“ipvention relates to a circuit for 5 transferring signals between input’
~+and an output, said input and output having established thereat a pluralit

;;of time shared positions, each position having a unique identity. It is

idesi-red to construct a tinme 10 multiplexed systemwith time slot

: |Q;eﬂo 'ange capability and with the ability to conference together a grou

- *of tine slotsfor a 'gi ven communi cation connection. A typical gs%ﬁ

“-slot i nterchanger is constructed using a tinme slot assignnent (T

strand two sanple buffer 15 hnenories. The. TSA nenory contains, for each tlne

Uislot an instruction which points to.da location within the sanple buf fer.

: iThe system processor |oads the |nstruct|ons into the TSA nenory for each
scommuni cati on eonnection. A time slot clock operates to sequence through
““the TSA menory and 20 for a given time slot address.in the TSA nenory a

"sanple buffer nmenory address is provided. The data sanple associated with
;the given tine slot is 1oaded into the sanple buffer at the |ocation
therein identified by the address obtained fromthe TSA nenory Thi s system_.
ds shown 25 in U.S. Patent No. 4, 298;@2] Serial No. 73,849. The Abbott

"disclosure whi | e advant ageous fronlthe ‘time slot interchange standpoint,
‘requires the tinme slot address 28 nmenory 'to have as.nmpny nenory | ocations
Has there are . -2- | NPUCIHCISIT iFOR WRANSFERRINGI GTIGNALS when ‘est abl i shi ng.
“the sanple buf er re the. t S|l ot address nenory, only one sanple
ebuffer addressigaﬁ? “ﬁ;§$4*ﬁ9:;§¥;§§#%¥slot address nenory. Thus, the.
Abbott systemis not- 5 Bhis$ ginsenti dmnreladese ton de siremide fori ne sl ot s, -
“shrice for confgrsNsferAAPididnald Metiaita it adla SHTBR pRtS| sagastored

|n nore than opne buffer -1'ocatl aon.. Sunma _g he I nventi-on~I n accardance
vm t h the i nvenjc‘m}h 1304 Pytput ha.ving es ablished thereat a plurality

of time shared positions, each positlon having a unique
1 identity. L |

"'209883<.L Cl RCUI T FOR TRANSFERRI NG SI GNALS Background of the 'Invention Thi s

_ _ It is desired to construct a time.
10 multiplexed system. with time slot interchange capahility .
" and with.the ability_to.conference together a group of time

slotstorna_given'cOmmunicetion connection. A typical .
prior time slot interchanger is constructed using a time
slot assignment (TSA) memory and two sample buffer

15 memories. The TSA memory contains, for each time slot, an

: 'instruCtion-Which points to a location within the sample

"Hisl L buffer.. The system_processor loads the instructions into
_ the TSA memory for each communication connection. A time
CLE -siot'C1ock operates to sequence through the TSA memory and
Lo 20 for a given time slot address in the TSAfmemory a sample

L ' buffer memory address is provided. The data sample |

associated with the given time slot is loaded into the
sample buffer-at-the locntion_therein identified-by the _
address obtained from the TSA memory. This system is shown
'25 in U.S. Patent No. 4,298,977, Serial No. 73,849, The
Abbott disclosure, while advantageous from. the time slot
interchange standpoint, requires the time slot address
28 memory to have as many memory locations as there are



'provi ded a circuit for transferring signals between an input K and an
Nutput, said input and out put having established thereat a plurality.of
time shared positions, each position having a unique identity, including a
first nmenmory having address. | ocations therein each location 15
~Sorresponding to a particul ar -or@ -f said output time positions, each

Yocation,a t o) ti me position, .
means . fo:f’ Rt lg‘??sﬁ‘nié éfd%ress mp%‘%lﬁt%jfjoqp “}%ﬁo éq{hﬂnleq%#ri# sai d inputs
.consi st i thye osammke | ’mefift?l' iaddegssainl theiime Rlotp addrsss semonshd neans
contr ol | ¢h PYordd W%ﬁﬁb@%&%@%ﬁt@MﬁE@&d%ﬁﬁﬁ tiMit and a
stored ti e position |dent|tyﬁ§} fé?h | ocation with said first
nmemory f®}ot r%ﬁ@ﬁ%§$|WEP%?%1g “?{ éﬁﬁj KB position
assoch atwlsmﬁéu Sﬁd()j df e c&mtréﬁem@kerﬁeﬁweém ﬁime csntqts tsmmels har ed
p05|t|on soci Wit hs iC r Ve St e_|location.

one enb ?ﬁ?nf‘%ﬁ%l?%%kgar@a %%E*b %%eﬁesinké S‘%ﬁ“‘%‘%‘%ﬁﬁ‘@*’? RS ﬁ?& ng to :
first bustered idcwere Tthan aiereuffer clagafiom. al |y provided to an

associ atg SEPRY 1 ym a match occurs between the provided signal

and a pr ntlty, an enable signal is provided. Each
associ ative | ocat*%rﬁ%@%ﬂﬁ%r%@\ they & 3ft put signal. Each

enabi@ s dpmidéwSaacirmtdﬁdmlnyamiérﬁnglsxénamtw&wa‘émctﬂ| rst bus time

 The enabtinut grid B Suebdfy, adta dehd SRLSGRE SEHE 0 c o0t ng 1o

t he tineestablished ntherest | mlurakity «f Isine shmd @osidrions,

si gnal sanple ermved romt fer nmenory.. I'n
this enaemoRyithaying 4&12/&# Ytent

addrwsa@bﬁréﬁﬁ@ﬁdﬁw amtf@wmme Sof hsdifd%roumft agilme contain as
This, | opokEDiRS, | GER Pset{SR MAdiEed S e Yk Pé%tﬁ%aii“ﬁﬁsbt‘ﬁere
need onI Jdemt BUy | of 2an oinpubri e paesitiow ana:anmetor
' establishing address inputs for said first menory, said
inputs.consisting of the identities of said input time
20 positio_hs ; and means controlled by an association
between an established address input and a stored time
position identity at a particular location with said
first memory for'.transferring a signal from the input
.time shared position associated with said matched
25 identity to the output time shared position associated

o ReRIa IR il et CaRiBER RS, T

with said particular first memory storage location. _ : \_/

In one embodiment, a clock is used to generate
time signals correspondidg to first bus time slots.
These sigﬁals aré'sequentially provided to an associative
30 memory, and when a match occurs between the provided signal
and & priorly stored time slot identity, an enable signal is
provided. Each associative location has comparison logic
and an enable output signal. Each enable signal has a time
identity with a priorly established first bus time slot and
35 a physical identity with a particular second bus time slot.
The enable signal-cauSeS'a write of ‘the time slot signal
corresponding to the time identity into a storage location
38 in a buffer memory corresponding to the particular time



.sanmpl-e‘buffer. - For a given.tine slot transfer the central 10 processor
"doads into'the CAM at the storage |ocation therein associated with the -
'gﬁesired.output bus tinme slot, the identity of the main bus tinme slot. Wen
'a mat ch occurs between a tinme slot clock and a tine slot address | oaded

dinto the CAM an output signal is previdded to the 15 - sanple buffer at the

c&Lfespondlng I S g h S e to be
.written into t i qit ocattlhoen%"’e%ﬁndalblg%ffer hte %Jfgh Fdnggeéf ei‘ @th '
sequentlally renunnmmt;aniy<nnmmmedbd@omsthcebuﬁéegan@mprwe slot |dent|ty
ican be witten 20 into pjulgriR enbdMitRad!, 28 asQSciﬁ%Eve'ﬂEmér9t §§§B|e

~can be | oaded into multiple sanple buffer ner
nultlple conf e SRRYEL &S, R [rondnnd Ad4rsssaR eo@?éﬁ? ZéAﬁSPIQPdE%éEr§ﬁ?P _

: joL the Drawidhgduffer pree‘dnrdna@ Zontadnodismmany Aopaeftensedseﬂheflermné of .
the invention eser | e ceto

't he ‘acconpanyi \r?g nlc?r ar%\%% q\ %%\ﬁngg%on%yﬁ\ﬁ%%o%ﬁfe%éggg 33 bI dl gg?a% '

- :showing a 30 &% riime &l oo madimi baisi ends psB8nthmei sdok sengndany bus
Jinterchange al gfﬁézté”ﬂe%r@\ﬂﬂpydb@/ :i'EEtl%r 5185%0%? Batk! 'EHB”EI&M( MRE) thbi ch -

~enbody 't he |nvent|on FIG 27is a I agram show ng the arrangenent _of
.a system port: Sagple bUffer°FI@PrBal51X99IGéPedF&QFaﬁFBPS?ﬁE fhewsertral

. “processi ng 10 erﬁuceﬁsaﬁ%aﬁwwfbp(tmb CAMG. a4 ltaeastabegat L6catibhe
#Associ ati ve 38 ,.Conf.er ence 4- EIG, 5

-:-;_?Sel ect Regi ster he;e&g %= OF gﬂ”&%ﬁ&ﬁ f’ﬁ&%&ﬂ‘t gﬁpﬂgdﬁﬁs %Fgf ﬁ/i?rgrBus |

-Athe Gai n VaIueﬂ&ﬁfﬁdentiﬂytdﬁathﬂnMaimthmemimn ¢dbdi.| ; WBen a match FIG. 10
sQops: how FI CS Al betWddn aPidle’ 81980 c1bkle add & 'tiﬁ&réiﬁﬁ bB8ress

',operatlon of- the tine
- loaded into the CAM, an output signal is provided. to the

15 sample buffer at the corresponding location thereby
allowing the given time slot sample to.be written into that
. location in the buffer. The sample buffer is then
| sequentially read onto the output ‘bus.
' _ Since the same time slot identity can be written
- 20 into multiple CAM locations, the same time slot sample can
B - be loaded into multiple sample buffer memory locations.. In
this manner multiple conferences can be obtained on the
output bus. - ' | -
Brief Description of the DrawingS'of a_preferred
_ . 25 embodiment., o .
R N4 ' - A preferred embodiment of the invention will now
be described by way of example, with reference to the

accompanying drawings in which:
'FIG. 1 is a broad block diagram showing a

30 distributed communication-system having a time slot-
interchange algorithm provided by Network Processing
'Elements (NPE) which embody the invention;
"~ FIG. 2 is a block diagram showing the arrangement_

o7

= of a system port
35 FIG. 3 is a block.diagram of the network
' processing element of each system port;
. " FIG. 4 is a schematic of the Associative
38 Conference Burfer,



" and

I nt.erchange function betweeh an i nput bus and an output bus; 10
12 shows -a timng table for controlling a dual access nenory. 'General
Tiption of the Preferred Enbodi ment The tinme slot interchange function,
as performed.in a digital conferencing system is shown in FIG 1. The 15
operatlon of the overall systemg || be detailed hereinafter. However, )
rior to enterlnng?to such a descrlptlon It may be beneficial to N

“concentrate a no ¢h i isphematdsyolhthe Russ SelegtyRegisteRies using
content addr essa@msrera)rw 6@ iy o HHYwe the Contt Addrdagiabishown in

FIG 1 and' shown |n e or, FIG. r e, + 0.t wll be seen
‘t hat forlﬁj OX % sthe 3&’[ lﬁ}fﬁe ]tsh éﬁ@é& rltlafrr‘?ﬁ'er"é‘hange si gnal
sanpl e Aletdilh has an |nput ti ne slot |dent|ty of 'time 25 slot 2 onto the

. outp bus at ting I nt erchange si gna
sanpﬁ% B, havi ng "an |npu3Q%us [ ent| (%tﬁy onto oﬁﬁgh%ghus time slots 1
and 31. anmansemm type of |nterchange is desired for input bus tinme slots 7

.and 254. 30 FIG. 11 {dstPAEY Shd pePatidn HL€ By 2aqesor, Vvia bus
401, writes the coded |d%gn¥gy for tlne sl'ot 254 |% 0 p05|t|on 0 of CAM

600. TifkPL|iRte IRn ehveen fucAnmio PusHend @R 1. tine slot
idemnt;bd%put\Mugien into p05|t|on 2, time slot identity 7 is mﬁitten

i nt ojto’35 posi ti on t%@ho%é)taf R réo g 1S #M4yd tt%rtfgg.tﬁn%o% ition

I e slot ident! oSl ti on As mnll a

" be seen d@e]crﬂctﬁesménqﬂm-cal p05|t|ons of CAM 600 corresponds to a

| paf% ! Cu:@énéam Peddit gl o O lthd IDR el mcﬁﬁféﬁor]{?spoggg tooc';I .
: articul™=a : oy : urrer ce
i ‘dent | (FAR GHRE VA% dHeR &

tine slot pange gﬂ?g‘l ction, AsReriormed | change

under cai roldigitdle comferenuime syEtem Al gtiowsf inPIGhAngeThean be
updafeed 3idNaod e NGRS SN Wyl SRUY B dWat1dd (ML TS o

desi‘red.
hereinafter. 'However, prior to entering into such a

descriptlon it may be beneficial to: concentrate a moment
on the interchange of time slot signal samples using
'content addressable memory 600 and sample buffer 800,
20 both shown in FIG. 1 and shown in expanded form in
FIG. 11. - - o | |
From the char+ it will be seen that for at least
some portion of time it is desired to interchange signal
-sample A, which has an input time slot identity of time
25 slot 2 onto the output bus at time slot 30. Similarly, it
' '1s desired to 1nterchange signal sample B, having an input
bus identity of 5 onto output bus time slots 1 and 31. The
same type of interchange is desired for input bus time

, slots 7 and 254
30 ~In this example the system: microprocessor, via

bus 401, writes the coded identity for time slot 254 into
position O of CAM 600. Time slot identity 5 is written
into CAM 600, position 1; time slot identity 7 is written
into pos1t10n 2; time slot identity 7 is written into

35 position 29, time slot identity 2 is written into .

' position 30'1'and time slot identity 5 is written into

| pos1tion 31. D ' ' '
38 As will be seen, each of the physical p081tions '



Atime slot counter provides a sequence of time slot identity input signal
“over bus 606. CAM 600 is 10 arranged, in the well known manner, and as
Wi || be described hereinafter, to conpare the input signals agalnst
“sinformation stored at the various storage | ocations therein. Thus, when
“ibus _6Q6 provides the identity 2, the-nsnery el ement: in physi cal position 30

fﬁ rovi déds a mat 0 ample_buffer .8 The ¢l ock
'El ghal s on bus%gogimr ?@S?c \ryoe% %% t?hg hg.r% ggiﬁf”o?&eoﬂf ?ﬁﬁu?ugﬂgg
1809, 810. Thus, buie trime\:tslgt@amdt @lsosppmnspc»nﬂsonocawpsﬁaippms ohatof

posi tion in sa st 108 tiRhs! Nichiel 3fiple bl2rsr0BaY. SGREE the | |

fjcurrentl on the inp bus, .in this case SI
{:si gnal sénple ﬁ%ﬂ?fgiﬁﬁe&qQFtﬁﬁﬂﬁ§r3890W£9t56§| péa §6M 6Qfenther remein

‘#si gnal ggesa 8@tilapwamm imd@d' 3bnmfrohuf>ffeth80§yﬁﬁéﬂ Qﬁécéilsgdt??' S@x]grpltﬁ B
~2is stored at |n etion o e
ientire frane, %.Q dﬁﬁﬂ&#%ﬁ% %SoﬂﬁpﬁFegegtﬁggu?hﬁhﬁoﬁﬁ? dg o055,
‘sanpl e buffer ghange éhanenédrseqaapryalhy that fst soodgsiBadand t he
siinformation stored therai Rig %@3@ gﬂhn@3§0 }ESiag&thngﬁeE%& ofT?f élgnal
-:sanpl es are the avallable on P o
.desired. Detail DQQ@PlﬁFWbﬂnPPG.S}gPPFESPVQFebuﬁ @6@nun¢éﬁt$@@ t§stemin

~which the dﬂnhf mg&@ cant thle weldi khgghumﬂntaﬂvnﬂnahesSﬁifnwO[tS 280t1
‘0 200-N. The, er operate n system , bu
5will also opergt %giﬁﬁ Pﬁg ﬁg%??g ? n§Cof® Pﬁﬁ§n£§§|%59§§s§ ¥WAinst
-.-Each- such port insformatipnt etoredvet theuwdeious SEOnagaIBocst¢$nss 38
us\ation SL Seqyengsbhe ehabemAeRt ﬁuEth)@ h§o§£'8¥‘@ @ngufﬁentqfog Pens The

ctdigital system havin connon system cO
4+ system control mﬁﬁ’é’rgug PWPEFf aBcPhygieaieposition 130 m@%&%ra mesteind tone

“'source/ si gasl edgaalloviaOdabldéheosatb ﬁmpﬂéssﬁf@@fraws UPhd WEod O
hst|nulusfron1g rol- statjon

tign ort o]
7£|nterconnectlonggni&gtgg|§gﬁ ﬁg&tﬁg sggc ;%?iseg w{th the time slots. on.
¥ input bus 809,810. Thus the match signal to position 30

from CAM 600 opens ‘that .position in sample buffer 800 for
the storage of the signal sample currently on the input

20 bus .in this case signal sample A, Accordingly, signal

' sample A is stored in buffer 800 at position 30. When the

'elock signal goes to 5, positions 1 and 31 of buffer 860
open and signal sample B is stored at both locations

| therein. ' ' | S

25 : At the completion of ‘the entire frame 1. e., when

= xs/. the time slot counter reaches the count of 255, sample
P@ " buffer 800 is examined sequentially'from 0 through 31 and

jg“ ' . : the—information stored therein is read out onto the output
 ,_ _ bus 811. The signal samples are then available on the
e _ 30 output bus dur1ng the time slots desired.
: 'Detailed Description. . : . o
FIG. 1 illustrates a communication system in o
which the conferencing control is distributed among the
system ports 200-1 to 200-N. The time slot interchanger
35 operates within this system, but will also operate with
other switching or transmission systems as well. = Each such
" port of the system serves a number of terminals, such as
'38' station S1. Serving the system ports there is shown a'dual','




yltr#ch are to be used for each station. Processor 103 provi des contr ol
o/mation to the systemports indicative of the identity of the time

s whi ch nust be conbined 10 for a given conference. Thi-s operation is
wel | -known and shown in, for exanple, U S. Patent 4,119;807 i ssued to L.P.
Nahay. The control section als@& i-ncl udes tone signal generator and

Ot ot 2y B TS A G M B PP 500431 EBBgn, Th 1ot e

Si’gnal' s ween t e %various
st at i onssyshem mﬂtm@ndé)ﬂs,um'ﬂhﬁg sysdeny consaod bes bus Astevdpse

Conferegﬁi &% jlnfeod r1'051 Sx:%.thm rHdRsBbT aB30eha Taw soiirtl 1én9.45 been
expanded_1n F]] to s ow@&e circuit elenents. 1/0O.b ﬁrs (204, 20

205) i ntd@rﬁeé'cfé”t Hé)“port h& L PTOSESFOTHORLTHERS: TR § But  system buses
A and B.stilia uNetirwink theo Gintiinm s ivane the @aﬁ-tsl\laﬁ)d tof cohiterblonly three

are sho roc Q oy feS ns and the

_ bufferec? %%?te%% %’%HN%% e’t%rt g’%?m \,V%%]% ttlti g3?ll:geach of the
stati ongvh;mh) agiet Hey bef used tfor ieaehs Sé?@d'hoélcel ?@@ﬁgﬁ&ﬂ% 108 each station
.from ei h&% 1%% cot&YPES: fefatlion Q:oOQ:'hfeors‘?;‘stt% Qabitt@ Bwagdaggrker enci ng
functio n .t manner to, be dISCUSS r :Hégter network processing «
el enent ok Hpdientidy of e & H’g‘ pusy B'EPF'PG r stations.

. fSt ation fid¥ & fgiokerCidoufidreiite COI’IttﬁJS"I ogielﬂaﬂ:riomod.scsrearl—&lngmhalandt ation
ormat-ti circuit or eip I | Each station =

taf i or RFAL" U.ILCHE S 339 B asgh%h 8.

interfa 0 o’properly or mgt "t He comng to and-
. froma ddt Nalsy. stthe sontaed @entdons atl@ocdm?éﬂlldel?eftmn &i8n8d and

di gltal YRS f I | di rectional {
comuni céaétl on vﬁ h%a8 dsﬁtaét’al% é%n %1@% Filglatééﬂéra&ﬁ% %g%ela%ggcﬁgngssom at ed \J

with =~ cakl prograsssiones.c The s eg‘é&?ﬂng&aé‘ﬂlﬁﬁ f2dC%Been chosen for
NanufSiC e gl €0 e el ke aasirdhtany butvesn cl:heelvalrli.@ms stptiensssoci ated with

a stati e [ o 3ee lated with an
ReE ana Ty AR R Tl eag’éélﬁl. B R Lo
. conferenc1ng in this system -
The system port shown in FIG. 1 has been expanded

_ in FIG. 2 to show the. circuit elements. I/0 buffers (204,
20 205) interface the port circuits to the high power high
~ fanout system buses A and B. The Network Processing |
Elements 300 (NPE), of which only three are shown process
and control the signals between the stations and the
buffered buses 321, 322. 'The NPEs transmit signals from
'25 ”each of the stations onto either of the two buses and

CB‘

receive signals for eaeh station from either bus. The NPEs NS
operate to perform the distributed conferencing function in '
the manner to be -discussed hereinafter. - e v
o Each network processing element as shown is _ .
30 capable of handling data to or from four stations. Station ]

interface circuit 201 contain either codecs or digital
station formatting circuits to send or receive samples from
a station. Each station interface circuit operates to
properly format the samples coming to and from a digital
35 station, and operates to convert between analog and digital-
transmission for an analog station. _
| Line 106 handles bidirectional communication with
38 station S1 (FIG. 1), while line 107 is associated with -



I'n FI G 2 there i s shown mcroprocessor controll er 202 and control cha na?
“interface 203.. Mcroprocessor controller 202 assigns transmt and recek
“itime slots to each of the NPEs over bus 401. Control 10 channel int erface ,
-,203 al | ows ni croprocessor 202 to conmmuni cate over either bus 321 or bus 322
Sivia btj.'i A or bus B to Call Processor {03 via Bus I'nterface 101 (FIG 1).

The,re dr e t woslhaseend816g(PEGL NLY .t hERi k! usnfﬁgeﬂasmﬁ chad Chéfailbd:lﬁosélﬁ

icapacity of -t S b a e
oty 5o RBrotRSFhcriRTie UspltRTehse Bha%eR) ke %t%ﬁ%mm
“isl ots but themaFebef asmcbateg withoa ste’enonaintorime mderanmmumbe@
vbuffers 204 ag& meeesearsecaa 851 B8ko u@e&'mﬂn&ngm;%ﬂ@ abxgygfume;of

'-*'the NPEs Oé c tr&g channel interface . 'Eac fers o
tinormal Iy r2cePtel EanBRESDE BRFPAE2ERd WhERny BYSTeMmMORYots, but, when any
"_’ particul ar NPE requi. res:naFeranBntﬁérenlgnsnomrmimlafoéeg@oﬁI ot, that NPE

'_.'.‘}vmll force th Oghhan n out ing its data
-'-f;-' to the 25 co??gg%ég |e%g é %g‘Z °#£é§ f‘ﬁ gﬁbﬂeﬁ%’ % t he buffer
“ivia the TEA (MKGTEB}!‘OBB%OCaGthgonerc362e&mi‘shmgtmth ta;nd reeveEive t he
»;data on bus 3%im@3§iot9nt8 Ieaehsasftmbnmé\ é@% léhgagdvs 3 shed in

;'_;.'the syste ca progessor control aresult of a
“istimul us ?npomcgaﬁlﬁill dRtevincy ?‘9?Iea1§9‘&ﬂ ’5%‘3?‘?1?@0‘1?%501' 0% Q@ inulus is

%irecei ved by. %OMﬁhQO&Séobvéﬁnéiﬁhéﬁrbt2§232f|65:' Bis V822 hv £ Blgs A B2 MBilg!S |

s e osB EBTCREL PRARBSROL AR LR, BuF BHELEFALL IO IGHR AT © e
gsk(r)%s are to be used fBheracaral twanbluseﬁnd@emgmm shtgpflallhm:ﬂ«'atmi -
‘e Ther bus A Q&s’ééﬁ Bot 8otBTE" Phe 38a Q&Pt‘f‘ f tﬂé% £6ém 20F Hin Wifs AL

‘i nvol ved. . _The - “Ni.Cropr ocessor Lont rol at _t ose ports then programs

-.the NPEs {8 tP’En'S’npf‘saWr gEple B‘F\t%p%H?‘F%’éSt?% Ling §]FQTrs tRRF Wt i on
of the call. Havengl otvo keS| allows up to 512 time slots but the use of

two. buses is not essential to the invention.
. . I/0 buffers 204 and 205 operate in either
“direction and are under control of the NPEs or control
;20r channel"interface 203. Each'of the buffers normally
- '”receives samples from the bus during all time . slots but
when ‘any particular NPE requires a transmission on a
particular time slot, that NPE w111 force the buffer to
transmit while s1mu1taneously outputing its data to the
f25 ccorrelponding ‘bus (321 or 322). The NPE will signal the

\_f B buffer via the TEA (or TEB) line causing the corresponding
o buffer to transmit the data on bus 321 (322) onto the '
He system bus A (B).
o . A call is established in the system by call _
e 30 processor control 103, ( FIG. 1) as a result of a stimulus

from a station. over a line, such as line 106. This
stimulus is received by microprocessor controller 202
(FIG. 2) which sends a stimulus signal through control ,

. channel interface 203 over either bus A or Bus B to call

35 processor 103,CEIG. 1:) The call processor establishes -
which time slots are to be used for the call and sends a NN
response signal back over either bus A or bus B to control

38 channel interiace_zﬁs of the ports involved. The



("transm ssion from any station A throygh D mad% rm nate at _an %ther \_,J
3 Sy BER, E5PRE AR -'

" group the data s rom org 2 ence d
subseqﬁﬁoﬂ%ﬁ%‘ﬁﬁgsﬁbn}?‘brt e'is)lr%%ée’ﬁa?ﬁ%%rgs *I'Er_?eqag{t}{rnsQf ar e pfg;nenntngdatno

eac

NPE 300 described in FIG 2 is expanded in FIG 3 to illustrate
operation in the system For purposes of illustration |et us assune
NPE shown in"FIG 3 is associated with four stations, nanely A, B, C
ahd D. Transm ssion from Station Ais via line 301-1 while 10 transm ssion
to station Ais via station 302 It should be kept-in mnd that
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Buffer 400 (ACB) ' Simultaneous to the samples being
transmitted onto the bus, samples are ‘being received from
20 the bus and sent to each of the four stations A+D, all
through ACB 400 and conference circuit 331 ACB 400 is
programmed by microprocessor controller 202 (FIG. 2) over
bus 401 to receive data samples from specific time slots
and to group the data ‘samples from these time slots for
25 conference summing and subsequent transmission to the .
'proper stations. The sums are presented to the proper N
- station via synchronizers 301-2, 302-2, 303-2 and 304-2. '
The conference sums are developed in a time multiplex N
fashion independently for each of the four stationms. The
30 ACB reorders the samples in the manner to be more fully
discussed so that the conference 1og1c will produce four
'independent sums each of which will go to the corresponding
station interface Conference circuit 331 receives 32
independent samples from the ACB. The 32 samples are
35 conferenced in four groups of eight samples each. The
first eight samples of the 32 are added together and sent
to-station A over synchronizer 301-2. The second -eight are
38 added together and sent over synchronizer 302-2 and so on



- acconplished either by all the signals being zero or all of 5. their
.+ €orrespondi ng gai ns being zero. The gain of each signal for each stati on oy
‘i separately controllable. ACB 400 acts to renpve data fromspecified tine '
wislots of either of the buses and conbine that data with' specified

4 buf f ng information (gain) for eachgtime slot 10 so that the conference

E C@ e controlled with respect to gain for any conferee. The value of such

‘i conference cofiorothe; tBird graupasef ehght rand gthe cfaunth gnoumiefoeiddrt .
I stations differeghegatity8hUes £8D PEcRPPINPrd#t#! 4t SERE i Bsk Sathale

.z conferencing gan be perforne thout vasjf, 15 _differen in vol ume from
3.different staﬁ%ﬁng ESA@ugBV\g?s?ﬁr%f ft‘ﬁ*s s’é?)%‘fiﬁe Cﬁiet? of memory;
“inanely a Contectomgliishedbedkthenvby &DD tli‘é\l\#igWa&rtpérn@ﬁém AORIISHE a
“1 Gai n Val uegBu 7 t I st (%ﬁg !;Lqi CAM and
i the GVB arg 28{,85:1- 881-{- E&ndfﬂgb%aﬁx%ﬁ‘%lﬁ% n&g(?opr'gdces or controller. The
.+ CAM.is- prograﬁﬁﬁaaionGI eaghtsﬁ%ts%t%swmxm'@elanscommfale-n t hose time
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into the SB come rom us selectjon is handled by bus sel ect control_:'
8194_/ 35 - Btat Sﬁﬁﬂﬁi"{?ﬁeﬁﬁnf)ﬁ%*'i‘ i‘?’l%sl\ﬁ% palke P’?’T?'té‘e{‘% of the
. isystem ports spReatedtsocthat obohf@rmﬂg%amfb@lapa-mmwl wil fhdute vast

590 for ehSn RitEatEatls PROPSIWRELERE s fordd SeiElol TP ?'e"iyscfg”mt
i Thi's is acconplished vacebéﬁchﬁiiﬁtaO@f ofeur (separgterniaeas afis - :
bilnterface andmemory, namely a Content Addressable Memory 600" (CAM),
B Sample Buffer 800 (SB), a Gain Value Buffer 700 (GVB), and
a Bus Select Register (BSR). The CAM and the GVB are
.20 programmed over bus 401 by a'microprocessor controller.
The CAM is programmed to select time slots from the bus.
The data in those time slots is loaded into the SB in the
: programmed order. The GVB is loaded by the microprocessor
and each gain is_used,with a correspondinghsample in the
25 SB. Time Slot Counter 310 establishes both when the CAM
o o will react to programmed time slots and when the samples -
o ' along with their corresponding gains will be read out of
f@‘ ' the SB and GVB. As discussed, the read out will occur in a
‘ sequential order and will consist of 32.samp1es which will
30 be in four groups of eight samples each.

- * The BSR 500 is also programmed over bus 401 and -
operates to select which bus each of the samples ldaded
into the SB come from. ' This bus selection is handled by

_ bus select control 801. o
'35 Summarizing briefly, the NPEs (FIG. 2) in each of
the system ports operate to control the movement of data on

and off the bus. For this to occur.in the proper sequence,
38 the local Time Slot Counters 310 for each NPE must be



101 in bus control 100 shown in FIG 1. Bus interface and tinmer 101

ins atimng circuit which 5 generates a clock and a frane si‘gnal

clock signal is a 2.048 MHz signal which is the speed of the buses and

-~ the frame'is a 8 kHz synchroni zati on signal. The clock and frame. signals go
to every systemport and are buibeLed at each port and prOV|ded to each NPE.
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duratio ues and t ot addresses =
| oaded, el QawWG@&dcompwgﬂstBOSQGChoNPEaEOSQﬁﬁnésaﬂﬂoﬁﬁﬁﬁthﬁhebus 809 or

bus 181044 '% iﬁ%pEQEtaE%uﬁQE¥ | opgled iiALArSE 8RAtWheded €RBUEEPONI Ng CAM
-Iocatlon Ofor d fime sl.ot address o recise manner in 4

.30 whléﬂsFﬁﬂb°P§t§@@0ﬁﬁlF%ﬁ@& PEtGQtaFFéd°ﬁeFEPnQ§F§rrea*ﬁﬁesanples are
. held |nehhgvsﬁeu&tmhmbesngtseduesssebly read out' over bus 811 to expander:
2309 (FIG.. CNM 600 recogni zes Q 58 .ngguses 809 and. 810 by
'_conparl-A_‘ SXsasimcrerms 6 even (TSAO-to TSA7) over
- line 606. mnth thessnnuatgwerGonﬁewsnseoﬂuéasreéges shawp &AM | ocati on

I ndipg dgl) l”&%&ﬁﬁiht%I& bigt, Qﬁb%a&bshtbhﬁcﬁe?ttgﬂihavﬂmuesnﬁn506 38 If

“these are equa I"ocat’i on produces a ii gnal over
t he corﬂégﬁb gappﬁ@sgps66gom thes picraprocessor controller .

bus 401. Time slot addresses_determine which time slots.
will be written.to:and read,from the bus. The gain values
o are-lsaded_into]GVB”7OO”via7l/O register 704. The time
20 slot addresses are loaded into CAM 600 via I/O '
| _register 603 When a call between a given group of -

stations is established in the system the micrprocessor at
each port loads the gains values and the time slot -
addresses of the call for the duration of the call.
25 : -With the gain values-and_the&time slot addresses ,
eloaded,-the CAM'GOOfeontrols_SB 800 to load samples from _?“J
either bus 809 or bus 810. The samples are only loaded
' -into-SB-800;when-a'corresponding GAM location holds the
time slotladdress of that sample, The precise manner in
30 which this is accomplished is detailed hereinafter. The
samples are held in the SB until being sequentially read
out over bus 811 to expander 309 (FIG. 3).
. CAM 600 recognizes the time slots on buses 809
and 810 by comparing the time slot address bits zero to -
35 seven (TSAO to TSA7) over line 606 with the CAM's stored
time slot addresses. Each CAM location individually
compares its 8 bit data with the 8 hit data on line 606.
38 If these are equal, that CAM location produces a match



. signal causes a wite into the corresponding SB | ocation fromone of the '.
1 i.nput registers (807 or 808). The CAM therefore can recognize 256 (0-255) -
#distinct tine slots or 5 tine intervals on bus 809 or 810. Each of .these
2256 tine intervals could produce a wite signal to the SB for witing the
:Esanpl on the bus during that tine sl®t.-The scan or read out process of SB
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whereas bus 809 and bus 810 each have 256 time ‘slots.
SB 800 and CAM 600 along with time slot counter -

.20.-310 perform a time slot interchange function whlch
- selectively removes. samples from desired time slots on bus
809 or bus 810 and presents these samples in a specified
order to bus 811. _ y
- The reordering process is graphically shown in
. 25 FIG. 11 where samples are taken from an input bus (either _
}% ot ' bus 802 or bus 810) and transmitted to an output bus (bus:
811). For purposes of illustration let us assume that on
the input bus we have samples-A, B, C and D which represent
samples from four stations served by an NPE, such as shown
_. 3g. in FIG. 3. It is, of course, understood that the samples
“fé " can come from any station in the system and not only from
C the stations associated with this particular NPE. The main
system processer has established the order-shown in FIG. 11
where time slot address 2 has a sample from station A while
'35 time slot address 5 has a sample from statioa B and so on.
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Let us further assume.that we have a four party conference
between stations A, B, C and D, With respect to the output
33 bus we will concern ourselves with the samples for stations



D recogni zi ng of course that there would be simlarly buffered

.alf‘rﬁfes for stations B and C which 'have not been shown. It wll be

gt l.ed that the 32 sanples on the output bus are conferenced in four

groups of 8, the first 5 group for station A and so forth. Thus, sanples
B and C go to station A whid daZanmples C, A and B go to station D. Each
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sl ot O. iS OocC ecause CAM 600 operates, as wll "be nore ful
det ai | et tP(')IQ‘,-o are each tinme slot identity 5 -~ agai nst a stored nunber

and 1:103 przgzl de af'l‘libltimﬂefdlﬁmfﬂde M@}@W@m&w PRt Sbus B teleen Ithe TSC 0
- reaches a ,Si at o t.0 | ocation -
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15 in position 31.  For the duration of this call, these
numbers will remain 1n' thé physical poSitidn shown. Thus,
. the central processor need only communlcate with this NPE
. once per call unless a new station is added or subtracted

-, from the cgnference call.
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;:and second tine slots of the output bus. Simlarly, CAM 15 | ocati ons

229, 30 and-31 are progranmed with the tine slot address of the input bu
f}and their physical location in the CAMdeternines what tinme slot the:
“fsanmples will occupy on the output busi3 As tinme slot counter 310 cycles
igfron1 through 255, its output is provided over bus 606 to 20 CAM 600.

~;Each ¥ ne there is a match poerathen; thensiks: teokake athe osamphe  TEem, o
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~:of SB 800 theréﬁgq%ﬁégﬁhgcéghﬁ Bgrxfft h %ﬁ%sga? o%%?egﬁ

5  concurrentony theAtinpot dos &b bebpmsestmredSBtwlbcabaomOIeﬂ SBd8e0. _
sequent] al1d cagnll Ideddnd o33 t3on, éB%Q@iBHeISB?rﬁﬂMd%G tﬂaéhﬁeeﬂtp&adws |

“iin the proper sequence an uring er output tinme slot.. In ..
“ighis manner, tMWdtd a5 in@éﬁéﬁ&ﬂ&dtBa§2tPPn§a§P£P EﬂstBEQ?d?G ﬁFB%ent
Jisanmples to t he 1oeAta0RN e oFi SBUBDO WRLLr Bong Feol! €imd shettsue -nlms -

#iinterch | | ed Q0 S -
'QHSLE: ol es Thieth ARt pdand, B3 aRRLEoR B1T1 Endf (popgkichRe HiSPEEFE.S
gf er 700 (Gvendyseconds timgaisdots of tbe eu&pusubuenedSsnnbaely,sﬁém

;address wped sqleGlql ngoé CQQtr%bSahatblthﬁeS raggaﬂﬂédcﬁg%ﬁotﬁéatiﬂéch Of

ﬁ .the buffer” | ocatiaons corres 0
ndi ng ion-in the oiggi Puffg{on

“1Thus each of. tW@°§239Qﬁﬁs§s°Fe§8°oﬁpauﬁu§“81§nﬁrBﬂPfﬁepgﬁﬁ oca .
;correspondi ng AMe%he’ CAM)deteripes whad diine blot7CHe sdipleaiwikhnple is’

“;then suppl Ted to i til il 30300k 58477 R8CE16b" SYbE 33dntEkG1d) eycfash
| _ from O through 255, its output’is provided over bus 606 to
20 CAM 600, Each time there is a match between the time slot -
°  count and a number stored in the CAM the physical location
of the match in the CAM causes a write pulse to_be'present
at the same physical loéation of SB 800, Thus the sample
corresponding to that time slot from the input bus is
25  loaded into the SB at that location. '
Thus, as discussed above, when time slot
address 2 appears on bus 606 memory location 30 of CAM 600
provides a: write pulse into memory location 30 of SB 800
.'thereby causing the sample associated with time slot
30 address 2 (which is sample A) to be written into
location 30 of sample buffer 800, When the time slot
address reaches 5, locations 1 and 31 of CAM 600 provide
write pulses to locations 1 and 31 of SB 800 thereby
causing sample B to be written into those two locatidns
35 concurrently. At the end of a frame, the SB will be filled
:fg ' and a sequential read will begin so as to read the stored
3 data to the output bus in the proper sequence and during
38 the prbper output time slot. In this manner, there is




samp e com ng onto bus 811 passes through plaw expander 309 15 and then is
- ﬁ" plied with its corresponding gain sanple on bus 707. This establishes
~the gain coeffiicient for each of the sanples on an individual basis. Wth

RS approach, the gain of each—sh4rp+e for each station may be tailored to

that statlon e further tdi depend| ng upon .20 the origin of '
C\t he sarff ‘ﬁF'gr"b:% fgif St RuRde e"ﬁ‘%&hﬁ %t ed by O
accunulﬂle)rctﬁiﬂeramhe hei ookl at ed sum i s then reconpr essed by pl aw S
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a ti me Yocatinns has mo&orreﬁl@m!{mtls)%tlt%si@ fher otdieghibufifiert.egi st ers
?%Seﬁl?ﬁé) SRIETOE NEnd U2 SRlfRld P kel TP s ‘@fl'lt tﬁbn{”&he‘ '¥po SB 800.

unctions to deci de which bus, either bus 809 or 810, is
_' to prohaR & ROEEAfRoRding Bb"%"r‘{‘{ Sar?t'b Wlﬁrea‘ﬂn%ﬂ‘l“s acconpl i shed on &
Can i ndimig 07 bade fgairasmple tie then cmqtpldmm tthhout a dual bus

| Z;L;ﬁéed&#@ﬁggdﬁow rf!bqifn %ctilrﬁ% o"f5 IfGtt‘?e) ‘bi t ceoPsI ?e g., |

| 604) i rﬁqnmlmmiwarqw tEHel RAARES mhm&’;h nligw axpaaderdSO9der N
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e e OB S S g ok P aeiieooe O,
_f"one of dthetiee Imlmson sarseilmﬁtﬂﬂuamd)ackitsa t(w:lhzh virhiitst appmdtﬂk,en VI a .
| ~ the gain of each sample for each station may be tailored to
,-that station, and may be further tailored depending upon
20 the origin of the sample.,
In groups of e1ght, these samples are then
aecumulated by accumulator 307 and the accumulated sum is
. then recompressed by plaw compressor 305 and then sent out
. to the propér output station via one of the output
25 synchronizers (301-2 to 304-2),
ASSOCIATIVE CONFERENCE BUFFER MEMORY ARRANGEMENT _
_ Four basic. memory systems are included in the NS
associative conrerence buffer 400, namely Bus. Select |
- Register 500 (BSE), Content Addressable Memory 600 (CAM), -
50 Gain Value Buffer 700 (GVB), and Sample Buffer 800 (SB).
FIGS. 5, 6, 7 and 8 provide the details of the Operatfon of 2
-each of these memory systems. BSR 500 shown expanded in
- FIG, 5, consists of straightforward readable/writeable data
flip flopé. Decoder 501 selects one of four groups of
35 eight bits to be written eight bits at a time from data

bus 3401. The outputs of these four, eight bit registers
~are used to determine bus. selection for samples written
38 into SB 800. The BSR functions to decide which bus, either



“the 1/-Oregister and presented on the data |line (DO-D7 and DO- D7) to the
: sel ected nenory bit cells such .as bit 15 cells 0-0 to 0-7. Each bit cel
. $04is-a static nmenory cell consisting of resistors 6Rl, 6R2, and N
“transistors 6042 and 6045 which formthe latching portion of the cell. The

_ _celj [ accessed for either the read opdPation or the wite oper ation

thLOUgh’ t r ansmbgisi goggai'681694i-s apeél ﬁﬁd&de Ttiee Q&mﬁle?é\% S Qﬁ'igﬂieﬁﬁ are .

d dd
__ ,,;‘635“_6 F8P dat a1RESh ke, 5B criRRg oLty omBEL IRER | Thy g 3@?12 £l T e

“data on |lines maaacmanuhehen locatiioness \ﬂietimjet 4 idwal) s ns on '
_transni ssion 08t Ehcblifd aﬂ.j 6§§ﬁ ‘@#_‘hp M St tHE ;on lines DO and- DO

’to set or reget nenory e read_oper |on ¥ performed in

sinilar mafnér. The addr e%“d 00 iLs expapdes %‘brWs,GO tghoveing teh gates
6041 and 6048 gpgubbardass éa@nedrlthéltif;eééms 0(érgen BOYPRIA Ehedut on

-1ines DO and DO to the output |ster orf{io O 30 S 603. In
“addition to t h@‘*ﬂBWeaHEng?B%d 'g' m%f?}b 4*%& ﬁf’dhfer%: é{qcsoder
assom ative recognettsntai thilstmqmoryemnrajm t Tied |ICAM Hs ¥uedd caid wrikten s
GII‘CUItI’y I ncl yde t or

35 EXCLUSI VE i“t 'F%% g&?,ﬁ&e’ﬁ&t.ﬂéﬂ% 9@‘4‘?‘%% gﬂﬁ(}- Pﬁﬁcel A
-and the dapa baddrase is decoded by addrese deyeienm BOBAD selpet Axats| VE

“6R along w th ghe E%C(()blssilﬁ éfght 5Bt i ot fors.l whéh 7orfé)f313rﬂxé§1£ dat a
”fromtlrre sl ot er30TSAOadTS&J W|ththed stored in

CAM | ocat i on 01°ﬁﬂ31%§n1? h%?iﬁ'éf% ?‘i‘?]ed m’fj'ht % r?es 18 | ne
only goes hthéa Bfenregistértand Wémtmdlm theaias awh (D0-D¥ angAO

SA7." The ﬁbgﬁz&bu’s ﬁ séPed %%ﬁ&ﬁ%ﬁ méﬂé)r{;grreu? lfitOt addr ess.

'_-,'-iand all are conpar SI mu aneo e 1 ncom ng addr ess
When al | disght ce1b8e@-0i ta Grfeh ﬁﬁ‘Fh it rell 1604l s s U C memo120

jlbecgngs ?cg Io \éeceﬂﬂl eaﬁsﬂgtiﬁgs%ﬂaié@ﬁsdm amfltam snaﬁimlttamarmﬁﬂtdwm
. '__fhg\alle_ q_dg_nt i cal aegnéaf'%s'ﬁhi‘éf' % p ?%%‘é‘?{a'f% é)‘lc)"a#rﬂ)‘gf%{nn the q@mm%
v - cell is accessed for either the read operation or the write
_ ' operation through transmission gates 6041 and 6048." The
20 transmission: gates are turned on or off by the address.
o '.select line coming from address decoder 602, For data to -
be written into cell 0-0, the I/O register presents the
. data on lines DO and D0 and then the address decoder lire 0
Ttnrns on transmission gates 6041 and 6048 allowing the data
| 25 on lines DO and DO to set or reset memory cell 0-0, The '
N read operation is performed in similar manner. The address
N . ' decoder, line 0, turns on transmission gates 6041 and 6048
e o and the data stored in bit cell 0-0 then propagates out on
) " lines DO and DO to the output register portion of I/O '
30 register 603, '

. In addition to the above-described standard
memory operation there is associative recognition circuitry
in each bit cell, For bit cell 0-0 this circuitry includes

- transistors 6043, 6044, 6046 and 6047 which perform an
35 EXCLUSIVE OR operation between the data bit that is stored
| in cell 0-0 and the data bit that is brought in on line
TSAOG and TSAQO. This EXCLUSIVE OR along with the EXCLUSIVE
%8 ORs in bits 0-1 to-0-7 compare the data from time slot

o
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“theg a stored therein with the data on Iine 606. Turning again to FIG
1 ,H di scussed previously, location O can be '"stored with a binary 254 as
15\_—~an ei ght bit nunber. - Thus, there are 32 independent match:|i ne#, each
of which will: |nd|cate when the«lﬁerstored in the correspondi ng | ocation
Cnof the CAM equal s the data on |ine 606. DUAL ACCESS MEMORY STRUCTURE 20
“The gai PPRRF GG dTAC anduTSdianddd itherdgta ateredndnsCaMor an NVOS .
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3 ndté,he s P @dup hold o ipré storaddigne @%&d%amis andlhiangees! vy, and -

pendently, bus 707 can read Qut ‘any of 32 Iocatlons sel ected by
addr ess GIRFed Adpulisneonsly, yddh phe éﬁF@H&E& Admg; 8lptne pairs t hr ough
al | of tdmlmmrywmﬁtamnei@mt aroaed Oitsi matichballdees thet bigst ri ct

d f |
00ESS o s B0 e, 630, e s es 1R A3 4R kb5 R T e
pa| r o anuns[ [EBRma teth 36 gnadgiist @romelds faomcidad 0o ofi 6056 | Eagh2 of the _
O of OW df0-{hed 234 %)n Eﬂﬁb'ltoéatri%nga'i Qh@n@AhE%]veOfi f¢iehg’r 703 is also .

extende to thése s Access trom bus controlled by the
i cr opr SOEpagiLsomcd ieuwd sy Ande opsrate Loy indepepdendly ¢ampa¥ei nio the

| ocati orghe @dta Btre | thevdin mrmea;mndme saMliae Ebat. wi |l be processed
by the SB-CAM nenory, arr.an %n % dlfleﬁi nory array, -one
~set of 5 bit line gré'irr"sj‘ g&ﬁ@ Po rI gl ster & 8&8338 T ess. decoder
" woul d beresHeasiat, (ecatd omefbicpmbeastordr withpasbdneryt R5& dsscussi on wo~’
-"Opejf%assm%i gt B1% HenRa0de il aRdreedrs! 3 iﬂﬁepeﬁﬁlén‘tefﬂteﬁ wite

: tign is a twy step _process t st precharge all 10
'mthe bltﬂﬁqﬁﬁquQQ? ofridoh H@él[ERQiQQ§°5“9ﬁH FERRF“FG pteRed;in

the corresponding location of the CAM equals the data on
‘1ine 606. : : s '
DUAL ACCESS: MEMORY STRUCTURE .

20 S ‘The gain value buffer is shown expanded in FI1G.7
and consists of an NMOS memory array of prior art modified
to provide dual access. capability. Thus, memory 700 can be
accessed either via register 703 or via register 704, each
operating with two independent addresses and with two

25 independent data buses, -

' . , Bus 401 can access for read or write purposes any
ot the 32 locations selected by address decoder 705.
- Simultaneously, and independently, bus 707 can read out any
of the—}é locations'selected by address decoder 701, - Both

30 Dbuses are extended as bit line pairs through all of the
memory locations and access on.either'bus-does not_restrict
access on the other bus. Bit line pairs are used as
‘set/reset lines for write operations and as differential

'outputs for reed.operations. Bit line pair 0 and ] of

35 register 704 is extended to bit cells 702 of the:thp row
(0-0 to 31-0) and bit line pair O and 0 of register 703 is
also extended to these same cells. Access from bus 401 is

38 controlled by the microprocessor. This:microprocessor



driven to a high state by circuits in the register 703. This prevents
;gﬂxnes from:changing the data in the bit cells during the next step. r
;uread the next step is to turn of f the precharge drive and turn on o e%
“*the word 15 select lines fromthe decoder_ .. Turning off the prec

drlve(keaves the bit lines capacitively charged hi gh, while the word sel ect
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- _ transmiss1on gates 7021 and 7025. These transmission gates
‘ allow the bit cell to pull down one of‘the.bit lines
20 (0 or O depending on the stored data). The bit line pair
thus conforms to the data stored in the selected bit cell
and the'regiSter then latches this data for output. The
bit cell resistors 7R1 and 7R2 afe.high value to minimize
' memory powér consumption whereas the transistors 7023 and

25 7024 are high power to be capable of pulling either bit

I k~;' _ 1line low, The precharge is required because the resistors
S are not capable of pulling the bit lines_high, :
ﬂﬁs' ' : - For a write, the next step is to replace the.
1: 'précharge”drive with the drive of the input data; and:turn
ig" " 30 on one of the select lines. The input data overrides the

precharge and the bit cell data causing the cell data to be

set or reset depending on the input data.' Thus the .

selected cell is written into. The dual bus scheme allows

a two phaSe.operating memory system whereby two independent
35 sets of I/0 registers and word selectors can access all of

the same memory cells on opposite phases of a clock. Thus,

‘as shown in FIG. 12 it can be shown that when one of the
38 registers, such as input/output register 703 1s in the
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: er to effectively double its speed so that twi ce as nmany accesses can

Eo,yread opération. The dual bit |ine/dual phase operation allows the gain
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me dual phase arrangement ia utilized with SB 800, as shown

in FIGS. 8 and 9. The sanple buffér is further expanded by having
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bl_ur}tfoexz' qes biJutrt eeJrl emzlthp%rnedaesd tbryariisarlrr‘isn%l %rllu%aet ?&'tgq- '%ea%gi%%57
and three access-ports and bus selection logic for two of
the three access ports. 'Address selection logic for the

output port (bus 801) is shared with the GVB. "The other.

~ two ports (A and B) come from bus 810 and 809 through_input

25

registers 807 and 808; Address and port selection for A
and B is provided'by'the CAM and bus selection logic 801.
Samples aré'simultanéously present on buses A and'B'coming
from input registers A and B. The bus selector of each SB
location controls from which bus data will be written into
its SB location, This arrangement provides a flexible

‘three port memOry-syStem in which two ports are inputs and

30

35

38

may perform simultaneous writes to more than one location
and from either of two buses, while the third port is an
output and provides simultaneous reads from a third bus to
be scanned out for the conference circuit., Since the two
buses A and B are both'running on the same phase this could
create a conflict for writes except that the bus selection
logic insures that for any given location only one bus will
provide the write data. The third bus, bus 811, is running
on the opposite phase and thus cannot conflict with either
bus A or B, ] ‘
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;one full cycle,of the
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‘frombus Ato be witten into the bit cell. Only one of 10- these two
“sets of transmnission gates is enabled at-any given tinme as deternined by
~.the correspondi ng bus selector. Conclusion Wile the invention has been
dllustrated in conjunction with a time-slot interchanger conferencing 15
~ﬁsysteph such an application is only~ ond9enBodi ment, and it woul d be obvi ous
g pne- skilled in the art mheusastbeleateﬁbloakéosﬂgusléafﬁoﬁaB@%EStﬂé0n1 " :
one input to aqgsp t e n@t _t e are associ ated wt
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be possi Ie to ore

7 put s,. it would
“iseveral frdnesP8f AT HP ibgnEPSFﬁ Pﬁ tﬂ%nﬁ?yr%?PQ!ﬂlngaﬁﬁﬁ Bt vels
“Possi bl y, suchsanwardangenamtonooLd blndceppI80ﬁ;ltwamﬁmiﬁﬁiﬁﬁ gatds sub3

" .systenms where f g e re [t, sho. so bVI us tq c nblne
. ~the various rre%"){];il gbkjg gigasgﬁé?egﬁ%ﬂop§s # g% )g'f) %/t%lébe&)‘
:lincorporating pnélunpareaﬁdtnenpanssuonegatendsaﬁaesnd 8067 cdXlodw sdagreal can .

e Internal |y g9B8R" 8280 eadbaewm@ncim £59"1 De oipRf di gRting.
-'pur poses. A circuit for transterring 'signals

 ‘bet ween aﬁq npgpeaﬁdtﬁﬂ SﬁPﬁqu §5?Es?ﬁ%%1°&nﬁaﬁﬁﬁrﬁﬁ enahigd &t BNY shed |
““#hereat a plurgliven ¢imei as dbsepiinedi by othe dor g K o,
funi que i dent it ng a first menory having address |l ocations therein’
Hﬁeach | ocati on &oanﬁL?g ing to.a particular one of said output tine :
fﬁp i.tions, each |ocation. Wahbpeetheolrventiomcramtbedre ildarsttatest ian i nput
~itiwé position, céﬁjuﬂﬁﬁﬂﬁnfﬁitﬁséabidnéhﬂ'&t aﬁ%&ﬁ&xéﬁﬂ&t Tdfferdildidg st

fﬁnennry, S%Id |n9u%s copsi sting of the jdentities
. em, such an appllcat1on is only one embodiment, and it

_ would be obvious to one skilled in the art to use the
invention to move data samples from one input to another
input, whether or not those inputs are associated with |
.stations, lines, trunks or auxiliary circuits, or from a

20 | transmission line to a memory array for later -delivery.

The memory storage array could be arranged to have a number
'of_storagg_levels, each level corresponding to one full
~cycle of the input signal. Thus, it would be possible to

store several frames of the input sigﬁallin the memory for

25 later delivery. Possibly, such an arrangement could find

application in packet switched systems where buffering is

required, | - _

It should also be obvious to combine the various
memories into a single.memory structure, possibly also
.30 1incorporating the input and output buffers and buses. The.
' clock signal can be internally generated, and separate
clock signals may be used for gating purpbses.
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@ nput—ti+we—pesitions, and nmeans controlled by .an. association between

ddress i nput and a Q stored tinme positi.on
@Qi’ H'"m | ocation with 15 said first menory for
transfernl mthe input tinme shared position associated with
yfsald mat ched |dent|ty t'o t he out mg Lime shared position associated
¢ th.said particular first mengr orage location. 2. A circuit as
clainmed in claim1, wherein 2 | i nput and out put time shared posi ti on;
are subdi vi si ons :b.f rﬁepﬁtndui\m ifaxarhzsa,nﬁaﬂﬂmmouﬂigwadsobemweehr anmes being

synchro claim2, wherein
t he nunﬁﬁ% | npuaf t | o’s|sta§'(§lnsi%(??t(ra%(ll:llhdt ar g%gglé"dl fferent fromthe
nunber (ﬁstﬁhklﬁthrﬁhﬁﬁﬁﬁt|&Nﬂiuﬂal;$0h°ﬂré@@e ‘shared posd#ionss claimed in

clairg 11eﬂ!¥h?r1ﬁ$§itsi%rﬂ Ha Ay & rdd’iihd@@ﬂfedt’i&'y‘”@.%c@u&&%‘gnd menory
addr essabl e under control of e%Fﬂ?salﬂ. i rst - negﬁé% 30 association for
.storing & 1, megory having, agatdong e said output tine

shared sl ilptatsiin doxmdspinglialgs tas R0 piaattddulisirh onal o ff isadd menory

stored U5 HOSITOBILANLY dhon AdHtill SaafidldRd Eotleal M 4, vher ei n

——

»;

u!ml‘n-].

sai Ahsfertd g HEANS es nea rea |ng said stored. .
| nput sitheteat rthe sdentddcbaf mmmmto tgaledmiﬁl;apn,- 38 6. A ¥
cirqqyt :ﬁéaxfé afdfe%sﬁhmiaéﬂmnig Al 1np1rt82]£or salid eaRf erring neans |
i ncl'udes a second nenor avi ng .one stora | gcati.qn sequ%ntlally F

- associ at"&!"%'yf'h 5§‘é$ SHiRE ;5’55 eorfdeatdtises @2 ocati on havi ng a

cor. r_esp(saiehtmxpuﬁ lt:mepqrdsmﬂcms f iansk mwmy:dma'@tllleﬂ, by @mans -controlled
by each asso t [ [ orrespondlng :
ke TRROe SO hida Sl ol ot U

~second Si gnal assocl at ed &2 d*at ched
i dent i tﬁtQ‘ﬂﬂﬁ rianes mivmummw Storre parddond axedocptiopuWishgnal from

- sai 4 geGhih NEIFYY ndhory Editttdnstbiring a signkl fhofi itheit as clained in
_.any Of CIn%ut time shared position associated with said matched:
_identity to the output time shared p051tion associated :
with.said particular first memory storage locatlon. '
‘2, A circuit as claimed in claim 1, wherein
20 ~said input and output time shared positions are
.subdivisions of repetitive frames, said input and output
frames being synchronized with each other,
3. A circuit as claimed in claim 2, wherein
the number of input time positions oi each frame are
25 different from the number of output time positions of each
frame. . o : ' A
' 4. A circuit as claimed in claim 1, wherein '

sald transferring means includes a second memory o T ow
addressable under oontrol of each said first memory
30 association for storing therein, at a location therein - 3

associated with said output time shared position, said
input signals associated with said first memory stored
time position identity
5. A circuit as claimed in claim 4, wherein

35 said transferring means further includes means for
reading said stored input signals from said second memory
to said output. - .

38 6. A circuit_as claimed in claim 1, wherein:



to 6 wherein said second nenory portion is a dual port random access

wmenory. 8. "Acircuit as claimed in any of clains
“ out put time positions are arranged into groups, 15 and” I‘mllnm ﬂm
prOV|ded means. control l ed by the storage of said input sighalls i"n said

isecenQ-nenDry at locations therein corteédbonding to output time positions

RTINS the sanmg BOQSaLWEeQQELEF thglﬁéigdééOéegeéoﬁﬁmméhoéﬁ %ﬁ¥fﬁécu't

“as claimed in cf: sai d_conf er enci ng. neans_ i n
~accunul ating nﬁaﬁssFGPaSSnﬂPGPFFﬁa FﬂQHQEEﬁﬁﬁlﬁt%%ﬁp%ﬁa%#@ﬁﬂﬁﬁhf?%ﬁheach-

“pime position %hﬂupou%ButAtiméEpééQtlbﬂﬁeéﬁbﬂnéﬁidub6éiiioﬁﬂﬁQViﬁg a
. hereinbefore descrlbed refgﬁenc g f fccoqﬁ g QW qgs
;35 38 correspon ence wi particular f oca

5 means controlled by each said first memory association

for storing in said corresponding second memory location .
.the input signal associated with said matched identity,
and means for reading said stored second memory input
signal from said second memory to said output.

10 7. A circuit as claimed in any of claims 4

to 6 wherein said second memory portion is a dual port
random access memory | f
\vg C 8. A circuit as claimed in any of claims 4 to 7,
| wherein the output time positions are arranged into groups,'
15 and wherein there is provided means controlled by the
storage of said input signals in sa1d second memory at
locations therein corresponding to output. time positlons
within the same group for conferenclng said stored 81gnals.
| 9. A circuit as claimed in claim 8, wherein
-20. said conferencing'means includes accumulating means for
'~ controlling the accumulation of signals from each time
positlon group. o '
'10. A time slot 1nterchange substantially
:as'hereinbefore described with reference to the-
25 accompanying drawings. B
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