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CUSTOVER QUEUI NG ARRANGEMENT The present invention relates to
s a custonmer queuing arrangenent and nore particularly to such an

arrangenment for use in providing telecommunications 5 s |

Many or gani¥PBA¥ such as mail order conpanies, banks, ?é%gﬁﬁﬁmﬂno

conpani es, information providers and energency service providers have many

nmore tel ephone access |lines than they Rave operators available to handle

calls. This is a nore efficient way of handling tel ephone access

requirenments since 10 operators are not idle while awaiting the next

incom ng call as woul d be Sdsdiidiiptl! naldagh of operators and

nunber of lines were equal. Further, at peak tines, custoners calling

the service do not have to re-dial when lines are particularly busy.

It has becone cudP®rRiesent dpvention felding: 1o aFHSIRMI GUesing: amanasmsntiendp 15
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that they are, connected to an appropriate service centre. Usually a

message %s $ratfSnitted such as "Please hold the line. You are held in a

queue. One of oumMaApeloRfaRisatidng | SUBAS\EE! mail offeW! cEMbaniddS BARNE, AfepaffSSi bl e.”

Musi ¢ or other entertai nnent ma,x be provi ded . )
companies, information providers and emergency service providers have many

more telephone access lines than they have operators available to handle calls.
This is a more efficient way of handling telephone access requirements since

10 operators are not idle while awaiting the next incoming call as would be the case if
the number of operators and number of lines were equal. Further, at peak times,
customers calling the service do not have to re-dial when lines are particularly
busy. ' '

it has become customary for an automated answering system to pick up

15 calls after a short period of ringing in order to re-assure the customer that they are
connected to an appropriate service centre. Usually a message is transmitted such
as “Please hold the line. You are held in a queue. One of our operators will answer
your call as soon as possible.” Music or other entertainment may be provided
subsequent to the message or ring tone re-instated. After a period, often around

20 one minute, the message is repeated or another message is transmitted.

Some companies, notably in the United States of America, have
introduced a “telephone radio show” in which customers joining a tele-sales gueue
are entertained by a disc jockey or comedian who periodically advises on the
length of the queue and indicates the overall waiting time based on the duration of

25 the wait experienced by the most recently answered caller.

Such systems are helpful in avoiding lost calls to the destination but can
lead to customer frustration if the wait is lengthy and the same message is
repeated. This may result in lost business if the customer hangs up before being
passed to an operator and subsequentiy calls again thus rejoining the queue.

30 The present invention seeks to overcome some of the above problems by
providing a cail queuing system in which the information provided is more

specifically tailored to each customer’s position in the queue.
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ﬁ&ﬁmally allocating each customer in the gueue to one of the series of times
whereby the approximate waiting time for each customer may be determined.

A preferred method of the invention comprises estimating an approximate
time for which a designated customer in a queue of customers may be required to
wait for a server comprising the steps of determining the number of customers (N)
in the queue to be served before the désignated customer, calculating the average
handling time for each of a plurality of servers to handle a customer connection to
provide a mean service time {S), and multiplying the number of customers N by the
mean service time S and dividing by the number of active servers (n) to obtain a
wait time (W). _

Preferably the calculated wait time W also includes an estimate of the
period at which the next server will become available. A further improvement of
the calculated wait time may be obtained by comparing previously calculhted wait
times with actual wait times to derive a weighting factor adjustment for use in
subsequent calculations of wait times. '

Additionally, where customers may fall into differing categories a
respective mean service time may be determined for each of such categories-and
used in the calculation of wait time.

According to a second aspect of the invention there is provided a call
queuing system comprising switch means having a plurality of input ports for
connection to incoming telephone lines, a plurality of primary output ports for
connection to telephone handling servers, control means responsive to calls on the
input ports to selectively effect connections through the switch means to one the
output ports, the control means also being arranged to determine which, if any, of

the output ports is not currently connected to an input port and to effect
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servers such that the calculated times may reflect variations in the speed of call

handling by each operator.

The system may be arranged to store data defining the time of arrival of

each call, the calculated wait time at the time of arrival and the actual time of

20 connection of the call whereby a weighting factor based on the difference between
the calculated and actual wait times may be applied to subsequently connected
calls.

Where groups of input ports are allocated to differént telephone numbers
each of which may indicate a particular customer service requirement the

25 calculation may include differing service times for each category of customer
and/or for each telephone handling server.

A feature of the invention utilises historic records of caller activity to
estimate potential waiting times taking into account expected stimuli or other
predetermined factors.

30 Expected stimuli may include broadcast or published advertising, holiday or
festival dates and the like.

Predetermined factors may include operator shift changes or breaks, an

increase or decrease in the number of operators available and time-dependent
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Flgure 4 shows the calculate waiting time macro function of Figure 3b;
Figure 6 shows the calculate performance adjustment macro of Figure 3b;
Figure 6 shows the calculate handling time macro of Figure 3; and
Figure 7 shows a block schematic diagram of an adaptation of the PSTN
16 incorporating the customer queuing arrangement.
- Referring first to Figure 1 the arrangement essentially comprises a switch
1 having a multiplicity of input ports 2 for connection to incoming telephony
traffic, for example for connection to the Public Switched Telephone Network
(PSTN). A group of output ports 3 are arranged for connection to a number of
20 telephony servers for example telephone operators. A further port 4 is connected
to a voice announcement system 5 and one or more ports 6 are connected to an
entertainment facility, for example music on hold 7.
The connection through the switching system 1 is under the control of a
store programmed controlled processor 8 which has access to a data store 9 the
25 contents of which will be described hereinafter.
The switching system 1 is arranged to selectively connect individual ports
2 to output ports 3, 4 and 6 under the contro! of the processor 8. Whenever a call
is incoming to the system on the input ports 2, provided there is a server 3 free
the system processor 8 will cause the connection of the respective port 2 to the
30 respective free port 3. First referring also to Figures 2 and 3, when an incoming
call is received on any one of the incoming ports 2, the system processor at step
100 determines whether pointers {not shown) indicating the head of the queue and
end of queue respectively in a queue table (table 1) of the data storage system 9,
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incoming cali on the input port 2 to an appropriate port 3 at step 120. The call

through the system is now under the control of the operator on the output port 3

and/or the caller on the input port 2 in the normal manner for handling of telephone
10 calls through a telephony switch.

Having connected the caller to a server the svsterﬁ now identifies the
category of incoming call (type} on the basis of the port 2 to which the call was
first connected. Considering this identitication further, it may be assumed that
each of the ports 2 is allocated to one of a plurality of PSTN telephone numbers.

15 Several ports may be associated with the same telephone number. However, the
tefephone number may indicate whether the call is to an order line for example or
to a customer enquiry line. Alternatively, where a bureau is handling calls for
several principles the telephone number may indicate the principle type of call. In a
further development, the queuing system processor méy use incoming line

20 identification as provided by some system operators to facilitate the categorisation
of calls.

Having determined the call type at step 125 the server stores the
information to a particular server as shown in table 2. Thus referring to table 2
also, each server attached to the port 3 is allocated an entry in the table. Thus the

25 destination port number for each server is represented in the left hand column and
at step 130 the “real time” at which a call directed to the server is held in column
2 “LAST START". The type of call as identified at step 125 is also stored.
Referring back to Figure 3 at step 135 the typical handiing time of a call of a

- designated type is obtained from data table 4 and by use of the actual start time

30 and the handling time an expected clear time can be entered into column 5 at step
140. in respect of any particular call step 145 “wait for end of call” now applies.

Returning now to the first step of handling an incoming call when at step

100 the head of queue is not equal to the end of queue thus indicating that one or



Figure 1 is a schematic diagramof the call queuing arrangenent;

Figure 2 is a schematic diagramof the data tables used by the

arrangenent in Figure 1; Figures 3a and b forma flow chart

> showi ng the handling of an incomng 10 call by the processors of Figure 1;

Figure 4 Shmg’bﬁﬁ gCalculate waiting time macro function QicritKbshsseb;
Figure 5 sh e cal cul ate performance adjustment macro of Figure 3b;

Figure 6 shows the calculate handling tinme macro of Figure 3; and
Figure 7 shows a bl ock schematic di agradn of an adaptation of the PSTN 15
i ncorporating the customer queuing arrangement. Referring first
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interrupt this may be mdicatwe of one of a number of events. One such event as
15 determined at step 175 is that a server on one of the ports 3 becomes active as
frde. if this is the case, at step 180 the processor 8 determines the head of queue
from the head of queue pointer and at step 185 updates a further data table, table
3. The method of updating the data table is to remove from table 3 the oldest
indication of estimated wait and actual wait and replace it with the estimated wait
20 from tabie 1 in respect of the caller now to be connected and the actual wait
endured by that caller on the basis of the time of arrival of the call and the
connection time. This data enables a performance adjustment to be carried out be
a macro function {hereinafter described) step 190. The identified caller following
updating the head of queue pointer (step not shown) is now connected at step 115
25 as hereinbefore described.
If at step 175 the system determines that there is no server free the
interrupt may have arisen because a beriodic timer, or real time indicator, shows
that the period since notice was last given to the caller as indicated in table 1 has
exceeded a predetermined period also. If this should occur the calculate wait time
30 macro function runs at step 195.
Other events which may cause an event interrupt may include additional

servers coming on line or a change of server pattern or shift.
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call or a single input type is identifiable then only a “single column” data table is

required for each server or system.

Having stored the handling time the processor 8 may calculate the

handling time at step 205. If the server remains active as indicated at step 210
15 then at step 215 a “server free” interrupt is provided to cause the next queuing

call to move into step 170. Assuming that the server has decided not to handle

further calls as determined at step 210 then table 2 is updated at step 215 by

clearing the active indicator and until such time as the server again becomes active

further action to connect input port 2 to output port 3 for the respective server will
20 not occur.

Considering the calculate wait time macro function as used in steps 115
and 195 of Figure 3 with reference to Figure 4 the current customer location in
table 1 is marked (step 300) and using the head of queue pointer at step 305 the
number of customers ahead of the current customer location in queue and their call

25 type is determined from table 1 and accuniulated at step 310. For each type of
call {referred to as TX) the average serving time (S av) is obtained from data table
4 and multiplied by the respective number of customers ahead in the queue NX.
To obtain the expected éervice time {Sx) tor each of the types.
Using table 2 the number of active servers on the ports 3 is determined at
30 step 320 to provide a figure {n). Also from table 2 the expected clear time of the
next server anticipated to clear can be obtained thereby obtaining a clear time (tc)
from which at step 330 an anticipated wait time W can be calculated as the sum -

of all of the expected service times Sx divided by the number of active servers (n)
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Having calculated the wait time W the processor 8 causes the input port 2
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tinehe system 5. Thus the voice announcement system when connected to the
caller may carry an announcement such as “you are currently held in a queue and
it is expected that én operator will answer your call in “W” minutes/seconds”.

In dependence upon the point at which the calculate wait time macro was
entered then the processor 8 returns either to await any further event interrupt or
to storing the estimated wait time at step 160.

As has been previous noted as each call is cleared at step 145 the time

taken to handle the call is substituted for the oldest time to handle held in table 4

for the respective call type. This enables calculation by the macro 205 of the

average handling time for the last “n" calls of specific type. Thus referring to

Figure 6, the macro totals all the handling times for the last N calls of the particular

type {if more than one) at step 350. By dividing this at step 355 by the number of
calls involved the average handling time of S av can be stored in table 4 in respect
of the particular ca.il type. As has been previously indicated this figure is used in
the calculation of wait time. Because the handling time is constantly being
updaied by replacing the oldest piece of data by the latest piece of data then
variations of performance over a period of time can be taken into account by the
system so that the wait figure received by a caller on the input port 2 fairly
accurately reflects current performance of the servers on the output port 3. As
previously noted there may be a number of tables carrying server performance in
respect of the call types. In general an average of each call type across all servers
is calculated for use as S av in the calculation of wait times. However, in respect
of expected clear time stored in table 2 it may applicable to have an S av
calculation in respect of each of the servers.

Turning now to Figure 5, to seek to0 make the best possible calculation of

the wait time estimate (W) table 3 is used and each time a caller is connected to a



5 caller at one of the locations 1-n in terns of the input port 2 on which

the call has arrived. In other_colums the "real tine"—at—whieh—the
Tatt—arrived together with - the call type as hereinbefore described with
_reference to step 125 are stored. A calculate wait tinme macro function
155 is now run in the processor 8 as herei nafter described and the
estimated Waigorhsi¥g and the time at which the 10 estinat ETGBWORYL sent
to the caller on input 2 is stored at step 160 respectively in the

notice and estimte colums of the data_table 1. As indicated at step 165
in respective of a particular call the ﬁrocessor now waits for a free
server. Moving on to Figure 3b, if during the wait for a free server

the process@pndr b ¢5d ¥GpufB at step TIE péridrinahbe adjustynebe as BHowaltin Figua 5one of
er.m.n 175 i.s,that a

a nunber of events. One such event as 15  det at.. ste
server on offec¥tied p. p'UT“F§°'Beﬂ5’éc9gﬁ'é%E'§fcfﬁ' vePnggetions qﬁ? E%tfmﬁtfgt“ﬁftspe’l"gdt he
ﬁasg ?t st @ sdBfheli R sﬂéggﬂee%ﬂ the Cetueal Waitegerlol ds lvalrdlatdd threthe same Mrom t he
ead of queue pointer an ep,. 185 updat es further data ,._ table
5" The. met nGanACHaRRAL 78 40fe TR drteRprLERieEs LR SSPyfeR BREWE i .o
'?lthStt' 5t 'a(rj‘rﬂéé‘@gé %tr@;aaﬁéliﬁmblﬁﬁhfa_aidf tﬁéldst&ﬁétll?lsyuéni andidt s@plAEait with
e estimated wait . rom tabl e In respect of the caller now to. be
connect ed a/fgtarmination gs fo Whether the system E&"EW Yrler E%Taetf"go(ﬁe taﬁté'\gb‘gg'it s of
theblti me of tiid isvérrigd§ odthanaiapéndancke upan this partonmentd tastdrifMes uddd s that a
enabl es a perfornmance adj ustne Q car e ed. o {RCH nction
(her ei naft erca['fé’é&‘* Y"Bgéﬁmés?'gf)mfgb.btefﬁ@%daaghtﬁggg'db%aﬁggrat 'SP ovi n% ot
updat ilng t h&thﬁsﬁthm’\ 1qhetiis wosaytthe wait tipertotbeditoadepst tequives toobmelkarted at
step 115,25 as herei nbefore. d A - tep 175 the
system déﬁer‘?‘fi‘%@é" 9" 153F % %ﬁ%ghggﬁ\a/%cfr pregter thap 11s Jbt%?%rrgpt may have
ari sen because a pdthbaghi g steprrerimitovariations inithe valuelof Bthas not hegnsshown itt hat

Lhe Der i 00 i fiok, AableEhalttal 3 indy Ko b 'SRk 125 EACRE Bt k0 Labl e

1 has exceede ermned period also. If this should occur the
cal cul at e wedppraaches 880 neemendmenttaf she purrent gerfarmapee tagtor P is carried out.  (y ey

events whi ch may GRESEIATbIE Bhovkh ireSted s 15TMd 420! Mep badgiiehodePendent
servers comng on l1ne or a change of server pattern or shift.

15 and is determined by the operator on installation or subsequently.

It is noted that once a customer has received a call answer by virtue of
connection to the voice announcement system 5 on clearance from the voice
announcement the input port 2 may be connected to an output port 6 which
provides some form of entertainment for example music on hold.

20 While as hereinbefore described the system is for a stand alone use with a
muitiplicity of exchange lines incoming to a limited number of operators, it will be
appreciated that the system can be applied to a much larger network, for example
the public switched network as shown in Figure 7. Thus referring now to Figure 7
the control system 28 may be incorporated as a platform on an intelligent network

25 of the kind comprising a multiplicity of fully interconnected digital switching units
here represented by digital main switching units 29 and 30. Each of the digital
main switching units is connected to a number of local switches 31 by trunks 32
for providing service to lines to customer premises 33, 34, and 35. A network
management system 40 controls the connection of the network. Interconnections

30 between the MSUs may be as a resuit of data signalling using a specific data
channel of time division muitiplex linking through the digital network. This will

usually use protocols such as that described in respect of C 7 signalling.
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Once a call is in progress i.e. there is connection between an input port 2
: ﬁnd a server output 3 the processor 8 awaits an indication that the call

as term nated and once the call is term nated proceed gl&g! #00 to
det erm ne frms'lll§l3§he start tine as indicated in table 2 M}thﬁe current
time the actual tinme taken to 5 handle the specific call. Thi s

info_rrr;ation is stored in a further datatpable, table 4, in respect of the
specific type of call as indicated in table 2 erasing the ol dest data in
respect of t hat partlcul ar caII t t he av ege of . douht it is

here noted that ta¥ve far examplg,if a0 o ﬁ?’é‘ﬂ‘ F‘B? ae&t"ﬁ' §'eP ines 33,49 % i ons
i n i ndi vi duadpergtbrseinen haans lidie tREUPSTINt dusidinerdrfer eRample atiodeOchimetriders | Nt 0

acc t. It I ted th I
Thput type. 118 NG FHETRY e RARnEEY agrosy FireswR e whem<re et he fe O ©

required f 0r353®6$br6ﬁﬂ66 afd aet)&&t eim this case, when a digitaV uniy recteﬁvee(ﬂaté‘lfrohﬁndl i ng
time the processor

h
the server® rBRdPsR S‘A'EF'P &3 I °7tH‘8| t@ﬁ% %guﬁng?g’ggﬁiapit 'F'r}%ﬁ%% ’éise‘g?"ég a'-215 a
rns)\e/rev|ernt ]:)I’ gtee urhbdr6F o of theDlingyi3bcthehahe quadnd bentrod siystegmeplatiagrm 28 ntagd | t O

further call E Zgﬂ A?frﬁtg’tr‘lr]e{]i’%éﬂop§Yséﬁm2%%%ﬁ1é?rfe{v5§Iaé‘ '?dggt('jﬂgggt&% 8?%9{ gp 215

by bcl ear pNBU Be datd tivnklsthatas dreeding ininbé kergercgroup lie availabla cthere theer
agal n econes act,jve rt.h
port 3 for t Retwog lg B}?Et‘ﬁ,a“l*' Pvag{co%ﬁ'{g'yogndt the il @%Ichb@ QHéugn%ém %hé ?ocgi"t put

10 switch 31 through the DMSUs to the local switch on which lines 35 exist and no
further action, other than possibly to monitor for clearance as hereinbefore
described for the purpose of calculating handling times will be required by the
platform 28. However, if none of the lines 35 is currently free then the cailer on
line 33 may be locally connected to a voice announcement system 37 with the

15 network control system providing periodic switching e.g. music on hold and voice
announcement, with the expected wait being calculated and forwarded across the
data side of the network. In this way the capacity of the public switched network
is not used unless the calt can be connected to the server group on one of the lines
35. Once one of the lines 35 becomes free the call queuing platform 28 may

20 cause the system to set up the connection from the line 33 through the network to
line 35 in a known manner. While a specific method of calculation of the
estimated wait time has'been described herein, another method of determining an
.expected wait time is to create a tabie of expected clear times in respect of each
server which may be present (referring again to Figure 1) on the output ports 3.

25 Thus table 2 carries an expected clear time based on the last start time and the
type of call. Thus a table of types can be used to allocate each caller in the queue
of table 1 on a nominal basis and by an iterative process determine the expected
connect time for all subsequent callers in the gueue.

The expected connect time may then be provided to the voice

30 announcement system in the same manner as for “W".

While not specifically described herein, it will be noted that the system
then responds specifically to variations in call dropout rate {that is callers who

release from input ports prior to connection to a operator).



20 not occur. Consi dering the calculate wait time nmacro
function as used in steps 115 and 195 of Figure 3 wth reference—to
Frgure 4 the current customer location in table 1 is marked (step 300)
~and using the head of queue pointer at step 305 the nunber of custoners
ahead of the current custoner |ocation in queue and their call 25 type is
det erm ned k@3pl e 1 and accunul ated at step 310. For @GE/GBIYPAS2GLT

call (referred to as TX) the average serving tinme (S av) is obtained from
data table 4 and nultiplied by the_respective nunber of custoners ahead
I n the queue NX To obtain the expé&t ed service tinme (Sx) for each of

t he types. Using table 2 the nunber of active servers on the
ports 3 is det er raumher, 2he Sstemtrhdy B Pretprogriamviedchyatiel qperator With tibiags f rom
table 2 the exg_ected cl ear . tine of %he next server anti 'i%aﬁte to clear
can be obt a¥t¥BICR SEVERR B ion Af l§8ve,the nexpork; sgrver pog!. for e"FP‘Bfﬁ TRt step
330 an ant i faicfoaé e6bh\ed deaborab valiatians inay baltakendttecacasurithe sum of all of
%egsi(ggiggd Servh"\ Caeft}r{hrgrasde\?e oéjnlté/r{tfj (t:‘\lge sttémhemanyu eearrra(r)\fged’;1 % Ic\élecx.llsa&-:r ¥h%r s (n)

PCT/ GB96/50 2&igfécted waiting time W using more than one of the methods described pBeviously N nus
the expect eglo %Laeta{niﬁslin? ﬂ?ee rﬂeﬂgrrlgé[n% ’ aclj&tr%{arqtei’ tar(\)d nr%%:%a%i#& thé lecsglmaagelcp ns

waiting time with the latest waiting time for each method of caiculation, the most

accurate current estimation method may be used.
Further factors which may be taken into account in the calculation of P or
10 in considering the weighting factor may be based upon historic records of calling
patterns, weighting factors and performance accuracy for a corresponding period,
for example at the same time of day on the same day of the preceding week or
month or year.
The system may also be responsive to operator input of anticipated
15 advertising times, mail shots of pres# advertisements to determine the expected
response and to modify performance adjustment accordingly.
Other factors, including anticipated shift changes, closure of other server
centres and the like may also be taken into account.
The system may also be used to predict server requirements by utilising
20 historic records in combination with the waiting calculation methods so that by
determining a simulated calling pattern the number of servers required to bound the
estimated wait period may be estimated. Such information may be used by a
service provider to vary the operation relation_ship pattern of the servers in use.
The system may be used to provide information to the operator for
25 example by setting a thfeshold for a maximum permissible wait time such that if in
the first calculation of wait time as indicated at 155 of Figure 3a the anticipated
wait time exceeds the predetermined threshold a supervisor position is notified.
Further, the calculate wait time macro of Figure 4 may be amended such
that after the calculation of the wait (w) at step 330 the value of w is compared
30 with a number of thresholds and, in dependence upon the length of wait the
message to be provided by the voice announcement is varied.
| Thus the expected wait exceeds or is close to a near maximum threshold

the announcement may advise the customer to disconnect and call at a later period



slightly nore accurate a performance adjustnent factor P may al so be
~applied to the calecwtated wait tinme W Havi ng cal cul at ed
the.wait time Wthe processor 8 causes the input port 2 5 on which the
.current custoner is connected to be connected to the output port 4 to
t he voi ce anpqun nt system5 and at the sane tine passe bl €
derived frorﬁv&ﬂ'f‘ﬁg i's %/he estimated wait tine for tﬁe cu??gﬁtﬁgs?:dgﬁder) to
be passed to the system 5. Thus the voi ce announcenent system when
connected to the caller may carry am2announcenent such as "you are
currently held in a queue and 10 it is expected that an operator wll

answer your nG" Wi S dg’ . I ependence upon

t he poi nt atﬁ@/]l'#u(t: Hn?'ﬁt\g{gca a?:mrhgt éﬁ\%‘:‘?{} ??er?esoriac.lr-hé’ swé:gnnec%orgr{ﬁ%\f 2’8 %hén the
processor 8 paetiauanvoizietdmapuricemantiat stap\33buott figure dvwhichipnévidesugpimessage (O
storing the i i i t. st o As has bee

ot evi ous. noran a8 kEE p¥irehRefin B ofBuf 804 it s gpectgngt 4F BRegR,
handl e t he cake approximately {156t mighufesrtot answer srewrt calli n¥ot ondyawidhetohdéat and t abl e
4 for gt henasPRed Wi nc%{rI“ngy‘gﬁl.be'liP;ssbLEqul es cal culation by the macro
205 of the average handling tine tor the last "n" calls of specific
type. Thus ref erriWhere the wait |5 gherter r a wait ptibstween poe snditwo trimutesathehi ng
times for t I t j i re t one) at
Step 350, By aihaey el be pRabEhlhe e vou sieitfs byl She SPRTCT) o
t he aver age dreripisiwjll mpsiserofouscail,within aperoxinateld w seconlse 4 in respect

of the particular call type. As has been previously indicated this figure
is used in the calculation of wait tine. Because the handling tine is
constantly being updat ed by replacing the ol dest piece of data by the
| at est pi ece of data then vari ations of performance over a period of
time can be taken into account by the 25 systemso that the wait figure
received by a caller on the input port 2 fairly accurately reflects
current performance of the servers-on the output port 3. As previ ously
noted there may be a nunber of tables carrying server performance in
respect of the call types. In general an average of each call type across
all servers is calculated for use as S av in the calculation of wait
times. However, in respect 30 of expected clear tinme stored in table 2 it
may applicable to have an S av cal culation in respect of each of the
servers. Turning now to Figure 5, to seek to make the best
possi bl e cal cul ati on of the wait tinme estimate (W table 3 is used and
each time a caller is connected to a
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T {he output 3 at step 190 per_f.ormance adj ust ment.. as shown in Fi gure 5
Jis carried out. Thus for each of tuﬂmﬁmn ll MECUOHS the esti nated
wait period I's sumred at step wait period is

cal cul at ed {y@y9rnkmesame N connect ons at step 405. THRETEHBS2\ce
between the two calculations [err] is 5 a neasure of the actual
performance of the estimting system ang,at step 410 a determ nation as
to whether the systemis over or under timating the actual wait tinme

is carried out. In dependence upon this performance factor P as used in the
calculate wait time macro can be arri GRAIM8 . Thus in one case at step 415 P
Is set at less than 1 that is to say the wait tine to be broadcast
requires to be shorter 10 where in the other case at step 420 a factor
greater tham.l islrobs acustomer queuing arrangdnddndu@h raetbedpot cestimatingvani at i ons

in the val ue of 0 t P may
be bounded $# "8??"{’%‘;1? %'lnpe E h ? %Pgrﬂeii?)a qU\%J" L“&oac gﬁ%e?{)ﬁ%g fat@}lf?réndrrent
of the cusr aetvepepfmnsramahe ’steoscvrf datermmm theepbsmqn of each customer ifiltheval ue

of "f" Shomquieﬂe,saqur%\irﬁié fglngaé}\zgf Wuaﬁtysyfsgcqmewg%maverage time to
handle a customer, determining from the start time at which each active server

last connected with a current customer the anticipated time at which such server

will become available to obtain a series of times of antici'pated availability of active

10 servers and nominally allocating each customer in the queue to one of the series of

times whereby the approximate waiting time for each customer may be

determined.

2. A method of estimating an approximate time for which a designated
15 customer in a queue of customers may be required to wait for a server comprising

the steps of determining the number of customers (N) in the queue to be served

before the designated customer, calculating the average handling time for each of

a plurality of servers to handle a customer connection to provide a mean service

time (S), and multiplying the number of customers N by the mean service time S
20 and dividing by the number of active servers {n} to obtain a wait time {W).

3. A method of estimating an approximate time as claimed in claim 2 further
characterised by estimating the approximate time pericd [R] until one of the

servers is next expected to be free such that

25 W=NxS +R
n
4, A method of estimating an approximate time as claimed in claim 3 further

characterised by determining for each of a number of previous customer
connections the difference between an originally estimated waiting time {W1) and
30 an actual waiting time (W2) to provide a weighting factor (P} relating to actual
performance and adjusting the wait time such that
W ={NxS + R} xP

n



15 and is determined by the operator on installation or subsequently.

It is noted that once a-eustoner lved a call answer by virtue of
connection to the voi ce announcenent system5 on cl earance fromthe voice

announcenent the input port 2 my“lﬁ'ﬁmnmmu“man out put port 6 which
provi des sone form of entertai nmehd fisi c on ho*,‘gﬁ fSsmas20
Wil e as her SVOBUINIIG described thé sYstem"isSfof a stand al GHECUNE AN th a

multiplicity of exchange lines inconmng to a |limted nunber of operators,

it will be appreci ated that the systesn can be applied to a nuch | arger
network, for exanple the public switched network as shown in Figure 7.
Thus referring nowto Figure 7 the control system 28 may be

i ncorporated as a platformon an intelligent network 25 of the kind
conpri sing a sl ti plrethby odbstiriating dnndppraximate tindasidigiviedlin sMirt 2NERRN NI t S

h - - | - . - - - 2 ] E h f h
oo C S e, e e e V. ARRIRDE B 3o GHpRMeD oY DpaFted
swi t ches 31 lepstomenlcatediory, deterfriviing tbe indinbgr SE rcustomets (N1,N@SetkQ i UsdcRNET -
prem ses 33,

onneot  onSofo o8RG B RSeEr PR - the, TS St o SAHEMBLE P be o
a result of daswmer gawgbiyngmesn servicesjra (51,82 dtttlaand substitwtinggN12S1}i 1
usuat 1y use AravEREl & sulst ORSTHERe AR B B, T coneci of C 7 signalling.
WO 97/ 15136
PCT/ GB96/ 0252& A call queuing system comprising switch means having a pjh(x)rality of input
10 ports for connection to incoming telephone lines, a plurality of primary output ports
for connection to telephone handling servers, control means responsive to calls on
the input ports to selectively effect connections through the switch means to one
the output ports, the control means also being arranged to determine which, if any,
of the output ports is not currently connected to an input port and to effect
15 connections sequentially to the output ports, the switch means further having at
least one secondary output port to which calls arriving at the input ports are
switched if none of the primary output ports are available, said secondary output
port{s} being connected t0 an announcement system arranged to transmit a
message to calling customers {unanswered customers), characterised in that the
20 control means allocates each unanswered customer to the next position in a
queue, calculates an approximate time for which the customef may be expected to
wait prior to connection to a telephone handiing server and causes voice

announcement means to transmit the calculated time to the customer.

25 7. A call queuing system as claimed in claim 6 further characterised in that
the control means calculates an approximate time from service data defining the
average service time for each of a multiplicity of previously connected calls, server
data defining the number of servers currently in operation and the number of
customers in the queue ahead of the customer currently connected to the voice

30 announcement means.



Now for exanple if an organi sation has a nunmber of lines 35 to its
operators then calls fromthe PS anpl e those connected to
|Tes 33 and 34 nmay be connected across the network only when one of the

| i nes 35 becones free and act:“ﬂl“lllﬂ““ﬁlﬂﬂml.' when a digital unit
receives data from 5 the |ocal swi g that a customer on one

of the lineswagohiiagdi al | ed a numSer “f of ohe of the |i NeCI/GBYSOREA t he
gueui ng control system platform 28 may be notified. If the control
system 28 has received an indication by y of the DVBU 32 data

channels that a free line in the server oup is available then the
network may be notified accordingly and the call sw tched though fromthe
| ocal 10 switgh 31 A baiDgeduirnighsystiviblds dizimedién tleitml7 fanhéc Ehavactedisediin Ithates 35
exi st and no further ti ot her than .possi bl o] ni.tor for

cl earance as REFEVISS g? gea#"esqﬁ%g‘ﬁr?%eif"f’%? t"t%ﬁzorp%arc)éc?sé Riyraly of Sffgﬁ"?'ﬁg
handl i ng ti meservers bndtherseener ot definedithe actuabsarvérs corr@@ly in@penation. | f none of
the lines 35 is currently free then the caller on line 33 may be

| ocal |y connected to a voice announcenment system 37 with the 15 network
control sy$t edn pr oA déalig apsuing dsysteswi asc lulaiged. ig. claisi @ on diaiind 8arfdrtheri ce
announcenent, Wt : c Lt ' e f ded across
the et a diistessdf T RECHER HRp o BR obebtlsoCthe s SpMERESRYE C
swi t ched net woedns, the gentrdimeane dausdsciaga difinintithe ealguldzed wvritingctime to et he
server group | A : f e 3 ones
free the cal |&gﬁ’§[}? ﬂgthf)'lt g’?‘P o‘?’%e‘gia“aﬁr&ﬁg%@f Qggg‘g@aﬁ]@ %%/Jét%dnqnte %&sn e?[ g‘%%t he
connecti on f reathohetaienhons Bandiing §gfyer Heterpingpthe difference lif pmy tBBveen theknown

manner. \Wig ecdic tRE§ ivxfedéﬁmhg'%_gcﬁd%e %ﬁhﬁul@hg gnﬁ% sgéhethat a w@%ﬁﬁé\@i&%r""ai t

ti me has been describ erei n, another eterm nin

expect ed wai t may he apelieddorcadiusted) in syhsequent calk waiting §me| ealgulatipR®s i n r espect
of each server which may be present (referring again to Figure 1) on

the output ports 3. 25 Thus table 2 carries an expected clear tine based on
the last stariOtine® &A¥ queting systemyasocigimed | claimp(,scigim §iirecigin 8\fyBBecan be

used to al | ocatzpackerisad GRkhaReabm irplt pérd Gl Sltocated t6fonk dplatpidray oF t8lRPhdHR!
basi s and an jterat i‘]\§§groceﬁ'§ det.er m ne t he, expected, onnect, ti me

C
for all su e?ﬂf@?ﬁ’s adhig tming m\@ﬁeecategory selected by calling customers, and
service data is stored for each category such that in calculating the waiting time

for a designated customer the control means determines the number of queuing
customers ahead of the designated customer in each category together with the
service data for their respective categories and the number of active telephone

20 handling servers to determine the announced waiting time.

11. A call queuing system as claimed in Claim 6 further characterised in that
the control means determines from stored data defining the time at which each
server was last connected to a telephone call and service data defining the average
25 length of time taken by each server to handie a connectad_calt to produce a list of
anticipated times at which each server will become free, the control means
correlating the position in a queue of each unanswered customer with the list of

anticipated times to determine the approximate waiting time.

30 12. A call queuing system as claimed in any one of claims 6 to 11 further
characterised in that on occurrence of an event the control means causes each

queuing customer to whom a previous announcement has been made to be



The expected connect tinme may then be provided to the voice 30
announcenent system1—n——t-he—s—arrm rmnnpr as for-W. Wi | e not
specifically described herein, it be not ed th th em t hen
.responds specifically to vari at mi!l”l'u J!"HEILH out rate (that is callers
who rel ease from | nput por ctlon to a
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Further, the system nmay be pre-programmgg by the operator with timngs

at which servers may join or | eave the network server pool, for exanple and
ot her factors such as seasonal variations may be taken into account.

I'n a furt hereBRNsFtsgiathe voise °§W€WW%§"&FF%®%‘HW%§P%‘UP'&% timge 5
expect ed wai ol betarinbtifced USi Ng nore than one of the nmethods descri bed

previ ously so that utilising the performance adjustnment P and conpari ng
the estinmated waiting time with the latest waiting tine for each nethod
of cal cul ati fa, ttnecﬂpatteumg syawaat:auﬁw indMimerd furler @Rard®ehsyd -R&Matbeh

used. her factprs may be taken into account in the
cal cul ati 8n 8t elbe'Ur i Eﬁ PXPIYOR ad%’l’"i‘?{f’ﬂ‘r@\é\/\%‘?rﬁﬁt Phimeasings theyprexousased
upon hi st or i sconheexiundsf thé cGstbineN® the voieatahAtuhtemest §8tenilg fact ors and

per f ormance accuracy for a correspondi ng peri od,

14. A call queuing system as claimed in Claim 12 further characterised in that
an event is the connection of one or more preceding customers in the queue to a

10 telephone handling server.

15. A call queuing system as claimed in claim 12 further characterised in that

an svent is a change in the humber of active telephone handling servers.

16 16. A method of estimating call waiting times using the method of any one of
claims 1 to 6 characterised in that the queue of customers is simulated utilising
historic records of caller activity together with an estimate of the availability of

active servers and expected events.

20 17. A method as claimed in claim 16 further characterised by determining the
effect on caller activity of known stimuli and utilising the expected time occurrence

of such stimuli to determine future caller activity potential.

18. A method as claimed in claim 18 or claim 17 further characterised in that
25 the waiting time is limited by the operator whereby the required number of servers

to service an anticipated calling pattern for required limitation may be determined.



for exanple at the sane tine of day on the same day of the precedi ng week
Qr oonth _Qr year The system mpy al so be respansive to
oper at or i nput of anticipated 15 advertising tinmes, nmail shots of press
advertisenents to determ ne the. expected response and to nodify

per formance adj ustnent accordi ngly. O her factors, including
anti ci pat ed é‘fd?’f‘sl?ﬁanges cl osure of other server cerRGT&GEBISM2529 he | i ke
may al so be taken into account. The system may al so be used to
predi ct server requirenments by utilising 20 historic records in

conmbi nation wth the waiting cal cul ati on nethods so that by det er m-ni ng
a sinmulated calling pattern the nunber of servers required to bound the
estimated wait period may be estinate (chh information may be used by a
service provider to vary the operation | ati onship pattern of the servers
i n-use. +he; systemmay be used to provide information to the
operator flor 25 exanpl el by setting a threshold for a nmaxi mum perm ssi bl e
wait tinmelsuch that if jn the first calculation of wait tine as
.indicatedfat 155 of Figure 3a the anticipated wait tinme exceeds the
predetermfned threshol d a supervisor position is notified.pn.

Further, tlhe cal cul ate i Ire 4 may beiaﬁgﬂﬂid.such

t hat after the calculatlon of thie wait (w) at|step 330 the value of wis
conpared 3 wi Data er of thresholds and, §{n dependence upon the |ength
of wait tt to be pr chﬁéP the voi ce announcenent is vari ed.
Thus t he expec¥ a.ceeds 0S¥ t 0] } eshol d
t he annouﬁcenent nay advi se the |cusd ¥sé€mo di{sconnect and call|at a later
peri od WO 97/ 15136
PCT/ GB96/ (2520 9 Processor ™~
| J 8
)
\ .
© Voice
; | Announce
. _ ment
2 v 1 System
A 4
]
]
t
|
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: Switching System Musi
' 6 usic
2 : J ~on
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12 Wi thout insisting that the customer does so. Thus, connection may be
to a particul ar voice announcen”ent at step 335 of Fi gur-e—4—»m+-eh————

provIdes a nessage  such as "you are currently held in a queue and it is
expected that our operator wll take approximately 15 m nut es to answer
‘your call. You may wish to clear and 5 call back | ater when our lines wll
be | ess busyyo9siss : Wiere the wait is shorter for PHEPPBHet veen .
one and two mnutes then t he annogffcenent may be "pl ease hold the |ine
you are held in queue, one of our operators will answer your call within
approxi mately w seconds”.
13 : . [AL VB 1. In a custoner
queui ng  ar rlaN@ent Ralgr nel hEimeo "é@“t"?@raﬁsﬁ& atl¥P€| approximate tine for
whi ch a custloner {n a queue may lje requjred tjo waif for a 5 server
conpri sing chezst Eps  of term nifng the| posi i on of each custoner in the
' A Data Table 1
]
'
¢
N-1
N
Server| Last Start| Type| Active| Est Clear
1
2
, Data Table 2
n-1
n
Est Wait | Actual Wait
Data Table 3
] 1
. :
Performance |
Type 1] Type 2[Type 3 | Typed| ____ [lype..
Data Table 4

Figure 2



gueue, determining for each of a plurality of active servers an average
tine to handle a custoner, determpning fromthe start tine at which
each-active server | ast connected with a current custoner the
anticipated time at which such server wi || becone available to obtain a
series of tines of anticipated availability of active 10 servers and

nom nal |y al VO3 each customer in the queue to one of PCRGBIEISWs of

ti mes whereby the approximate waiting tinme for each custoner nay be

det er m ned. 2. A et hod of ¢ z'zmati ng an approxinmate tinme for

whi ch a desi gnated. 15 _custoner in a (3 e of custoners may be required to
wait for a ser mcommg'(}ﬁll g the steps of determ ning the nunber of
custoners (N) i eTotrete~t 0 be served bef ore t he desi gnated custoner,
cal culating the averdge handling tinme for each of a plurality of
ser.vers to handl e & cuXoner 4Qgnection to provide a nmean service tinme
(S), and multi pkying the nber of custoners N by the nean_ s€rwece tine S
20 and di vi g eg”ﬁmk‘ﬁu hor ¥esactive servers (n) to obtfaifDa Wwait time

(W-. d of 0d, of ABSTrnati nglan approxi mate tiNeg as/clainmed in
claim2 furthaxndo 6ri sed by estilmating the approxingte tinme period
[Rl until one of e servers i s next |expected to be free [such that 25
W= NxS + R 110 n |- 4 A

met hod of estinmating|dNoapproxi mate t+§ | aivvgg in claim]3 further
characteri sed by determ ning for ea&q (Ffreé?n rer—of—previousg cust oner
connections the diffgrence between an™yrgisally estimated wdi t118 tine

(W) and 30 an actuall waiting time (W) Y6 provi de g—weightirgfacto P)
relating to actual per formance and adjNeting t h¢Obtain Semersidentity bt
W={NxS + R} x P ' T
150 120 I
Store Calier |dentity ] Connect Caller
Store arrival Time to Server
Store Call Type 195 l
] Identify Call Type
. 155 I
Calculate ' X
gty 130 ~| Store start time
Wait Time " Store Call Type
/160 @
Store Wait Time 135 ~N Obtain
Store Notice Time Handling
Time
165\
PVait for Free Server 140 ~ Stbre
~ Expected Clear
Time

@ s __

Figure 3A | "oear” |
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14 o) A _nethod of estimating an _approxinate tinme_as.claloed in
clai'm2, claim3 or claim4 further characterised by determ ning for
.each customer an expected custoner category, determ ning the nunber of
custonmers (N1 N2 etc.) in each 5 category in the queue ahead of the

desi gnat ed &g HH¥ det ermi ni ng for each cust oner ca’("éﬁ ’\f'“?f’?rean
service tinme (S1,S2 etc.) and substituting {Nlx S1} + {N2 x S2} + ....
for {NxS} in the calculation of W 6. A call queuing system
conprising switchameang having a g)fffality of input 10 for
connection to incomAg }el ephone lines, a plurality of
for connection to\tel egghone handling servers, control

calls on t he i ngut po/rﬂsoto sel ectively effect connecTfons through the
sSw t ch nmeang—to—one tthe—gut put ports, the con g
arranged t o| d&ventilntermwptch, |if any, of 206~qut put pcﬁtm'el s not
currently cenhectedto—an-ihput port and to effeqt 15qu@wqa.|§ 8s
sequentially to the joutput ports, the switch neans er[ navi ng

| ebst one secondar
are swi t ched
secondary out

of the primary output 20s aCGaleulateablld, said

fdb port to which calls arr'vi.. at-—he—rput borts
SNdei ng connected to an ammmmnheiﬁstem

arranged to
/'1 95
Calculate
Wait Time
Determine next
in Queue Server Free Interrupt
185
Store Actual Wait Time @
520
| 190
Calculate — Clea( Active
Performance indicator

Adjustment

End
) '

Figure 3B

SUBSTITUTE SHEET (RULE 26)



message to calling custoners (unanswered custoners), characterised in that
the 20 control neans allocates each unanswered custoner to_the-next
position In a gueue, cal cul ates an approximte time for which the
.custoner nay be expected to wait prior to connection to a tel ephone
handl i ng server and causes voi ce announcenent neans to transmt the
cal cul at ed WONSYP6t he cust oner. 25 7. A cal | queliGHLEHR2N, as
claimed in claim6 further characterised in that t he control neans
cal cul ates an approximate tinme from service data defining the aver age
service tinme for each of a nultiplicity of previously connected calls,
server data defining the nunber of servers currently in operation and
t he nunber of cust oners inuégg gueue ahead of the customer currently
connected to the voice 30 annou¥denent neans. WO 97/ 15136
PCT/ GB96/ 02520 15 8.

A call queuing systemas clained in claim7 further characterised in that
the service data defin€s € AVET T, ' each of a plurality
of . di fferent ser vgr s _and éﬂ@“ﬁ%ﬁv@'ﬁg‘!ﬁedef i nes|the actual servers

currently in operation.

Mark Current Customer Location _J3°°

For each customerfrom head of Queue 305
to Current location determine Call Type |/

[ Accumulate Number (N1,N2 ...)of customers| 310
in each call type (T1,T2...) L/

| For each type (Tx) 315
- obtain Handling Time S av multiply by Nx |-’
to obtain expected service times Sx

l

Determine No of Active Servers (n) 320
Determine period (tc) to 325
next expected clear time from Server List
Wait (W)= Cst “te)XP 330
n L/
Pass W to Voice Announcer
Connect Calier to VA Port /335

@ Figure 4



5 0. A call queuing system as clainmed in claim 7 or claim 8
further characterised in that each tinoe a call is connected to the
voi ce announcenent nmeans, the control means causes data defining the
.calculated waiting tinme to be stored together with the actual tine of
connecti on and upon connection of such call to a tel ephone handling
server det eMAN88136he difference (if any) between the 10&? %4
waiting time and the actual waiting time such that a weighting factor

may be applied (or adjusted) i bsequent call waiting time calculations.
10. A call queuing systemas <Cl'ained in claim7, claim8 or claim9
further characteri sed—4n+that—each input—-port_is ocated to one of a
plurality of tel ephone 15 (Dahéa{a‘te R@nfohndncgrkdlugtmhnt ervi ce category

sel ected by cal ling customers—ard sgrvrce—dataTs—stored for each
category such that in cal4pe ating-thewalting tinme =~ for a designated
custoner the control neans eterMsEsﬂimatemWauof jueui ng custoners
ahead of the designated cust rrer tht“ﬁ ﬁﬁé&ﬁgﬁg opget her with the
service data for their respedqt t he[ nunber of active

t el ephone 20 handling server° o dm‘ﬂ re—-he—anrrelnced waiting tine.

11. A call queuing system as cl ai rred | n Claim6 further characterised in
t hat the control nead9Sdqrermoes red—dat a defining the tine at
whi ch each server was |adqt con ‘ﬂﬂw it ephpne call and service

data defining the average 25 | eh@sh“NT connectiamen by each server to handl e
a connected caII to produce g list of (EWyntl cipated tinmes at which each
server wl| prrefree t he 'sentrol—reaps co+el ating the position in
a queue of ea gruli' d custoner with|the list of anticipated tines
to determ ne the~approxi mate waigqpng time 30 12. A cal |l queuing
systemas clained in any one of chai 5. \ ther characterised in

that on occurrence of an event the 4ﬂﬁeui ng
customer to whom a previ ous announcs 7~
SetP=1+#x(2E___)
(2W 2 E)

) 415 (getP=1fx(SE__ )
N CE-SW)

End

Calculate Handling Time

Total Handling Time 350
for last “N” calls L/

of type & S)

Set Handling Time 355
. Sav=3$§ L/ .
N Figure 6

End
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16 reconnected to the voice annauncenent syst em and—+e—eakewates—the

walting tine to be announced. 13. A cal |l queuing system as

.clained in claim12 further characterised in that 5 an event is the

expiry of a pre-determ ned period of tinme since the prevkgplﬁmmﬁsﬁonnection
) C

of the custVW¥A8MISI¥ t he voi ce announcenent system al |
gueui ng systemas claimed in Claim12 further characterised in that an
event is the connection of one or nore preceding custoners in the queue to
a 10 tel ephone handling server. _7f7 15. A call queuing system as
clainmed in claim12 fyrther charaferised in that an event is a change
in the nunber of acti\ga gel ephone“éuandl i ng servers.
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15 %6, A nmethod of estimating call waiting times using the nethod o o
any _one. of claine 1 1o 6 characterised inthat the que

is sinmulated utilising historic records of caller activity toget her «?4.
“With an estinmate of the avail abili ty of active servers and expected
events. 20 17. A nmethod as clainmed in claim216 further 4‘;“:“;‘. acterised
by determ nin effect on call el act|V|t of known S\Mp¥i and

u%/i lising thei)ei(ﬁct ed time otttk Gé'yd%'h VOBt nul | "”‘-' erm ne
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