2131654 DUAL BUS COVMUNI CATI ON SYSTEM Background of the Invention This
invention relates to a communication 5 system In conmmunication syst

the station, or port, access circuits typically receive |nfornat|on

mus+ be processed by:a systemresource. In some situationQ ]& g§4
be transferred to a high 10 speed peripheral, such as a dis an n sone
caseg the information nust be transfefred to another port access circuit.
For voice data, an efficient transfer mediumis a time division bus where
tinme slots are assigned for the duration of a call. For bursty, or high
speed, 15 data an efficient transfer nediumis a packet-sw tched bus. Thus,
an attenpt to interface the access circuits with one or the other of the
bus types results in a conpronise of efficiency with a resultant reduction
in system capability. 20 - One solution to this probl emwoul d be
to use a voice i'nterface circuit between voice stations with a tine

di vision bus and to use a data interface circuit between data term nals
with a packet-switched bus. Such an arrangement solves the basic problem
but introduces 25 other undesi r abl e | imtations. For exanple, the typical
arrangenment for using line circuits is do Fave the circuits plug into the
back plane wiring of a board 28 carrier. Thus, follow ng the above
approval, it would be - 2- Sy (ﬁﬂﬂﬂﬂ@hﬁQBQ 8R8eRii C board, | ocations
on the carrier to eacht pe. oper line card for
interfacing e aCRRET oOun( aRrLOui res separate inventories of
line cards and specific kfmﬂsﬂdgﬂrdﬂti\dﬁ alelptesi €3l a communication

5 systea.

In communication systems the station, or port,
access circuits typically'reéeive information which
must he processed by a system resource. In some
situations this data must be transferred to a high

10 speed peripheral, such as a disk, and in some cases the
information must be transferred to another port access
circuit. For voice data, an efficient transfer medium
is a time'diéiSion bus where time slots are assignéd
for the duration of a call. For bursty, or high speed,

i 15 data an efficient transfer medium is a packet-switched
bus. Thus, an attempt to interface the access circuits
with one or the other of the bus types results in a
compromise of efficiency with a resultant reduction in
system capability{ '

20 _ One solution to this problem would be to use
a voice interface circuit between voice stations with a
time division bus and to use a data interface circuit
‘between data terminals with a packet-switched bus. Such
an arrangement solves the basic problem but introduces

25 other undesirable limitations. For example, the typical
arrangement for using line circuits is to have the
circuits plug into the back plane wiring of.a board

28 carrier. Thus, following the above approval, it would be



5 spaces each type of line card is adapted to use. In such an arrangenent
angther concern is the pre-engineering that would be required so that there
M be -enough avail abl e physical |ocations for each board type.

A 'di ngly, systens which are designed primarily for voice*woul d have o ive?
avall able tine 10 di vi'si on position® than packet-sw tched positions. In

such sit ualnepdssary eohee@est@@pewﬁetmraov&radmét an e er it may becg@a
necessary to restruct ay out t aCCOTT‘gD ate the necessa

i nterface GRFREYPE. °fTH'i'% aFBsYqPBﬁf‘iJr"FﬁgtthprcPBgf e OnEM i ci ent .
Accor di ngl Vinterfactsy eacstbass oThis arparsfemercy wequines cSepabate Wil | easily

d
sccommOa kil oL B SN NS oI 0 oy e
conpr i sPng spagesueadh ttype)fofcbineunarc;hﬂs ;daptedc b tusecapabl e of

- i ntercommuni cat 'Iﬂgsd%htS‘r?rarpﬁn%méﬁfr‘%n@tﬁé‘rséd?:@ehvsi5291e pPé- e*?n)_h ﬁeeri ng
packet - swi tched bus  or data conmuj ed on the

wher gi n
time-divi sithat med ‘?sberBQﬁ“éHe ?%ﬂ@"t ﬂﬂ-’é‘esﬂ'ﬁH be, lenpy g, aKal aB et he data on
the time-diphysical Tucationsefor radntboard ype detedingly,heystemkadhiehi t ched bus

backet - swi (LR SFoL B BEmd 1L, (G UoTBR WAL 30U R, ol Tote B2 2 ©7 11
connecifon dmeiasignfmsi&imse@hamgad@trwrtcmd prasitonsui 48 stichectly to the

time-divi S's@@ueﬁ‘i%ns q?rﬂﬁé Ry Sfem' hﬁgﬁké&‘tb&ﬁ-ﬂuiﬁcﬁﬁnﬁnﬁlé *ﬁ. Racket - swi t ched
bus, and certain circuits directl Khyégﬁb ncurrent@épto bot h of the

buses and bﬁﬁ%ﬂﬂ‘%&?f’dl*ﬁ pestrusture othey LV 2 madates 30
shar ed I €S aHé ORCERSITY memélbiﬂcmusbotrhmfremudtms:gsisf @ostcendi ng first

ipon ecei Reicibie, KaRRafly 2 of "the
; Jneefici b, RERRaPlly f 18 XLt Sl RCBRE SRR e
i nvent 16n gt easshaacmmmdatﬁatthwwasmehram@mieacrrequhrmas:@tcaﬂcu| t has

access to bgktfkidas. of a time division bus and to a packet-sw tched bus

Si | b - uggi ng the circuit board int ny connector.
Usrrﬁgyt h?/s Accoraq ng tl?e present invent on %here is prov?d % X

~ communication system comprising a plurality of communicat1on
circuits capable of intercommunicating either by a time-d1v1sion bus

20 or by a packet-switched bus or by both buses, whereIn data
communicated on the time-division bus is routed by the time slot
relationship of the data on the time-division bus, wherein data
communicated on the packet-switched bus is routed in accordance with .
information contained within the data on the packet-switched bus,

25 and wherein the system further comprises connection means for
connecting certain of the circuits directly to the time-division
bus, certain of the circuits directly to the packet-switched bus,
and certain of the circuits directly and concurrently to both of the
buses, and wherein certain of said communication circuits includes

30 shared resource means connectable to both of said buses for
receiving first data over one of the buses and for delivering second
data to the other bus upon receipt of the said first data.

In the preferred embodiment of the invention there is a
communication system where each interface circuit has access to both

35 of a time division bus and to a packet-switched bus simply by



arrangenent bus entry points are available for each bus on all connectg
so that sinply by plugging the board into the connector both time di v
and packet sw tching access is available. 5 In this manner it fi <
possi bl e for an access circuit, for exanple, to communicate with another
access circuit during a time sI ot for the 2axehange of voice data and to
confruhi cate wi rdoh | VQlah e, St i sk e he packet
bus ®Ft her con% fgéiﬂg ﬁB ﬂ@utig\go\é Seoc‘a?d ﬂk? ary gﬂirﬂﬂﬁtﬁl qﬁﬁ'é £q1trsuct ure,
in addition toasoansienej't hus @nfey @aﬁntsaywtanﬂibﬂenﬁoraew bks ®saklhe system

tOt op;ar ate '[‘ RoRrittbFs 1361 tfﬁrtey'lnfbll?'ﬁ& Smﬁgﬁ ﬂ\b%ar&ofntﬁxﬂ'@k@nnécﬂoﬁone
situations i

s ne ess
i nt er change beb rﬁﬁxﬂ?&t P'HE pg% 6‘!’1‘5“8 %chmu?ﬂ aﬂé‘aﬁ’&%& bl e by
using a shased comnl)n rist mammer cidnVerpissiblei fouiah edssidievdity fory

nterface cir i, CHTTARIL Gt WhEBATIRASEAVELR U St e 2 27V

5 tine over t nal's rncom ng>from
station woul d ghet fonrthegexchaage fcygisecdatiar and ttO Aoamynicatewith a

packet - swi t chedepifhet#) t&ﬁ@@%i@@%?&é@ﬂiﬂw Bverl thé”}ﬁc@é%ﬂﬁﬁ’i tedehe gnal s
woul d then be returned to mteriqlq(;e clrcuit and woul'd then pass to the

other 10 stati GANGYERN! He°f RN, EiMe, 3185 in the assigned tinme slot.
Such -an ar i@ngenent Thisiisdruchuike alinoadditiomty salelng el'htalp‘rgsmlﬁellaymtconnon

circuit may se a,.N f r C ' I 15
G rcuit boar dstb\/\ﬁl) i (L]H‘f%n ﬁ%%%ﬁeg‘g%?%siso pgé'létﬁge ginm gé '%ged not be
eqw pped for smce.waggbsgontmﬂ@tgﬂ For example, in some situations it is

necessary to have a protocol
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reduci ng the cost of those boards, as opposed, for exanple, to U S. Pat.ent
4,25)}~880 which requires all circuit boards to have concurrent access to ,
bot fy#ises. 20 Brief Description of the Drawi ngs The invention wll be nor e
Full( ’ derstood froma reading of the follow ng description.to one
efbodinent taken in conjunction w &h Bhe=drawing in 25 which: FIG 1 shoms
an overal | St 0C arall el [Ani ng bus ructure;.-
Fla 2 hodleRrehates: betyd¥n ol iAsing  prakinnad HBte Woudnl o or ¢ ipe
packet bus W80 poasdtlec by Rsisg & ahdredshcommonaprbtecol ebmwvemsionource

usage over ctlr}Q;b ﬁﬁ@tﬁ’fob}ﬁ‘is gg.nqnlgbgsfagesggg/guggt %I s of a dual

interface fo contlnuous and” bur st | ed Description FIG
1 i1l ust r atcommundoate, ik esf?P@RPh&PPHQ’BéPH airpnitdatlsunn (TDM. bus

101 and s rtacieetodwe tw,pa%&easswhbnaa Buﬁ' octnhug 39&naf@%ﬁ85niﬁ%

.contains b CIrCUIt swi tched ti ne trol channe
call set- u? rom the stafion ¥ PRsE b Bﬁékstgﬁ nteTﬁM"Buﬁ rewdts ace 20)
access onl pﬂ&wﬁDMquxaclﬁth-snit@heg bupatbethbueomnbnr ofiveBfionse t he

Kk b f h f |
Pﬁ?o?%&t?gn Qéiiﬁ r'%@&%&?fﬁngigﬁﬁgk Sol}akﬁﬁgﬂdegagggtggﬁ?er?ace 60) =
use both tW@eTMMtgmﬁapacwércmdgegnﬂovou gnthenspass par pbecethd&he structure
of eachf dt'&‘%&%nbm‘i' e diae ai%s%anﬂhe 1@ thé Qﬁsggﬂ?gakﬁeéb' es, wth

one cabl e f 10 path of the n have a ‘

Corm nati o8+ hoUEhnad, a1 7aB6PReEH BPULACHOBK S1PR Tor many such

features where a common. circuit may serve a number of
interface circuits concurrently,

15 Circuit boards which do not require access to a
certain bus need not be equipped for such access, thereby
reducing the cost of those boards, as opposed, for
example, to U.S. Patent 4,251,880 which requires all

.~ ecircuit boards to have concurrent access to both buses.

20- Brief Description of the Drawings

The invention
- will be more fully understood
from a reading of the following description to 6ne
embodiment taken in eonJunction with the drawing 1n
25 which:
' FIG. 1 shows an overall system block diagram
of a parallel running dual bus structure; o
FIG. 2 shows details of the TDM bus interface;
FIG. 3 shows details of the packet bus

30 interface; _

FIGS. 4 and 5 show examples of shared resource
usage over the two system buses; and

FIG. 6 shows details of a dual interface for
both continuous and bursty data.

35 Detailed Description

' FIG. 1 illustrates a communication system having
both a time division (TDM) dbus 101 and a packet bus 102,
38 as.well as a clock bus 103. TDM bus 101 contains both



connecti‘on of all the board carriers. Thus, any board type may be pl ugged
into any board-position and may have access to either bus. 15 TDM Bus

I nterface FIG 2 gives nore detail for TDM bus interface 20. This inter
issgimlar to the one. described in Swiss Patent 636,488. Bus buffer 2Q§§§%‘
and the bus structures are described i@ U-S. patent 20 application Seri

~448, 835. M&Wi‘%—%&‘i%ﬁé{anﬂiﬁheﬂfms293dp B EoRLAPe et or ei

|ntéF€hange functions, as we galn contro d conf er encj
described in SAlds seiruBRy RES: )636 ue aﬁdtBSG"&B?“iPdP%Ql%?J 'f&-o circuit
201 contains oM mndilltdﬂ'bbéuetmyaEEeQCCGﬁBﬁFVhé OPFDNMIAIN S \Bthexss types

of telephones conmu et Bu t nt erface Fl 3 shows a
nore detail ed &N’ompa‘%&?&e uSug ﬁ??acgai it 1 ec‘fﬁ%ﬁa"{eb gofes TDM
bus 101 30 Sonlepmniserttipal andf upnathgn‘l'nmmal foxiaeon txoinuimiamiagiomi ng
acconpl i shed ‘§ﬁ1ﬁa%‘%%rbﬁ rétift gﬁ@kéoke §terimea&&%@eﬁmﬂwsor

309 process t control ornatl exact sane as on bus

i nterface 20. e“ﬂ&cP@thﬁgecsnglng BFcﬁ babuses  fopcompnnication
contenti on bupurpdéeaqnt Phe betadetuldyodfeadit of atiledel Mm¥sLHWould be,

ot 7 and 08" SeAmbLe -8R 0F %f%faﬁﬁocam*&ﬁ%'&ﬂilfﬁgﬁ on
5 Books, ﬂ@Bleasmapathsofc&hebbuasedEoﬁhth&blguaath1wnn#ﬁutnqnnhgve
i npl ement at i Oﬁﬁﬂihﬁtﬁ%naoﬁa&hét hﬂﬂeofr.}ﬁ ?é‘&i(?ioﬁw’f Céhéw%l
Dat akit, as dlscusigg GE ﬁ g rga 13 N@Sﬁ%ﬁr hbimork for
Synchronous 5 C2mae HBhPGnB 1 thesppard eapriersc, anh ,
type may be plugged into any board position and may
have access to either bus,
15 TDM Bus Interface _
FIG, 2 gives more detail for TDM bﬁs
interface 20. This interface is sihilar to the one.
described in Swiss Patent 636,488. Bus buffer 203
. and the bus stiructures are described in U.S, patent
20 application Serial No. 448,835. Network Processing.
Element 202 provides the time slot interchange functioms,
as well as gain control and conferehcing. They are
. described in Swiss Patent Nos. 636,488 and 636,487.
Port-specific circuit 201 contains the standard circuitry
25' necessary to. support various types of telephones or

»

communication devices,
Packet Bus Interface .
FIG. 3 shows a more detailed view of packet
bus interface 30, This circuit accesses TDM bus 101
- 30 only for control informatioh with all data communication
being accomplished via packet bus 102, Control
1n£erface-310 and microprocessor 309 process the control
information exactly the same as on TDM bus interface 20.
The packet bus consists of a parallel data
35 path, a contention bus, and control leads. Any of the
standard contention protocols, such as A.S. Tanenbaum,
Computer Networks, Prentice-Hall, 1981, Chapt. 7, and
38 W.R. Franta and I. Chlamtac, Local Networks, Lexington



Boston, Mass., pp. 20.1.1-20.1.3. In the transmt direction, the circait

operates as follows. Translation RAM 302 takes data packets from *

apptication dependent interface 301 and inserts the proper destination _

a ss. -10 CRC generator 303 appends an error-checking checksumto the -
f the packet, which is then stoged.in FIFO 304. Wen contention

co ol circujt 305 i ndicates that it has gajined control of the data bus;

FI FO 304 pPoek8dsl98ly Ghapts 3ncLam e ised,y B Shis, Msent F8on two 9- bt
15 envel0ppareieuliﬂnsmpléﬁehtimtuﬁe&duﬂdlh&ld vard qidoincloti @ conpletel y

ront tors. aPpekRRarabE hE Eadar A€ Da GHEE S0 B Ml AR 11 L o
addr ess, aAngnErasgrpr69$ﬁ@ElQOPt¢>ﬁb@pkﬂ&;Niﬂﬂ913010ﬂbsbmshtonhnslnconlng

packet, gWhhid AS Eﬂi‘oﬂ@ﬁév@f&ﬂri@ awdf.catrw YAy [ Juhe3QY79/,n this
exanple applica on I nterface |nterface to pr ocessor

30
70. In ot hBpstaBesMa %5pt|22u|%9|1rﬁ1§9z&x§fnxiqnibﬁ frensadd (o a
fiber-opti azfécdabn, | thé, ctréwl tr opd rates igs e©olloww, tcrr&mslaltlibnr of ot her

devi ces. h Lo Fl ket r,f s, for
exanple, t pﬂ§ﬁe£gﬁe?ghﬁ 3 [%gﬁﬁgifgﬁ& %ﬂﬁ¥}éﬁﬁﬁ % % contlnuously-
gener at ed wnteereeesaableedvwnsQrtthheuprcnpnnﬂgsqim@wapnba@dxssstor bursty

data t RganSARES £ SEPYén | | ggd TDM and
packet ilantgtrl?a%gﬁ%lda%rhesg?r cuj t ‘?ssras?l{ ergl?wquaié(ﬁi! lacio |&fe<=%;lmof %35 TDM bus

interface $BeanRdpatithe Racket o Which I8 Qhé 4et of bus
buf f ers 61lWheandonténtiowe ecawtrel ciwqiilk, 503ms:ﬁ1:aartgsofthmtca¢proces_sor 609"

and contr o} 38,5 Ph&RT 8GRt PP of " thd Sl Hhd O'FIFY R pPeeeBas TN the
- transmit the packet. In one implementation two 9-bit
15 envelopes are transmitted in parallel until . the packet
is completely transmitted.

In the receive direction, ‘address recognition
circuit 306 monitors all packets on the data bus. When
circuit 306 detects its own address, a signal is provided

20 to signals FIFO 307 to store the incoming packet, which
is then delivered to application interface 301.
In this example, application interface 301
would be a DMA interface to processor 70. In other cases, :
 application interface 301 may interface to a fiber-optic
25 data link, a terminal multiplexor, or to any number of ' :
other devices. ' '

As shown in FIG. 1, TDM and packet interface
60 allows, for example, telephone S1 to use circuit-
switched TDM bus 101 for continuously geherated voice

30 samples while terminal Tl uses packet bus 102 for bursty
data transmissions. .

FIG. 6 shows a more detailed view of combined
TDM and packet interface 60.

The circuit is similar to a combination of

35 TDM bus_interface 20 and packet bus’ interface 30, except
that only one set of bus buffers 611, and only one control

L1

complex, consisting of microprocessor 609 and control
38 interface 610, are required for connections on both the



- 6 - TDM and packet buses. The TDM portion of the interface is simlar to
the*TDM bus interface 20. It contains NPE 608 to control the actual circuit
swi tching. Tel ephone interface 5 607 is a particular inplenmentation of AF1e~.
‘poretspecific circuitry 201. The packet interface portion of the circﬂﬁiigsi
al-nost identical to packet bus inter$ade 30, except that application

i nterface 301 n @Qé@c gy;dala 10 termnal interface 601. Data
t er " Kal inter?ggeggglpéoes t he packet assenbl y/di sassenbly (PAD) functions

required for accessing a PReKERM ae¥tinny of dheninterfece 48 Ri®ddpredo
Nurrerlous exarrplﬁns vbncwségmzé)ﬂrad@gm.c_elsxlmafonlﬁmhmasmned. Tw]g

exanpl es are shown_in : 5 toJj trate t vant ages_o

si mul t aneous a888§§°f05%%t?FF¥§§HT%%%H&%;ﬁﬁﬁiﬁﬁiﬁEQesieﬁﬁp pae inégﬁggfgion
resour ce 405co6@7sis af pavtienkanrimpl ementastsion ©fSRhesportFepephshe S2, in
20 conj uncti ongyd / 5 i nterface 20, generates a continuous 64 Kb/s
PCM bi t strean?&%%@ﬁz¥gq??ghsnitted In a particular assigned .
circuit-switched tine sl ofh®rpagiehinteriadgsportion.ofi voe chreuptiis t
strﬁamfrom buglkoét ande #tLeMStd tpatiary lﬁlmtﬁc?&‘ff@c@' iglr)téI ekgepic; bhat25
stich as Linear Predjcili ' - i h S.C in L.R
Rabi ner and R Wf’gg#é*%(?ﬂ %)%{%coér%gsrga?:q’gg%sﬁ%géﬁgépgkg g?,%g

Prenti ce- H3fI , teominal ointentace G0k t Data texminadndodextsgecbtlcan be
temporarily St&&@ﬂ'Qﬁeaﬁééﬁ@%Qﬁ%éﬁﬂbii%ﬁléE%H@ﬂBizggP?%)CQEBBQQSEH speech

can be sent over Bgcket bus 102 to disk caqntrol or storage in disk

403. To play bRERUATSL EPRACLTRIZLNG 2 \Pickpirswdiehed s¥8i88s over packet
bus 102 to di sRonveisbobnRe&séurdes ch encoded speech packets over the packet

bus 35 from diSk 403. VS NE&rﬁf’Qvﬂéﬁpf&e LR r SR Fesources can
15 be envisioned. Two examples are shown in FIGS. 4 and 5
to illustrate the advantages of simultaneous access to
both the TDM and packet buses,
In FIG. 4 conversion resource 40 consists of
voice storage processor (VSP) 401. Telephone S2, in
20 conjunction-with-TﬂM bus interface 20, generates a
continuous 64 Kb/s PCM bit stream which is transmitted
. in a particular assigned circuit-switched time slot on
- TDM bus 101. VSP 401 receives this PCM bit stream from
bus 101 and encodes it using a more efficient algorithm,
25 such as Linear Prediction Coding or Sub~band Coding
(as discussed in L.R. Rabiner and R.W, Schafer, Digital
Processor of Speech Signals, Prentice-Hall, 1978) to
reduce the bit .rate. This encoded speech can be
temporarily stored or assembled and then packets of
" 30 compressed speéch can be sent over packet bus 102 to
disk control 402 for storage in disk 403,
To play back a recorded message, VSI 401
sends a message over packet bus 102 to disk control 402
to fetch encoded speech packets over the packet bus
35 from disk 403. VSI 401 converts the encoded speech
‘packets back to PCM and places them on TDM bus 101 in
a time slot assigned to TDM bus interface 20 which then
38 receives the PCM signal and presents it to telephone S2.




packets back to PCM and places themon TDM bus 101 in a tine slot assPgned
'to TDM bus interface 20 which then 38 receives the PCM si gnal and present§

i t A0 tel-ephone S2. I't might appear that disk control 402 could ° -
o icate directly with TDM bus interface 20 directly over the TDM bus. ™
Ho r, this is not practical stncg i+ is desired, i.e., for-econonical

storage purposes, S5 e1¢ mipftCRPPERE 4t RS GHiAlrvll 402 W aCOPACt

form Usi ng t he syst em shown a compn conversl on resource can e share
" anong nanychE}‘FéﬁQteAﬂ%BecﬂY it s dntenfiace (29, ddgecdiyi nf or mati on
bet ween cogversthe ﬂmovuee ZfRowenexlj sthi®nis Qio#ltb&-mﬂdilomueeover the 10

T-DM bus. here re.se reasons |bIe I S not
“practical . &né’sgﬁﬁ‘ﬁé 'FE’ be%au%W?ﬁe{He%cﬂ]dl Qg pﬁeg(?l?ét s, due to
the elifi neteop &6 eomct therRCM ssignal s10t0 ge moret cvmpacd fowmi.ant rate.
Thus, 1t 1ouhflghenyasielen Showd)id éliindiP cdiveldiold rdliolizlet Nese packets

over the TDM reason’ i s he transfer between resource 40

and di sk cBfRrbBe ﬂb?rﬁﬁnmb%nﬂeﬂ'%aé&?ﬁﬁi%ﬂ afHe% et might, apPearai n using
up needed pRradWtHéhtranefér nef siwtodmwaition rbam&etnﬂmﬁmmioho such bursty

data transfer | i cation

processor ;llg gfge '_'L? a%%nd%i%%'g&siﬁ) &L% wffrs]dgc%%g:} gfor

_ hi gh- sb@edTDMI bus; anthere are|seve¢mal gressanmndye t@;i@r,alwihdllel s proceedi ng
A second ePBBPiSIQf ﬁscme;sﬂ@m&pourm isuch redBontli's Dalcangacent rator

501, illustrated in FIG Term nal concentr 501 recei ves
circuit-sw {‘Eheﬂﬁ?ﬁeﬁv@"?% ﬂﬁ;&ﬁﬁ&’ rﬁ’r?o s (e.g.
termnal Taileatnintérvdls, Taren mad gmm’ltenntﬂr é%mmr ratedD functions

.on the ci ”EH{nL SY4 L e6e0a %Y At AT S Baddva S 3oP2GkRLIcOVer the packet s

bus to pac
switch these packets over the TDM bus. Another reason

is that the transfer between resource 40 and disk
control 402 can be delayed for variable time intervals
again using up needed bandwidth if a time slot had to
remain dedicated to such bursty data transfer.

20 ' - Also, other devices, such as application
processor 70 (FIG. 1), can access disk 402 via the
packet bus for high-speed file transfers while the voice

storage operation is proceeding. o .
A second example of a conversion resource is
25 the terminal concentrator 501, illustrated in FIG. 5. 6

Terminal concentrator 501 receives circuit-switch data
over the TDM bus from a number of terminals (e.g.,
terminal T2, terminal S1), Terminal concentrator 501
performs PAD functions on the circuit-switched data and

30 sends the data packets over the packet bus to packet
bus interface 30 which transmits the information to
application processor 70. Terminal concentrator 501
is thus providing a multiplexed front-end function for
application processor 70. This provides for greater

35 throughput from application processor 70 as well as
eliminating the need for a data module, such as data
module 51, at the application prdcessor end of each

38 connection if communication were to be over the TDM bus.

[ 1}



70. "Term nal concentrator 501 is thus providing a multiplexed front
fupnction for application processor 70. This provides for greater 35
t htbgughput from applicati on processor_708as.mell as ellnlnatlng t he need

for a data noduly SUG t he ap at| rocessor end
of e‘&Ch 38 conn‘ggﬁb f }gﬂ*a%}n :g‘oﬁf'owgpg %goﬂe%‘v ?%I\’P

Al soif comunteche oven thel mbbmupr,omgopniboo‘memereotm“laots moaw
bus, then one Qiay@r ey e etuinentay stsagaehotbetnerg&asa&lsxrass' gned to
t he processor 5. The foregoing discussion concerning the use of tine

di vi si on buses for certaintypes of information and packet-sw tched buses
for other types of |nfornat|on S for illustration only. The particul ar
traffic 10 characteristic i lch bus is
the best one for a partlc%i éﬁ?@g% 5th§Phsgﬁgns gP%ﬁ?ﬂi@ﬁr?@%duﬂﬁere
bot h buses are @br¥ime e!l:i\tl(ﬂiam MSdprswanénaﬁﬁpasaofaMéOMQn by

-pluggi ng the bogid ﬁﬁ&uﬁvﬁ&w@mu@usoww B%n%ysfts}?barsbl 1RO rid £64a 15
erX|b|I|ty in design of the syste Ln ter Initial contenplated

m
usage and in tethef R FRARFE qﬂﬂ“&ﬁaryT@ﬁaH§€§iﬁHéF€ Grefeient traffic

gha_rgct eri Stl@%m&&ﬂ@mﬁdt lamyagadiitnitodn EhﬁeSV$1EnﬁﬂcﬂsﬂéSﬁhi@DU| d 20
ecide, on a tr sa c at

tost appropri s aig ik Bedd B Fartd WA elentlle daBhoerdndted

utilization of Sxﬁiﬁncdﬁﬁcrmhaﬁ<!h¢1&nmptbeba@nﬂea€9 conaecteﬁet@oalhs have

continuous accessakd gditivnehnd %Eirailable simpl&tb hpvhge Uﬂﬂ@rStOOd
that for the p%“Pose of di scussion. he acket - smntc ef I S a bus
ard into the carrier a lows the system architec grea
15 flexibility in design of the system, both in terms of
initial contemplated usage and in terms of future

evolutionary changes where different traffic

bus'intétface 30 which transnits the information to apblication procgﬁggé

characteristics can be expected.
" In addition, the system processor could
20 decide, on a transaction-by-transaction basis, which
bus is at that time most appropriate, and tailor the
system, on a dynamic basis, for optimum utilization of
resources. This can only be achieved if all the boards
have continuous access to both buses.

25 It should be understood that for the purpose
 of discﬁssion herein, a packet-switched bus is a dbus
whose bandwidth is allocated on a demand basis, as
opposed to a circuit-switched bus, whose bandwidth is

allocated for the duration of the conneetion.
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whose bandw dth 1S 6n a demand basis, as opposed to a ¥

circui vm' t whose bandwi dth is allocated for the duration of the
conneq ? : ﬁ ﬂﬁ! “’ ' AILMS 1. A conmunication system conprising a-.
pl ur aI y of B rcuits capable of intercommnicating either by

a tinme-division bus or by a. packet-swi%c¢hed bus or by both buses, 5
wherein data comuni cated on the tinppghiy¢i sion bus is routed by the ting™,
- slot relationship of the data on the tine-division bus, wherein data Yot
comuni cat ed on l-heh FamRunicati anc sestepucompeising: aplvralidy Afdance with
:Aﬂf or mat It g&omi%hﬁﬂﬁi wLﬁdmlias tdapabiid afmték?um@ﬂeetf@/v]gmmdlomblas, andt_
erein .Syst.em furf{her comrises, conne n_neans r connecti ng
certain of -’Wé'{jiv?é " "%iotreg‘f 13, PR eﬁﬁg'q{%f:ﬁ’ed 8\'§/i°§?f£‘h bﬁg}é,b"égﬁ ain of the
circuit$§ diwheceiny data chemyndcited oni thehtihebdivisbord bueritsaroutetl byhdheircuits
direct|y andngonGH" FAkidnshdn A B liat il ontiRe LimelQEvIEH AL, Cfdr@ty Of said
communi cation circults includes shared resource neans copneétaﬁ € 1o both
of said bugid$afcommynicated onj the,gackatsswitghed duerisoneuted tmaceersasceind for

gelt i ver i ng ﬁeﬁ?moﬁﬁﬁoggdmbfimrmhbu&nﬁmareﬁ?ﬂ'ﬂetpa&kgmﬁﬁa{a first e s
ata. 2. system according to.claim erein the sai.d resource circuits -
are intercdl e@t"?b" TELn tfrhgn@fﬁtfmtﬁgté%ﬁ &°‘§‘H§8ﬁﬁ c&%%&éB’hé‘EP_P%rfP"w’ th the
~transfdP ofconhectiagceertait oflathe. cP@uits directly toAthestimerdivdstahi ng to claim,
2, wherein b?_:?”r?e'r@aﬁ{ oF AiHe ERFEHRL Cd?ﬂ-é@ﬁiycﬁ{ &Hétp}cﬁéé‘-.shﬂ eli?gifs C! T Cul Us

for connectiny a tel ephone station to safd tine-division bus and wherein
each shar edtndeceytain ofj the,ici reud tavdiireabive and copguryentdyn io hothi afh they
interface Gukés) land Aherein certdin of sa¥é cofmaAn e9£idnNEi ricAi €d FhEudlesWher ei n

the time |Qt e el k! ABand' rmbORbRE o bSer 3 S1aWiSel Fort NE TranSTer of
15 receiving first data over one of the buses and for delivering second

data to the other bus upon receipt of the said first data.

2. A system according to claim 1, wherein the said resource

circuits are interconnectable to transmit the said second data

concurrent with the transfer of the said first data. o
20 3. A system according to claim 2, wherein certain of said

communication circuits are intérface'circdits for connectihg a

telephone station to said time-division bus and wherein each shared

resource circuit is available for data exchange with any interface .
circuit.. iy
25 4. A system according to claim 3, wherein the time slots of N

the time division bus are as_signab‘l'e for the transfer of information
between any of the interface circuits and other interface circuits,
and for the transfer of information between anv of the interface
circuits and the resource circuits. _

30 5. A system according to claim 1, 2, 3 or 4, wherein the
communication circuits are contained on circuit boards contained
within one or more circuit board housings, each housing having
multiple positions therein for the placement of the boards, wherein
each board may be placed in any of the positions while still having

35 direct connection to either or both of the buses, and wherein each
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bet ween*.any of the interface circuits and other interf Lrcuits, and for
the transfer of information between any of iml“lml Hﬁ ttmlcui ts t he
resource circuits. 30 5. A system agedt m1,{ .jor 4

wher ei n the communi cation circuits are coptained on circuit boar 1& -
contained within one-or nore circuit bodrt Mousi ngs, each housi ng havi ng
mul ti'pl e posi thugndndlbndesianmibyipatte cablec baeing ofterininatdon cor edohr path etich
boana may .be plaged i of. .t Sitions while still having 35 direct
connection to églﬂﬁh&si Fgrpétfh{h()ef n&nsggi'uses, and wherein each C L S
-10- bus includes &-nmuhtsyssem aceonding4pi alpin 3o wherein the fiotenface path at

each position Qlechii® BPEToRBainBd wihPy 3l BTPRTE Yodird holi®ird,2tHB Jattirer ei n
the interface circuilt r.e cont,ai ned thin a cjrcguit board housing, the
latter 5 ShalYiGMIERTE Brawired aoptEIOns GHErTIReFan hE C3e PRITERRA o mmnent

pl acement of tMQcéniém(rj bficvhe Cintenfdce, chritd] td\cand whareinoany llw thet erface

circuits my | access
to either or Big'[tﬁl.ﬁ#%t ﬁ'ie&l‘)jﬁg%s“g g\/l éeﬂgbfc(%?hgﬂnéﬁigaﬁq#ﬁ%ro gﬁ‘Pbﬁgﬁ‘\é! en the
sai d positionstilD having accgss tp efther orabethr of rthe thuses aithayt ehanging t he

isnterface circwel grevi®i nd BetudeRdtid s&fd paéitiché cuit boards and are
i nsert abl (;1- into t 37 housi ng at an'y .of the %&S}ét i ons thereof, wherein the
8 r ding £ooR!

shared res8urce ci rloui # SYALEM AGRP ¢ WBPFRIf the)daterfachsertabl e
i'nto the housigigcaitsaaye Gontaimefosn céwtadnt diecadf boavwdsr end) arbei iseftabld

the tine o ot o 8RS PHS ARECR AR, e Bab iR BneRi, dlerdf) hoB safed O
sai d housi ng pesperaensirenitsariencantaingd on rather £irewidr beardshinseatabdad ot her
et B R A s i B e S
i nt e.rfaceqéi rc‘{].i"f'g?‘?%%r%'é'&ttqﬂ'ér ﬁe"s‘?{a‘%ﬁ%ﬁé?% R3Lhs Of ofAchhalisa dresourcg
circuits insergogdtidng;, etie timestots abei gnablecfor whe ctradsfar e Cimfdritson
between any of said housing positions having interface circuits
inserted thereat and other housing positions having interface
circuits inserted thereat and for the transfer of information
20  between any of said housirig positions having interface circuits
inserted thereat and housing positions having resource circuits
inserted thereat, wherein the packet switched or second bus
interconnects like paths of each of said positions, the
packet-switched bus serving to transfer information between the
25 interface circuit at selected housing positions while information is
concurrently being transferred to or from said selected housing
positions over the other bus, and wherein said information
transferred over said first bus between a first resource circuit and
an interface circuit includes speech signals, and wherein said first
- 30 resource circuit includes means for modifying speech signals
transferred thereto over said first bus and for placing said
modified speech signals on said second bus.
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i nterconnect s—tike patns of each of said positions, the packet- swi t ched: bus

serving to transf bet ween t he 25 |nterface circuit at *
sel ecte ous iﬁ}‘ﬂi‘@ ﬂjhm e information is concurrently being

transf ected hou5| ng positions over 'the other bus, ot
and wh sal d i nformation transferr¥d-over said first bus between a

. first resburce @, I CAli gy s el aeﬁonmhgrﬁoaehm 7P%éré1m0htld@§ssm'ecdsr si gnal s~

‘and wh d f ' f di fyi

o eeheLerkat eshhbed, ef et oh SHEYAGS, BT RPLARE SRRBRIRH o0, 1Y 0
modi fi ed spransferirgdfiromaan §aterface widcbitsovesssaid 81rstAbsysftoem according to
claim7, W{lﬁ??éﬁ‘tﬁﬁoﬁ over 5‘3'?8 éﬁcgﬁ?'b@srf‘éguﬁ&%e%&c% tpack &€ fgfRES means for

packagl ng ornmation transferre roman interface circulrt over said first

bus for opresent &+ ok GPRNICALIONs SYehed supstantial br dschersinbafopeicket form 5

9. A conmideiseibednwihhs refarenéts ttanthieahtsompanyiagedrakeagy.e described with
reference to the acconpanying draw ngs. 10 15 20 25 30 35
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