cat i on
medi um 35 AR OS2 Pl“l\é?rgt-%&i Refinhenpl AevicRs '31 8ﬁaﬁ°§%g1ﬁ'|8 €&’ habe

det a, wherein tr“%ompute: through & single port. _ . &;)

5

10 The present application has been divided-out-of our conending
U.K. patent spplication No. 8607632 in which there is described
-end cleimed an appératus for transferring signals'and dste, uvherein
the signals end date are transferred undér the contrcl of & host
computer from the host computer to the first and sscond
15 peripheral devices and from the first end second peripherzl devices
to the host computer, wherein the signals and datz sre transferred
over & bus coupling the first and second peripherzl devices
to the host computer, and uherein the bus is normally in & logicel
first state.
20 Reference is also directed to co-pending divisional applic-
ations Nos. 8912530.6 and 8912531.4, which respectively relate to o
a method for transferring signals and data, wherein the signals and e
data are transferred under the control of a host computer between
the host computer and first and second peripheral devices, wherein
25 the signals and data are transferred over a bus coupling the first
 and second peripheral devices to the host computer, wherein the bus
is normally in a logical first state, and wherein the first and
second peripheral devices each initially contain the same first
number as a command address for both the first and second
30 peripheral devices, and a method for requesting service by a device
coupled to a host computer through a communication medium.

35



signals and data are transf erred under the control of a host conputer

bet ween the host conputer and first and second peripheral devices, wherein
the.signals and data are 5 ‘transferred over a bus coupling the first
and second peripheral devices to the host conputer, and wherein the first
and ;second peripheral devices have a same first address,—conprising the
steps of: the host conputer initially activating the first 10 peri pheral
device by transmtting over the bus (1) the first (mu 'm m m st

peri pheral device and (2) a signfal Bhat~ mat ches a -?,i 'ﬁm m " Ld as an
extended address of the first peripheral device; after ‘thé f¥rst peripheral
device is activated, the 15 host ter sending a command over the bus
to the first address of the first peﬁggﬁgaal device, wherein the first

peri pheral device executes the command wi t hout the host conputer sending

t he extended address qof t | ' L Ca: :he st
conput er both activagfng ?ﬁgtﬁéﬁﬁﬁgq%éﬁggﬁg?gfgéﬁv|Eeéghgaﬁﬁﬁ@?f%gkfﬂg t he
first peripheral devisdgn®ls epd gk arentranpernedeutsies thes seotrdlnefrsehosts an

extended address, whejohhiitdrBe B8R the WIS Eodptb Rt adeghaddiges of the
second peri pheral device, rein 25 t he second nunber is different

and wh . .
fromthe first nunber'?erél?'?eé'?gtq?é/?’é%o%erﬁé?iB’I?e?égnaéév?"tf’edﬂa &E%i vated, the
host conputer séndi ngtransfuriad bveyed blibcddPBirg0 thé Fitst Hhdaskbons eelpidial

comand i thout ¢ he J5vieeh a8 FeChask EFLERR e EED REetSicA Bos of ( ne
second peri pheral dewecend periphiiel revhosd béveleasand fixst wddmesterring .
ng/naI s and data, ~comprising the steps of:

the host computer initially activating the first
10 periphersl device by transmitting over the bus (1) the
first address of the first periphersl device and (2) a
signal that matches & first number stored as an extended
. address of the first peripheral device;
after the first peripheral device is activated, the
15 host computer sending a command over the bus to the first
address of the first peripheral device, wherein the
first peripheral device executes the command without the
host comﬁuter sending the extended address of the first
peripheral device;
| - 20 " the host computer both activating the second peripheral
A _ _device and deactivating the first peripheral device
by transmitting over the bus a second number as an
extended address, wherein the second number is the
extended address of the second peripheral device, and wherein
25 the second number is different from the first number:
after the second peripheral device is activated, the
host computer sending a command over the bus to the first
address of the second peripherél device, wherein the
secand peripheral device executes the command without the
30 host computer sending the extended address of the second
peripheral device.

2. The method of claim 1 for transferring signals and data,



- 19 - wherein at |east one of-the first and second péripheral devi ces

conpri ses an appliance. 3. The nmethod of claiml for transferring signals _,
and data, wherein at |east one of the first and second peripheral—devi ces (PR

conprises a system protection device. 10

i

- 19 -

wherein at least one of the first and second periphersl
devices comprises an appliance.

3. The method of claim 1 for transferring signals and

5 data, wherein at least one of the first and second

peripheral devices comprises a system protection device.

10

oy



