LOCAL AREA NETWORK W TH CARRI ER SENSE COLLI SI ON AVO DANCE BACKGROUND COF THE
NVENTION 1. Field of the Invention The present invention relates to (n
apparatus and nethods for transferring data between a source and a .

plurality of receiving data processing devices. Mre particularly, the
present invention relates 5 to data transfer along a | ocal area network
between a plurality of data processing and peripheral devices. 2. Art
Background In the conputing industry, it is quite co to transfer dat a

| Cand commands between a plurality of data processinnngg ZgPCh as for
exanpl e, conputers, printers, neneidires and the |like. The |nter nnection of
conputers and ot her peripheral devices principally developed in the early
1970's with the advent of conputer networking systens, which permtted the
di stribution of access to conputing 15resources beyond the i medi ate
proximty of a main frame conputer. Networks, such as the ARPA Network,
wer e devel oped gERLPIAREAINETGORKS WY HYBARRUER USENSE tooULAIrg®N | me- shari ng
systens and the transfer of data ?etmeen such systens. In the case of

geogr aphi cal | s" (LANs) were
devel oped to 20connect together a collection of conputers, term nals and
peri pherals | ocated, typicalPAGKGROUNRC-OR THE INVENEION) or adj acent buil di ngs,
and permtted each of these devices to communicate anong thensel ves or with
devi ces attached to other networks. Local area networks pernmit the

i mpl ementlat | Dieldf ofij thter Iwgngdononputi ng. | n other words, sonme 25

The present invention relates to apparatus and methods for - (Tﬁ
L/ transferring data between a source ane a plurality of receieing data
processing devices. More particularly, the present invention relates
5 to data transfer along a local area network between a.plurality of

data processing and peripheral devices.

2. Art Background

In the computing industry, it is quite common to transfer data
10and commands between a plurality of data processing devices, such as
for example, computers, printefs, memories and the like. The
tnterconnection of computers ana other peripheral devices principally

developed in the early 1970's with the advent of computer networking

f"‘\

systems, which permitted the distribution of access to computing
l5resources 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 the transfer
of data between such systems. 1In the case of geographically local
networks, so called "local area networks"™ (LANs) were developed to
20connect together a collection of computers, terminals and peripherals
located, typically in the same building or adjacent buildings, and
permitted each of these devices to communiéate among themselves or
with devices attached to other networks. Local area networks permit

the implementation of distributed computing. In other words, some

25



+2- of -the devices coupled to the | ocal area networ k may be dedicated to S
perform specific functions, such as file storage, data base nanagenent, "
tefm nal handling, and so on. By having different machi nes perform

ditfer ent tasks, distributed conputing can make the 5 inplenentation of
the system si rrpl er and nore effici-ent. Local area networks differ from
their |l ong-haul cousins in a nunber of respects. A key difference is that

t he designers of |ong-haul networks, such as the ARPA network, are often
forced by econom c or |legal reasons to use the public. tel ephone network, 10
regardl ess of its technical suitability. In contrast, nost |ocal area
networks utilize their own high-band® dth cable to permt dat agram service
bet ween t he ofathodsvires eeupledutst dletkpcpheaneaNretpck megt be GerfbFrted to

transmi ssi O%eg?éun@sggé qugl‘ dn%‘:stguérpgélflqléeét ?EW%&%ana%eco axi al
cable, twi sted palr an er optlcs A variety of cable 15 topol ogies are

possi bl e, swehagerehi ngermingdi hendltinge,andi sy cand Byegn*enrmwifﬂeﬁeaﬁdl tion,

| ocal area netx\prel%F%ée)for}ot sytfer. ftg%’g ? strqg e%rog ;‘8 qung?gs WAl ch

are inherent" T l“ar ge ne us a oW n ann
utilizatién m@mﬁenmushﬁdosngm By xent impaeoVvendt herecapah:lilehtJ es of large
scal e networks. 20 Al t hough | ocal _area net wor ks hgl d the prom se of

distributed procesdPR} aK82 dl‘f’r?ﬁﬁ?ﬁ AT FETWERH AP PPBL SOEPAYE d8vices, a

nunber of faghees Jfaygsﬂ'égyentheﬁjerdeeMEe&@tﬁ&@@ﬁ&&fé@@gﬁrd eeal ar ea
net wor ks, such as ETHERNET (U.S. Patent 4, 063, 220). For exanp despite

efforts to |lmnerhadsnretyeskag sYES|as ébhrﬁﬂpbg‘y’t"’aﬂtyﬂFEa‘?“‘-EN\f%‘Sﬁ%&é’ may

represent a Sc'oqunfa sﬁnfegf;‘if SRbRI& Lhisd Rfel Atk c ATk pAinedndiictRNal
cqnputer. Acc |ngly, I'n e personal conputer market | ocal area networks

have been 1orchiabdtdseebs 1&xp€¢mnwealt suivgbidpent . Id rontrast, most local area
networks utilize their own high-bandwidth cable to permit datagram
service between the various devices coupled to the LAN. Tﬁe most
common transmission media for carrier sénse local area networks are
co-axial cable, twisted pair and fiber optics. A variety of cable
15 topologies are possible, such as linear, spine, tree, riﬁg and
segmented. In addition, local areé networks do not suffer from the
long propagation delays which are inherent with other large networks,
thus allowing the channel utilization to be pushed significantly above
the capabilities ?f large scale networks.
20 Aléhough local area networks hold the promise of distributgd
K,/ processing and communication between data processing devices, a number
of factors have prevented wider use and acceptance of local area
networks, such as ETHERNET (U.S. Patent 4,063,220). For example,
despite efforts to lower costs using VLSI technology, a typiqal LAN
s5node may represent a significant percentage of the total cost of a
personal computer. Accordingly, in the personal computer market local
area networks have been prohibitively expensive to implement. In
addition, most local area networks utilize complex cabling techniques
and require a systém administrator who is trained in the installation,
30 updating and maintainence of the LAN system. Moreover, many local

area networks utilize relatively complex protocols to permit the



addition, nmost |ocal area networks utilize conplex cabling techni ques and
uire a systemadmnistrator who is trained in the installation, 30
@gt i ng and mai ntai nence of the LAN system, Mreover, many |ocal area \\__‘4
networks utilize relatively conplex protocols to permt the vari ous o
devices coupled to the LAN to communi cate under various conditions. As.wll
be decri bed, the present invention provides a |ocal area network for
comuni cati on and resource sharing anong various 5 conputers, servers,
di'sks, printers, nodens and ot her data processing devices. The present
i nvention supports a wide variety of local area netwoik services, and
permts communication to | arger net¥wrks through the use of bridging
devi ces. The gresgnt inventilog Er \{‘i dgﬁhgn 10 ecpnomical, rel,jable, and
mechani cal I\ TEPHHPEY1EREaFOURIES FR A8 P eI BTEPECALAKNIAT Y 4OHE prior .art.
-4- SUWAR¥ooEithildhsl NVENTI ON A | ocal area network is disclosed including
appar atus and net hods, for transferring data between a plurality of data
processi ng resour ®&s¥{MafarieccibedruphePresent dapentiop pronddes & LPrd |
enbodi MeNnt , 5 JadndthdER! ddry cOhmAGBE iSn2E ks CONRIRE L1k r3n§ ARG Ftlibes fOr data
transm ssion and reception. An agent newl'y coupled to the cable dynamcally
assi gns i Pompukergni sRRYeaddrdsss orPrintersabhredems il chhent deka RySRESSirgy send

data. The a&%@&eg.en@f;@tp%s@n{ qgg@mig“%ports a Qide variety of local area

network services, and permits communication to larger networks through
the use of bridging devices. The present' invention provides an
10 economical, reliable, and mechanically simple local area network o/

heretofore unknown in the prior art.



within a predetermined range, or retrieves a previously stored initial 10 . .
nunber ("hint"), for use as a tentative address. The agent transmits an i
enqui:ry signal (ENQ over the cable to.the tentative address to determn o
iT The tentative address is currently being used by another agent. |If an
acknova edge (ACK) signal is received by the sending agent in response to

t he ENQ signal, another random nunber is 15 generated as a tentative
address and additional ENO signals are sent. In the event no ACK signal is
recei ved, the sending agent assigns the tentative address as a final
address in its nenory. Once an agent has assigned itself a final address,
It may then transmt to, and receive data from other agents on the cable.
An 20 agent desiring to send data to a r.gceiving agent senses the cable to
determne if the cable is rdle @iy 858 hiveNrigy cable is in use, the agent
"defers"” until an idle conditiof 15 sensed. Once the cable is detected as

idle, the sending aganiosi hfed npERSRL €5 MiBETbgRA i A uBl A aBpdatdonada ne
before transmtting an "RTS' signal to the recei w%% 25 agent. The sending
agent then norfet8Ps fRE CABPELATIP LateTRetvery PaPluTAith ?ﬁJgftﬂoé"P?%l’r?éﬁ?tted

by the recei viQgoaa&i! ( ‘aR;eB@E-)S%B 13 eaeant:amet hi p, 3nR" 5L EEE @ﬁﬁo&heﬁz,
(IFG after the recei pt of the signal s. a CIS signal is properly

recei ved, the sehddraidtagehagents Phercovpmmpta Zogmera chbardor glathe recei vi ng
agent W|th|n nIFthrre3 fter ifecejpt t.h L epldd lure to
t aret urn {ﬁ:é\ssiongng eceg ion, H? ag% f_ﬁg%tl?r%ugigcp% t gagﬂ

det ec Wt hi et1 0d denores a
col |l i si on condiytniapicalllf aassdghb | izisenf |a5uprcaauami-essm phesahle i tovehiqdhon

attenpts to re-transmt an RTS S|gnal using a backof f met hod whi c
dYQyjﬂ cally a£ﬁ5?§fsa%ﬂqés may send data. The agent generates a random number

within a predetermined range, or retrieves a previocusly stored initial
10 number ("hint™), for use as a tentative address. The agent transmits
an enquiry signal (ENQ) over the cable to the tentative'address td
determine if the tentative address is currently being used by another
agent. If an acknowlerlge (ACK) signal is received by the sending
agent in response to the ENQ signal, another random number is
15 generated as a tentative address and additional ENQ signals are sent.
In the_event no ACK signal is received, the sending agent assigns the
tentative address as a final address in its memory.
Once an agent has assigned itself a final address, it may then
transmit to, and receive data from, other agents on the cable. An
K~/ 20 agent desiring to send data to a receiving agent senses the cable to
determine if the cable is idle or in use. If the cable is in use, the
agent "defers" until an idle condition is sensed. Once the cable is
detected as idle, the sending agent waits a predetermined period plus
a random time before transmitting an "RTS" signal to the receiving
25 agent. The sending agent then monitors the cable for a "CTS" signal,
which must be transmitted by the receiving agent to the sending agent
within a predetermined time (IFG) after the receipt of the RTS
signals. If a CTS signal is properly received, the sending agent may
then transmit a data frame to the receiving agent within an IFG time

30 after receipt of the CTS signal. The failure to detect a return CTS



period before a re-transm ssion attenpt based on recent cable traffic 5
history. Accordingly, the present invention provides a nmethod of mnimzing
® | isions and permts reliable and economical data transfers between ajx£" -
rality of agents coupled to the common cabl e. -6- BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 illustrates a |local area nétwork adapted to
utilize the teachings of the presemt invention. 5 Figure 2 is a
timng diagramil trati . nt_ | tion s e ue
modul ot ed TR *AHEBdP IPE 8, BEGRAN el UEK 8T SR RO LK, | e
by the presantisiswdst pogsuned i thaspresedatiave ot ivar atiesptiatte pedrassniig

devi ces coupled 10.tQ the | ocal ,afea net k. Eigure 4 illustrates the
present in ﬁFFoﬁ"‘%‘ags‘é“SF %%ﬁhﬁéft')“ﬁﬂ%%ghﬂbﬂyg ispidy °fi6“fthsertﬁe

transm ssi gdrieh Meflor@d®.relbransmission Ft@HHE Bagelll siSireaéms cablenrguiriy ( ENO
frame utilized by the present invention during dynam c address aﬁsi gnment .
Fi gure 65i &istoFY owACRaFdinelY udhr B985t HeveREanREPYdfed fePat Bh e ut i 1 i zed
by a data RifGesHid1dcIPidicRs CHAPh&hike LR aPILIRAecdRohiba@NE N during
dynam ¢ address assignnment. Figure 7 diagrammatically illustrates the
present inveansifens PefseeoR PHFIIAEK @ ISPIMAPSCHRLOR P SonFPRBCAIFAP el Vi Ng
data processing devices prior to the transm ssion of a data frane. K 25
Figures 8(a) and 8(b) are a flow chart illustrating the sequence of
operations of a sending device to obtain cable access.



Figure 9 is a diagrammatical illustration of the transm ssion of an RTS"
frame by a sending device after sensing an idle cable. Figure 10 is a bl g&&
dlagrantlllustratlng the present 5 invention's use of a serial controlla
dece coupled to the local area net wor k. Figure 11 illustrates the present
i nvention's col|ision avoi dance net hod incl udi ng deference. 10 Figure 12
illustrates the collision and resol uti on nmechani sm of the present invention
wherein two "RTS" signals collide anng the local area network. 15

- Figures 13(a) and 13(b) e BrskRBof L ) rating the generation of the
random wait period R . —=6=—DET? ON OF THE | NVENTI ON A | ocal
area network incl wging ftpmr.atmeanﬂ uafethmaafrmtwtrmat@reral B ytatdzdet ween
a plurality of data processing resources coupled to a conmon cable is

di scl osed. the tepshings ofitly BERSePEpiNvEAtPNf or purposes of expl anati on,

speci fic nunbers, bytes, registers, addresses, tines, signals, and fornats,
etc. are set forth in order to provide a thorough understanding of the
present ¥ nventi onFidgioweleks ai timiinb| dizgrappdnestratdnondesideseet in t he art

that the present, | WYeL OF /YO8, PLARALESS (WhIdIoU dd1gse speci fic detalls.

Figure 3 illustrates the frame format utilized by the present
invention to transfer data to various data processing devices coupled

10 to the local area network.

Figure 4 illustrates the present invention's use of a

synchronization pulse prior to the transmission of a frame.

15 Figure 5 illustrates an enquiry (ENQ) frame utilized by the

present invention during dynamic address assignment.

Figure 6 is a flow chart illustrating the sequence of
operations utilized by a data processing device coupled to the present

20 1invention during dynamic address assignment.

Figure 7 diagrammatically illustrates the present invention's
use of handshake signals between sending and receiving data processing
devices prior to the transmission of a data frame.

25
Figures 8(a) and B(b) are a flow chart illustrating the

sequence of operations of a sending device to obtain cable access.



10 instances, well known ‘circuits and devices are shown in block di agram
min order not to obscure the present invention unnecessarily. Ref errlng
Fl gure 1, the present invention may.include a plurality of data e -
p ocessing devices identified generally by the nunerals 25 through 28 as
wel | as peripheral devices such as printer 15 30 (or other devices such
as, for exanple, a global nenory, a disk drive and the |ike). For purposes
of this Specification, all data pro;;essi ng and peri pheral devices which are
coupled to the present invention's |local area network are collectively
referred to as agdiigyre 9A3s ohSipagrammatiand; ﬁghdewﬁ@s o6 thectrappmiggoand
printer 30 g0t n t I t e by a
comon cablipgg.%{he %&?oﬁ‘g%dgg?%ig‘s g?%&goﬁ?ﬁg {nSiR%bﬂq‘ igggtﬁeg&)nnectl on
nodul es 34, which in-the presently preferred enbodi ment, contain a passive
coupling transforngr, resistiv ve circuits, and are knowi in
the art for coupl :Eﬁ u'é‘a?% of ‘[ﬁé 2tk %ra(')“c Wskpating BYheFe Vi ces 25 to
cable, 32. {rakheid?si Gs1pRl & WeirdhElcpnt Bs1TeRadeddcé Coabiéd 1at enesirgasd
reflections. In the preferred enbodinment, cable 32 is ternmnated with 100
Chm resi st Y& BT  conpri sed of a twi st ed pair cable. It will be
appreci ated by one skilled in the art that cable 32 may conprise any shared
nmedi a, such as coaxial cable, fiber Etlcs radi o channel 30 and the like.
Since, in the preddseredod] inssrates,ghe prasentyipventioy’s Fadstsiery coupl ed
to cable 32“0%;@&4 H.E@h&f iﬁ&mgatdgg,@n&onnectr on nodul e will not disrupt
communi cati on over cable 32.- be described, the present invention
provi desig | ocal area netvvork perm tt| ng synchronous serial comunicati Ob
and data Figure 12 illustrates the collision and resolution mechanism
of the present invention wherein two "RTS" signals collide along the

local area network.

15 Figures 13(a) and 13(b) are a flow chart illustrating the

generation of the random wait period R.



5
e

5 transfer between data processing devices 25 through 28, and ot her '
peri pheral ‘devi ces such as printer 30, utilizing protocols and collisiongzZN
av@i:dance and detection nethods and apparatus. The present invention's
arfli tecture and protocols mininmize handshake ‘and col | ision detection
conplexities comon in prior art systens, ‘and 10 permt high speed serial
comuni cation along cable 32. The present invention permts access to

vari ous resources coupled to the_gietwork, such as data stored in | ocal

menories, or disk, and the conmon use of’;%l obal printers, wthout the
necessity of conpl ex BETAHED DESCRIETIQN; QFaTHEJNVENTION it ry at the cabl e end, or

the need to predefinpe 15 dr | CcQUp le 32. In
the current errbodlhmi;‘:'rﬁa,Jl f%ceja _Brggi%?i‘tng)‘{ll\?g?lﬁq(ﬁg%ép%?gt%? Jﬁtgg\gggrﬁn&tel y 230
Ki | obi ts perasstamrdng adaghetaeshiacbthehlityicst dgtpprocesabhe r88ourned | s
driven in accordance w th El t andar d .RS-422_bal an vol t

speci fi cat iR *REPT (RGN 6’%?‘63‘%9 elggedr i I° Ztr?c?o :@"5%69 t%rgg?é t19%d on
cabl e 325usforUpdrpoebé -oF exKiangti@GhBbepi® ik nuwbenss biied,( bégighese space),
such that each bit cell, typically 4.34 m croseconds in_duration coptains
a state trA9SrEFERs atiness als heranfPEprbta Gtfy 2258 ?%céggﬂ?&“t?#%eﬁg ° '

i nformati orpdeQ1dd1@ ERGDuYR unabBsidnlausd o2t exb pEesdht Bhveneisndedowveaddi ng an -
additional zero-crossing transition at md-cell, such that two zero
crossi ngs artewibt et aepargpt docAne skAllnd Apstdeoptt ¢BPF thsi PR9S5PEy, a | ogi cal

one is providedeidy mapde! %P&Ht@l’:e&@ilthayt nésd QpEA98i dikali IaANSThitheonl y at
its end. 30 Accordingly, through the use of FM 0 encodi ng, cl ocking

i nf or mati®bninssaccas:i el hyneyre cdacwitsi gnthideyicss| sre shewpdnnbiaskt HagsprBsent
! I’:ngnt.l on tPor(x)np?rl; %tr elrnno% §g%%lg£9&0li§e ’B}‘lﬁent invention unnecessarily.

Referring to Figure 1, the present invention may include a

plurality of data processing devices identified generally by the
numerals 25 through 28 as well as peripheral devices such as printer
15 30 (or other devices such as, for example, a global memory, a disk’
drive and the like). For purposes of this Specification, all data
processing and peripheral devices which are coupled to the present
invention's local area network are collectively referred to as
"agents". As shown, processing devices 25, 26, 27, 28 and printer 30
.20 are interconnected for data transfer to one another by a common cable
32. The various devices are coupled to cable 32 by connection modules
34, which in the presently preferred embodiment, contain a passive
coupliqd transformer, resistive and capacitive circuits, and are known
in the art for céupling each of the data processing and other devices
25 to cable 32. Cable 32 is appropriately terminated to eliminate signal
reflections. 1In the preferred embodiment, cable 32 is terminated with
100 ohm resistors, and is compriseﬁ of a twisted pair cable. It will
be appreciated by one ekilled in the art that cable 32 may comprise
any shared media, such as coaxial cable, fiber optics, radio channel

30 and the like. Since, in the present embodiment, the agents are



data transm ssion known as a "franme" 36. Franme 36 includes a preanble -:.
nsisting of two or nore synchronizati.on ('flag") bytes 38 and 40. In theg .
presently preferred enbodi ment, each 5 synchroni zation byte conprises the
bits 01111110. As is known, synchronization bytes 38 and 40 permit
recei ving data processing units coupled to cable 32 to synchronize their
receiving circuits, and to receive thcessary clock information (through the
use of FMéssivedyi cmgipleBoté mablg 3ynehifenlwat iodnah ydgest38r anctodBettsican

eight-bit_ 1 desu atiop.address 41 whi gh specifies the address of the data
processi NPPHYENF D" kn P LR YRY SPPRIREGakiPn (WfFeBable S3urce address 42

conprises an ei gi-Jiily aédaégs&ieaarf&heds&@séﬁe3§ﬁ$§éig}nagﬁzwidésaHSﬂ@éJﬂ ng
the frame of information. A "type" field 45 is provided to specify the type
of frane swdxinetwork pesmitting sMnorpnoulecsersialotodmunizat bors andddsta For

exanpl g, e fie 45 desi gnat g an_acknow edge (Al frame, an enquiry
( ENO) s raﬁ%‘?“ﬁ?m%%“&&ng%%%ﬁﬁﬁs%Fsgﬂ'g"rfe% %hpg?"\(ﬁhlcﬁbé‘ 8PP hed more
fully bel paripheeal Y ikes! shdrs abopt R BY, amikbindpr8tdadis hnal d
(possibly of zero length) which may contain raw data, nessages, and the

| i ke to beelligdeniavaidapee anshdsbesticonapethadscong| anparstenp| &hgopresent

Fol | owi ng f] 43, | - 16- hj sequence ichis
conput ed g‘s&g‘t? ghgﬁ idorﬁlth e%#eécgﬁée {ustgg{’i%l@"gggg%eh‘é‘ E‘g‘sses ,av'\{gesti nation
address, tyyesiod dedextibrl clonplenitivs RoAREGNMinc pBOSK iRt sydtumsl,r an® check
sequence (FCS) is defined usjng the standard CRC-CCl TT pol ynom al. The
frane ¢HeBkr™iF BighciReedsserialf sPMBwHFasion Rrlongheatye 33y ncHheoRreatiton

("flag") trai 5 SL Sk f .0 Lt 1 abo/
Sequence SSAIHTER EumatE ASH 0 R, el i B Elreds’ SRl B g R 200
such as data stored in local memories, or disk, and the common use of

@0- Referring now to Figure 3, the present invention utilizes a basic unit |

global printers, without the necessity of complex or active
termination circuitry at the cable end, or ghe need to predéfine

15 addresses for each device coupled to cable 32. 1In the current
embodiment, the present invention operates at approximately 230
kilobits per second through a shielded, twisted pair cable 32, and is-
driven in accordance with EIA standard RS-422 balanced voltage

20 specifications.
| Referring to Figﬁre 2, data is encoded and transmitted on
cable 32 using a self-clocking technique known as FM-0 (bifphase
space), such that each bit cell, typicélly 4.34 microseconds in
duration, cpntains a state transition at its end, thereby providing

25 necessary timing information to the receiver. As illustrated, zeros
are.encoded by adding an additional zété-crossing transition at
mid-cell, such that two zero crossings are detected for each 4.34
microsecond cell. Similarly, a logical one is provided in a
particular cell by a zero-crossing transition only at its end.

30 Accordingly, through the use of FM-0 encoding, clocking information is
carried by the data signal itself, and'peimits the present inveﬁtion

to operate in a synchronous mode.



" sequence:.53 is used to delineate the end of the franme 36 to agents coupled..:
to cable 32. Frane 36, as will be described, is transmtted 30 along | -
32;in a serial synchronous fashi.on using a handshake sequence of contr

’f?énes, which are in turn foll 0¥ by the data -11- frane 36 illustrated
in Figure 3. As fefenring fowtoeFigurpr3orthe (prelbent rianentissi wrildtes af rane, a
transmtting.agent coupled to cable 32 transnmts a synchroni zatjon pul se 56
which, is ?%1% "r&(f 530 HiA0eBETT 100 oxn et & hgﬁf"‘f’vvt?soi t FEame %’r%ss and | ess
than 10 biincius®s a pPilnbte Hbongbyt HQNPE itv8 ¥ Yhobé HYAbn ARt a idnNO° A agef O
crossing. In the present enbodinment, as illustrated in Figure 10, each
agent couptedstI® Aa8I 40 -32INthhe| DRARSently pPEgfergsdpmbodinesty fac®omuni cati on

control | 81 gyeiehPoniat f6 8564 NAmEAINS B BRELWAR P tlol, NGk ViGlowR) and a line
receiver 82. (See, Zilog 10 Techni cal Manual, Z8030/28530 SCC Seri al
Communi cat $¥nseraizetion dyteg Ffuand 40 1mBBiy reThivir@S58at SO TResiee Updts

| ncl udes cidpybdTep BN 9 EDAMLRISHAEIY QOLLANLAN (LLAD, Bhd ounen Tn a
hunt" node. . previously discussed, the present nvention utilizes a
synchr oni zegcedwme (felcaggaryyt bodka¥n frgmahiorhil thisiugh echeOildde BE184-0l n addi ti on,

the serial 15 . communication controller .chip has the capability of detecting
i s ng STRAENDYcl ETSHEr RFPIERA S 68 B R at aRe P R an ey ce i1
fol | owi hY desginsricheaddresessl wyicka specifdbs @ poddead qfjthatdatat han 1 bit

time) el apl;sreosc'ewithout a guccesgsive zero crossing of the inconn signal R
D 20 TP, APLE 36 POS Re E5Ane {1 ARSAIdad gt AQURTe EBTARa¥T o
cabl e 32 wdnprbsed akedight-BitCla@8keddy ofilthe! &0QI Pidt@sa8 U a§ent Hovever, since
\_)' transmitting the frame of information. A ;type‘ field 45 is provided
to specify the type of frame which is transmitted through the use of
15 various codes. - For example, type field 45 may designate an
acknowledge (ACK) frame, an enguiry (ENQ) frame, as well as an RTS and
CTS frame, which will be described more fully below. The type field
is followed by a multi-byte data field (possibly of zero length) which
may contain raw.data, messages, and the like to be transmitted between
20 the agents coupled to cable 32. Following the data field 48 is a
16-bit frame check sequence which.is computed as a function of the
contents of the source address, destination address, type and data
fields. 1In the present embodiment, the frame check sequence (FCS) is
- defined using the standard CRC-CCITT polynomial. The frame check
sequence 50 is followed by_an_eight-bit synchronization (‘flag')
trailer 52 (cénsisting of the_;oéical bits 01111110), and an abort
sequence 53 which éonsists of eleven or mdre ones in a row. Abort
sequence 53 is.used to delineate the end of the frame_36 to agents
coupled to cable 32, Frame 36;_as will be described, is transmitted

30 along line 32 in a serial synchronous fashion using a handshake

sequence of cohtrol frames, which are in turn followed by the data



it is followed by an idle périod greater than two bit tinmes, a m ssing

C k-i-s detected and the missing clock bit is set in the SCC device 79 of - ;
e agent connected to cable 32, thereby notifying agents that 25 cable 32/ .
is in use. In the preferred enbodi ment,, the synchronization pulse 56. is

obt ai ned by mentaril,y _enabl.i f.he line driver 80 for at least one bit
time. This cgg%"éestasr%ainl)s{'%g‘s'%egn?'gf%lg"f?'ueﬂpul se duration tinme, of the signal

T D onto cable 32, AfiEhoansin Figural 4| GAGbr ONE tEE T aRsMST188 dNat fime, a
synchroni zation pulse 56. In addition, the 30 detection of synchronization

(flag) bits (Fansmitiing,agentoroppled soiqpble i trangmits p sMaciE@yivatdoni ce,
and pernits gagde 8geiichOU @d1idvea by b 188PLERA LPedRECHER &l ¥t Y
detect whether or not cable 32 is currently in use prior to the .

transni ssi gntémesand Apss whan\dP|bigs tiressi dPyiget S marcemwaise spnchiaoal zat i on
bits to allo | to ' | ft he [ ncom. at
frame. It w lec,‘n%gngﬁggp%ggﬁng? gg&t'ﬁ’ét g’l 3 &gt&g:tﬁig e ef)‘rgcéés_lé“ﬁ { nafeﬁ?lﬂ’os%ra&d
currently usés RigEgs3y,.Se:tdeyene cooplaictectablg I8 asinigeel H@16y dss3oand

synchroni zat | bytes, that. other circuitry may_equally be used for the
sane functi orslggl‘:sa% aggcgr"\"t“"%‘c?ﬁ Y °P8£‘6°§1}F§ AP B d&ﬁ‘f%/sf“f‘%o“&’lea3hni que

bi nary addr etbradgang Xie esivee. sdDaaafl £ative ereebivdic spl egent, iziyegtion 10 is
that an a$§nt coupl ed to cable_32 does not require a préedefi ned per manent

|
address. Tnudechyrabianypl: 2303938539 SAGySerd alcfrmrwaiatipne foperadegnd t hen

recoupl ed toganikerigealhe mle peghof b Ml iddGat i uved RAVLL NS RE
configure an address. Wen an agent is newy coupled to cable 32, a unique

protocol is FBPTOREAEFUENNTHAP %A 180l Peg) iRiteswhAMMAN £ SPLgt gonde at &8- and U
assigned by theyiadey dikefidea,! thd Besent invention utilizes a synchronization

(flag) byte having the bit states 01111110. In addition, the serial

15 communication controller chip has the capability of detecting a
missing clock cycle, and setting a missing'clock_biﬁ within the device
if following a given zero croésing, a predefined period (greater than
1 bit time) elapses without a succe#sive zero crossiﬁg of the incoming
signal R,D.

20 The pulse 36 provided by a transmitting agent coupled to cable
32 will be taken as a clock by all receiving agents} However, since
it is followed by an idle period greater than two bit times, a missing
clock is detected and the missing clock bit is set in the SCC device
79 of each agent connected to cable 32, théreby notifying agents that \-—)

25.cable 32 is in use. In the preferred embodiment, the synchronization
pulse 56. is obtained by momentarily enabling the line driver 80 for at
least one bit time. This causes transmission, for the pulse duration
time, of the signal TxD onto cable 32, thus ensuring at least ﬁne
zero crossing in the synchronization pulse 56. 1In addition, the

30 detection of synchronization (flag) bits (i.e., 38 and 40) clears the

“hunt” bit in the 28530 device, and permits each agent coupled to



"presently preferred enbodi nent, the address of each agent is identified
usi.ng -an eight bit identifier (where no agent nmay have a zero address @T‘
_afdress of 255). Referring briefly to Figure 6, the sequence of operati
20 which an agent utilizes in ordgs.to determine and assign itself an

nt that to prevent disrupted service,

address ig_ill rated It S, a
no -agent %ﬁif/ieac tPmf efhhgie 6{’8‘3 ggte&t HRethercgaynetf@Pienithdsagent . In
practi ce, chheeﬂiqr ehisusd pRIGHLEL ERY b@aﬂmligseér?%fbﬁtm% 98 %‘%61'1 data

processi ng devi ces and servers” which 25 may conprise main frame or other
machi nes. PFavidiagpthe cracesaduisyoshronikitéesdsits thrallgh LRy mceiaingpcat ed

01 8o’ b RS, ASNLS 0 UL REGRSS 804 HOHE 34 E1E ) 050 Tt

use by servers ure each

agent eg.tlapprgﬁmsatasaamah&udrr hY PASHIAR DAVERRN ol éJP:Qnm,Ffm%anﬂ%sroange
or 30 obtains a starting nunber fromsone long term non-volatile nmenory

(for exanSfF€, devdss- &oF \Aeterbing @vis-ﬁagmetlpekrmmﬁ) and:fsymchoonizagion 13-

"hint". | treateda tenta

address, SREFTnIRAE OIS Lrtoltey Y dadeInt HSE e Eha AR FEREAT Y zes
the tentative ad%eﬁawtacdeﬁidmabléﬁbnddbe% {déhei &ALy Ya furdgBe
transmtted is of the formillustrated in Figure 5 and includes 5 an

initial pBieErLEi8Epss Aleagblhaicabiast Anfofedturei absthe poesens tingention
synchr ofp 38t tial). 6h! 20dndXbig1 P (RNdadhe AU §¥+_50%%'.-.y FAGE ROk ellaklng gl or ence

to Figure 3. I nat'i ress 4 ure b, He source
addr ess 4permsanenai addidus.t enhad i \feraekkmpge, g@snﬂrcat gu ﬂa@ndeni-glnoﬂédtﬂfdmgh
the hint. It wll be noted that_the
\_ cable 32 and then recoupled to another cable at a different location
without need to configure an address. When an agent is newly coupled
to cable 32, a unique protocol is followed such that an address is
15 dynamically generated and assigned by the agent itself. In the
presently preferred embodiment, the address &6f each agent is
identified using an eight bit identifier (where no agent may have a
zero address or an address of 255).
Referring briefly to Figure 6, the sequence of operations
20 which an agent utilizes in order to determine and aséign itself an
address is illustrated. It is apparent that to prevent disrupted
service, no agent may acquire the same addréss as an alreédy_
k;aj ' functioning agent. 1In practice, ﬁhe address of agents may be
allocated between general data processing devices and “"servers"™ which
25 may comprise main frame or other machines. In the present embodiment,
addresses 1 through 127 are allocated for general pufpose agents, and
addresses 128 through 254 are allocated for use by servers. As shown
in Figure 6, upon being coupled to cable 32, each égent either
generates an arbitrary random number within a predefined range or
30 obtains a starting number from some long term, non-volgtile memory

(for example, read-only-memory or magnetic medium) referred to as a



d 45 in Figure 5 contains a bi nary code which identifies the

ype fiel
of Figure 5 as an enquiry (ENO frane for use in address -
a

Ffgnment .

anot her agent has previously been-@ssigned the tentative address, the agent

This ENQ franme is transnmtted over cable 32. In the event o
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sion of this new tentative address along cable 32. In the event
Fraghiropizatdeni (4ag) ihteagtheridl-ypeaighely deseridedapits
r8BL-ENQd kGRS 90! OrmblEe fARbELANDAre0R B2 PgRHET4 G0

er of tries has occurred. |[If, after a predefined nunber of
wALX afsr tive shasch @ddressc 2y acdntaite thanentdtivagaddgens t hen

ntatiye address _as its, final,address for all future
%g?ﬁ%’kaxcﬁ "ﬁgm > °FThe o rp')etaeelau?atr’an 'm"é&?otﬁ S?t"é\lﬁH??é s is
dypefiana s Mheriguae I cpatdingUa arinage fodwhindlbn naenber iesi bge t he

ress nma currentI% be bugéh ?nd thus m ss the reception of an
rang of FRA¥TE® AFeAR RSV bekn i GRRARE £°F 4781 IMPIPERE it may
Q8L Ryriehtl. OTHEs ERGCEHH sneC 04/ Hr@srhit teddv@ r3atili 33 21 BE the

event another agent has previously been assigned the tentative k.,)'
address, the agent already using the tentative address receives the -
ENQ frame, and in response transmits an acknowledge frame (ACK) back
to the transmitting agent. In practice, the ACK frame.is structured
similariy to the ENQ frame disclosed in Figure 5, except that the type
byte contains a binary code identifying the packet as an ACK.

As illustrated in Figure 6, in the event that an.ACK frame is
received by the traﬁsmitting agent, that agent must then generate .
another random number as a tentative address and repeat the
transmission of this new tentative address along cable 32. 1In the
event that ﬁo ACK frame is received, the agent newly coupled to the
cable continues to send ENQ frames onto the cable until some
predefined maximhm number of tries has occurred. If, after a
predefined humber of attempts, no ACK frame has been received, the
ttanémitting'agent then éssigns the tentative address aé its final
address for all future communication along cable 32. The repeated
transmission of ENQ frames is used to avoid instances where a
particular agent which may be using the tentative address may

currently be busy, and thus miss the reception of an enquiry.



handshake protocol and collision avpi dance mechani sm descri bed bel ow.
Referring to Figures 7, 8(a), B(b) /p

purpose of the-handshake sequence is to control the access to the shared
cable 32 in an orderly fashion that reduces the probability of a collision.
Each transm ssion including the handshake (known as a "dial ogue") nust be
separated by a mninmuminter-dial ogue gap (I DG, 10 which in the present
enbodi ment conprises 400 nicroseconds.-#W-n addition, the frames within a
singl'e transm ssion (fcal 40dgent AL Hedhn! LYK igHEa a,n@imr adaddds) £ REYI ¢Rem
interframe gap (IFG of, in the current enbodiment, 200 m croseconds. A
collision is seampupiraseceithinthen aseths ﬁ%‘riéeag%tcsbh 3Aswhiliging Be sane
time on cable l?’agrdsprgte protocolRﬁfdat':EiﬂQiBQ ﬂogh':;r?c% Zecﬁ':\%ﬂ g{]%ﬁs@ﬂ%eg(mrow.
sendi ng agent, for exanple data processing agent I C esires to
comuni cate wi Refeanirichde Biganes doupl ad ﬁbbbabﬂeO.Szpmmécmi@s bétaegpersrnkons

.--

L

T : : , and 9, communi cation between agents 5
cou?r?‘l.-ed to cable 32 occurs through a t.hree-way handshake process. The

ot ransmi <01 oronatdrter REbts, B dicleh Wheodh) a20fetledy ponaitth 360, B "

SCC serial conpurpbkerof ehe Oiaheshaﬂlppsmkhaé dshas dvatml Iaae adeeesitedtize
synchroni zati on assin | 0 cabl I[f a nchroni,zatio
(flag) byte ha'" "%égng%’é %% ég a%ﬁﬁgﬁgl”aggﬂmﬁyf thé%"“f"ﬁFl%éeH”'?ﬁéﬁ "t,yab’lrt]e
32 is currently donlisidnancedchet Agemt ssloahintQuitnd kRO HEnBshdkel eXrbwni S a
transmssion. In the event that no 25 synchronization pulse 56 or
synchroni zat i off RPAYY" bt PE P PARATHOTY ft Sipttuacieter-phetogye R2PdétiTinng

t o t ransm t 1 dagi cBX 6 UWn8Spieclh P Unb8atheiRi LorPREESY 1400 miRSofeDhad ) | wat rat ed
Fi.gures 8(a). The front end wait operation consists of a series of four

wai ting peri Odsddllthmbhéhpl‘@-?eﬁﬁ ‘éﬁbé@llarréhbgbf t&wmnﬁthé%wgu@amst .
fol | ow ng eaCh lowhé?eff 3hel}e g 9%%%%@1‘ ﬁl-.‘éll "gzaﬁe(sﬂgye&é(gg %hsee

if a synchron|za Ion as been recerved cabl e
detecti on of acurrent embodiment, 200 microseconds. A collxsion is said to occur

when two or more agents transmit at the same time on cable 32.
15 Referring to Figures 7 and 8(a) and 8(b), the sending.agent,
~ for example data pr;cessing agent 25, which desires to communicate
with another agent coupled to cable 32, executes the operations set
forth in the flow chart of Figures B{a) and 8(b). A sending agent
prior to transmission determines whether or not the “hunt" bit in the
20 28530 SCC serial controller, or other appropriate hardware, has
detected a synchronization (£lag) byté'passing along cable 32, 1If a
\_; synchronization (flag) byte has been detected, and no abort byte has
followed, then cable 32 is currently in use and the agent wishing to
transmit "defers” its transmission. 1In the event that no
25 synchronization pulse 56 or synchronization (flag) bytes (38 and 40)
are detected, the agent desiring to transmit data executes a front end
wait operation, as best illustrnted in Figures 8(a). The front end
wait operation consists of a series of four waiting periods, in-the
- present embodinent of 100 microseconds each, following each of which
30 the flag detect ("hunt bit*) is checked to see if a synchronization

(flag) byte has been received on the cable 32. The detection of a



-15- flag byte denotes that sone other agent is using the cable 32. 1In
ch event, the sending agent nust wait for the flag detect (hunt bit) to.
ear, t hus signalling the end of utili.zation of cable 32. At this p0|nt§#j
the entlre front end wait sequence illustrated in Figures 8(a) 5 and 8(b)
is repeated. If, on the other hand, a flag byte is not detected, this
i ndi cates that durlng the front end wait sequence no ot her agent has
attenpted to use the cable, and a_randomwait operation is then executed.
In addition, during the -front erd®wait operation, the 10 synchronlzatlon

pul se_det e¢had Hyeh ClrRledldnlt I bk adOfl FhGINRECANTNR 32 B!

proceeding to execute the randomwalt op I ustra FII gure
8(b), a ramsdomewmant, nthebeendRng agpehavusteda it Iner c&hbafiaﬁ_: aem:rtd(mg\tt hee)
generation of R w -the _random wai t

d. be
operation FcTieerr ﬂﬁgngﬁggsetaebﬂ%\lm fdﬁét‘éﬁ%ﬁ"o‘?‘ faPle 13- 105 this

m cr osecon@sme.f Qh& eMREEKifQnt Qan%eeaia‘ sbhahclan Rgerawdat £6tFguidBlaPi t
cl eared), at any point a flag is detected, then another agent is using

the cabl® 32“6&1‘(5’%?‘1%@8%‘?%‘9 agent must defer its transmission. If, _
however, at the epg, ¢ the &Qeﬁmemmusg Hrerene omﬁtgéﬁéae bsisti || quiet

(not in use) then one |ast check is nmade to"see If a synchroni zation pul se
has been ddrditatgs YeroferyenthaFrant R’FS ¥ayigneequenceiind opkexjegeny had. | f

the cable 3uL@Tahney lidhCuld EOEIOURa Wik ndAUEN YoBENSLA 0 gl {110 per od

R, the transn1tt|ng agent procee s to trans nchroni zati on pulse
56 fol | onwedxpyuted." RFSaddfrizme dirdng the front end wait opetation. the .

10 synchronization pulse detect ?s cleared after the first 100 . L‘) )
microsecond wait.

Before proceeding to execute the random wait operation,
illustrated in Figure 8(b), a random wait number R is generated (the
details regarding the generation of R will be discussed below). As

15 shown, -the random wait operation cycles R times through a basic
operation of waiting 100 microseconds before checking to see if flag
has been detected (hunt biﬁ cleared). If, at any point a flag is
detected, then another agent is using the cable 32 and the sending
agent must defer its transmission. If, however, at the end of the

20 random wait sequence the cable is still quiét (not in use) then one
last check is made to see if a synchronization pulse has been
detected, before sending an RTS frame, as will be described.

If the cable 32 remains idle throughout this tandbmly
generated waiting period R, the transmitting agent proceeds to

25 transmit a synchronization pulse 56 followed by an "RTS” frame along o

. cable 32 to the receiving agent. An RTS frame is structured
substantially the same as the ENQ frame illustrated in Figure S,
however, the type field contains a binary code identifying tﬁe frame
as an RTS rather than an ENQ frame. The receiving agent, upon
30 receiving the RTS frame from the transmitting agent, transmits a "CTS"

frame back to the original transmitting agent within the maximum



cable 32 to the receiving agent. An RTS frame is structured substantially .=
the sane as the ENQ frame illustrated in Figure 5 however, the type field %=

r{fﬁa;u ns. a binary code identifying the frame as an RTS rather than an @
fra The receiving agent, upon 30 receiving the RTS frane fromthe
transmtting agent, transmts a "CTS" frane back to the original

transnitting agent within the maxi num -16- interframe gap (I FG perlod
As in the case of the RTS frame, a CTS franme transmtted by a receiving
agent is structured substantial ly the sanme as the ENO packet illustrated in

Figure 5, excep at the !f‘g ins a code identifying the frane
as CTS. Once t'f} °5 5887 P y&?’aﬁg i n gae e cpgs °§x§"f‘?plkesoéft’§ pr085§5| ng
unit 25, receiftafie tdiansmittbabEa fedeibinglabant M3 A@rusa slbdtahkpdng txe
Figure 3, is transmtted to the rgcel vi ng .agent within one | FG of the

recei pt of th&30TPs FRALENC PGS LUAMFET ARGt 10 fdovFatent cepntivt SheotEry,

data frame doggeldicon€sils W édeNidéhtliEfing RRO dridRe l4s2BF4T t bhdW tREEHIgifal
assunes that a collision has occurred or the destination agent is inactive

or ot herwi st (FTAVERItARPE 29pPt g E9ERN2AP1S (ABAARRPCEEHiNg| Bnidgdhit §°68h1ﬁ’e6‘“t 0
cable 32 is dqgisradame he dhanstal ELAR 300 fﬁre.@&mﬂ%&t,a@ Wi §

destination address of 255 to all agents on the |ine wal t s for an | FG
period 15 to eirapseitsefito the seaseivipgaagentawi thimeo®s 186 f kheinegedpt of

destinati on aOqur €65 Yhakeo: 1ACGR Ui ¥nad Rnb h&aﬁ@éﬁss?fm HE" Als g}rg&%aﬁ S

al ong cabl e 32, e transm tting agent does not walt return frames,
but rat her, Hﬂ:@tﬂeatoelsynqw oceedwyitbircendlrs, thgenbe dirabswizdéostagence the
| FG per| od f@s, el.aps eéqagfterlirans tti ng,An,RIS

\ assum ision has occurred or tLeEHT%tination agent is
\“/ inactive or otherwise unavailable.

If a general broadcast to all agents coupled to cable 32 is
desired, the transmitting agent sends an RTS frame with a destination
address of 255 to all agents on the line, and waits for an IFG period

15 to elapse prior to sending a data frame 36 also having a destination
_ address of 255, Accordingly, in the ease of general broadcasts along
cable 32, the transmitting agent does not wait for return CTS frames,
but rather, immediately proceeds to conduct a general broadcast once
the IFG period has elapsed after transmitting an RTS frame. In
20 addition, by providing within the RTS frame a destination address
field 41 having a particular value (255) corresponding to a broadcast
\_) address, only one RTS frame need be transmitted to all_agents at the
verious addresses along cable 32.
It will be appreciated by one skilled in the art that the
25 purpose of the theee step handshake prototol described above is to
avoid collisions by restricting the periods in which collisions are
highly likely (typically during the RTS and CTS frame exchanges), and
to spread out in time the cable access of transmitters waiting for the
cable 32 to become idle prior to the beginning of a transmission. A

30 successful RTS-CTS frame exchange signifies that a collision did not

occur, and that all agents desiring to transmit have sensed the coming



addition, by providing wthin the RTS frane a destination address field

havi ng a particul ar value (255) corresponding to a broadcast address,
only eéne RTS franme need be transmtted to all agents at the various
addresses along cable 32. It w ldi7be appreciated by one skilled in the ar‘f"’
t hat the pu e re ndshak roto descri bed above is
to avoid (2:!?1 |§p%%stg;nsﬁngg?{r£ct??§tﬁﬁ Qqégl%d'ggfﬁ '&ﬁlé Fac8FFNALPBNE ar e
highly Ii k@dmplétg/mrctat Itp dwqmgzmdleol?a'ﬁraad\G'BS éf aRe &@pabanges), and to
spread out |nt|r§e& G/ HaAGCEeSS of transmtters waiting_for t he cable
32 to becone idl e pri %re fo tthg b%'b RRF R9eBt Beoips A fFMIAS IR 98 WWccessf ul
RTS- CTS f remee res-diTangeani goitiange deaativedC@bdiesi 00 il BW0hpPEdliatednd t hat
all agents desiri ngFto transnmt have sensed the com ng -17- data frane

transni s3i Yt Bt CAF SRR YHY BRE Be PrRpesdy reseivathde-9.s thenfremeeshgrkor to
att enpt i Nggdqleddd 1 sCORVAIRN) Ofanhhﬁla‘\tabﬁg selu&‘irighgg eﬂLy gL AhBeInag9ent

begins a transm ssion during the RTS-CTS frane exc ange descri bed above, it

‘Wi [l be apbreditaion Bag legeutded. CS chl himdoni willnptevest pr opepleter BT iandd

(e.g. the é{@gg?&hggg,r %gue;}lcaetﬁgn ?‘l g)‘t and th tps(?u?fe |ng agent may

then assume t ac |5| on has oc A E6PR9%si 0?1 "8vent a
conpl ete muanv‘othT Svdmm exthangeentridst hibrgelby yra@ueiY datPproapesbreandshake

from oc yT | 09, l:¥xb ‘l:afblgngent Sifi ng to trapsmt data on cable 10
32 sensg {ina? ?71 §r b2 RUrEene Y AR, Ft id‘ei"ﬁf]%"st Rt r ansni ssi on of
its own RT&unuhiésibheox:alabeoursnrsihﬁtésameFeagweeSs Jihangked2yigur@bery i ng now
to Fi gures, 9 %3(a) and 13(b), the sequence of
" Referring now to Figures 9, 13(a) and 13(b}), the sequénce of kuj
operations executed by the present invention to obtain the value of
15 random wait number R (as previously discussed with réference to Figure
8) will be described in detail.. As will be appreciated, the present
invention dynamically modifies the random wait number R in response to
recent cable traffic history. The method utilized by the present
invention presgmes that if coilisions have been assumed fof recently
20 sent data frames, the cable 32 is currently the subject of heavy
loading and high bus contention. A randbm waiting period R prior to a
retransmission attempt spreads out in time.bus access for the various
agents contending for cable use. Accordingly, the operafions
illustrated in Figures 13(a) and (b) are.executed fo generate and {dj
25 adjust the random wait number R utilized in accordance with the h
sequencﬁ of operations set forth in Figures 8(a) and (S). In the
present invention, eighﬁ bit shift registers are provided in order to
keep track of collision and deferral histories for each agent:coupled
to cable 32. For purposes of this Spécification. the variable 'CF
30

denotes an eight bit shift register which is utilized to keep track of

the collision history for the last eight data messages which an agent



oper ati ons executed by the present invention to obtain the value of 15
random wai t nunber R (as previously discussed with reference to Figure 8)
will be described in detail. As will be appreciated, the present inventio
dynam cally nodi fies. the randomwait nunber R in response to recent cablﬁij)
traffic history.: The nethod utilized by the present invention presunes t

I f collisionhs have been assuned for recently 20 sent data franes, the cable-
32 is currently the subject of heavy |oading and high bus contention. A
random waiting period R prior to a ~&8-ransm ssion attenpt spreads out in

time bus accegs hPterpiBa i boMb, A8 SarPM1ENU-An{ O] s6AlleS MPRight bit
Accordingly, the operations illustrated in Figures 13(a) and (b) are

execut ed to gelridtaresigher XSrregarsing tberdafeorshvdiistonynber tReyutsst ekahtin
accordance 'w p ' ef_farith in Ei 8(a) and
(b). In the p'&%s}stgg?s ?ﬁggﬁﬁ‘ﬁgﬁqeﬁgﬁ%&%‘?g&% r'ﬁ%f %e rsgalg'st Je\?sﬂaergg&gsr%gvi ded in
order to keepdiscugekedrf acodlliisiom ianpredehed rifl the BreofdTssefae bavishagent

coupl ed toccabl e 32 o] urposes of thi cification, the variable "C
30 denot es an® l'e°|ei"(f:1’ﬁ‘f'1 bfr‘i ¢ S%%% SEUE TR \L/\iﬁ gﬁgi%"df’% i‘?gd' td8?ﬁ'ére’r} ?? ack of
t he col | i Si onddemedOto/ ok biir tillcan agbne) Phtioslabat risRBHARg M imeBs &gt ,ag86tHcts
has attenpted tQ send, and a variable "D'  which denotes_an eight bit shift
regi ster repr2deAfit¥se: At Yarhrondpation Briser 3f thezehydpdifaghpd Rt bies

whi ch have begibiat {€npt 86kt oAb riabie 68 i QUEMHS ¥s U 26WS 26, g13bE D nlaski ON
I's presuned if the RTS-CTS frame handshake 5 protocol fails to occur within

the | FG peri othicAngerregerts parunberqeignd iy ing acratifisatdan £pE8eT prior to
transm tti Ng pedRSsmit vl aLp dtelldth R¥dGag0l SHBANINLELAG0R: Rbse S6
thpqﬁby i ndi cating that the ca I'e is inuse” Avariable "G is defined as a
four  bit gl obattemptéd to transmit. A variable "L" is defined as a local mask
. which is representative of attempts to transmit the current message by
an agent'coupled to cable 32, In addition, Ne is defined as the
number of collisions which have been assumed for a particular data
15 packet, and Np is defined as the number of deferrals which have
occurred prior to the transmission of the current data packet.
| As illustrated best in Figures 13(a) and (b) prior to the
.transmission of a new data packet, the variable G is adjusted, as
follows:
20 If the number of bits set (i.e. equal to 1) in
the eight bit register *C" is greater than 2, then all .
o - bits in the four bit shift register defining "G" are
shifted to the left [least significant bit (LSB)
toward most significant bit (MSB)]} one bit. 1In
25 addition, G, (the least significant bit of four
bit shift register G) is set to 1 and the eight bits
.comprising C are set to 0.
If the number of bits set in the eight bit
register "C" is less than or equal to 2, then D is
30 examined, and if the number of bits set in "D" is less

than 2, then the present invention shifts the contents



whi ch represents a nunber signifying a nodification factor 10

.representative of all previous nmessages which the the agent has attenpted,

HNtransmit. A variable "L" is defined.as a.local mask which is &J
presentative of attenpts to transmt the current nessage by an agent -
coupled to cable 32. In addition, [err] is defined as the number of

col l'i'si ons which have been assuned for a particular data 15 packet, and ND
i s defined as the nunber of deferrals which have occurred prior to the
transm ssion of the current datajguacket. As illustrated best in Figures

13(a) and (b) pri o[,fté) ttigﬁt (r,@gsgg\g%%aqf offe rggplf.dstaetﬁg ‘?ﬁﬁrﬁgé the variable

GIS adj usted, as fol of bits set .
(i.e. equal to 1) PA theqeagrtp Pi&ndr egissitbe valiueisf Qr eqiadr té le®5.2, then all
bits in the four bit shift register defining "G are shifted to the |eft
(least significant bit (LSB) toward nost significant bit (MSB)) one bit. In
25 addi ti obpeds® habeedeaasd juskedy fthe aprlesbid 1AbediQoh Oidn shiftls

register G) is set to 1 and the elmght bits conmprising C are set to 0. If

the nunber SPeLfanteats of registars ¥ apf(C 1agt aney bitc(tpwanduse) pag #tsequal
to 2, then thsle’igt s:gﬁifxcﬂﬁama%sﬁ% cf add'® S4lUXRCEo ¥, Diimiaapfy,in "D -

S Iess than 2, then t resent invention shifts the contents -19- of G
ri ght (NVSB tvankatliesSfy ‘Gﬁe“:bl“thicbe’@g%B thpommber f egitisipos ®ndnd sets the

val ue (ﬁ D %Q@é%ralg gggsthe particular message to be sent are also set equal to
0. Moreover, as shown in Figure 13, the value of L is then set egual
10 to the value of G. _ ' l‘j.
Prior to beginning the front end wait sequence disclosed in
Figure 8{(a), the present invention determines whether or not a flag
detect (i.e. flag byte) has been detected along cable 32. in the
event that no flag byte has been detected, the present invention then
15 executes the sequence of operations illustrated in Figure B(a) for the
front end waiting period. Subseqguent to the fixed front end wait
sequence, the presént invention generates a random number "r" within a
predetermined range, and then calculates the value of ®"R"™ by logically
-®"AND"ing the value of r with the previously determined value of L
20 (local mask variable). Once the value of R is determined, the present
invention then follows the random wait cycle illustrated in Figure _
B(b), and upon completion of the random waiting périod, ttansmits the k’/
RTS frame as shown in Figure l13(b).
If the CTS frame is received by the sending agent within the
25 1FG period, as previously discussed, then the data frame is
transmigted. and the message'dialogue has been completed. If, on the
other hand, a flag is detected prior to the beginning of the front end
wait sequence, a deferral adjustment is provided wherein Dy (the
LSB of register D) is set to 1 and Lo is set to 1. In addition,
30 the deferral adjustment includes the setting of N, equal to

ND+1. The flag detect (hunt bit) is once again checked. As shown



Once G has been adjusted, the present invention then shifts 5 the contents

of registers Dand Cleft one bit (toward MSB) and sets the |east
sigpificant bit (LSB) of C and D equal.to 0. Simlarly, variables NC and ':
whi'ch denote the nunber of collisions and deferrals for the particular
message to be sent are also set equal 4 0. Mdreover, as shown in Figure

13, the val leiSy t Sflee YRl ok he.value of G .
QPrior to grggiﬁ thﬁt'hgﬁ?? ont end v{./adljl'?sgrgﬂ{feﬁgéu{ﬁ g@l oLET i"ﬂeﬁ gilf'rés8(a),
t he presentdéeterettedrthdet eharilieos ivdatisgr potormed erdnsagssidmact (i.e. flag

byte) has been detected along cable 32. In the event that no flag byte has
been detected, thelprd€ehtettnFBAt REH Thehrrdshakecin 8ot secesgiiehe Sh8p a

oper ati ons pdigibatad pkds il aha & %)oﬁ%i&maﬁﬁ%n%n&msti ng, Re' i od.

‘Subsequent to the fixed front end wait sequence, e present invention
gener-at e asetaedoal rimBeand rthewvahinof pricdiehdfrediad e atips, tamsse)hene

cal cul ates the val ue cil‘; "R'" by.lo icallg "AND'ing the value of . r with the
previ ously Bthier AP P \F4PRe Tt 1F ERYR LI tdsR Y A 3B 3/t 2@HRE %%he val ue

of Ris detgrsii,ngd, i ieePi&ENh FIWRRt 19 f.hen fol lows the random wait
cycle ill ustTat’'ed in Fi gure 8(b), and upon conpletion of the random waiting

period, transnits ItdhaRTSedn figpndsthattonhe ivtiligarionld€he Iskepdie CTS frane
is recei Ved'ﬁéﬁt he sendi n? a eq} le thin the 25 | FG period, .as previously

di scussed, tHAPFAREUARAT ?"h‘%e Ps9¥NARtEAL 1 @diushdhensarardygBeMmAt8ue has
been conpd ei£xe b, r Wachhendt Rk Perida 8efdia@d | on dRlochiScbdAcbrE tO the

begi nning of the front end wait sequence, a deferral adjustnent is provided
wherei n Do {ndremeSEs biwhicliant agedy wadtsein tagiditionl tioothe fwinttendl walining

0T 00, 3080 ST LR APhEI P SRS o e B Sl L
with recent cable traffic history. This modification of the random
waiting period significantly increases the probability of a successful

15 mrTs/cTs frame exchange, and thereby avoids collisions along cable 32.

Accordingly, appﬁratus and methods have been disclosed having
particular utility when used in conjunction with a local area network.
The present invention provides a network which permité any agent to be
coupled to the cable at any point, and assign itself a unique address.

20 1n addition, the present invention's novel collision avoidance
protocol minimizes the probability of collisions occurring on the
cable, and if a collision occurs, provides a greater probability of
success for subéequent re-trénsmissions.

Referencs is.Q?%%?¥ mgde to our co-pending U.K. patent

25 application Ne. BBUSEEQZIﬁaﬁﬁzgh there is described and claimed

"Local area network with self-assigned address method".



-20-«d n Figure 13, this deferral adjustnent occurs in cases-where it is
ggner mned that the line is busy prior to transmssion. In the event the

&2%/.CTS handshake is not successful, the mmi “ﬁ"ﬂﬂ resuned and a 17 .
col'lision adjustnent occurs. [err] is 5 ;H“mﬂ I“ ] t he value of L™
is shifted left (SBto MSB) one bit., In adtitiort, [Mferf] Ts set equal to 1
and Nis set equal to Nc+l, as illUstrated in Figure 13(b). It has. been

found that the utilization of thegiEps illustrated in Figure 13

dynami cal |y adjust the randonl y.generated 10 _value of r such_t hat t he
period of time (i % 1(90°ﬁ‘1'“&‘f"b1§§¥6%ﬁ NegePE kS §F 2 0RNER 1A% d:?dén?e'\?\ﬁet“sai n

addi ti on poutA el rONtaa@Rtp Mitielsls DEg HEIViiREs ™agknt £ )2k he1UY iingJUa Bsdrid@Ag M SSi on
is nmodified in accordance with recent cable traffic history. This

modi f i cat peentofanghe negedevinaaigenhng qempirdsling:gni ficantly increases the
probability of a_successful 15 S[ CTS_frame exchange nd .t hereby ayoi ds
col l'i sions” al ong®&3H1"™¥ ?L??"sAf@SFgf%g[’y?ab%ﬁ&"gfﬁ% "aﬁa* r&‘hsageﬂ"é\/"é Been

di scl osedshayindiparild cubadndilyi bhtdy iMacBatS e Ak hQR M- @Raid Rnacéwgal
area network. The present invention provides a network which permts any
agent to Be w&mupled to the cable at any point, and assign itself a unique
address. 20 In agehil00s o4 NG RLESE NS WAYENIATS DANE! eSOLRSALN FYpLdlance
protocol mnimzes e pro abiFi fy of °CoT 1751 On cCcurring oh T He “Cabr e,
and if a ppeddtirainear adisindpRYids otegsaid amedpimkdabilié \anaf avdinaess f or
subsequent re-transm ssions. Reference is. hereby mde to our co-pending
U. K. pat efiP¥ 2$e4ppl i cati on No. 8602809/ 2172779i n which there is described

and ol gijred " Loctl e SRnh Wibel! Sdhetshin@3RuIRhRINE 6P B Wiheng (|

agent for generating a random number within a predefined range
corresponding to a second waiting period prior to transmit%pg data on
said communication medium to said receiving agent: |
first signal generation means coupled to said sending agent
15 for generating a firsﬁ signal and transmitting said sign§1 to said
reéeiving agent;
signal receiving means coupled to said"Sending agent for
- receiving a signal transmitted from said receiving agent to said
~sending aﬁent within a second p:edetermined time (IFG) after said
20. sending agent has transmitted said first signal;

data transmission means coupled to said sending.agent for Vg
transmitting data to said receiving agent within said IFG time after
receiving said signal from said receiving agent and not transmitting
data if said signal from said receiving agent is not received within
25 said IFG time; a
' whersby data is transferred betwsen said sending and receiving
agents coupled to said communication medium.

30



"21 CLAIMB 1. A communication mediumfor transferring data between a
pl.urality of data processing devices (" agemg—a—s-endl ng age

.and. a receiving agent, conprising: sensi ng sai d sendi
agent for determng if 5 said nmediumis cur mm Eﬂﬂ@ ata of anot
agent and is thereby in use; timng neans couplce ndi ng agent for

timng a first predeterm ned wa+22-ng period once said nediumis idle and

avail abl e for use; : eLfld ngg_qa oupl ed
to said sending gge?n?hef gfmaétﬁie{aatlﬁ;r'lgg%raggnm O%@?S}; nber 9W|E |m2qa pre e%l ned
range corimespvbhm' nglltsi@nsgsmt\hantneragspeqmmddpto Glaitiosdrdimgmadéntg fdat a on
sai d conmuni ca{ on rrlefills mto sai | Vi n ent first sj naI eneration

neans comﬁfl"gﬁc N9 2P HBirny g nf" efb'f’gedé?%ei’ét‘i"ﬁgta"?‘l PEStHf and

transm t tgiggap Al rdmSkSihlrekivhigd ah€4EIDY BYi AI2Bha1 %Je%?vu{ge&eu{g gk tREANS
coupled to said sending agent for receiving a signal transmtted from said

recei §i ng248eIiG ttdmeai d sendi ng agent within a second predetermined time
(IFG after said 20 sending agent has transmitted said first signal; data
transm ssion nmeans coupled to said sending agent for transmtting data to
said receiving agent within said IFGtime after receiving said signal from
sai d receiving agent and not transmitting data if said signal from said
recei ving agent s nohe CORBYRASPLIPR gy Stem as defined by claim 2, wherein

said random number (R) is generated by said random number generating

10" means such that:
R=r AL
where: |
re=a random-ﬁumber within said predefined range:;
A denotes a logical AND operation;
15 L = a Local variable representative of the collisicon and

deferral history of said sending agent for said data to be sent.

4. The communication system as defined by claim 3, further
including a global mask variable G which is representative of the
20 collision and deferral history of said sending agent for all previous
v data transferred, said variable G being adjusted prior to the

initiation of each new data transfer.

25 5. The communication system as defined by claim 2, wherein
said seﬂsing means includes pulse detection méans for detecting a
synchronization puise on said communication medium, saiaq
synchronization pulse preceeding other signals transmitted by agents

coupled to said communication medium.

30



25 said IFG time; whereby data is transferred en said sendi and -
AERYVI Ng agents coupled to said conmuni cati on 2- 2. The . .
7 . . -
QI ollision < -

hi cation systemas defined by claim1, fu "

assunption neans coupled to said sending agent for proddci Ag & col I'i sion
signal in the absence of the recei p'123bf said signal fromsaid réteiving
agent by said signal TheCedntiunGc BRI spbtéh asddef brddd byFE14 i, Whereline
comuni cati on system as defined by claim2, wherein said random nunber (R)
i s gener sadd bynchmiotizahiRNmPRAAD RraFeRas a2 igyother mdgnale oh athdeast 2 ¢ AL
where: r = a.random nunber within said predefined range; A denotes a

| ogi cal A 86’5?%{Ti on; 15 _ L - a Local variable representative of
the collision and deferral history of said sending agent for said data to
- be sent;. 4. The conmmuni cation system as defined by claim3, further
including a gl obal mask variable G which is representative of the 20
collision and deferr hj i I fo r el dat a
transferred, sai d'?'va?#‘gbi:%*@%ec?%bétg(ﬁ(}ag?@?%rgiegrgg obtyhéhlﬂnﬂll tsigatg?{%ﬁé&o each

new dat a sdsnghiest APnal compris®s an IRTSCEOFEARIIALOThS WEt PeaAS odef i ned by
claim 2, wherein said sensing neans includes pul se detection neans for
det ect i ngs¥fhronization flag byte having a predefined bit sequence and a type

field containing an RTS byte.

10

8. The communication system as defined by claim 7, wherein
said sensing means includes means for sensing said flag byte, the

sensing of said flag b&tes denoting that said medium is in use.

15

9, The communication system as defined by claim 8, wherein
said signal received from said receiving agent by said receiving means
comprises a CTS frame including at least one synchronization flag byte

2pand a type field containing a CTS byte.



“synchroni‘’zati on pul se on said comunication nmedium said synchronization. .
pul se preceeding other signals transmtted by agents coupled to said N
cqmuni cation nmedi um 30 -23-.6. -The CGWW‘UWWW% defi nec@

‘cl-ai m 4, wherein said synchroni zati on pul se her signals
at least 2 bit -tinmes. 5 7. The comuni cati o m‘mm ed by cl ai m 5,
wherein said first signal conprises an RTS ame | aclwudisng *at | east one

sychroni zation flag byte having a @Oedefl ned bit sequence and a type field

containing an RTS byte. 10 8. The2tommuni cation system as defined by claim
7, wherein said sermi-ngrheeammuinmcéudessmamsas‘ asfixedsbngistn ¢ ,f Wagreldyt e,

e seneinos e b AR BUES ISR RReg? T et o By

The cormmuni &ati oA syStem as Si gna

recei ved frarameaintlua@cey \a agu:ageﬂ,t ch'deEii Oyt Birdddadd NBARE razprbzws a CTS

frame incl Udlfk‘j% at Ie?st one s‘?/nchronl zation flag byte 20and a che field
cont ai nlng sy on te, a destination address and a source address

byte.,

11. The communication system as defined by claim 10, wherein
said data frame further includes a frame check sequence {FCS) and an

- 10 abort sequence of bits following said plurality of data bytes,

12, The communication system as defined by claim 11, wherein

said 1IFG time is generally 200 microseconds.

15

13. The communication system as defined by claim 12, wherein
said sensing means includes a Z8530 SCC serial communication

controller device.

20

L—./ . 14. The communication system as defined by claim 11, wherein

said communication medium comprises a twisted pair cable.

25

15. The communication system as defined by claim 14, wherein

said twisted pair cable is terminated by 100 Ohm resistors.



The conmuni cation system as defined by claim9, wherein said data

gnsmitted by said sending agent is in the f{ i ncl udi ng:

.urality of data bytes preceded by at |east one synchronl zation flag <& -
vfe, a destination address-and a source addrmﬂulut“g mwi‘. .The

conmmuni cati on system as defined by claim10 frame

further includes a frame check sequence (FCS) and am 1 Bort sequence of

bits following said plurality of data bytes. 12. The conmuni cation system

as defined by clai m 11 wherein said TFGtime is generally 200 _.
m croseconds. 15 1318Th&heoRmiPisatisn Wﬁrﬂsageg&:ﬂeidnﬁﬂ Pgin| L nrhexrein
wherein sai d 3¢8Sddtd B ZetHTnUEER RokmuniCatidn REdiA o FO TP ARLI B a
controller device. 20 14. The conmuni cation system as defined by claim 11,
wherei n sai d *®éRfnRTiedateMneRdiinm CPFPri ses a twisted pair cable. 25 15.
The conmmuni cati on system as defined by claim 14, wherein said tw sted pair
cable is termnated by 100 Chm resi stors. - 25- 16.. The comruni cati on
system as defined by claim 11, wherein said dat a' transfers on said
conmuni cat i on medi uar epar at |rd ned.ti
17. The conmuni cati gz S;Q/%ht%e?ng"g“é’"gg?tq%é‘d ym(':‘la g %V\E’é é n' 15, bhe

said third predetermined time is generally 400 microseconds.

10 18. The communication system as defined by claim 17, wherein oo
said signals are transmitted on said communication medium using FM-0

encoding.



said third predetermined tine is generally 400 mcroseeends.— 10 _

18._ The communi cation system as defined by gl wherein said si .fﬁ’@\ .
are transmitted on said conmunicati on. medi umclmmmmum" ng. - 26
19?"‘—-@_\ met hod for transferring data on data *co SliiMlimet i on bet wee
a plurality of data processing devices % agents), including a sending agent

and a recel ving pOENt, ASOTA kS RGabiE HHRHUAN of 3 dara conREISLNGSAI d
mediumto determne If said mediumis currently carrying data of - anot her

agent andmeésidnheewleyrif dlsealivy bitndre Prosdssipgdbivaces nEtgehae® Bt er
sensing that said mediumis idl e and avail able for use; generati ng a random
nunber wi tRFIF3A"Hre 4817 190 2P ARG E T 02 CHFPAE P APRGE 1 §°BNT LthdPt FBhaT eR&i ti ng
time priogegto transmtting data on said comuni cation nediumto said
receiving agent; transmtting a first signal to said-receiving agent

coupl ed to sai d sendingi oidi oedimndtarde tegobneiifgsaidsimgdalm tisagepredtdd from

sai d recel Vi (nﬁ agént t% 15 _said sendi 8 agent vm'}hi n a second
pr edet er nF REd P it 501 ¥ _)“81"‘?5? agsnky %'bar:_ Fn%”;fﬁ_@ﬁt h&s®transnitted said
first signal; traneihgtd N4 -detgeaecsMitetCliaVaBle A38REiNY Rl S
IFG tine after receiving said signal fromsaid receiving agent and not
transmttredivhain iidlesandd aghglatilef formusaisd recei ving agent is not received
with said IFGtinme; whereby daja is tran§fe.rred be ween sai d sendi ng and
recei Vi ng generating a’ random number within a prede ;ned range
10 'corresponding_to an additional waiting time prior to transmitting data
on said communication medium to said receiving agent;
; transmitting a first signal to said receiving agent coupled to

said communication medium;
receiving a signal transmitted from said receiving agent to
15 said sending agent within a second predetermined time (IFG) after said

sending agent has transmitted said first signal;
transmitting data to said receiving aganf within said IFG .time
after receiving said signal from said receiving agent and not
_ transmitting data if said signal from said receiving agent is.not
 received with said IFG time;
vhereby data is transferred betwsen said sending and receiving
agents coupled to said .communication medium.

- 20. The method as defined by claim 19, further including the
step of producing a collision signal in the absence of the receipt of

25 saiq signal from said receiving agent within said IFG time.



agents coupled to said conmuni cati on nmedium 20. The nethod as defined by
im19, further including the step of producing a collision signal in the

@ence of the receipt of 25 said signal fromsaid receiving agent wthi B,
d:IFG tine. -27- 21. The nethod as defined by 20 wherein said step- of

generating a random nunber (R) for said additional waiting time includes~

the calcullation: R=r AL 5 where: r - a random nunber within said

predet erm ned range; A denotes a | ogical AND operation; L = a | ocal

vari abl e representative of the.colT9'Sion and deferral history of said

sendi ng agent for @i dTHatrethod ks gefinedlby 22. wHédre i AEidiads eep defi ned by

claim 21, wherein,said random numb ner at j ng st.ep includes: . I obal

mask vari abPE"EAMMEH Fa" %r"&@%‘?ﬁ ZP?\%‘% rofaid additiopel |"§|‘6h“gaﬁd"‘%lef erral

hi story of aabﬂ,&endm@gaagﬂzttit,p; al | pr evious data transferred, said

variable G being adjusted prior to the initiation of each new dat a

transfer. 23. The method &< dedihed by claim 22, wherein Gis corrprlsed 20

of 4 bits aRgeyériables C and D are defined wherein Cis conposed of bits

representative of the nunber of collisions assuned . for prior attenpts to

transmit sai d dataF arid rBndep pumgar yéthisf spid predgteeninadarange:of t he nunber

of deferrals for pyi glnsibleMbiidd) %8Fbperation;

L = a local variable representative of the collision and

deferral history of said sending agent for said data to be sent.

T

10 \;j
22, The method as defined by claim 21, wherein said random
number generating step includes:
a global mask variable G which is representative of the
15 collision and deferral history of said sending agent for all previous
data transferred, said variabie G being adjusted prior to the
initiation of each new data transfer.
23. The method as defined by claim 22, wherein G is comprised
20 of 4 bits and variables C and D are defined wherein C is composed of
bits representative of the number of collisions assumed for prior ELJ

attempts to transmit said data, and D is comprised of bits
representative of the number of deferrals for prior attempts to send

said data.



sai d dat a. -28- 24. The nethod as defined by claim23, wherein said .
variable Gis adjusted such that if the nunber of bits in Cequal to 1 is
greater than 2, then: 5 - (a) the bits conmprising G are
shifted 1 bi t toward the nost significant bit (MBB): (b) set G= 1: (q
all C.bits 0. 10 25. The nethod as defined by claim?24, wherein G\i§
adj ust'ed such that if the nunber of bits set equal to 1 in Dis |less tHhan 2
- then: 15 (a) the bits of G are shifted one bit toward the

| east significant bit (LSB); (b) set == 0; (c) set D = 255. 20 26. The

met hod as defined Iy, clmna\.?&oam%et{héanb; Naa W O, é@mm%m%maswna'
is generated: (a) CO - 1 (LSB of C; (b) bits conprising L are shifted 1

bit toward MSBs #&justed such that if (tb¥ number of( Hits\NEn=C M@ual to hhix¥ e NC =
nunmber of cqllbgdPRRad ¥, PRdQF attenpts to transmit said data.

5 (a) the bits comprising G are shifted 1 bit toward
the most significant bit (MSB);
{b) set Gy = 1;
(c) set all C bits = 0.

7o 10
L_f
25, The method as defined by claim 24.'wherein G i§ adjusted
such tﬁat if the number of bits set equal to 1 in D is less than 2
then:
15 (a).the bits of G are shifted one bit toward the
least significant bit (LSB);
{b) set Gy = 0;
{c) set D = 255,
20
26. The method as defined by claim 25, wherein in the event
L’/ said collision signal is generated:
(a) Cp =1 (LSB of C); °
(b) bits comprising L are shifted 1 bit toward MSB;
25 (c) Ly =1

(d) Nc = N + 1,
where Nc = number of collisions for prior

attempts to transmit said data.



27. _The nmethod as defined by cl ai m 26, wherein in the event of a deferral,

ﬁ adj usted such that: (a) Do = 1; (b) Lo =1; 5 (c) ND
N1 where [err] - nunber of deferrals for prior attenpts to transmt |
said data. 10 28. The nethod for transferring data as defined by~

claim 20, wherein said sensing step includes detecting a synchronization

pul se on said conmmuni cation medi um,_sai d synchronization pul se proceeding
ot her signals transmtted by agents coupled to said comruni cation medi um
15 29. The netHdd fore meghsd evsr dnfinkat Ryaslaef Rhedeye bt ainmtD8 ever ei n

said sync I’Oﬂl%i.tl Qn tgul sey ﬁ)r et%gegic,gathqtot her signals by at least 2 bit
' et

tines. 051‘30 fTans erring data as defined by claim 28,
wherein said first $hg | =coppri ses a RTS frame including at | east one
synchroni zation fla byte having a predefined bit sequence and a type field
cont ai ning an RTS b?’c’b L25 1: - 30-

- (c) ND = N

5 * 1

b
where ND = number of deferrals for prior

attempts to transmit said data.

10. 28. The method for transferring data as defined by claim 20,
wherein said sensing step includes detecting a synchronization pulse
on said communication medium, said synchronization pulse preceeding
other signals tradsmitted by agents coupled to said communicétipn
medium.

15

29. The method for transfe:ring data as defined by claim 28,
wherein said synchronization pulse preceeds said other signals by at

least 2 bit times.

20

30. The method for transferring data as defined by claim 28,
wherein said first signal comprises a RTS frame including at least one
synchronization flag byte having a predefined bit seguence and a type

field containing an RTS byte.

25



31. The nethod for transferring data as defined by claim30, wherein said_ .
sensing step senses said flag byte, the sensing of said flag byte denotg Y
that said mediumis in use. 5 32.. The. nethod as defined by claim 31, i
wheTei n said signal .recei ved fromsaid receiving agent by said receiving
means conpr.ises.a CTS franme including at |east one synchroni zation flag
byte and a type 10 field containing a CTS byte. 33. The nethod as defined
by claim 32, wherein said data transmtted by said sending agent is in the
formof a data frame 15 including a3plurality of data bytes preceeded by at
| east one synchroni 2nf i ahefheaodVEoR, tPandEsitingt d4¥a aslHetSSe DY S1AAUIE,E

address byte. 20 ) 34. The nethod as_defined by claim33, wherein
sai d data frXReTSigy BAkd SPRRINGuBEeR, sPPShfe seib dRag dytencde(FSinaRf Bt ¢

sequence of R[ih§ tykk| deHoBOnd ahele HaibahddikmOfs dAlgkelyt €S. 25 35.
The met hod as defined by claim34, wherein said data IFGtinme is generally
200 m croseconds. - 31 - [err]. The nethod as defined by claim 35,

wherein sald data transfers on said conmuni cati on nedium are separated by a
third predetermned tinme (IDG. 5 37. The nmethod as. defined by claim 36,
wher ei n sai d -si gnal 32ar &he reatbod tasedebinedabyl cdainmani, ceteirein readid ushane i ng

Em’ S\BZRCOC‘I nQ:'ecg‘pv'ed from s§§d receAtvCi(r)\rgmygneln%agyl %giger%cgm{n%r mégnaénggtl?grrilsgg adat a
CTS frame including at least one synchronization flag byte and a type

10 field containing a CTS byte.

33. The method as defined by claim 32, wherein said data
transmitted by said sending agent is in the form of a data frame
15 including a plurality of data bytes preceeded by at least one
synchronization flag byte, a éestination address and a source address

byte.

20 34. The method as defined by claim 33, wherein said data
frame further includes a frame .check seguence (FCS) and abort sequence

of bits following said plurality of data bytes.

25 35. The method as defined by claim 34, wherein said data IFG

time is generally 200 microseconds.



a recei ving agent,as clained i laim 1 substantially as herein- before

a urality of data processing dev%teé—élagenLgll_ngluding a sendi ng agent
d i bed*with reference to the ac MM” apos. 15 39. A et hod
L

for transferring data on a data co i um between a pl urality\-.—;'ﬂi
of data processing devices ("agents "), as claifred*in.claim19,including a
sendi ng agent and a receiving agent substantially as herei nbefore
described. 20 -3 -

36. The ma:znod as defired by claim 35, wherein said data
ctransfecrs on said communication medium are s2parated by a thirs?

predetermined time (IDG).

37. The method as defined by claim 36, wherein said signals

are transmitted on said communication medium using FM-0 encoding.

10. 38. A communication medium for transferring data between

a plurality of data processing devices ("agents") including a iﬁ;
: oS Cleaed & claan 1,
sending agent and a receiving.agenfjlfubstantially as herein-

before described with reference to the accompanying drawings.

15 _ ) _
39. A method for transferring data on a data communic-

ation medium_be;wegp a plurality of data processing devices

Gy clamad w c\Bun G _
'("agents"),Z}icluding a s?ﬁding agent and a receiving agent

:substantially as hereinbefore described.
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