The present invention relates to a nethod of recoyerlng a, spgech, paxh of a
tel ephone call. 5 CGenerally it is required for a- teFephone e&change-system
not to disconnect a speech path of an existing (pre-engaged) call in any .
circunstances. However, a nodem exchange system may.:pe restarted in its
entirety fromoccurrence of a systemfailure, due to'its highly conplex 10
structure of hardware and software. In such a case, theggﬁgﬁESbE.gégggqsen1
t hat ‘a subscri ber's speech path engaged in a precedi ng pAON [

di sconnect ed because both the software and the hardware have to be
initialized when restarting the systeml 45 Preferred enbodi nents ef
the present invention a|n1to -rOV|de a nethod of recovering a. pre-engaged
call without di sconnddidlE N & 3 . RECOVERYX restarting a

di gital exchange systen1fron1occurrence of a systemfailure. 20

Accordi ng to another aspect of the present |nvent|on there is provided a

nmet hod of reco DeRGh ) al:b ting a
di gi tal exchan\g@{é ﬁﬁr‘g‘ﬂf rrlgfé?%frhrt‘ggn%eao ww a §?He)i f F@Sére hod
conpri si n%ftah@léﬁm cdil 2 initiali 2| ng aI I har dware and al |

sof tware except for a subscri ber's table buffer of said digital exchange

syst e upon generation of a predeterm ned restarting signal of said system
-2-

Generally it is required for a telephone exchange system' not to
disconnect a speech path of an existing (pre-engaged) call in any

circumstances. However, a modem exchange system may be restarted in its

- entirety from occurrence of a system failure, due to its highly complex
10 structure of hardware and software. In such a case, there may be a problem
that a subscriber's speech path engaged in a. preceding telephone call is
disconnected because both the software and the hardware have to be initialized

when restarting the system.

15 Preferred embodiments of the present invention aim to provide a
method of recovering a pre—engaged call without disconnecting a speech path
of the call upon restarting a digital exchange system from occurrence of a

system failure. (

20 According to another aspect of the present invention, there is provided
a method of recovering a speech path of a pre-engaged call upon restarting a
digital exchange system from occurrence of a system failure, the method

comprising the steps of:

25 initializing all hardware and all software except for a subscriber's table
buffer of said digital exchange system upon generation of a predetermined

restarting signal of said system;



initializing a variable port nunber in t he connunlcatlon congsr ol oftmare
“at a given initial value; generating a unique address fi n «Sai d suBsbrlber S
tabl e buffer 5 corresponding to said variable port nunber; checking
whether or not. a talk bit of a line status word at a position.in sai d -
subscriber's table buf.fer corresponding to said unique address is set, said
line status word indicating the state of said port; 10 obtaining a
subscri ber's port nunber froma |line nunber buffer at a position in said
subscriber's table buffer corresponding to said uni que address and an
opposite subscriber's port nunber from @n-opposite subscriber buffer at a
gjtlon I n said subscriber's table buffer corresponding to said uni que 15
ress if said jdtidlizing asvadiblesport humbenuinbdhe bedmmmunicationn gontrol
subscrlber s port number and said opposite subscriber buffer storing said
opposi te susaftwarecat & given: indtialoealve;and formi ng sai d speech path of said
call by connecting said subscriber's 20 port nunber in said |line nunber
buffer with said opp05|te subscriber's port nunber in said opposite

ncr emont ] ng. ar Bencatihg o SiRde Rafess) BE i RE0RR RO FoBR Butrer

whet hergor gobe I ,W, Is a last nunber and, if not,
perform ng repe s?hgﬁt%%ﬁgt‘}e“g%bﬁﬁaﬁe met hod according to the |nvent|on

other than said initializing steps for a next port

checking whether or not a talk bit of a lin¢ status word at a position'in
said subscriber's table buffer corresponding to said unique address is set, said
line status word indicating the state of said port;
10
obtaining a subscriber's port nmﬁber from a line number buffer at a
position in said subscriber's table buffer corresponding to said uhique address
and an opposite subscriber's port number from an opposite subscriber buffer
at a position in said subscriber's table buffer corresponding to said unique
15  address if said talk bit is set, said line number buffer stonng said subscriber's
port number and said opposnte subscmber buffer stonng sald oppos:te

subscriber’s port number, and

forming said speech path of said call by connecting said subscriber's
20  port number in said line number buffer with said opposite subscriber's port

number in said opposite subscriber buffer.

Such a method may further comprise the step of incrementing oaid

variable port number by a given value and checking wheth_er or not said

25  variable port number is a last number and, if not, performing repeatedly the
steps of the method according to the invention other than sla'id'in'itializing steps

for a next port.
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-3- Preferably, said subscriber's table buffer ;Congrlses-a pl prabidy of
sections corresponding to respective ports and -facheof *%ai ¢ setti ons
conprises said line status word indicating the state of the respective | .
port, said |ine nunber buffer storing said subscriber's port nunber, and.
said opposite 5 setbscri ber buffer storing said opposite subscriber's port
nunber. Preferably, the or each said |line status word conprises an idle

bit, a busy bit, a talk bit and a hold bit. 10 Accordi ng to anot her
aspect of the present invention, there is provided a nmethod of recovering a
speech path of a call in a tel ephone- 3ystem following failure of the

system the nethod conprising the steps of initially storing in a buf f e

t he nunber of Preférably,| said subscribeilertable tbuéfesycomprises 3 plunality ofal |
toget her with the nunber of the opp03| te riper, .conpected tqQ or called
by 15 t %m@%&m V£ PO G‘FAJFF;QF §eeQNSCOMPRASASo| | owi ng

i%l? G BB P R e, W&e Pf%p%% %?&Maﬁn‘éi ffi
t © respw %\?%?\tihgn ?ﬁgdgﬁ?%&ﬁgléyﬂgne sy§fé$naﬁ%\l/| ngﬁ@sg!c?n?roler

rreanss ar rs@bsm:q)m:rsmﬁu saidreppest begs portaiuniber. of the preceding
aspects of the invention. For a etter undersnandlng of the invention, and

to show how t he sanme 25 may be carried into effect, reference will now be
made, by way of exapple, to the a I ng di agrammpatic d S, in
whi ch: Y Y preferat ) ‘the or each said lie s tusgwon? ,rd?whng

busy bit, a talk bit and a hold bit.

10 According to another aspect of the present invention, there is provided
a method of recovering a speech path of a call in a telephone system following
failure of the system, the method comprising the steps of initially storing in a
buffer the number of each calling subscriber of the system on a current call
together with the number of the opposite subscriber connected to or called by

15  the respective subscriber, and upon restarting the system following said failure,
reconnecting each calling subscriber who was on a cument call when the
system failed and whose number is stored in said buffer to the respective
opposite subscriber whose number is stored in said buffer.

20 The invention extends to a telephone system having a control means
arranged to carry outa method according to either of the preceding aspects of

the invention.

For a better understanding of the invention, and to show how the same
25  may be carried into effect, reference will now be made, by way of example,

to the accompanying diagrammatic drawings, in which:



-4~ Figure 1 is a block diagramof one exanple of a system epbodying the

- invention; Figure 2 is a flow chart ‘illustrating an eanplee af opetation of
the 5 system Figure 3Ais a table structure of a call buffer, and Figure
3Bis a structure of a line status word of a call buffer; and 10 : o
Figure 4A is a table structure of comruni cation between port #1 and port
#2, Figure 4B is a table structure of port-#1 being in a busy state, and
Figure 4Cis a table structure of port #1 being in:an idle state. Referring
to Figure 1, there is shown an extension subscriber matching 15 circuit
104 for detecting a hook on/off state.of .an extension subscriber's
t el ephone and supplying a current thereto. A nenory 102 is provided to

actess or recor dFjpaké 2ii8 atilbéek diagrak ofshecttiniple of agystem Antsutlying the
processing unit 101 generates a control signal for allocating a tinme sl ot
-accordi ng tiaventjmgl | i ng i nformation fromthe extension subscriber matching
circuit 104 and 20 accesses the nenory 102. A conplex frequency receiver.
107 converts a dialled signal, froman extension subscriber telephone

connected with the sulscribgr chi. ci,jfcuit 104, .in a diaital .signal,
and transmits itFiEHE ‘%énﬁ?g(m&gggfﬂﬂl&ﬂ?texfmf?leAfStEB_ aé@“f&t(ﬁ%ncy
transm tersﬁf@ngenerat es a DIMF (Dual Tone Miulti Frequency) signal by a
digit data gutput of the 25 central processing unit 101. A switching
circuit 105 connects a speech path of an office line with the extension
subscri ber matching circuit 104 according to a control of the central
processi ng unit Biglire 8A dsfa ¢ablei stmaturecof agcall buffer, 30d Figure (33 ds an
office line of a central tel ephone offi(ieb_- .th t(?e swi t chi ng

structure of a line status word of a call buffer; an

o/ .
10 Figure 4A is a table structure of communication between port #1 and
port #2, Figure 4B is a table structure of port #1 being in a busy state, and -
Figure 4C is a table structure of port #1 being in an idle state.

Referring to Figure 1, there is shown an extension subscriber matching

15 circuit 104 for detecting a hook on/off state of an extension subscribei's

telephone and supplying a current thereto. A memory 102 is provided to

access or record certain data by a given control signal. A -central procéésing

" unit 101 generates a control signal for all‘Ocaﬁng_ a time slot éccording to

signalling information from the extension subscriber matching circuit 104 and

20  accesses the memory 102. A comptex 'ﬁ'equency receiver 107 éonverts, a

dialled signal, from an extension subscriber telephbne éonnected with the

subscriber matching circuit 104, into a digital signal, and transmits it to the
central processing unit 101. A complex frequency transmitter 106 generates -

a DTMF (Dual Tone Multi Frequency) signal by a digit daté 6utput of the

25  central processing unit 101. A switching circuit 105 connects a speech path

of an office line with the extension subscriber matching circuit 104 a_cdording

to a control of the central processing unit 101. An office line métching circuit

103 interfaces an office line of a central telephone office with the Switching.



e ; e ea Al nsahan - LA o e
W .

-5- circuit 105. A tone generator 108 supplles varlbus Jl Ooffes 1,0, anse
extensi on subscriber or an office |ine subscriber PhrdUgh-the SMAtchlng
circuit 105. Wth reference to Figure 2, the system operation conprises the
steps of 5 initializing all hardware and all software except for a cal'l
buffer in case of a-mnor restarting grade, generating an address of a
correspondi ng port nunber for a variable port nunber set by a given val ue
and checki ng whet her or not a busy bit of a line status word is set,
connecting a speech path of a pre- engaged call by detecting a
correspondi ng port nunber in a |ine-Surber and 10 an opposite port nunber
of an opposite subscriber engaged in a call, in the case of. the busy bi¥
bei ng setircuit t305. alA vone tgemerator! 108t supplies varioust tomesttonamizxtenisjon epeat i ng
the steps beginning fromthe second step if the port nunber increased by 1
i s not asubscribener anraffice dinensubscriber thsough the,switching: cirenit 4854 i n t he
third step. 15 Wth reference to Figure 3, a call buffer records

i nformation according to progress of a call and it is allocated to each

t. Ali t 4 bit
R(r)\ri dl e b: tne %%"@#ﬁ%f}@s@%@ﬁ\e@? 9&‘“’3%9? 'S 1 f andI [ ;‘5
1,5 ndhﬁﬁhﬁﬁngrhll Hhﬂvﬁrataad all s6ftwafexcept foPa dallobuffércin éas%tdts of a

busy tone wherein one party hears a busy tone,if the other party hooks on,
and of wninbr restartingigrade; geactating amaddressiof a correspending podt numbent es a
state of comunication with an office line or an _extension line and '1'

i ndi cat eforaa ypriable port mumbesset by asgiven ‘!ﬁlﬁﬂdrﬂl pcking whethsr F M9 a speech
pat h of 2 l‘Pusy bit bt qme statu%n\l:erJ i sea!,t Snfieatidy ‘i ép%ech path of a pre-

engaged call by detecting a corresponding port number in a line number and

o’

10  an opposite port number of an opposite subscriber engaged in a call, in the
case of the busy bit being set in the above step, and detecting a last port
number by repeating the steps beginning from the second step if the port
number increased by 1 is not a last one, after connecting the speech path of
the call in the third step.

15

With reference to Figure 3, a call buffer records information according
to progress of a call and it is allocated to each port. A line status word
indicates a state of a port and comprises 4 bits. An idle bit DO indicates
whether or not a state of a port is idle, and if '1', indicates an idle state. A

20  busy bit D1 indicates a state of a busy tone wherein one party hears a busy
tone if the other party hooks on, and of which '1' indicates a busy tone state.
A talk bit D2 indicates a state of communication with an office line or an
extension line and '1' indicates a speech state. The illustrated system is for .-
recovering a speech path of a pre-engaged call only for a talk state (a

25  completely established call) on restarting a system. A hold bit D3 indicates

" a state of holding and '1' indicates a holding state. A line number (Line No.)
byte is a store for recording a specific number allocated in hardware to cach
port. For example, the line number of port #1 is recorded as 0, the line



25 -~ conpletely establlshed caII) on restartlng a systemm A held bi{ D3
indicates a state of holding and '1' indi.cates..a hefdi ng stated A |lifne

nunber (Line No.) byte is a store for recording a specific nunber allocat ed -
in hardware to -each port. For exanple, the line nunber of port #1 i.s °

recorded as 0, the line - 6- nunber of ‘port #2 is recorded as 1, and the
l'ine nunber of port #N is recorded |ikew se as N-1. An opposite port nunber
engaged in a call is recorded“n an opposite subscrisber byte. In an idle

state, OFF is recorded as the opposite subscriber byte. 5 Wth reference to
Figures 1 through 4, an exanpl e of oper'aﬁi'on of the systemw || now be

descri bed. Cenerall there are inevitable causes for restartl ,Ng a system
It I's a 10 numbesrofp &mmdedasﬂamgd thesline aumbep p@MN hrecorded or
power off-o and a or ,grade v\/n rt| from S stem
failure 0003 ﬂnn]a ?W&‘e e’b?n eﬂ;‘% A step

28 157 IaBbbet B e P reZ{ a?IS?#% 0P8 SpoR s%em. ol o,

2A. After i njybkéfiber Bigedl | hardware in the step 2B and all software in the
step 2C, the step returns to start. If the restarting grade of a systemis
detectedto be the mnor grade in the step 2A, all hardware is initialized
in the step 2D and all software_except for the cgll buffer is initialized
in the step 2E. 2With reference to Figures 1 through 4, an example of operation of the

system will now be described.

Generally, there are inevitable causes for restarting a system. Itis a
10 major grade when restarting a system from power-on reset or power off-on,
and a minor grade when restarting a SYSfem from a system failure occurring

- from a software fault or by using a reset button.

A step 2B is performed in the case of a major grade and a step 2D in
15  case of a minor grade, after checking the restarting 'grade of a system in a step
2A. After initializing all hardware in the step 2B and all software in the step
2C, the step returns to start. If the restarting grade of a system is detected to
be the minor grade in the step 2A, all hardware is initialized in the step 2D
~ and all software except for the call buffer is initialized in the step 2E.
20 ' .

In the step 2F, a variable number of port # N of the call buffer as
shown in Figure 3 is set by '1' and a step 2G is performed. In the step 2G, an
address of the call buffer for a variable number of port # N is generated--and
a step 2H is performed. A step 2L is performed in the case of the talk bit not

25  being set and a step 2I is performed in case of the talk bit being set, after
checking whether or not the talk bit of the line status word (as shown in
Figure 3) is set in the step 2H. The step 2I detects the corresponding port
number in the line number byte of the call buffer and a step 2J is performed.
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In the step 2F, a variable nunber of port # N ofthe call &uffes ass shown
in Figure 3 is set by '1'" and a step 2Gis perfo‘rmed. I*A tRe step-2G an
address of the call buffer for a variable nunber of port # N is generated
and a step 2H is perforned. A step 2L is perforned in the case of 'the talk
bit not 25 bei ng -set and a step 21 is performed in case of the talk bit
bei ng set, after checking whether or not the talk bit of the |ine status
word (as shown in Figure 3) is set in the step 2H The step 21 detects the
correspondi ng port nunber in the line nunber byte of the call buffer and a

step 2J is perforned. -7- In the=skep 2J, an opposite port nunber -
previously engaged in a call is detected fromthe opposite subscriber byte
of the clnthestep2J, amappositecporeanmbeppreviously scalpisaetected

subscriber's gpeech path of the call is _conngcied by the correspaondi ng port
number o?‘%e‘iﬁ ﬁﬂm%éﬂgmql'hg%ﬁgs%%ﬁri’“&“ andn 9. Stepy %lﬁésopposi te
subscri ber .. For .exa apl e, of wFi gur A med,.,f.or the

comuni C§F¢8FP‘ 't gﬁé%@&gw%ﬂ%@@ﬂeﬁnﬂﬁﬁmﬁﬁ s fornmed
for the Lot r n?g} : nibe? ' for the

i dle stathgs%iF portpgﬁqﬁgﬁé?{grﬁt e sgeg%ﬁhg%ﬂ? 'S gﬂné@t%t e step 2K
the Sort niapibiegrof thel 6ppesifecsutiieribet.n Forsegimple, antable ifcPighire i4A 59
performed. The step junps to the step 2Gin the case of a port nunber not

bei ng a fermedfor thg commumicatiombetween port#d andiport# 2,tatabl\ofiFigurepeat s t he

case of ARIsREmed pr the sy sttecot port ¥ 1 35 atable, ot Rlgum 60s Toreede: hod
recovers ed feSidid' 4B%E 3 pArt #'1.' Atr the speech path is connected in the step
2K, the port number is increased by 1 in a step 2L and a step 2M is

10  performed. The step jumps to the step 2G in the case of a port number not
being a last one by checking the port number in the step 2M and repeats the

steps 2G to 2M until detecting the last one, and returns to start in the case of

the last port number.

15 As described above, the method recovers a pre-engaged call without
disconnecting a speech path of the call, especially in the case of 2 minor
restarting grade of a system from any failure occurred on a digital exchange
system so as to secure reliability and improved function of a digital exchange

system.



di sconnecting a speech.path of the call, especially,in the case of a m nor
“restarting grade of a systemfromany failure occurded on g diigital®s *°
exchange systemso as to secure reliability and inproved function of a

di gital exchange system -8- CLAIMS: 1. A nethod of recovering a speech -
path of a pre-engaged call upon restarting a digital exchange system from
occurrence of a systemfailure, the 5 nmet hod conprising the steps of:
initializing all hardware andiall software except for a subscriber's table
buffer of said digital exchange system upon generation of a predeterm ned
restarting signal of said system 10 ipigializing a variable port nunber in
t he; communi cation control software at a given initial value; generating a
uni"que addr £GSA Iyegai d subscriber's table buffer 15 "corresponding to said
vari abl e poTt per; checking whether or not a talk bit of a line status
word at a positiion in said subscriber's table buffer corresponding to said
uni que address is set, said line status word indicating the state of said
port; 20 oblai A nmethozl lof crecbeering rwrspecchripath fofoan pre~engagedhicall mpohier at
a position in said subscriber's table buffer correspgnding to said unique
addr ess restarting a digital exchange system from occurrence of a s.ys%em failure, the

5  method comprising the steps of:

initializing all hardware and all software ekoept for a subscriber's table

buffer of said digital exchange system upon g_eneration of a predetermined

—/
restarting signal of said system,
10 | |
initializing a variable port number in the communication control
software at a given initial value;
generati-ng a unique address in said subscriber's table buffer
15  corresponding to said variable port number; |
checking whether or not a talk bit of a line siatu_s word at a position in
o ‘said subscriber's table buffer corresponding to said unique address is set, said
—

line status word indicating the state of said port;
20 o |
obtaining a subscriber's port number from a line number buffer at a
position in said subscriber's table buffer corresponding to said unique address
and an opposite subscriber's port number from an opposite subscriber b;xffer
at a position in said subscriber's table buffer corresponding to said unique
25  address if said talk bit is set, said line number buffer storing said subscriber's
port number and said opposite subscriber bﬁffer storing said opposite

subscriber's port number; and

AR



and an opposite subscriber’s port nunber frontan.opposrte ﬁpbscrrbe[ buffer
at a position in sdid subscriber's table buffer corrﬁspondrng to® gai d

uni que 25 address if said talk bit is set, said |ine nunber buffer .-
storing said subscriber's port nunber and said.opposite subscri ber buf fer
storing said opposite subscriber's port nunber; and -9 - formng said
speech path of said call by connecting said subscriber's port nunber in
said |ine nunber buffer with said opposite subscriber's port number in said
opposi te subscriber buffer. 5 2. A nmethod as clained in claim 1,

further conprising the step of increnBmting said variable port nunber by

gi ven val ue and checki ng whet her or_ nat sard vari abl e port nunber is a st

nunber and, i fforming said speachopatbmfasaidicalk by conneeting said-subscriberfser t han
sai d initialrzrn S for a nex A net Iarned in
laim 1 CROR e in,pad e Sumbes Hidler wilh said gppos @rsc%?mér
plurality o S espective ports and each of sard
sections O héf@téﬁgaq@%ﬁlgii@@ﬂég ‘{L/'\r'gf% i ndicating the state of the
respective port, said line nunber buffer storing said subscriber's port
nunber, and said opposite subscriber buffer storing said opposrte

subscs i bel! s Aonietiéd aswliimed 4n élaimt Nocfuather | comprising e step of cl ai ns
1-3, wherein the or each said |line status word conprises an idle bit, a

busy bi t mammcmmgm ivariableqpast sumbepby a given valunﬂndshednngmm ng a

speech path of a atele ong sy temf owrn far ure of. the

Syt em "9t nat ehid Sarnble: Bost quiThBeC . B2iast TuD performin
repeatedly the steps of claim 1 other than said mmahzmg steps for a next port.

10 3. A method as claimed in claim 1 or claim 2, wherein said subscriber's table
buffer comprises a plurality of sections corresponding to respective ports and
each of said sections comprises said line status word indicating the state of the
respective port, said line number buffer storing said subscriber's port number,
and said opposite subscriber buffer storing said opposite subscriber's port

15  number.

4. A method as claimed in any one of claims 1-3, wherein the or each said
line status word comprises an idle bit, a busy bit, a talk bit and a hold bit.

20 5. A method of recovering a speech path of a call in a telephone system
following failure of the system, the method comprising the steps of initially
storing in a buffer the number of each calling subscriber of the System on a
current call together with the number of the opposite subscriber connected to
or called by the respective subscriber, and upon restarting the system following

25  said failure, reconnecting each calling subscriber who was on a current call
when the system failed and whose number is stored in said buffer to the
respective opposite subscriber whose number is stored in said buffer.

HII|I|I |||I|| IIIII ||I|I || |I||



'storing in a buffer the nunber of each calllng subgcrrber of.the systen1on
a current call together with the nunber of the oppbsite sabseri bers ¢ *
connected to or called by the respective subscriber, and upon restarting
the systemfollowng 25 said failure, reconnecting each calling
‘'subscri ber who was on..a current call when the systemfail ed and whose
nunber is stored in said buffer to the respective opposite subscriber whose
nunber is stored in said buffer. - 10- 6. A net hod of recovering a
speech path of a call in a telephone systen1fo||omnng failure of the
system the method being substantial |y 1@-~herei nbefore described with
reference to Figure 2 or to Figures 2 to 4C of the acconpanying draw ngs. 5
7. A t el éghhoneA suethed dfarecovering @ h patinef arcalinigeal télepkone systeth a
met hod according to any of the preceding clains

following failure of the system, the method bemg substantially as hereinbefore

i

described with reference to Figure 2 or to Figures 2 to 4C of the

accompanying drawings.

7. A telephone system having a control means arranged to carry out a

method according to any of the preceding claims.

A



