2172779 LOCAL AREA NETWORK W TH SELF ASSI GNED ADDRESS METHOD BACKGROUND COF
={HE I NVENTION 1. Field of the Invention The present invention relates to
§§pparatus and nmethods for transferring data between a source and a r
—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 cormmon to transfer data

10 and conmands between a plurality of data processing devicgs, .such as for

exanpl e, conputers, printers, nenories and the like. The mfdr?@ﬁé;gl on

of conputers and other peripheral devices principally devel oped in t'h

por m ¢ od 1 ROthte A, RN R EBRRSEEF RERHBRER " Ao Rt e\ one

the i mediate proxinmty of a main frame conputer. Networks, such as the
ARPA Networ k, were devel oped to provide access by various users to |large
time-sharing systens and the gacr8Ré®Np & qlgga,%éﬁ_!%gﬁ such systens. In the
case of geographically | ocal "TneTWOrks, so | area networks (LANs)

wer e devel oped to 20 connect together a collection of conputers, term nals

and_perigher Lg ol % d,Itéqﬂ cally in the sane buil ding or adjacent
bui | di ngs,* agé—$£+§£+S§dJ%aéﬁi8ﬂ t hese devices to conmuni cate anong
thensel ves or withe §eseR6 HvieaeDed fdlatelBCto NpaRakas 4L aktAbEe f1t Wor ks

permt the inplenentation of distributed conputing. In other words, sone
transferring data between a source and a plurality of receiving data

§~; processing devices. More particularly, the present invention relétes
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
10 and commands between a plurality of data processing devices, sucﬁ 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 permitted the distribution of access to computing
" 15 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 the transfer
of data between such systems. In the case of geographically local
networks, 8o called "local area networks™ (LANs) were developed to
20 connect.together a collection of computers, terminals and peripherals
located, typically in the same building or adjacent buildings, and
permitted each of these devices to communicate among themselves or
with devices attached to other networks. Local area networks permit

the implementation of distributed computing. In other words, some



~of the devices coupled to the |ocal area network may be dedicated to )
performspecific functions, such as file storage, data base management, LY
term nal handling, and so on. By having different nmachi nes perform @

2di &ferent tasks, distributed conputing can nake the 5 inplenentation o e
system si npl er and nore efficient. 4Bcal area networks differ fromtheir

| ong- haul. cousins in a nunber of respects. A key difference is that the
desi gners &f FB?lgf"rYéﬁan"ét%Fﬂs“ &henlogal prearistwesk ok beagedisated ¥ ced

by econori ¢ ?Eo#rﬁ%%'ec g{ﬁ%cli’o&%.e shBf Aihe é@dr@?@o%ﬁefa)‘@é k, 10

regardl ess of 1ts technic suitability. In contrast, nost [ocal area
net wor ks utrahagemdritgi teowinali handkimgwi and soabhe tBy paving ad&fexprem servi ce

bet ween the vari ous devices led to the LAN. The nbst comon
transni-ssi SRSALRAS PR °’6’&rdri1f3F' 'é%s‘ésf‘ﬁt:aq‘sér"gg uted GoRRUting.can mpke fhe

cable, tw Sﬁns@emmaaﬂ &t hale PPLidsS sifpled I.ﬁaym&fe efbi& de#i .Lopol ogies are
possi bl e, such as linear, spine, tree, ring and segnente I'n addition,

| ocal area networ Mocad aota Retierks ddiFEe N ef domngh@iopaggitianl dewsirs whi zh
are inherent with other |arge networks, thus, allow ngﬁt he channel

utilizati oMUPBebePtHFERRACET gnpr FRREFeEMRARe L1ENEN At SBBi 95i008 %O ar ge
scal e net Woihg-hHfh networks AsLBRULE theCRRPAMSRWHA! VALK SoFtUnd gbhedbgm se of

di stributed processing and conmuni cati on between dat a processi ng devices, a
nunber of fexohomic hacvéemla\t@rasenlsvuodoseum Potl be axlephore aktworkal area

net wor ks, 'such as ETHERNET Pat ent 4, 063, 220 For exanpl e, slpl te
offorts 10 T6RETetn 08 hEF MyebRiFad SURRBYH Y a 1 %Oearai'mmzstnlﬂfe nApea

represent getL,opRkd Itdni AR 80¢ Hignlbendilath &bl 056 @ezﬁﬁ"tsﬁﬁﬂgram
coputer. Accordingly, in the personal conputer market |ocal area networks

have been preiibe thetekyn ctipevar ieud devipeeonbled rtcadte tLan, umstmdsmcal
area networks uti I I ze ¢onpl ex cabljng techni gues and require stem

adni ni st r atS"RATANSME§F HRIY BRI HEPY ﬁéf‘éH‘a °pRe 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, ring and
segmented. 1In addition, local area 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 of large scale networks.

20 Although local area networks hold the promise of distributed
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 typical LAN

25 node may represent a significant percentage of the total cost of a
persona{ computer. Accordingly, in the personal computer market local
area networks have been orohibitively expensive to implement. In
addition, most local area networks utilize complex cabling techniques
and require a system administrator who is trained in the installotion,

30 updating and maintainence of the LAN system. Moreover, many iocal

area networks utilize relatively complex protocols to permit the



30 updating and nmai ntai nence of the LAN system Moreover, nmany |ocal area
gtyworks utilize relatively conplex protocols to permt the . -3- various
es coupled to the LAN to communi cate under various conditions. As will
>~decri bed, the present invention provides a |local area network for e
conmmuni cation 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 |ocal area network services, and
permts comunication to | arger networks through the use of bridging
devices. The present invention provides an economcal, reliable, and
mechani cally sinple | ocal area network 10 heretofore unknown in the prior
_art. -4- SUMVARY OF THE | NVENTI.GN A | ocal area network is disclosed
i ncludi ng apparatus and nethods for transferring data between a plurality
of data processing 5 resources, ("agents") coupled.to a cgble. I.n the
preferred %ﬁﬁﬁﬁ?fngﬁY%cif 5Pﬁ?§%q %? gg; W8 SIMURAERLe ¥NEST VARRNEN cabl e
for data tesmiEEisasPn and reception. An agent newly coupled to the cable
dynam cal |y assigns itself a unique address on the cable to which other
agents may send dAsawilihdeadesnibgdnctha eregentiricvanhioh@rorddes ahilpcal

predeterm nedy 1398k Yor BbhhVitatioR fd 24Sbdrc’ 3hELing ahbRy various

5 computers, servers, disks, printers, modems and other data processing
devices. The present invention supports a wide.variety of local area _
network services, and permits communication to larger networks ihfough K“)
the use of b;idging devices. The present invention provides an
economical, reliable, and mechanically simple local area netﬁérk

10 heretofore unknown in the prior art.

L



"number ("hint"), for use as a tentative address. The agent transnmits an - _
enquiry signal (ENQ over the cable to the tentative address to determ @

.4‘:']

i

if the tentative address is currently being used by another agent. If a
"ackwdbw edge (ACK) signal is received by the sending 15 agent in respons
the ENQ signal, another random nunber ‘i s generated as a tentative address
and _addi ti onal ENO signals are SUMMARY IOR ITHECYNVENTOION ACK signal is

recei ved, the sending agent assigns the tentative address as a final
address Iin its nenory. Once an agent has assigned itself a final address,

it may then 20 trapsgbéat Qreansedwdtki Y8 dlaldobé® Tncoh 8y aPEHE RN ahlE
cable. An agent desiring to send data to a receiving agent senses the cable

t o det er mi nmethodshdorattansiferring dataj petween a|glurhdicalkifedasa iprogsesindie

t "defers’ until an idl ditiop i d.. Once the cable |
ot oct ed da P APYCeen RS St Ry 1L SABNF cadnorhF ed IpEFTO@TRRALRORS

random ti ne abgi A ik 396 Ngeh 5% AN colfffea HoIBonndnt BS YL EBE Vadth agent. The
sendi ng agent then nonitors the cable for a "CIS" signal, which nust be
transmittedtbgnswissiotednd mgcapeitn.t oAn gengnoévky sgeplediitbhtive xable

det i ngd _ti |FG)_ after t | pt of .the RTS si |s. If CTS
Gl Gnal 15 pASpRINcareine” trie . RahRifon, AHPCTAR, o300 SRELP R MRS dat o

frame to thechefigkhRS mOLHenti ddtidl 2dhd Hgeht Fertftatbs £ FanBbm Humble CTS
signal. The failure to detect a return CT -5- signal wthin an IFGtine

peri od deiOwéthin eopkedetrrmdonditange., ¢Ff retcdbvesizopreviqusdguseked hpitial
pr esent invent'él%rj1 qgtenpts to re-transpmt a nal using a backo

RTS, si kof f
met hod whi cRUBYRSH CAPFY) adPgstee t"r’feapﬁ?'?'iféqﬁﬁf?)drdéle St o- e AdRR S Srgpamits
aftenpt basgg OqUiyERighAll(Bndf HvlekCehe cable to the tentative address to

- determine if the tentative address is currently being used by another
agent. 1If an acknowledge (ACK) signal is received by the sending
15 agent in response to the ENQ signal, another random number is
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
20 transmit to, and receive data from, other agents on the cable. An
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
25 a random time before transmitting an "RTS" signal to the receiving
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, 1If a CTS signal is properly received, the sending agent may
30 then transmit a data frame to the receiving agent within an IFG time

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



5 history. Accordingly, the present invention provides a nethod of
=i m zing collisions and permts reliable and econom cal data transfers=
f&g;_;en a plurality of agents coupled-to the common cabl e. -6- BRIEFy . =+
DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates a.local area network
adapted to utilize the teachings of the present invention. 5 Figure 2 is a
timng diagramillustrating the present invention's use of frequency

nodul ated (FM 0) encoding. Figure 35kllustrates the frame format utilized
by the present 10 invention to transfer data to various data processing
devices coupled to the local area network. Figure 4 illustrates the present
i nvent i on'sdgnsk wdfthdnsymdanGonimatperiopudamyesi arcdldishen tdomddpiesd 0T1fod a
frane. 15 Figure 5 illustrates an enguirxﬁ&EN[% frame utilized q¥ t he
present i FOAREFIAR A& PROSURPHanthe PIGFRRE LIWENLIoR ftterps, te SeTtrapsmiy,,

chart 111 4al kfd 1434nalic, 56013 6Re Ale R DRSS BRSO MLEEL) 143306000

processi ng device coupledto the present 1nventi uri am c agdress
assi gnnmentperkod Uveforeda ap-aransmicadilon attesmpitr hassd ioherpecancebbleviaratifda’ s

“use of _handshake signal s, bet ween sendi ng and receiving data processjng 25
devi ced pPeBFOTE: | RECPTSSIYESF o PP oantiAnrept on Previdees BEESOLAF 5(b)
are a flowiahd{dirg bUsi{Mldna0ah@DHexadLENEA iAb10 PSP ORNSNHa12a8€40di Ng

device to obtain cable access. :

transfers between a plurality of agents boupled to the common cable.



«=-7- Figure 9 is a diagrammatical illustration of the transmssion of an ..
"RTS" franme by a sending device after sensing an idle cable. Figure 10 A%y
bl ock diagramillustrating the present. 5 invention's use of a serial €§§§”

s copieroller device coupled to the |ocal area network. Figure 11 illustra
the present invention's collision avoidance method including deference. 10
Figure 12 illustrates the collision and resol uti on nechani sm of the present
i nvention wherein two "RTS" signals collide along the | ocal area network.
15 Figures 13(a) and 13(b) are g_flow chart illustrating the

generation of the randomwait period R - 8- DETAI LED DESCRI PTI ON OF THE
| NVENTI ON A | ocal area network including apparatus and net hods for

transferring data between aglaxwagbggmhatam PO ORAREWES ' esour ces 5
coupled to a comon cable is disclosed. In the tollowng description for
pur poses of explanation, specific nunbers, bytes, registers, addresses,

oo, signals, ATELJGLTR fuuSheacdl 8 35baf QbR MLREU Tadite B i1tae

thorough understa resent invention.
appar ent t aheneesdtingedof ntiehprasént Havehtidmr esent

5
Figure 2 is a timing diagram 111ustrating the present

invention's use of frequency modulated {FM-0) encoding.

\-/ . Figure 3 illustrates the frame format utilized by tﬁe present
10 invention to transfer data to various data processing devices coupled

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
20 operations utilized by a data processing device coupled to the present

~invention during dynamic address assignment.

Figure 7 diagrammatically illustrates the present invention's
use of handshake signals between sending and receiving data processing

25 devices prior to the transmission of a data frame.

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

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



10 invention may be practiced wthout these specific details. |In other
nstances, well known circuits and devices are shown in block.diagramform
;order not to obscure the present invention unnecessarily. Referring tQ.,
gure 1, the present invention may include a plurality of data.processing
devices identified generally by the 15 ‘nuneral s 25 through 28 as well as
peri pheral devices such as printer 30 (or other devices such as, for
exanpl e, a global nmenory, a disk drive and the |ike). For purposes of this
Specification, all data processing and peripheral devices which are coupl ed
to the present invention's |ocal area network are collectively referred to
as 20 "agents". As shown, processing devices 25, 26, 27, 28 and printer
30 are interconnected for data transfer to one another by a common cable
32. The various devices are coupled to,cable 32 by connection nodu] es 34,

which in the presE/¥§ Prit & Pdaseammidifidheilivshrasionaopathg FE2E8RIi0g
transtor Mfe JhOokidd tEaRl b B 6hAing dbbice deterehaAng KR WIe2epblbl e art

»

for coupl|ng each o ata processing and other ces to ca
Cable 32 is appropriately termnated to elimnate S|gnal reflections. In
the preferred enbodi ment = cable 32 is termnated with 100 Chmresistors,

and is conprised bfoure P ste BAP‘F“ cd&lﬁpéa‘“lit]']\}dls”‘bié‘qaﬁb?e%ﬁ'eéteé& by one
ski |l edsi rfJ@%t? b4+d e 680 SeifalTohABRILS Aei0ea Noupldh oth B! Jocsich as
i and the 11Ke.

coaxi al ber optics, IO c anne Since, In

pr esent emhmdlneaworniua agents are passi vely coupled to cable 32 a
failure of an agent or a connection nodule will not disrupt conmunication
over cable 32. As will be described, the present invention provides a IocaLJ

area network per mgmgﬁypfsmsqmu&s ST al:e&amﬂmb&ﬁémﬂsaesm%kan

avoidance method including deference.

10
Figure 12 illustrates the collision and resclution 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 transfer between data processing devices 25 through 28, and ot her
peri pheral devices such as printer 30, utilizing protocols and collision A
gvoi.dance and detection methods and apparatus. The present invention's cgiéﬁ*
arch™ ecture and protocols ninimnze hagdshake and col lision detection

conpl exi ties common in pri Ogprakfes YEsERTerial be e ARGl 9N Speed seri al

communi cat'i on al ong cable 32 The present TTNVENtrom pernrts access to
vari ous resources coupled to the network, such as data stored in | ocal

nmenories, or disk, gnfi Qe é:eoam;'m oﬁe oﬂf1 ﬁgobal ef'?rl nters, wthout the
necessity of conplexX o active ndTSI8R ARRA HatYS AnS; pRENCAB| ¥PTend, or

the need to mredetqmendaaaddreesses af pruicly AEVas pEoUYs8Tng Qegamce,32 I n
t he current enbogwge t he present, invention operates at approximately 230
kil obits Ser COURIAY tP 1 SQERCTh caht e ligetiscinpad-edinde falipwing) desgript ton

driven in aceeedpigesy ot E)lp‘laﬁwmnar%ﬁfﬂ@%uﬂﬁé&”cgﬂe\éol&%919

specifications. 20 Referring to Figure 2 S %encoddd and
transmtted GHOERReE. imgs) rRjonalel Fﬂélf@@'mm ee«;—hnrqmtkmm i dENED to

(bi - phase space)iacsycihd:aaln SaabrNahafif be. croseconds in

typical
duration, contains a state transition t% ﬁgsetnﬁeir"é'ﬁvt evithRgee e
necessary ti rfitngiilinberanparent tto ¢rheskianeidvei thASautI khsd tBé ch-psa:ar os 25 are

encoded by, a n add tiona OSSI tran |t|on at. md-cell, such
that two )z{%rgqgg%sigl nge gr rd‘eké%ea‘ %%343‘? il 9852t nd Teprther

Simlarly, ainetgirzelk, aeali Bndwnoyirtdtes rhna MiEbELHr@r sidwnl 10¥%18ck diagram
Zer o- Cr ossi ng transition only at its end. Accordingly, through the use of

FM 0 encodin °r’EI‘d'cRF‘?fg" PRF donaPITe| thespresant| tayepyiomanceaessatignal -
itself, and perm tsrbffrRhESRNFidubéeh] Itd8 5i2sBRETAVEN Bndmaly TGO QL0KS NOde.

plurality of data processing devices identified generally by the

15 numerals 25 through 28 as well as peripheral devices such as printer
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 réferred to as

20 “agents". As shown, processing devices 25, 26, 27, 28 and printer 30
‘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

i,) coupling transformer, resistive and capacitive circuits, and are known

25 in the art for coupling each of the data processing and other devices
to cable 32. Cable 32 is appropriately terminated to eliminate signal
reflections. In the preferred embodiment, cable 32 is terminated with
100 ohm resistofs, and is comprised of a twisted pair cable. It will
be appregiated by one skilled in the art that cable 32 may comprise

30 any shared media, such as coaxial cable, fiber optics, radio channel

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



-10- Referring nowto Figure 3, the present invention -utilizes a basic unit
ata transm ssion known as a "frame" 36. Franme 36 includes a preanble
sisting of two or nore synchronization ("flag") bytes 38 and 40. In th&,
presently preferred enbodi nrent, each 5 synchronization byte conprises t hes
bits 01111110. As is known, synchronization bytes 38 and 40 permit
- receiving data processing units coupled to cable 32 to synchronize their
receiving circuits, and to receive necessary clock information (through the
use of FM 0 encodi ng). Foll ow ng syngbroni zation bytes 38 and 40 is an
eight-bit 10 destinati on address 41 which specifies the address of the data
processing. agesdive®y Wbty tdecdBiran®2] S eMRAICSE oA SRUNLCE: 20dbETete$6n
conprises an eight-bit address of the data processing agent transmtting
the frane of ™PHfiGr whll ort disrpppcompundcgtion ovepraabled®.t 0 specify the type
of frame which is t )t h e f, 15 various .codes., Fo. '
exanpl e, type fiel dgﬁgﬁ%ygeggg%gﬁggg' aér?lga%ﬁe%g\ﬂﬁeﬂ‘dgnf%@(?r?ﬁigﬁg,' alr?c?a quiry
(ENO) frane, ansa wekvworks parmiRESng ey nEfidnboanger i ahicohmuvi icat ben dasadathed nore
fully below _The type field is followed a nmulti-byte data field
(possi blySor toaeseF RsvRS™ AcB P ipeg e % AbvSeR PP odhe 38agod OUME (he
like to be tparipheri Pdiebetewaick Qst PRinkee NI, Gemlz@e\%t&oe@éuﬁ aga Fol low ng
the data field 48 is a 16-bit frame check sequence ich is conputed as a

function of ERAEISIAR Aveddnce ard dstipetion metdods andsapnpretevtr TP BFEsent pe

and data fielfifentBntarbh AseRlr£HRAY BB 1S R?n{n{iaa%]ﬁtigﬁhéﬁwence (5 FCS)
e

is defined using the standard CRC-CCI TT pol ynom al . rame check 2

sequence 50 F8liigippetepyiamcengjienibias somuctnr dmiprdor art( éfdtags) andai.l er 5@)
(cone 2199 Bhmifionlgi g ekt byl BB 550405 Sdnt" o1

invention permits access to various resources coupled to the network,

such as d;ta stored in local memories, or disk, and the common use of

gleobal printers, without the necessity of complex or active

termination circuitry at the cable end, or the need to predefine

15 addresses for each device coupled to cable 32. In 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

specifications,
20 Referring to Figure 2, data is encoded and transmitted on ,
cable 32 using a self-clocking technique known as FM-0 (bi-phase v/

space), such that each bit cell, typically 4.34 microseconds in
. duration, contains a state transition at its end, thereby providing

necessary timing information to the receiver. As illustrated, zeros
25 are encoded by adding an additional zero-crossing transition at

mid-cel{, 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.

Accordingly, through the use of FM-0 eﬁcoding. clocking information is
30 carried by.the data signal itself, and permits the present invention

to operate in a synchronous mode.



to cable 32. Franme 36, as will be described, is transmtted 30 al ong |

32 in a serial ‘'synchronous fashion using a handshake sequence of contr
“frawes, which are in turn followed by the data frame 36 illustrated in
Figuré 3. As’'shown in Figure 4, prior‘to the transnission of a franme, a
transm tting agent coupled to cable 32 transmts a synchronization pul se 56
which, is followed by an idle period greater than two bit 5 tines and |ess
than 10 bit times. Pulse 56 may conqélse any signal containing a zero
crossing. In the present enbodi nment S illustrated in Figure 10, each
agent coupl ed to cB¢fexrring mop| tq@ég'arezpbo'grezamwc@vsatim utbrhreni xat i on

Cacei ver 520t S dM MRS, W FRb AL RN s DoshiSodhn Brplioafrs 1

Communi cat i dnslwGenta @rkeenhle] aonsisyingl 983t4o dhanof@858fheheénidaviare (TH1dg1¢l udes
circuitry which faor synchronizatio flag) bits when in a "hunt”
mode. hs” pr BUFELSEyTH 300 J20EH RECEPLLE RTPCiR: PhRPaIEeTS s R,

synchr oni g alsya¢hrohk 2ep)i ch Yyt eheohipt@sédanbiBitst 61103101144 4Q. khéwmddi ti on,

the serial 15 communi cation controller chip has the capability of detectlng

a nissing cPERRTOpLEAEioakytEat 1 HQ"a‘WSQW'E?WR"%ldPtNR'HFh“tW@ wrAkSce | f
fol | owi Ng acgiyRR €8TAQAbEE OfSkdGyndniifidel ied RRYeli Pthg JIEALICE, tdhaNed Di't
time) elapses without a successive zero crossing of the |ncon1ng si gnal
[err]. 20 receive nauesspry §é°5'6 informatdan bithgougha pheriusei ofy Fgent coupl ed to
cable 32 w | ken, | e S hal Nce
[ E is foll ov‘\%a&g‘fggn [ 3?% @%3%% ea%i{'hgﬁt%q %bﬂ%ﬁ?f’ rriess!m\éﬁ:/%%és?%g

N\ 10 destination address 41 which specifies the address of the data

“sequence 53 is used to delineate the end of the frame 36 to agents coupl ig; o

processing agent for which the frame is intended. A source address 42
comprises an eight-bit address of the data processing agent
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 éxample, type field 45 may designate an
acknowledge (ACK) frame, an enquiry (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 trime check seguence (FCS) is
'deflned using the standard CRC~CCITT polynomial. The frame check

25 sequence 50 is followed by an eight-bit synchronization ("flag")
trailer-sz {consisting of the logical bits 01111110), and an abort
sequénce 53 thch consists of eleven or more 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 control frames, which are in turn followed by the data



=QCKk is detected and the missing clock bit is set in the SCC device 79 of
B4dgh. agent connected to cable 32, thereby notifying agents that 25 cabl e-32
NsZi i use. In the preferred enbodi ment, the synchronization pul se 56 is ¢
obt aiyned by nonentarily enabling the I|ne driver 80 for at |east one bit
time. This causes transm ssion, for the‘blﬂ se duration time, of the signal
[err] onto XaBe363311ystrateddinr FiRpPrat 3t east one zero crossing in the

synchroni zation PukSgndii 1n!Mo3EH14,] BP1od BE A SPLARLLONKOL: Sy REMANLZALI On

(flag) bits (i.e., 38 and 40) clear's the "hunt vice
and permi t straaehi ttdeatageotpé@pled to calile 3eaﬁ:xlaesxﬂi&st o mcarefileaciont ly

det ect whet u‘ir % Pgiclp.aqlsefo%.% }.é a By Lﬁ%gx n%eri BO ks

transm ssi of 2 P rovl ry sync ¥%ni zati on

bits to &l Iﬁ\tuethsur dees \thag Hyomt ttiuesl. oCPklsd 56l iﬁa}t @oﬁﬂfﬂsbnmmgndat a

frame. It Il be 5 reci ateq that altho hthe resent invention
currently Vu\‘lls"é‘é'ag“‘z@ o‘%&éﬁ%ﬂﬂ‘&% f &P H&Sg? RY gi\léléyéfﬁ‘s‘eﬁnd

synchroni zain edghne 26, daeht ag¥nReéoupleauid exbmyzemaliwss RezyrRdzéolo t he
sanme function. Each agent coupled to cable-32 is identified by a uni que

bi nary addr¥&sseridgcemundsation epntredler chin 7% nreosseinheablf ddtion 10 is

that an agemroﬁgum 8¢nd er‘i@@;t %033ndee§i£E)Tre£§Hr'&r@Za sqdeingd pernmanent
address. Thus, for exanple, device 27 nmay be renoved Tom cabl e 32 and then

recoupl etf tTechnitdicMavuad, 28030728330 SF@ Reriak Aolmsn igat Fanst Conkrolier
configure a:ﬂn%??% e99s3. ;V\h%ne%seee&gdaévi%%vw ﬁ@ﬂme%dci&uqew Qndén @ unique

protocol is wed such that an ress is 15 dynamcally ‘generated and
‘assi gned bysetahrehesgefnt swrcbrénizanionhd Ehacls bits y'hpnefneﬂréldmer‘rbm!lienems t he

address of §¥¥% o&§¥%nhxéé%ssed, the present 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 bit within the device
if following a given zero croséing, a predefined period {greater than
1 bit time) elapses without é successive zéfo crossing of the incoming
signal RxD;

20 The pulse 56 provided by a transmitting agent coupled to cable
32 will be taken as a clock by all receiving agents. HRowever, 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 tﬁe SCC device
79 of each agent connected to cable 32, thereby ndtifying.agents that

25 cable 32 is in use. In the preferred embodiment, the synchronization
pulse SQ is obtained by momentarily enabling the line dr;ver 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 ieast one
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



address or an address of 255). Referring briefly to Figure 6, the sequer
of operations 20 which an agent utilizes in order to determ ne and assi

identified using an eight bit. i dentifier (where no agent may have a zero ? -

Tts® f_an address is illustrated. It i-dZ2apparent that to prevent disrupt

service, no apddé 3MYoaksHel &efilcienEHe ALY MSthas ¥ ndl @Y F2uRet i oni ng
agent. In practice, the address of agents may be all ocated between general

data processiHFFERAYCER “BTdPT s bR ride HFATERIST gt eofifameseatrwehl fAfane or
ot her machi nep%vmrtgrehprneée;gu@nmwhmmwrxﬁééPt%l%}ng it edery a5 e

al l ocated for general purpose agents, and addresses through 254 are
al | ocat ed foraggat %oy ciesk drselinsosthevin¢anipg late famgporrtbei Hgbeoupl ed to

cabl e 52, eACh:RgEiNtafl LM 2 ARGEAIES Bracinbl {BhY1dwADGATNIHTREL, U BLLD 2
predefi ned Trange or 30 obtal ns a°start ng nunmber Tfrom sorme l'ong ferm
non-vol ati | e sa¢ndevicef Gor debegtiog misadrgdlpekaiyolys @nd NEBy@GRBEGNC zARLBAN)
referred to a8, h-a%36th';r‘1i Q# i :‘_I'hi S randi){n nunberd or "hint ")fi s treated
as a tentative AHdreSOtSACCHITE W RRY (FRRIEY RS sTRASS TOh BAGIATEY EL St
frame which utilizezatheadeabtctiup¥ed addeane 35 ia UO&iiBpdd 89 addigss. The
enquiry frame transmtted is of the formillustrated in Figure 5, and '

i ncl udes 5 arPiPAFY i390rpta adong the eabited B¢ FRAMERNE £h PEPEeNt Advensirdr to

the synchr tni gakho aof bk BYIASa3S 206132 MRV hoUTeduRSS b RAds Widah
reference to Figure 3. The destination address 41 of Figure 5, as well as

the source aRfr@3sem)addrassai (Bhusheforepramplee detliced wundearergvedfdonl y or
thr ngh the m&tle if %L\i}heﬁer{kgﬁﬁge# Qgt arit{]lﬁeé‘océgxgeatf Le«&&f&?erltn loch:a-CL"{Lg E
contains a binary code Ich 1dentifies e
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 of 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 assign itself an
address is illustrated. It is apparent that to prévent disrupted
service, no agent may acquire the same address as an already
functioning agent. 1In practice, the address of agents may bé
i,) ‘allocated between general data processing devices and "servers®™ which
25 may comprise main frame or other machines. 1In the present embodiment,
addkessqs 1 through 127 are allocated for general purpose agents; and
addresses 128 through 254 are allocated for use by servers. As Shown
in Figure 6, upén being coupled to cable 32, each agent either
generates an arbitrary random number uithin'a predefined range or
30 obtains a starting number from some long term, non-volatile memory

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



frame of Figure 5 as an enquiry (ENO frame for use in address

gnnent. This ENO frane is transmtted over cable 32. In the event
¢r agent has previously been assigned the tentative address, the age:gt.
edy using the tentative address receives the 15 ENO frame, and in =
response transmts an acknow edge frame’(ACK) back to the transmtting
agent. I n practice, the ACK frane is structured simlarly to the ENO frane
disclosed in Figure 5 except that the type byte contains a binary code
i dentifying the packet as an ACK As ilLustrated in Figure 6, in the event
that an ACK { i received by fheg |tting agent, that ggepnt nust
t hen generat eﬂﬁa'gt' h(sal}h%gaﬁﬂ'o%%mnﬁ" b5¥ éfsr a;'{%ﬁ 217 \fé'eg'(fcﬂg&s‘ aﬁﬂ“"r‘etggﬁt t he
t ransm ssi onadfreshi sandethd ageat ithenacdkhnestsahoNghquaby q ERQ) firamé hehienent

that no ACK f i s.receive t agent new y coupled to the cable
conti nues to"é@geﬁl\ﬁ"f F%?fé§ggﬁt‘ggfﬁ%° for-15)s é’eﬁﬁf'ﬁ‘igbrﬂé’dzssirr edee janguiry
Maxi num numberamel tt4rnsas tbas 19Co8Ih@Oforl 11 AiskBited P aAgLEOS] Hh@‘%ﬁﬁﬁes
attenpts, no ACK frame has been received, the transmtting agent then

assigns the fRrindtidl palee Sésseparpted tivnat legat civo biy times puior &o the
comuni cat i 0gyAn2BRiHakbs b r anSPiSs fg.anes is
used to avoi gyi r?stances vm(gf?;g-gl%(s ﬁgﬁﬁ%gﬂligr age%?ﬁwgﬁécnéyg%e‘hgg?ng t he
tentati ve aduetersnemtochigunet By [Thedestinatidnt iidvens Sl dbherigace(H, em of an
enquiry. e ha si an a final address, it nmay then
communi cate W t hag{]%%?gg'%‘é%t g"%%%%l g%’ tcgngg‘ﬁ'lseihfz%ﬁﬁ%qff R #kndshake
prot ocol andger@rated ondandiydancehroegh anesmirdescrd keth el AvteaRehsy theég t o

Fi 7, 8(a), 8 9, i cation bet ts 5 | ed t. ./
Cabl o 30 d8chiRe £RF B4R T FpSEE TapoRRing S ol ipe JeenclEils e S

frame of Figure 5 as an “enquiry”™ (ENQ) frame for use in address

assignment. This ENQ frame is transmitted over cable 32. 1In the
event another agent has previously been assigned the tentative
address, the agent already using the tentative address receives the

15 ENQ frame, and in response transmits an acknowledge frame (ACK) back
to the transmittiné agent. In practice, the ACK frame is structured
similarly to the ENQO 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 Acxiframe is

20 received by the transmitting agent, that agent must then generate
another random number as a téntati#e address and repeat the ' \_}
transmission of this new tentative address along cable 32, 1In the
event that no ACK frame is received, the agent newly céuplad to the
céble continues to send ENQ frames onto the cable until some

25 predefipqd maximum nuﬁber of tries has occurred. If, after a
predefiqu number of attempts, no ACK frame has been received, the
transmitting agent then assigns the tentative address as its final
address for all future communication along cable 32. The repeated
‘transmission of ENQ frames is used to avoid instances where a

30 particular agent which may be using the tentative address may

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



pur pose of the handshake sequence is to control the access to the shared _
cable 32 in an orderly fashion that reduces the probabi lity of a col Iisi
Each-transm ssi on including the handshake (known as a "di al ogue") nust be
'sepa-rat ed by a mininuminter-dial ogue-¥ap (1 DG, 10 which in the present
enbodi ment  conpri sge4Q0 J&bﬁ&%@cmaséfbnﬁﬁdi iRy abBFeds|, A TPt LU A
- single transm ssion (di alogue) must follow one another wthin a nmaxi mum
interfrane gepmupi¢éaSe with Omhelhegem# erupladbbeliqabhe 322001 Iiizénmeeconds. A
collision ig,sali I ' [ entstrans't t ot

time on cab aen%é.gk%%rggg&l mg%e;lgir)srﬁ%n W I}g%up gghaf‘ ﬁna‘m §f5§begn

sendi ng ageRéfericdng emamxseda"l.a!!pab.c@ssi r@dagertbmﬂﬁxiclhidhhbdﬁaiehemdnos
conmuni cat e vviphhdanot he{] gent coupl ed to cable 32, executes the opeilations
set forth i FCYNE TDR R E BFUEEg '@ggﬁ( ) EITVaY H}‘"dﬂ‘%‘énﬁf"ﬁg‘ageﬁ ®prior
to transm spifposded e thb neﬁaamameéqarncaois tBeconitdl "thbi dccleBs tdte tR® 28530
SCC serial controller, or other gyroprl at e hardware has detected a

synchr oni zaBhaFed( Fa038) 3Byine ap LFSPRYY APBRPNC HPate reducess the syekabid ity & on

(flag) byteahasipefdh. deEfh eFansais fth 2RQNRIRY tRe NshabRiNeOWREbwnt BEM Cabl e
32 is currently in use and the agent wishing to transmt "defers" its
transmi ssi ofidigleoue’d myentbet peparated Dysy minimwn iaterdiplaove o EDG),
synchr oniz aih fh Gh! D) pbudedt dubfda Bl Q18 £ o8 Ch Elond 0RO dEST 1 NG
to transmt data execufes a front end wat operation, as best illustrated
in Figures 8¢ddtioThethier bmmeenvdit\mma [ e 1:T5 |tcnnmﬁsmt $dtifloaus)eumes of four

wai ting periods, in the t, enbod nment m c s .each
f ol F.ow ng egﬁﬂl% °%hie ?1 n 3 (fef“‘é"(':ti"? " ® 1P ?&% 2hedRelld o
see/if a syscirensi enaioa@ﬁer(a‘ | 2090 mhyhesehasw.een doaaesmdwrsaﬁbe:ocab&a 32. The

detection of a
when two or more agents transmit at the same time on cable 32.

t he .

15 " Referring to Figures 7 and 8(a) and 8(b), the sending agent,’
for example data processing agent 25, which desires to communicate
with another agent coupled to cable 32, executes the operations set
forth in the flow chart of Figures 8(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 (flag) byte 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

\*j transmit "defers® its transmission. In 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 illustrated in Figures 8(a). The front end
wait operation consists of a series of four waiting periods, in the
present embodiment 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. In such

nt, the sending agent nust wait for the flag detect (hunt bit) to clear,

s signalling the end of utilization-of cable 32. At this point, the .7
entire front end wait sequence illustrated in Figures 8(a) 5 and. 8(b) i s
repeated. If, on the other hand, a flag'byte is not detected, this '
indi cates that during the front end wait sequence no other agent has
attenpted to use the cable, and a randomwait operation is then execut ed.
In addition, during the front end wait operation, the 10 synchronization
pul se detect_is cleared after the first 100 m crosecond wait. Before

proceedi ng '8t Benate s Uit AP CtP Yp 298t da, usinguthe SeBle i33-FiHure

8(b), a randaehVéientpWHeCEemding AW MifRdwbiheodelidl kfad QU THuA® 1)
generation of Rw Il be discussed below). As 15 shown, the random wait

operation cy gleax ¢ Fhjss stonadidng Lhigasnd ofpetidd panioof ofvmabian 2200t this

m cr oseconds,olRt Orefe CAKRGKE "Erdn® SRE whit fs]egge 23S uesrérgtetdﬁg}l% (xp%@ta(?tt :
cleared). If, at any point a flag Is detected, en anot hér agent i s Using
the cabl e 32ndn@()hés skapeatep.agent nmust defer its transmssion. |f

however, at the endgof_t rand wait, s enge the cable is till qui et
(not in use) then grf]é ?nagﬁeﬁgggrﬁag\g]ﬁaﬁeglf’gebgéé § "t JRteRFYhi 23?? on pul se
has been detimdieakesbeiar susinydithg fronRlendf v se@fende| ho Behékeagehbards | f

the cable 32 remins idle throughout this randomy generated waiting period
R the trans’rﬁt?%g 5Qeife b’ﬁ)c?ég PBE’Z‘S'PF%\?%HH‘?&’PSWHPOH ZB€Pon pul se.

56 fol |l oned exgcated.RTin abaariong| @idngabiee £3ent! @nd N1k ESFIrgLIKh,agR8t . An RTS
franme is 1%tructured supst anti al Iét'he same as the ENO frame illustrated i
h

Fi gure 5, "hdXageronigpeian peles detratohe A19ared Bither ytheofirstdbt i fyi ng t he
frame 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 bit cleared). 1If, at any point a flag is
detected, then another agent is using the cable 32 and the sending
agent must defer its transmission. 1I1f, however, at the end of the
20 random wait sequence the cable is still quiet (not in use) then one
last check is made to see if a synchronization pulse has been §_j
detected, before sending an RTS frame, as dill be described.

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

25 transmit a synchronization pulse 56 followed by an "RTS" frame along
cablé 32 to the receiving agent. An RTS frame is structured
substantially the same as the ENQ frame illustrated in Figﬁre 5,
however, the type field contains a binary code identifying the 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



‘as an RTS rather than an ENO frame. The receiving agent, upon 30 receiVing
the RTS frame fromthe transmtting agent, transmts a "CIS" franme back to=*
Lhe original transmitting agent wthin-the nmaxi mum -16- interframe_gap -
(1% period. As in the case of the RTS frame, a CTS frane transmitteds
a receiving agent is structured substantially the same as the ENQ packe
illustrated in Figure 5 except that the type field contains a code
identifying the frane as CTS. Once theg original 5 transmtting agent, for
exanpl e data processing unit 25, recél%es the CTS frane, a full data frane
36, as illustingteeland dapdeies)3pestoal.m S Thidedchse LRCHERPS \drafle AGCBES
within one | FG of the receipt of the CIS franme. In the event that the
transmi ssi on i5pme tCTSSHittadthy Areafeiving apent decshrugtutednselrstprtialilicthet he
transmtting u h lal S oCCMI

destination asggﬁg 3 §9? rale;q?tﬁ%%r%’iu%éﬁgege%ﬁegﬁsgbl%&*F Oka{gée%)t(}regrpe .

br oadcast t o fikké agentinsceugidedidentd fping BRe ifyanke isr €TH. t brced theriioinalg

agent send n RTS frane with _a destipation address of 255 to al] agegnts on
Tl i mer S Eaarris B agkht o eBp HRmRIS eff dbERESSR R Foy Faftted BN o
frame 36 al sacTeaftsng,2a dallidwtiai framedsls 228 DfludbbateAcoordoge B, i the case
of general broadcasts_ al ong?cabl e 32, the transmtti ng agent does not wait

for return CrEappRitsed 4 the reraiving pgsptayiihin ons dEGLL bhe S8aniRt 8

general broadmastrPResnd Ne1h RitePEFdrRdLRAS the ARIREMIFBLSK o’ & b ida@aan RTS
franme. In 20 addition, by providing within the RTS frame a destination

address fiel Frane HeEnRPtacpeitt MEth iy a0 e tIEISFhe srprupshinngoeet a
-P}r}ggdcast A dH=Q8Res RRhY 20881 HEToh 'MWERolER TP LR ATLL IR 150 aBkhe AGENT S at

inactive or otherwise unavailable.

se

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 case of general broadcasts along
cable 32, the transmitting agent does not wait for return CTS frames,
buklrather, immediately proceeds to conduct a general broadcast once
the 1FG period h&s elapsed after transmitting an RTS frame. in

20 addition, by providing within the RTS frame a destination address
field 41 having a particular value.(ZSS) corresponding to a broadcast
address, only one RTS frame need be transmitted to all agents at the
various addresses along cable 32,

It will be appreciated by one skilled_in the art thag the

25 purpose of the three 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 spre#d 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



ot rt that the 25 purpose of the three step handshake prototol described
abgve. is to avoid collisions by restriceting the periods in whi ch coII|S|393
aré hi'ghly likely (typically duri ng the RTS and CTS frame exchanges)
to spread out in tinme the cable access of transmtters waiting for the
cable 32 to becone 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 transmmt have sensed the com ng -17-
data franme transnmi ssion, and are waiting until the data exchange is
conpl ete pri A2 FraPe HFIPFRFIEN AN RemMrbYingr ustid theydata|excharge jant
that anot her c3agidtePSsidiSté dttaRStingStORFadlddAdrdNQeRing €iad.r ame exchange
descri bed above, it will be appreciated 5 that the CIS frame wll not be
properly received (&ndthet peernty shat @nathersagentnbegins Fn'EFaH“FGS“iaHOF‘t‘Ha? t he
sending agentygiind BEY 350 Wchbitle Bp6llibbd! HRVDASOGELY bElanrfteERhddesi ON
will prevent a conplete ?rama exchange an ereby prevent a
proper han@sithke theofTHEcane iwigdl ndtoberitoperly raceivgdnte .gesthd fgame) check
transmt data on cable sens t. the able IS currentl e, It .
defers the trsﬁﬂg?ﬂ?s%%ni"gf?ﬁps’ Sﬁ(ﬁiﬁ?g%hﬁt FT" R VMY tF e’)é(“smtf‘-,eelél'ii Yures
11 and 12). Rete1risign ¥ bécurirgdl en 8o11i3(6n wand phidvbnt at BomfAege cruscand
oper ati ons executed by the present invention to -obtain the value of 15

random wai t RIfbETA™R f"a"é"aﬂﬁ%w“aﬂs'f"f’df’%cﬁﬁg%‘b‘ i PYPReSt Randghake Sregure 8)
will be descidcgfking. daictmh11yiS 1#1d a86nt2ARE fAng! €51 trbAdhik! 85%bn cable

10 32 senses thaﬁ the cable is currently in use, it defers the i"’

var : ous addresses along cable 32. It wll be appreci ated by one skilled in

transmission of its own RTS until the cable is 1dle.(see Figures 11
and 12).
Referting now to Figures 9, 13(a) and 13(b);;the sequence of

operations executed by the present invention to obﬁain the value of

15 random wait number R {(as previously discugsed with reference to Figure
'8) will be described in detail. As will be appreciated, the present
invention dynaﬁically modifies the random wait number R in response to
recent cable traffic history. The method utilized by the present
invention ptesumes that if collisions have been assumed for recently

20 sent data frames, the cable.32 is currently the subject of heavy
loading and high bus contention. A random waiting period R prior to a i_j
retransmission attempt spreads out in time bus access for the ﬁatious
agents contending for éable use. Accordingly, the operations
illustrated in Figures 13(a) and (b) are executed to generate and

25 adjust the random wait number R utilized in accordance with the
sequence of operations set forth in Figures 8(a) and (b). In the
present invention, eight bit shift registers are provided ih 6rder to
keep track of collision and deferral histories for each agent coupled
to cable 32. For purposes of this Specification, the variable *"C"

30 denoteé an eight bit shift register which is utilized.to keep track of

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



i nvention dynamically nodifies the random wait number R in response to <
recent .cable traffic history. The nmethod utilized by the present |nvent|oar
Fresunes that if collisions have been assunmed for recently 20 sent data
ragﬁs the cable 32 is currently the subject of heavy |oading and high B
contention. A random waiting period R prior to a retransm ssion attenpt
spreads out in tine bus access for the various agents contending for cable
use. Accordingly, the operations |IIust{ated in Figures 13(a) and (b) are
executed to generate and 25 adjust the randonlmalt nunber R utilized in

accordance W mstmeﬁmﬂses&fd oa}ﬁraumsw@t-oﬁ QiNiBhi denbt&s!raaSe Bitit) band
(b). In the present invention, ght bit shift registers are provided in

order to keep shifeiresistes Ff%‘ﬁeéﬁ“'aiﬁﬁ tea Oeferrali Bisseresfororhedent &Joht
coupled to callegsstres FRfchPHIRPBESn thterBt%dSP@%f é&ﬁ;t'% pkdR gy abl e "C
30 denotes an eight bit shift register which is utilized to keep track of
the col |isi on disgeaned,facol hisionsis @Fg#ﬂme@aih tMESWgGSS iraué handshaket
-18- has att el o] d ' QL ight bit
i Tt rog & oPtpeslosEfli s AiER ARG, 1 B PRLS S
nmessages whi clielesede tbeecnnnt ierqat e@brtto Peiozetd trAﬁsnnrtevmqnushgssdlgsctmed;s
collision is prefuned I f the frame handshake 5 pr.otocol fal|§
occur within thé Tq:@"b%rclr 5’“%8“%1“&@?&3”&”@5 Ghenedy {nsisetine thatthegent
prior to transabléifRgif JERSSAYear (1CtS AsfdetInbyla’d OrschyNSIY gloA! mREk
pul se 56 thereb |nd|cat|ng that the cable is in use. A variable "G is
defined as a fMBUFh FePrefestal @ myBResysiienifvdpe s @t ttigapipm&rcrgni fying a
{mhgl/ fi ca: I ofo TrRpEOdent Qe 1 VAP LESAN! BhdMBumedbbgdl GHiAEnIBTAEAH RSN the
agent has -

attempted to transmit. A variable *L" is defined as a local mask

1

which is representative of attempts to transmit the current message by
an agent coupled to cable 32. 1In addition, Ne is defined as the
number of collisions which have beéﬁ assumed for a particular data

15 packet, apd 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
A 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, Go (the least significant bit of four
bit shift register G) is set to 1 and the eight bits
comprising C are set to 0. _ o
If the number of bits set in the eight bit
register "C" is less than orquual 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



esentative of attenpts to transmt the current nessage by an agent

led to cable 32. In addition, [err} is defined as the nunber of N
col I'i §ions which have been assurred for a particular data 15 packet, and \f
[err]-is defined as the nunber of deferrals which have occurred prior to

| @mted to transmt. A variable "L" is defined as a'local nmask which is

the transm ssion of the current data packet. As illustrated best in Figures
13(a) and (b) prior to the transm' ssion of a new data packet, the variable
Gis adjusted, as foll ows: -19- | f the nunber of bits set

(i.e. equal to 1) in.the [ r "C..is greater_than 2, then all
bi-ts in the four bifr %irfighggé‘lsgt%or" SStr?Sn%“‘&“ PEtSHix (¥ to the |eft
[l east significant bEte) eg@E1 ttevmrad\dnasﬁs th@allue ¥ pbéduaMaB)2bsone bit. In
25 addi tion, [err] (the least significant bit of four bit shift

register G is set to 1 and the eight bits corrprising Care set to 0. If

the number of bits @gée i nhdibeshHiubtéa, %ﬂéSJz%Ee bénéigﬁsgﬂe*&anhmsequa'
to 2, then Dis 30 exam ned, and enur‘rB bits set 1n "D

i s | ess t hén the qantanthefpregisters m/emmrieshmh?sbtthétmrﬂemﬁ and -s#3s of G

e e
then shifts 5arh®1@enﬂ@ms Wy which steeo&a BhantimBet a5t cOTH shbhs (an@war d MSB)
and sets deferrals for the particular message to be sent are also set equal to
0. Moreover, as shown in Figure 13, the value of L is then set equal .
10 to the value of G. _ K.,J
Prior to beginningdthe 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. 1In the
event that no flag byte has been detected, the présent invention then
15 executes the sequence of operations illustrated in Figuté 8(a) for the
front end waiting period. Subsequent to the fixed front end wait
sequence, the present 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 ﬁait cycle illustrated in Figure {‘J/
Q(b), and upon completion of the random waiting period, transmits the
RTS frame as shown in Figure 13(b).
If the CTS frame is received by the sending agent within the
25 1FG period, as previously discussed, then the data frame is
transmitted, and the méssage dialogue has been completed. If, on the
other hand, a flag is detected prior to the beginnihg of the front end
wait sequence, a deferral adjustment is provided wherein Dy {the
LSB of register D) is set to 1 and L, is set to 1. 1In 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




V4

‘the least significant bit (LSB) of C and D equal to 0. Simlarly, variables;

NC and ND which denote the nunber of collisions and deferrals for the

particul ar - nessage to be sent are al so-set equal to 0. Mreover, as @ .
r

¢

inspigure 13, the value of L is then set equal 10 to the value of G

to beginning the front end wait sequence disclosed in Figure 8(a), t

present invention determi nes 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 15executes the sequence of operations
illustrated in Figure 8(a) for the frof®~end waiting period. Subsequent to
the fixed fadigueadl Waithisedpfarsel adimspmeseniccuby el icaBegosmrat €68 s random

nunber "r" w thin redet erym ned range nd then cal cul ates the val ue of
"R' by | ogﬁ’%%'l“\}"e%l\%ﬁ%ng;'? h{eqr\?a ﬁeb‘b"fq’ P‘&ﬁ’f Ha hE2pFEAS488t y det er ni ned
val ue of L 20 (| ogrltHenskeNerdrabkres/cTONGRAINIK Y 2k U Ohubed s A8l e QT
the present invention then follows the randomwait cycle 1llustrated in

Fi gure 8( b§olldsdonpbh prespned iand afcalid siamdolivssnentngcpers od Cot AmnNsnits

the RTS.fr as_sho in. Fiqure.13(b) . Lf t S frane is received by the
sendi n{?" ag%h Ht gi%&@hé"%&%éab‘é?i%%," A8 Tﬂﬁg\‘iguﬁ‘?{f g?‘%u’s"sé‘%?st?fé% t he
data framepis, trAnsdafied, gnds' Bet ®ina0eo A AnAINE PSePEEqLA0RB! eted. If,
on the other hand, a flag is detected prior to the-beginning of the front

end wait - sgiionee, L Bluigireted | irad@iosteddibds provi ded wherein [err] (the LSB

o e 2T, D L Sg e el A0 W, hPrstsohdf S R e O oL

Qliz i s Ohtfﬁ&ﬁﬁihﬂecf&ﬁ:h@durd¥i3sh?ﬂihically adjust the randomly generated’

10 value of r such that the period of time (in 100 microsecond
increments).which an agent waits in addition to the front end waiting
period brior to attempting a transmission is modified in accordance '
with recent cable traffic history. This modifiéation of the random
waiting period significantly increases the probability of a successful

15 RTS/CTS frame exchange, and thereby avoids collisions along cable 32,

Accordingly,_apparat;s and methods have been disclosed having
particular utility when used in conjunction witﬁ a local area network.
The present invention provides a network which permits any agent to be
coupled to the-cable at any point, and assign itself a unigue address.

20 In addition, the present invention's novel collision avoidance
protocol minimizes the probability of collisions occurring on the
c#ble, and if a collision occurs, provides a greater probability of
success for subsequent re-transmissions.

Reference is _-!“?,EQ,I?}' made to our copending U.K. Patent

‘ .
Application No. 8602303[141 which there is described and claimed ''Local
area network with carrier sense collision avoidance'.



ermned that the line is busy prior to transmssion. In the event the _
S/ CTS handshake is not successful, then a_collisien—+spresuned and a :

i collIi%ion adjustment occurs. [err] is 5 set equal to he val ue of
is shifted.left (LSB to MSB) one bit. In addi[m"mm‘ m “ﬂj !"et equal to 1
: and [err] is set equal to [err], as illustra A b). It has

been found that the utilization of the-&%eps i'lltstrated in Figure 13

dynam cal ly adjust the randomy generated 10 val ue of r such that the

period of tine (in 100 m crosecond i nekAIMsNts) which an agent waits in
addition to the front end waiting period prior to attenpting a transm ssion
is nodified in accordance with recent cable traffic history. This

nodi fication of the randomwaiting period significantly increases the
probability of a successful 15 RTS/ CTS frane exchange, and thereby avoids
col i si ons al ongleabhre pparAtes rfdirngsyigrdppaa ainisuenaddrstsisotis M adasabeen

di scl osed_havi partjculgr utiJit en used in conjunction,with a | ocal
area net \%f’ﬁ‘.’sg}%@ 8?%&%%# PRERN) 8?4“\,\?%4}#8?5 %°Wf\(iﬁ{’k{_]%f"§ﬁ“b"értrﬁ ts any
agent t oplemfO WNeCrins fdiCogoditn Betdddn RObMiraiitg 8844 hhseld on HRidue
address. 20 In addition, the present invention's novel collision avoidance

prot ocol maRhwmi remprheingiobability of collisions occurring on the cable,
and 153 col |1 sigdQCeNIct. nBLRY ISR 80 TR BF QRTHI LddrkgOFosuCTESS for
subseqlient re-transm ssions. Reference 16 nereby made 10 our copendi ng U. K.
Pat ent ApphhsmittingN\pigr3A@2806o Zhid7M&dium whacledelloing isighassri bed and

clainmed "Local area network wiith carrier sense collision avoi dance". - O
transmitted on said medium by another agent; s

address assignment means coupled to each of said agenlz to permit
each of said agents to assign itself a unique address to an agent on said

10 comaunication medium, said address assignment means including:

; @ in Figure 13, this deferral adjustnent occurs in cases where it is

random number generating means for
generating a random number within a predefined
range for use as a tentative address;
address storage means coupled to said
15 random number generating means for storing said
tentative address; _
first signal generationtmeaﬁs coupled to ' -
said address storage means 2nd said gransceiver
means for genetatihg an enguiry (ENQ) signal and
20 transmitting at least one said Eﬁo.signal to said .

tentative .address on said communication medium;




-21- CLAIMS 1. An apparat us for assigning a unique address to a data
processing device ("agent") coupled to a comunication nediumto permt the:
tr@nsfer of data between a plurality of i di um
COWRI sing: 5 transcei ver neans Ied to each of said agent
transmtting ‘'signals onto said rredlumand l!ﬂ s transmtte _
sai d nedium by anot her agent; address ass pI ed to each of
sai d agents to pernmt each of said agents to assi gn |tself a uni que address
to an agent on said 10 communication medium said address assignnent neans
I ncl udi ng: random nunber generating geans for generating a random nunber
within a predefined range for use a a tentative address; address storage
means coupled to said 15 random nunber generating nmeans for

storing said tentati. v%agg&%;% salggﬁ £uc88in \gg‘rg&qn{gg%gﬁloge@s coupled to

sai d address storage, means transcel nerating an
enquiry (ENQ .sig 1d tranggeiver means for. FFWMStamgcmle&t (8 sai d ENO

signal to said temghayetradsmessawy 81l d3eR O EHBE Othlah O$h 1AESEHY - 22 -

acknowl edge si gnal eivi.n ans. coupj.ed ta .
9 INA et G Ui Sitkd '8 Wriqus Hidzess In response to its

recelpt of said ENQ

5 signal, said acknowledge receiving means
signalling said random number generating means to

- generate another random number as a tentatfve

address upon the receipt of said ACK signal;
timing means coupled to said acknowledge signal receiving
10 means for storing said tentative address as a final address in said
address storage means in the absence of the receipt of said ACK signal
within a predetermined time (IFG) after the last ENQ signal has been
eransmitted:
vwhereby said agent is assigned a unigue address on said
15" communication medium,
:y) ' 2. The eystem as defined by claim 1, wherein said.first

signal generation means generates and transmits a plurality of ENO
20 signals, each of said ENQ signals being transmitted after said IFG

time has elapsed.

3. The system as defined by claim 2, wherein said timing
means stores said tentative address as a final address in the absence
25 of said ACK signal once said IFG time has elapsed after the last of

said plurality of said ENQ signals have been transmitted.



said transceiver nmeans for -receiving an acknow edge (ACK) signal
trgpnsgitted by an agent other than said agent being assigned a unique
YA4s in response to its receipt of said E si gnal , saidy

W edge receiving neans si gnall/lng/sﬁrdrﬂe;n/gmmer generating msar‘Y
'to\gener ate anot her random nunber as a té ress upon the receipt
of said ACK signal; timng neans c \Am now edge si gnal
receiving 10 neans for storing sala Ve address as a final address in
sai d address storage nmeans in the ab8ence of the receipt of said ACK signal
within a predetermined tine (IFG after the | ast ENO si-gnal has been
transmtted; -whereby said agent is assigned a unique address on said 15
comuni cation nedium 2. The syst'é’ﬁ'r as defined by claim1, wherein said
first signal generati a en andt ansmts plyrality,.of ENO 20
signal s, each of s‘gl dQEN@yggﬁ"hgﬁ gf) "ﬁg 5?1%{“ ?t’e‘b"‘&]‘?‘ér“ggia#q Ixi&ag'ﬂlrre has
el apsed. 31nc1Tiaessystsm mmdeﬁamd &xymba one, swvenfaimasaird £lagribyge neanNs
stores said tent atlve ad i nal ,address in the absence 25 of said’

ACK si gnal "BH09 2 R%E F&’G‘etdi Pri"" H‘5§"%'P°§p§%‘ﬁ an; BN B¥ke- | ast of said plurality

-of said ENQ signals have been transmitted. -23- 4. The system as
defined by claim 3, wherein said ENO signal includes an ENQ frame havi ng at
| east oné synchronization flag byte

S. The system as defined by claim 4, wherein said ACK signal

includes an ACK frame having at least one synchronization flag byte

having a predefined bit sequence and an ACK byte. . o/

10

6. 'The system as defined by claim 5, wherein said random
number generation means generatés a random number in the range of 1 to

254.

15
7. The system as defined by claim 5, wherein said first
signal generation means generates a synchronization pulse and

transmits said synchronization pulse on said communication medium,
’ \

said syﬁchronization pulse ttansmi@ted prior to other signals on said .

20 medium.

8. The system as defined by claim 7, wherein said
synchronization pulse preceeds said other signals by at least 2 bit

25 times.

et

)



—
‘having a predefined bit sequence and an ENQ byte. 5 S. The system as
defined by claim4, wherein said ACK signal includes an ACK frame havi
| east one synchronization flag byt-e having a predefined—bit sequence 3g
PACKk-byte. 10 6. The system as defined in said random
nunber generdti on nmeans generates a raﬁmmmm"mmﬁe range of 1 to
15 7. The system as defined by claimsS rel nmsak rst signal
generati on means generates a synchroni zation pulse and transmts said
synchroni zati on pul se on said comruni cati on medi um said synchronization
pul se transmtted prior to other signals on said 20 nedium 8. The system
as defined by claim7, wherein said ‘é?sﬁchroni zati on pul se proceeds said
ot her signals by at Ieast 2 bit 25 _tine 9. The system as, defi ned
by claim7, wherein %ai th9 E¥SES™ARS | %‘fééﬁ%lbal 1’%}‘120?)' M“EF%&&%&@FG? me
10. The sysier@easrgqg,l 6 mPyrdsledbsds/, Wherein said communication nediumis
a twisted pair cable. 11. The system as_ defined by claim 10, wherein said
twisted 10 pair cable is term nated by 100 Ohmresistors. 12. The system as
defined by claim7, wherein said signals on

5 10. The system as defined by claim 7, wherein said

communication medium is a twisted pair cable.

—/ ' 11. The system as defined by claim 10, wherein said twisted

10 pair cable is terminated by 100 Ohm resistors.

12, The system as defined by claim 7, wherein said signals on

said communication medium are transmitted using FM-0 encoding.

15

-



said communi cation nediumare transmtted using FM 0 encoding—15 -25 -
13. n a ctonmuni cati on system for transfemagfdﬁrmg\(/iveljgﬁ'a plurality
es ("agents"), a method used by each of for assi gni ng™
a uni que address on sai d comunicatio ﬁ |ng t he stepy=
of: 5 generating a random n Wt nSa predeterm ned
range for use as a-tentative addr e33 Stori ng said tentative address’in
storage neans; 10. generating an enquiry (ENQ) signal and

transmtting sai d ENQslgn% to said teptative address on said )
communi cation syst em YensitRg® SOPRIGRELMN S¥ETedh IRE SiTans Qfln't‘&@aFécept i on
of an acknow edgewédi") phh:grhﬁty bE devices ('‘agentis“3psdridetRsl Rgedibyagent ot her

than said agent [ ni in_re to its receipt

of said ENQ si geﬁgﬁ &gﬁ%ﬁﬁ% Sgse’nsfgﬁga%g%%“%dgselén%l 3§%€ra§flf%sgs SHot her P

random nunber fsaidcemuBicatianh tsysbem e conprising chedshepssef 20

storing sa d tentative ad@eﬁ?faﬁﬁéaafﬂaﬁﬂém %&?E&Sw?htﬂinsg' d storage neans in
t

t he absence of the recei Sl gha In a, predetermned tine

address; _ _
storing said tentative address in storage
means;
10 - generating an enquiry (ENQ) 51gnal and
transmitting said ENQ signal to said tentative . ]

address on said comnunication system; V

sensing said communication medium for the

reception of an acknowledge (ACK) signal

15 transinitted by an agent other than said agent
being assigned a unique address in response to
its receipt of said ENQ signal, and upon sensing
said ACK signal generating another random number
for use as an alternate tentative address;

20 storing said tentative address as a final
address in said storage means in the absence of
the receipt of said ACK signal within a
predetermined time (IFG) after the transmission

of said ENQ signal; \_/

25 whereby an agent is assigned a unique address on said
 communication system.

30

»

&
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..by tlaim 3, wherein said generating stg and transnits a
*pleral ity of ENQ signals, each of said mgm@n‘@ﬂﬂmu ransmtte
e

2 of said ENQ signal; 25 ' wher eby an agent is assigned a unique

address on said comuni cation system 30 -26-t4—Fhe-nethod as d

f an ACK si

said IFG tine has el apsed in the an$ ence *of ¢t
nTI4, wherein said tentative address™i

15. The nethod as defined by clai
stored as a final address in the absence of an ACK signal once said |IFG

tinme has el apsedk%\fté‘i"et Rethadspsofeldaed by flaim |3 embereinisgidi s have been
transm tt&@neé@in?@te@ihgﬁ&&%sdﬂé NGdnB¥i & @ B}&?alift. {{5?%@0‘ B¢ 19 the

step of génerating a roni zation pulse and t{rans I ng sai
synchr oni esth of paidENONs sgnalscbainmitrahsoitteadairar said me1ehnérhazat i on
transmtted prior to other signals on said nedium 20

pul se bein S
17. The ﬁgﬁqﬁa in ther aREenes of| thenreseinhfern 2K #iBN® si gnal i ncl udes an

ENO frane having at | east one synchronization flag byte having a predefined
bi t se(f'Uence and an ENQ byte. 25

15. The method as defined by claim 14, wherein said tentative
address is stored as a final address in the absence of an ACK signal
‘once said IFG time has elapsed after the last of said plurality ENQ

10 signals have been transmitted.

16. The method as defined by claim 15, further including the
step of generating a synchronization pulse and transmitting said
15 synchronization pulse on said communication mediuﬁ, said
~ synchronization pulse being transmitted prior to other signals on said
medium.
20 ' 17. The method as definedlby claim 16, wherein said ENQ
5 3 signal includes an ENQ frame having at least one synchronization flag
N/

byte having a predefined bit sequence and an ENQ byte.

25



- 27 _- 18. The nethod as defined by claim 17, wherein said ACK signal' : e

I-n s an ACK franme havi ng at Iea_L_Qne_syneh#eﬂfia%TOn flag byte haV|ng

a fined bit sequence and an ACK byte. 19. The nmethod as defihned by™ : @
cl'aim 18, wherein said random nunbe u“lmm“ “ l gLof 1 to 256. 20 20. "“

An apparatus for assigning a unlque processi ng device or

agent coupled to a comrunication medium®o" pern1t the transfer of data
between a plurality of said agents on said medium as clainmed in claima1,
substantially as hereinbefore descrijged with 25 reference to the
acconpanyi ng drawi ngs. 21. A nmethod for assigning uni que addresses to each
of a plurality of devices. (agents) in a comunication systemfor trans- 30
ferring data between said agents, as clained in claim 13, substantially as
her ei nbef ore descri bed. _

18, The method as defined by claim 17, wherein said ACK
signal includes an ACK frame having at least one synchronization flag

byte having a predefined bit sequence and an ACK byte.

19, The method as defined by claim 18, wherein said random f

number is in the range of 1 to 256.

20. An appaéatus for assigning a unique addrese to a data
processing device or agent coupled to a communication medium to
permit the transfer of data between a plurality of said agents

Co Ladwed pcloan ity )
on said mediumlfubstantially as hereinbefore described with

25 reference to the accompanying drawings.

21. A method for assigning unique addresses to each of a
plurality of devices (age?fil %a:iégmﬁqggﬁ?ﬁgfg system for trans-
30 ferring data between said agenfs%eﬁﬁstantially as hereinbefore
described.




