2099619 Dat a:Processi ng Arrangenents -2- The present invention rg
o] data‘proceSS|ng arrangenents and nore particularly to such arra
i u§e in controlling tel ecomunications exchanges. Conputer proce )
data im situations in which 5 they are required to work in m@g i S knomn
~as "real time" may be |l arge and extrenely conplicated electro é
‘They may al so require access to a | argelanount of data held in storage of
va# ous. ki nds and may ‘have a | arge number of inputs. 10 As a
conputer in a particular situation is enlarged to increase its working
capability wth regard to the nunber of inputs which it is capable of
handling in real tinme, the period between consideration of a particular
i nput and subsequent consideration of that input nmay 15 becone | onger.
Thus in situations where a |arge data processing capacity is required a
nunber of smaller conputers running simlar programmes to each other may be
provi ded. A nunber of smaller conputers running programmes 20 in this
manner -may be referred to as a "multi-processor” system Wilst any one
conputer in a multi-processor systemw || have certain fixed data which is
.unaf fected by any other conputer in the systemit is necessary to provide
25 an i nterchange between the conputers of the system for dat-a which may
be processed by the actions of any of the conputers and which will affect
subsequent processing by any of the conputers. Thus data storage accessible
by any of the conputers 30 of a multi-processor system may be provi ded.
It will be appreciated that access to data stores is usually possible
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- from.on]y one conputer at any instant in tinme and that each conputer

.requires ar i nput/output interface on each store to which it has access. S
It a ™ | processor system 35 is further enlarged by . addition of further e,
conp . ‘the access interface to common stores nust be similarly enlarged
_-3- he access time - that is the time taken to read or store data at a

partlcul ar address of a data steRe - may becone correspondl ngly | onger. s
7 Thus i ncreasi ng et Ba.uamRer o %fen%qmutx%rlsaﬂe% %Mé’da gg0r system doeswe/

not lead to a pro ortlonal | Nncrease i_n e rea rre rocessm capability
- of the SFseasements Rd Moz, PeItdcudpaly; Lt’s I%‘“ﬁ?&elnﬁﬁgl al nunber

of gormwﬁef slsbh%me dﬁwﬂwm;m d:\ea.rétcmunidaﬁtaloﬁs rexgiraorEEssd ng capability
to be achi eve ing a fur O ONMRYL &1 58 rease in tine
taken by any glp efoﬁ%&cgrséﬁtn% and'ﬁlrg-ipr ocessdsf{ogrce"'sfI &%em 0 access data
hel & i nthemmamwedaﬁ%&d@guhmhaﬁ tis tHrowsx taght " neadt time 'dat a

propessbg%bj ectiggjs of vl s r?\t/ cYMH1 1B 1dckiaieel | ed out. 15

is an t he present ention to provide a data processing
ar r ange #PPEMRtMF-ch &BeTBaY S %Iﬁﬁﬁ"érrse W8S 1 & 5 - proocessor

system Rawant @fedata MRAA tinTstidaisgd o eaatingns dialdd idnd tdegn t he
mul ti-processor, herei_nb for%ﬁdi.sm{gﬁs?ed. 20 According to the present
i nvent i & Vien & 1ATEE E&si denment for use in the control of tele-

comqQuni cat i ons&semrwmta:pamtajspamtimﬂrqr isithatiqn urslenlangediat a

B!ﬂ?f?iﬁl ar co%’té%gﬁ respon5|1§ﬂé2é:éﬂ%lq{ ?;ﬁ%m;}%gfdddaf!}%%gietsgl ﬁg

groups swmbensef impwhs sbigh gt di £5RaRie 9hPapdiRgHER Fedlve access to-
data hekdpen SHY Pt it %eﬂi’vﬂ!& stn@délfa’@.dn r@it dlaartimular whi ch said

data pI’QCES'%I na%durgu Sse%lr{zena 1%1%epra Yéh of that input may
15 Dbecome longer. '

Thus in situations where a large data processing
capdCity is required a number of smaller computers
running similar programmes to each other may be provided.

A number of smaller computers running programmes

20 in this manner may be referred to as a "multi-processor"
systemn. _

Whilst any one computer in a multl-processor system
will have certain fixed data which is unaffected by any
other computer in the system it is necessary to provide

25 an interchange between the computers of the system for
data which may be processed by the actions of any of the
computers and which will affect subsequent processing by
any of the computers. |

Thus data storage acce531ble by any of the computers

30 of a multi-processor system may be prov1ded. It will be
appreciated that access to data stores is usually possiﬁie
from only one computer at any instant in time and that
each computer requires an input/output interface on each
store to which it has access. _If'a multiprocessor system

35 is further enlarged by addition of further cocmputers, the
access interface to common stores must be similarly enlarged



Btore are both cannected, each data processing group also 30 conpnis'ﬁgl
second data bus, first input/output means which is connected to said f: '
ta bus and which is also connected to said second data bus and whi ch™—#:
ffeéts matching of the respective data transfer nodes of the first and
second data buses to each other, and second input/ 35 output neans
connected to the second data bus and to tf¥ respective second i nput/out put

mans of the other data processing groups, .the.arrange t being such that
iT a request foraitht'PhAL I twegfoﬁgpa&atjﬁ'% éud& o%edh&a? q‘ea-djf-or
processi ng groupstsrdirdatd B aa GRire jwulers sddyass tofdfa atadtshertoofe t-h@adat a
processi ng groups then this rqgf St do%§ t.significantly affect the

p

access time to cREPHel LI IN T

( i ( ata store froma-data processing
unit 5 in said one dalhupriovesssiqg e numbeeah|soRpYtens dn a multi-
- i nput/out put gregis,dss 2 al{%&&%&ﬁ%‘ i A UL it i i dase

arranged to transfer o0 one pof said

[ t he second bu
plurality of datkn ptkfR cRedintiff t%’%ﬁﬁ%qﬁ%g?ggfigy ggcﬁhaa‘?ﬁsf‘)ﬁmt he
P}agzg; e?f (cjia]Ea tjp@;ﬂlﬁp.;tﬂrw?mcﬁ- mym_rh idumpmides vdhesuleiamtiial number
re rom sai rou ta store. e input 1CESS: I

be arranged to t?én"s‘? %%&p%d'raké%%‘?\}‘éﬂ’ it ilep &le%'étgat#éé;%na%eﬁési '?(S)lq%eaingylg >°
g][ oup gat? st or eprov¢dmingneapatflidat £d romAarieved i atdingtoruntian one
of said plurglit ' ' ' i jr t '
arranged to %‘%)eréa/t Ig&l“?\ aa%%ég%?%?\%z%és%gna Iiﬁgg&ﬁ%%eﬁal?\%?s% (tjg}gye?ca)ﬁ/ d:’Iglzetal
bus 20 nay be #oERYeRrs olBpeftRu} Hi BT RSARIT HOHUSER | YhAI55 6}3@ d

further data stoff SEamde PEOVLEE L RSSIdNgtiene®as e tdwet exer ortoa tlattee

bus and a backing store wh o
é%ta.proceégfhéscapability of the additional computer is

cancelled out.

15 It is an object of the present invention to
provide a data processing arrangemnt in which a number of
cdmputers working in a multi-processor system have a
greater real time data processing capaﬁility than the
multi-processor hereinbefore discusseq. ' _

20 According to the present invention in a data
processing arrangement for use in the control of tele-
communications exchange apparatus and comprising a
plurality of data processing groups which normally operate
independently relevant to a particular'control responsib-

25 iiity, each of said data processing groups comprises, a
plurality of data procéssing units which have access to
data held in é group data store by way of a first data bus
to which said.data prdcessing units and said group data
store are both connedted, each data processihg group also

30 comprising a second data bus, first input/output means
which is connected to said first data bus and which is
also connected to said second data bus and which effects
matching of the respective data transfer modes of the first
and second data buses to each other, and second input/

35 output means connected to the second data bus and to the

| respective second input/output means of the other data
processing groups, the arrangement being such that if a
request for data held in the group-data'store of one data



preferably a bubbl e nmenory store may also be provided. 25 . A data
X _ng arrangenment in accordance with the invention will now be

i ¢ diagram of one of the groups of data processing units. .Referring
to™#He drawing the data processing group 30 has four central processing _
units 1-4 each running a respectiveyprograme processing data in real-tine.
-5- relating to externally generateg t el ephone exchange signalling, routlng\~
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data store. _ _

The 1nput/output'processor'may also be arranged to
transfer data received on said second data bus to said

15 group data store in the manner of data transfer to said
data store from one of said plurality of data processing
units. _ _ |

Said first data bus may be arranged to operate in
a synchronous signalling mode and said second data bus

20 may be arranged to operate in an asynchronous signalling
mode.

A further data store may be provided accessible by
means of the second data bus and a backing store which is
preferably a bubble memory store may also be provided.

25 A data processlng arrangement 1n accordance with
the invention will now be descrlbed with reference to the
accompanying drawing which is a block schematic diagram
of one of the groups of data process1ng units.

Referring to the drawing the data processing group

30 has four central processing unlts 1-4 each running a
respectlve programme processing data 1n real-time.



The cl.ocks 7 and 8 are arranged to provide a refresh instruction to the
ﬂgﬁa storage ‘bl ocks 10-17 every 15 micro-seconds to ensure that the da
d in the RAMs is not partially or conpletely nodified. 30
synchronous buses 5 and 6 provide rapid access by the central proces¥
units 1-4 to the data held in the store blocks 10-17. Wen one of the
central processing units 1-4 requires access by way of the bus the
pgrocessing unit causes a request signal to pass on to a dedicated line
-6- of the synchronous bus 5 or 6 on w@%ch.access i's required. Each of the
store blocks 10 to 17 is allocated to ofie or other of the buses 5 and 6 and
I.s .accessible only by way of the allocated bus. . The store bl ocks may be
real l ocated 5 treldking o dxbermallpe gemeratdd ddlepHoxid lexemmgeat t he

- processing poverg | oY the group is

. not conpletely Io{sg é}hﬁt‘{é %ﬁ#éﬁa Si n%ﬁﬂalﬁure%‘c’%ch dat a
transfer period on t@@@ﬁrm@mmqmmm@es nespasdiivei ent |y be

consi dered as h%@mglﬁﬁ@ ﬂélrﬁ%saecfdfs‘%n%dc@ﬁ rfbded- herein as

phase ' d phase ' cessf ul ns a fron1one of the
store bl oca]k-lé| 10 WW% ‘%#A? Ee‘?ﬁqrérsep%;@g%ﬁ U t&8Ch A% akes three
dﬁt a t'rAanfsf eL pférasm?daﬁa tmr(dﬁdlﬂzlﬁ) maf@ tr?a%armdﬂwmaa&ﬁgolémns | nI
phase A of the ns e s ou S a centra
processi ng unit ‘“Jerz‘g/&ja?"r q’@f@@% q‘t% § %'37 l%é‘%f é’t‘#’e B¥ock 10
checks the avai ke usied tto (ﬁonm‘lstsmgllﬂ axk dodde ddtp@nroms din t he
address 20 on e {g%&fd h?%gsog:rg e WRdLH1 , Dwth
I r

t he address of the_store esses conpare en the
central prd@ssi lL?mhy |qeq5ermrz9qq$@t1%él@{t@rel-ﬁ1 d& P is al ready

bei ng accessed hayard hele WE twNGyHdHrorus uered 5 & demaert i | phase A
of control of one of two clocks 7 & 8. When a stored
data word is read from oné of the data blocks 10-17
- a single parity bit is provided relating to the
15 sixteen data bits. | -
The clocks 7 & 8 each produce corresponding
signals at all times and one of the clocks, say 7,
controls the data transfer on the buses 5 & 6 whilst
the other clock 8 acts in a monitoring capacity.
20 Should the controlling clock 7 fail the other clock 8
~ automatically takes control of the buses 5 & 6 with a
minimum loss of dafa transfer time on the bus.
'.The store blocks 10~17 each comprise a quantity
of 64 X word random-access-memories (RAMs) which
25 require periodical refreshment of the data held therein.
The clocks 7 and 8 are arranged to provide a refresh
instruction to the data storage blocks 10517 every 15
micro-seconds to ensure that the data held in the
- RAMs is not partially or completely modified.
30 The synchronous buses 5 and 6 provide rapid access
by the. central proce551ng units 1-4 to the data held in
the store blocks 10-17. When one of the central processing
units l-4 requires access by way of the bus the processing
unit causes a request signal to pass on to a dedicated line




A e next data transfer period when the address conparlson I s ,repeat ed. *

4Né-store block 10 is free for access the central processing unit 1. _

NAgtes with other units for access to the bus by causing, a signal on '\g
reégpective 30 request line of. the data bus 5. The central _ :
protessing unit 1 now considers he respective request lines of the data

f bus .5 of all other units which have access to the bus 5. If the central

" Drocessh RO ol Lydohasablie BAGNEShe 6 BE! ﬁxlcﬂeasgg%geﬂsaﬁ?bgifé&after <

descri béd cont ndes i n e nex a fransfer
cycl e. Eachnofhbe sterethbocksohd ﬁath t1§n§1b9°é?§@et9h@néeﬁ?raI

processifgerNbE &h&OBMEéQSBaaﬁ&”GHQHdOﬂsCQEHBQQlBlQGSnﬂg «Q ta bus 5
mhlch |ng|cates ion ( te).to, be taken % e bl ock

t he® %dﬁ%i@%abﬁ WREER th e cebBFRe; Blpgk BeTEEKRA OR2 EGPé €4/ i nes of
theﬁdataobUBeSOtheﬂ bhe ﬂntaheOehenttored bub fhtlaopemsodthatatheite) on

data | pescglstls 03LarDUR Bno c3he £EHLLE) BLSSESSIRG HARbSIM!I al oo

cause X code T ndrl cat bus on
grant vefitheagrowp| iacsobfconplebeiybless. lmhéhehﬁﬁénﬁquoa six code is

uni que ggnéfg 668t Fai1ppecessing unit 1 of the-particular group and each.
unit which has access to the data bus_.5 has_its.-own uni-que.three out of siXx

‘code. Thus fRcRuBabpr FBRrRSERFtBeELPenpR the sSyBcHTLBOUS: RBSESta bus 5 at

}haxﬁanp ahaEsfﬂay ceﬁvaﬁieﬁﬁlgnnéScbnsidaﬁﬁaaasohavﬂﬁggtaot verification
I nes e _sto

ot her O%*%Pﬁﬁf?oﬁlwéﬁgl988£1°n§hﬁﬁfag%§§zt§28§%g#ﬁea eﬁ%ﬁggp ggeggfngnuars
1 will stdrphabe 4Bless &0sucpessfulir tragaferi nfpfata fnbmobne subsequent
g;a?ﬁgeéﬁpﬁééggFgfgrggg§ﬁsBléilzhéo ﬁQHGfd%EF EEﬁ%i&ErpEQEEQQiiEd Phase A
units 1-4 takes three data transfer perlods of the synchro-
15 nous bus made up as follows.

In phase A of the first data transfer Derlod of the
synchronous bus a central procéssing unit, say, 1 requiring
access to a memory, say, store block 10 checks the availa-
bility of the store block 10 by comparison of the address

20 on theaddress lines of the appropriate data bus, say, 5
with the address of the store block 10. If the addresses
compare then the central processing unit 1 will be aware
that the store block 10 is already being accessed by
another unit and will not proceed further until phase A of

25 the ‘next data transfer perlod when the address comparison
is repeated. .

Once the store block 10 is free for access the
central process1ng unit 1 arbitrates with other units for
access to the bus by causing a 51gnal on its respect1ve

30 request line of the data bus 5. The central processing
unit 1 now considers the'respective request lines of the
data bus 5 of all other units which have access to the bus
5. If the central processing unit 1 has the highest

_ prlorlty, determlned as hereinafter described, the access
55 ‘continues in phase A of the next data transfer cycle.




10 foliows the instructions on the command |ines of the 25 data bus .5-and
(ff the.command is a read instruction) returns the requested data in phg
B of +the third daja transfer period. In phases A and B of the third ¢

ransfetr peripd the store block 10 returns a two-bit code  on a responsed

line of the data bus 5 to indicate 30 he success or failure of the data__"

e ansfer. Data transfer to and fron1apﬁé'étu§ and storagé external to the
Qcessing group is by either of two inp roces rs._.18 and
Q§ The i nput/ out put p$g§%§%8r gv583c§8§3n$ &ﬁﬁ é %Es%x & T8dm t he
35 synchronouscbn55315pagd6831nglﬁnnheloforher&snar@¢mmnm¢essl¢@mmamds
1-4 requires to {iansfer gRE3aLea us 5° §m£ﬁ0£@1&£’@&£é§ Ush&XdSE{\@) to the

processing group,it accesses o | nput / out put processors and 19,

0
whi ch constitut e(#‘??@t@n‘ﬁ{m‘%ﬁtmtbﬁe’é enuhyth’ées%%r?ra%ka]so, the
her ei nbef or & desgddbesdsfon WBLEESthE abﬁ15h01egeo5bbl'@§1k§nl6hladdifél@s

exbept that on aTPasR ebnkanAeHE "Rk seotne| FER TBtR pte BF RESH Ghor 10
returns a two b|theodemnandhesrespnnte)lonedatathendatabeheEdamaphwses A
and B of the thigd daﬁﬁetéé’:gﬁfgi fz%é@ﬂsi‘ﬂ wWihboui $Eipre D9 @ysdaja. “The

central processing unit ters a walt state 1n which the
further bus accetBee eut oS sidkecade %%@%@@Ei“é@ hﬁ%l#tﬁﬁépﬁa?% wge the

avai | abl e. j¢hen bhe éﬁtgraﬁtaV@riﬂbéétibﬂ 11ReE/ @Dt PHé DEPEHEHIS, Say, 18
“accesses one of the sy, chr ous ses

> Wwth the_s sequen as
“described for access b }51°B¥%c%§s¥ﬂbﬂ%ﬁlY%a€E§- éé@?%g
obt ai ned access pno¢@sssugcumnhohsobushé paetioplar ogtoup smdcescmrudbt

forwards a wri tewhféﬁrﬂgé gﬂcgg?tgg ﬁmgganialg ?Oﬁ?rans$u&"é M#{Jes not

forward the data 1n phase €& SEeco period (as in
a wite to storefhree out of six code. Thus if two or more units attempt

15 to access the data bus 5 at the same time four or more
signals will appear on the grant verification lines of
the data bus and the store block 10 will not attempt to
act on the other information received. Should this
occur the central processing unit 1 will start the access

20 procedure again in phase 'A' of a subsequent transfer
perlod. .

In phase B of the second data transfer period and
phase A of the third data transfer period the store block
- 10 follows the instructions on the command lines of the

25 data bus 5 and (if the command is a read instruction)
returns the requested data in phase B of the third data
transfer period. In phases A and B of the third data
transfer period the store block 10 returns a two-bit
code on a response line of the data bus 5 to indicate

30 the success or failure of the data transfer.

- Data transfer to and from apparatus and storage
external to the processing group is by way of either of
two input/output processors 18 and 19. The input/output
processors have access to and are accessible from the

35 synchronous buses 5 and 6. If one of the central
processing units 1-4 requires to transfer data to or

~



processor unit read fromstore). The input/output processors 18 and .- -
access to the storage blocks 10-17 in an identical manner to that g
gri bed for access by the central processing units 1-4. Reference has '
vide hereinbefore to the various |ines which make up the synchronous

data buses 5 and 6. It is conveni esi=t0 summari se the sixty-four lines of .
whi ch each of the buses is conprised and these are as 30 follows:- 22 lines,
for addr fs¥m@nrparatus rextenmadddredheanacessing igraup fidr data and 1 line
for dat aar&rests\es %dé S tH L iR ’tg'}ﬁlo%es]s]orlé & drf YPquest

signal s, 6 |lines for. grant verlflcatlon and i ne each for res-
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si gnal | acsesBead reaticruise ithiacsisfidre mAmuks exampt8 titmtcant raol | i ng

transfer $.ey It Y e@gﬁsﬁésfe?néh AUt Aodth lpagﬁr oddi¥orflls Ypr ;shf units

10  having access to t roni se to the same source.
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processors 1 and orie ' ne each processlng units
available. When the data is avallable the input/output

processor, say, 18 accesses one of the synchronous buses,

15 say, 5 with the same sequence as described for access by
one of the central processing units l-4. Having obtained
access to the synchronous bus 5 the'inputioutput'proéessor
18 forwards a write instruction on the command lines of
the bus 5 but does not forward the data in phase 'A' of

20 the second data transfer period (as in a write to store)

" but forwards the data in phase B of the third data transfer
period (as in a central processor unit réad from store).
The input/output proééssbrs 18 and 19 have access
‘to the storage blocks 10-17 in an identical manner to that
25 described for access by the central processing units 1-4.
Reference has been made hereinbefore to the various
lines which make up the synchronous data buses 5 and 6.
It is convenient to summarise the sixty-four lines of
which each of the buses is comprised and these are as
30 follows:- '
© 22 lines for addressing and 1 line for address parlty,
16 lines for data and 1 line for data parity, -
5 lines " for command signals,
11 lines for request Signals,




20 1-4. The r.emai ning four |ines afe provi ded to enabl e additi onal e
central processing units (not shown) to be added should the processing :

pomeF of the group require increasing. In the arbitration for access to:aggcj'
of the.buses 25 5 and 6 in phase B of the first data transfer period tiheX\

request signals are analysed by all -units attenpting access to deternine
whi.ch“unit shoul d successfully use the-g4s for data transfer. The refresh
&egquest is the highest priority signal and will always succeed in arbi- 30

tration for thé Hines fhaqgmamt freedifticetionuabdulpdiner eaebsfor t8send 19
e 14 Paonbopatir oiin Yok £ VAN LREUIBH.S Thilll B2 B8RE raAteesss! N9
OV\BS pl’l ori

units 1-4 have-t resh request fromt
control ling cl perizd indicatdong ﬁé@ckréQSﬁﬁlon@n@fCﬂﬁékrﬁﬁuﬂﬁgﬁtbaﬂl

PequiTes agoase o e B e e dore 16 aad 19 are

attenpting~“to access e VST gﬁﬁ Q&Eeﬁhgﬁ %b&%ﬁb&ﬁﬁ&? ﬁP cé@ g say, 18

whi ch has a perilmedrtontilgmer imdicaittpnhas Deene dd red nble fioaiet [der imedsf r esh

request nor a u QR th r.Qce I and 19
PHRU G %6&?%&%& 5% g& al'Sd W@Sd‘%8l¥ﬂaﬂ%‘%% %cﬁ I3y

Is present then _ a single o ntral process| unit 4 attenptin
ﬁﬁ% npting

®]

access to the l?t!i‘@ wilocksydcoxy 8 16 rconknod %@Dcéﬁler al

protC(es;SI ng UEI| ntkh&- }b&‘x{ﬂétsl amcgziﬁ]@ﬂd@ ttlhﬁtt fmllcwHawe RIA%eSSi ng
urii t (s ich Las success u sse e bus mn ai Vi

consi der ed® hehﬁ‘r t%@n €5t SyEC th@oﬁﬁmﬁe%ﬂ?&ﬁ

wi |l now be given toAﬁamrammnuslyfsmemeﬂgan@enyramﬂpna@@sshn@hmnpmocess|ng
power centre. 1.4 or input/output processor 18 or 19 requiring access
to one of the synchronous buses 5 or 6 applies a signal
on its request line in phase B of the first data transfer
15 period. The 11 lines of the data buses 5 and 6 allocated
to request signals are divided as follows:- one line for
the refresh request signal from the control clock 7 or 8,
one line for each of the input/output. processors 18 and
19 and one line each for the central processing units |
20 1-4, The remaining four lines are provided to enable
additional central processing units (not shown) to be
added should the processing power of the group require
increasing. :
In the arbitration for access to one of the buses
25 5 and 6 in phase B of the first data transfer period the
request signals are analysed by all units attempting
access to determine which unit should successfully use
the bus for data transfer. The refresh request is the
highest priority signal and will always succeed in arbi-

-~ 30 tration for the buses, requests from the input/output
processors 18 and 19 have the second order priority
whilst requests from the central processing units 1l-4
have the lowest priority. :

Thus if a refresh request from the controlllng clock
35 7 or 8 is not present one of the input/output processors
18 or 19 will succeed in accessing the bus if it alone



~ The,f,pﬁt/output processors 18 and 19 are the principle interface between
" thg cgptral processing units 1-4 and all other external apparatus with the -~
~ efcdp¥ilon of control 20 consoles 20 and 21 which have direct access to s
the ceptral processing units 1-4 for manual control and checki ng purposes

b\ way of respective interface units9. The control consoles 20 and 21 may
* be Tor exanple visual display unLig.incorporating a raster display and a 25 ;
manual | y- oper abl e keyboard. For access to the external units the '

i nput / ouppghiipescassess.18 IEdbdBhuse thepeabutFoasputhpepeus data buses 22

and 23. nli keqgh y hronou bus the as chro us bus 22 or 23
nmust be 8 g 8F8d1% sﬁa 35 g ePRtaﬁgcﬁgtﬁ8°885r ed it nust provide
a full adkhambedgéhanmnputibutpdﬁr@QQBBgsonhtsay,A&BowhanQIy data transfer

on one Ofaghg ﬁéi‘ﬂ&ﬂéﬁ%oﬁigﬁéieﬁriarﬂt#%:.D.i ghewskalhan that on one of the
synchronous buses 5 or 6. However arrangenment ensures that the

maxi fum 35 - use nmay :be made of the processing power of the central
processing uniIs Aedther Elgbtreghe@equasstﬁb@ga Peaclkst3@rdn are

accessible L he f th ata es .Jhe data storage
bl ocks 3%* Eggﬁ t ?Lgl ' &/g ?rfffggﬁ ﬁoié g é c&ﬁstruct|on (64gK
RAMs) asprhsedhtahenoaagenslecbneSOfOthé CA@&ESQIFE?CBSSQDEaIned by way of-
the asynﬁﬂig ESAdé%éeBgé ZaceggsZ%ot%hee%QEC%agi %ﬁ%%%@ﬁ stores through

respgetive g stor tro Interfaces he “backi ng stores
may each EompFeSE ?6r°€§aﬁ§l§h8 ceREERL1PprogesEdesl ¥ndEfody4st ores 40- 4N

and 4? ?N attéﬁﬁtihgraeéeéﬁdtél%ﬁeobuﬂr%Ebshghﬁﬁﬁlziro%5551h Ut/OUtFFtI
Sl ghal S ro re nodu oVl ae a,les Ive parall e
nber T acRbhk £ o8hloB LRFE FuRBR s ehg BERORROnGHS BUS: 33, 53 whi ch

supply fail.
HaV1ng-consldered'the processing power centre of

15 the group, consideration will now be given to data trans-
ference and use outside of the processing power centre.
The input/output processors 18 and 19 are the principie
interface between the central_processing'units 1-4 and -
all other external apparatus with the exception of control

20 ‘consoles 20 and 21 which have direct access to the central
proce331ng units 1-4 for manual control and checking
purposes by way of respective interface un1t89. The
control consoles 20 and 21 may be for example visual
display units incorporating a raster dlsplay and a

25 manually-operable keyboard.

For access to the external units the input/output

processors 18 and 19 use respective asynchronous data

| buses 22 and 23. Unlike the synchronous bus 5 or 6,

~ the asynchronous bus 22 or 23 must be operated in a

30 manner in which the addressed unit must prov1de a full
acknowledgement to the addre551ng unit. Accordlngly
data transfer on one of the asynchronous buses 22 or 23
is slower than that on one of the synchronous buses’ 5

or 6. However, the arrangement ensures that the ‘maximum
35 use may be made of the proce851ng power of the central
processing units 1-4,



5 and recei ve address and data signals by way of 5 volt bal anced |ines 27,
27" to the hardware (for exanple switching units) of the tel ephone exchapge
rot shomm) *Amplification of the signals on the bal anced |ines 27, 27 /&
be provided by expander units 28 to allow a larger 20 nunber of hardma'
units'to be addressed by way of the parathL interface units 26, 26" t
woul d ot herw se be possible by direct connéction to "TTL" Logic . el ements.

Respect i ve paral | el -tOt&@hltalex%@%sa%w deord g@a'bqlolcﬁls. BBLQZ“ a8 HEEE§sible
referred to herein as ser) al ut/ qut put 2 I nterfaces

provi ded al so ac@@éﬁ?&<§fr€ﬁﬁq Sfndheodate pyses 22 apgd 2‘3he gBFISPta
lnputﬁoutput | Nt etforege 3Aocks EDLQWId@eaodabamﬁuaﬂsbababdﬂb (ae8canneedison
to ot her proce55|n s,.in.the n or oces roup
30 ey be st | af i SoRELsEA0BS (6% KO MANRIT EE S BRC na v AC ePrREE " BrbRk s

to provide fobf gldfldl. expansi on of the dat a processi ng power further '

processing groups may Qﬂ%%g@oﬁﬁyoﬁe'%%%ah g ?U&a9eB¥r%hep%Q9S§ﬁPBHoHQ'ts

1-4. It wll be appreciate rocessin groups nay
al so be arranged 4¢3 duseRo2e ﬁP@haﬁhé°U€§@PﬁBééVﬁrGéégépﬁgS§P6&ﬁ chrgqugh

.Simlar manner. Fh@p%@muab ba@uhh@u@n@bel@b@&&@qe&nzarfaaes ehi afd 24'.
constitute secon %Pt&%ﬁﬁp b ne%n%a Tt access % ané cenhral mb
processi ng unit t& 3BT i ﬁ§§ e CEBRMBA® 5°Fh xéQB.ﬁnﬁenHE g
whol e. EacﬂOpr@dé$mumgegm@mprwss$mMeb &@pdwrandfHDnééﬁéndaapbyspocagesing

data rel evant togitss 4 rt'd?“b?& edolr\ o] r%gpoggnblllty wi t hout causing
excessi ve accesses MAt I'n the data sto dreas’5 of other processing

groups.  Thus the addﬁppéﬁfeptpuﬁtﬁés ﬁafﬁpécé§§|ﬁg pareraret eAulRs
exchange is pOSS&@'%rWWHH@th§Iﬁnbkb©%@&HWeabE@ﬁlﬂ@Q ineepfFhiel aney o6,tha:

existing data pr%pe%Pl %Bthe asynchronous buses 22, 23 which supply

15 and receive address and data'signals by way of 5 volt
~balanced lines 27, 27' to the hardware (for example
switching units) of the telephone exchange (not shown).
" Amplification of the signals on the balanced lines 27, 27!
may be provided by expander units 28 to allow a larger
20 number of hardware units to be addressed by way of the
parallel interface units 26, 26' than would otherwise be
possible by direct connection to "TTL"™ Logic: elements.
Respective parallel-to-serial and serial-to-parallel
interface units referred to herein as serial input/output
'25 interfaces 29, 29' are provided also acce531b1e from the
synchronous buses 22, 23,
The serial input/output interfaces 29, 29' provide
- a data transfer link for connection to'other_processing
groups in the telephone exchange. Each processing group
30 may be similar to the processing group hereinbefore
described although to provide for gradual expansion of
the data processing power further processing groups may
have more or less than four central processing units l-4.
It will be appreciated that other kinds of processing
35 groups may also be arranged to interwork with the described
processing group in a similar manner.
The serial input/output interfaces 29, 29', which
constitute second input/output means, permit access by _
any central processing unit to data which.may
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+ As preV|oust stated the asynchronous buses 22, 23 10 nmust be operated in

-a . acknowl edgi ng node. Accord- ingly each of the asynchronous buses

225 conprises fifty-six lines defined as follows:- 22 lines for .
‘ad ¥SA ng and 1 line for address parity, 16 lines for dat a . and

.1 INpe“for data parity, 15 3 Ijpes for command signals, 9 lines for

request signals, 2 Iines for proce®ed signals and 1 |ine each for bus

request nd bus g g nchronous g i say g2/ ormal |y controlled by u{,ﬁ
20 its ? SPEBPRY °a§§8c?§? nERp&E/ But'Bl eprocéé% rPI8CGASLRBt ransfers
dat a betgroupt he. styhthcapabkebuﬁein&epaddanamy bhecasyiingrdaabas bus 22.

Th i ndi AP : .ocat t which
(he dat st LeYnf PETEEs bEEEICATLY OBhe-bT FERDLHE;B1LLET, BERBLE" L} ¢
hardmareC%%$¥n$n@¥°§ﬁ§kﬁ7 peceseaseWibhinhthgadatar sgpoage aressore

| ocag i ongs @tE§§S§r6@e§§1ﬁggnga§§.as @nfikotRe! a&aitﬂaﬁ ofEeghthard- ware
unit has_,a, u s to ich it will respond. The

n |
vari ous %?B?aﬁgoﬁﬁ§§§nﬁnPPW?EsﬁbﬁﬁlPoggadF§§ égsﬁn%ﬁlﬁoéﬁlgiPocated range
det er m meiltthouwtn 8Dgnifheantty affactingnthbi esfotieheyaddress on the

addresse%*f%glgé é b§?£83g5£353§§“£8°MM|Ch they are respectively

connect an acc I.STIndi cated by the addressed unit by
return of a si aprﬁﬁlﬁﬂélﬁfStabe@rbbeeaSthhsouﬂus5buseheZEesaéct|ve dat a

busio  GiGs®bé Nepereeeedihi goeuily 'Qélcﬁakfédglﬁﬁr%&% L 20CEESopAL the

required, gi é re d% t he other .1 ne 1 ndic g ault on e access,
for exantP&LYn %%B he( gsFRChERNAYA  BUSes Ry y24i EARPRESAAdr ess or t he
data parfiftyssixthineat@defined as foIbewbts request and bus grant |ines of

the two SSYICILONPHS LyEESs88g C8nk 1 1 808" 60280005 %bal By,
16 lines for data and 1 line for data parity,
15 3 lines for command signals,
9 lines for request signals,
2 lines for proceed signals
and 1 line each for bus regquest and bus grant.
The asynchronous bus say 22/normally controlled by

20 its respective assoc1ated input/output processor 18 which
transfers data between fhe.synchronous buses 5 and 6 and
the asynchronous_bus 22. The twenty-two address lines
carry data indicative of the location at which the data
is to be stored or from which data is to be received.

25 Each hardware unit (not shown) is treatedipytthe i 2,
processing arrangements as a storegfbcatfgni o?facﬁqgééggs‘
ware unit has a unique twenty~two bit address to which
it will :espond. - The various storage.units will respond
‘to addresses within an allocated range determined from

30 the most significant bits of the address on the address
lines of the bus(es) 22, 23 to which they are respectively
‘connected. - -

- Completion of an access is indicated by the addressed
unit by réturn_of:a signal on one of the proceed lines of

35 the respective data bus. One of the proceed lines

s



Fespective asynchronous bus, say, 23 fromthe input/ output processor 19 to

tthe backing store controller 24'. If for exanple a | arge anount of dat ~D

to“be trans- 10 ,ferred from one of the bubbl e menory storage bl ock 4%2‘\{l_
ne of

to 4N to one.of the storage bl ocks 10-17 (or vice- versa) the backi
store control 24' causes a signal to be applied to the bus request |
the- databus 23. If no higher priority reggLrenent for the data bus 23

pregent (for exanple fromone of the central pro- 20. cessing units 1-4

addr essi nglgy W@hdqualﬂé% Iwwﬁﬂ&ﬂot&cd@s@aﬁw g:h%% r"eQQ:.t"&ﬂUﬁ/anat put
rocessor r espands a na e_bus a
Backi ng store c %Pr(.’fl a@? %&ﬁyﬁ’%& F 5‘@%’[ &5@&'& BSelat%r ittthgnsgﬁeal
i nput/ out put i naeckass 2®r'@&mmmﬂmamﬂﬁumpau@umiltyd@Eatbs addriesis
eSS 0 Or Ouardieyl it g &e@sd%&arg, Falke p31963060EkS HQvhl
fodes ab f i

The i nput/ out pu ors t he
address rel&ing to a @ﬁnPU@hI@m@e@t EF@#GU§16&§a°§u§@§ §W8nd 6 is

received thell4 NRglyh@Miridmous Qms%%t aTReTERd k% mnmlée bbﬁt}g@ww rc@bet ]

access. -14- at a eSS|n r ement_. f or, in the

control of teIeEﬁﬁﬁﬁﬁ|&3P'3ﬁ§Qé%ﬂ%%%§§ @%ﬁ%?l T hea 1pPl $4|Ity of

dat a proceSS|ngogtpuﬁspﬂmoehsmarﬁﬂltp ¢merameﬂlmgep&mdenbbmtm@ﬂéean24fo a

particular contggl g QQ%iPH P'aﬁﬁg % RS %feagmap bgaggaﬁroce55|ng
a

groups conprises a plur processi ng uni ave access to
data held AR a éﬁé‘m‘sddétrav%mee ofy by babbd ef memoraatséomet blmkéh sai d

gata processi ngu@m % AN T Gn@r Q4P iRt %tmrge mecket ngcqryn]g@&eeaceach
bt output moTRTRR B DAGIIRE e, SoRtI o A FaREB.E SHENEH £ i s
al so connected be appliedcdred thet Husuregue sthildneevifeche dattabusg23.
If no higher priority requirement for the data bus 23
is present (for example from one of the central pro-
20 cessing units 1-4 addressing by way of the input/output
processor 19) the input/output processor 19 responds by
.applying a signal on the bus grant line. The backing
store control 24' now has direct access to either the
serial input/output interface 29' (for transferring
25 data to another processing group) or to send or fetch
data from the storage blocks 10-17. The input/output
processor 19 monitors the data bus 23 so.that if an
address relating'to a unit on one of the synchronous
data buses 5 and 6 is received the input/output pro-
30 cessor 19 may make the appropriate access.




of tAqexespective data transfer nodes of the first.éwmksecnnngglg_ggigs to »
eac &y, and second input/output 15 neans connec to the seco ata -
) 2Ad tob the respective second i nlg_gt/out put neans m&, ﬂ m’ : gt
esst’ng groups,. the arrangeman‘t1 ing such that it ” ﬂata
held in the group data store Of.QQEHEgta processi ng group occlrsSfrem a
data processing unit .of another e 20 data processing groups then —

E T

this request Aloastamrotcessingantangdient fdwe ageects theecomtrial a hel d in ey
that gr - qﬁﬁ I L i d_opne data
processﬁ&%ﬁpﬁ@ﬁﬁﬁﬁt%ﬁﬁgm ng %%whgée?r% {-fg%ﬁi%l %i med in daiml

25 wherRiUraskhf 19F 42t REPRIHLAL nERAKPT Wwhikch pernalipueremate pr ocessi ng

unit. JindepehdEHElPrESESEant €6 ' ANSEFBIduBdr Cbeh ER61 | PeShah &1 Bivberein
Salg%l ut / oyt put, data progessjng . unit transfers data recelveg on the
cecohd Hh¥n MRAFT4P SRCD(OL S 2S84, RITTSS B 18 HEOPPSERTPRESERi 15 whi ch
requested il idsy cof date peocess g dmits reimbélerhavet heceas at pr ocessi ng
units wgn i Sat regl, £1 oL ' r dat .q4... A data
processi ng gﬁgdn_giznneénfifésél a‘?jarr%% %Rné%g?sgn é‘%r“’% %i ?niggﬁlh%?téian sai d

i nput / AKHUC dthikchrInkd siake uprecsssinginsits apd asabdegiedprodatae second .

data bustoryl ghe 6l dOnhdet & 9 Uda it da 64 %.%éasém%ngﬁa_e gisdata -
tr fertos%d mo%)m%astmefr%£0m3M-smd urality of data
pr ocbs SMPRIINE @ seqend sdata Bug, Lin3 b6 RRINPUFPURERRRE as clainmed in
any pregeiimgis|comedioedi to ssatid ffimdt didea bhss cped avikSchnis aysshronous
signal | ] dﬁ . pr | hg arrangenent . éa' d%ln any 5
precedidng clal rrq C’ersealjfl&s%%_ s‘gcﬁ?%@% abrhé @gleﬁt%gfé%g n'h%%/ t?% onous
si gnal lafhgdhmdrespectiver data pramefer mpdes aofectivat fhest|anded in any
second data buses to each other, and second input/output
15 means connected to the second data bus and to the respective
second input/output means of the other data processing
groups, the qrrapgement'being such that if a request for
data held in the gr¢up-data store of one data processing
group occurs from a data processing unit of another. of the
20 data processing groups then this request does not
significantly affect the access time to data held in that
group data store from a data processing unit in said one
data processing group.

2. A data processing arrangement as claimed in Claim 1

25 wherein said first input/output méans is an input/output
data processing unit. '

3. A daté processing arrangement as claimed in Claim -2
wherein said input/output data processing unit transfers
data received on the second data bus to one of said .

30 plurality of data processing uni;s which requested such
data in the manner of data transfer to the data processing
units when data is transferred from éaid group data store.
4, A data processing arrangement as claimed in Claim 2
or Claim 3 wherein said input/output data processing unit

35 transfers data received on the second data bus and dirécted

.to the group data store in the manner of data transfer to
said group data store from one of said plurality of data
processing'units.



precedlng cl ai m wherein said second |nput/out ﬂmrallel '

-serial convérters arranged to convert 10 dat axmmmn‘“mm | 1 el
'}gald“second data bus into serial formfor tranSfeer te the Yespective\seednd

“lnput/output means of the other data processing groups. 8. A data

processi ng arrangenent as claimed in any_gmecedi ng cIa|n1mhere|n a further
data-‘store is provi gd 15 said . further -data store eln accessed by way

of said second dat4 B2 @rocesRing Fr3ASESISN T 25 Faft M&™clained in
any precedi ngrelcaidinghelaiim ahbacmmngaddt313$¢r@ams mm@vmwewatsaldnbacklng

store being §§ﬁ%§§%@o@%‘¥¥§ alneg ond 20 data bus. 10. A data

processing arfangement aim9 wherein an interface circuit
i s provided Betweed Saitd @5@@@@@%ﬂ&n&?%ﬁﬂ$%ﬂ% asy fidesud ndany bus, said

InterfaceSCIb@ubbdbagngla&hawwaielm GaqResdldowd \Walth Y] operfaitest in
i nput / out put _neans t% t ransfer, datg .from said backing store to other
appar at us acB88s8PENE P IOX% 3 éﬁﬁﬁﬁb &€t a bus without further

i ntervention7ef saiAddhbitasipriovesising @utrangementl ks clAigeda ipr acgssi ng
arrangenent 39@%%3% 'c'1>é1§’a5 IR s3] P e¥ch a3 teh YN eBlin§ €nce to

t he accenpanyi ng
¥ is a parallel to serial converters arranged to convert

10 data provided in parallel from a said second data bus
into serial form for transfer to the respective second
input/output means of the other data processing groups.

- 8. A data processing arrangement as claimed in any
. preceding claim wherein a further data store is provided,

15 said further data store being accessed by way of said
second data bus.

9. A data processiﬁg arrangement as claimed in any
preceding claim wherein a backing data store is provided,
said.backing store being accessed by way of said second

20 data bus. '

10. A data processing arrangement as claimed in

Claim 9 wherein an interface circuit is provided between
said backing store and said asynchronous data bus, said
interface circuit being arranged in cooperation with said

25 first input/output means to transfer data from said
backing store to other apparatus accessible by said
asynchronous data bus without further intervention of said
first input/output means.

11. A data processing arrangement substantially as herein-

30 before described with reference to the accompanying
drawing. ]




