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that are made, the operator can compare the charges the

20 system assigns to each site with the theoretical charge
that should be made.

Currently the only method of generating such calls is
to assign individual calls on a call by call basis to
individual stations. However this does not simulate the

25 normal running of the PSTN for three main reasons.
Firstly, the network will generally be functioning under a
far higher call load than the operator is able to generate.
Secondly, calls over a network will normally occur in a
random sequence which it is impossible for the operator to

30 simulate. Thirdly, the calls will usually be spread out
between numerous stations on the network and not between
the few stations that the operator is able to assign calls
to.

According to a first aspect of the present invention,

35 we provide a method of generating call pattern data for
gscheduling calls between a number of sites connected to a
communication network, where the call pattern data defines



2 instructions for a nunber of sites to make a nunber of
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t he operator
other sites over a predetermined pericd, the apparatus

comprising a sequencer for creating a list of calls to be

20 scheduled, wherein the sequencer comprises a storage medium
for storing data defining a list of gites connected to the
first communications network, a processor for assigning in
turn each of the calls on the 1list toc a source site
gselected from the list of sites and selecting a destination

25 site for each call from the list of sites, the source site
and destination site being selected to satisfy a number of
call constraint criteria associated with each call, and an
input device for inputting data defining the call
constraint criteria into the storage medium, and wherein

30 the call pattern data generated by the processor is stored
on the storage medium. .

The present invention provides both a method and
apparatus for generating call pattern data for scheduling
calls between a number of sites connected to a

35 communication network. The calls scheduled according to
the call pattern data must satisfy a number of call
constraint criteria that may be determined by the operator
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This is preferabl e atmilst eshét sommuancaviéons network may be a single
contiguous network, preferably the communications network

20 is divided into a number of zones with the sites being
digtributed between different zones and the call constraint
criteria including an indication of the zone from which the
calls are to be made. In such a case information
concerning which zones the sites may be located in, so as

25 to be suitable for receiving the defined calls, is also
provided. This will depend upon the charge band under
which the call up to be made i.e. local, regional or
naticnal.

Preferably the call constraint criteria also indicates

30 the rate at which calls are to be charged, although this
could be left undetermined. This will usually depend on
factor such as the time of day at which the calls are made
and the destination of the call.

Typically the call constraint criteria further

35 includes the requirement that the wvariation in the
utilisation of each site over the predetermined period is
minimised. This is preferable as it results in an even




4 spread in usage over all the sites on the network.
However, it could be foreseen that in sone circunstances an uneven
distributio age nmay be advantageous in node|

operation 05”%9%%a network. 5 Typically the sequenCEFTﬂggé%ﬁbo
di splay, for displaying the call constraint criteria stored in the
st orage nedi um Preferably the afiparatus al so has a secondary
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char ges aSS|gnggaégngggrb%g%ﬁ%ta@égraﬁ charglng system  to the

t heoreti cal generated Tor €ac I'te. According to a fifth
aspect of the presehtcorddngiba, a thlmé pspw:deﬁpp@h@t asveobiganems i ng

cal | 5 betveen B-BUIBE s mecnOl Sf !Sendba i tP BN AdARAY RirdhelsO of

simul ate the day t day runninhg € network, the apparatus
conpri si ng® SlﬁﬁﬁapgtésCQ@@BPHFﬁbl?%ﬁt?@ﬁ%%@%ﬁﬁ’a§$@@t thige da¥ &R i on

35 for genergkizngragahingat 81 Nt anetiieriapparid Usméthidd ercomprising

COTD 510 %, CZORE PRk el SSTPCLE g LDESEROIE! WO K Hrrae adiod®
of the invention, downloading the call pattern data to the
number of sites and causing each to respond to the call

20 pattern data to make the calls defined therein.

According to a fourth aspect of the invention, we
provide a method of verifying a call charging system of a
communications network, the method comprising generating
calls between a number of sites of the communications

25 network accerding to the third aspect of the invention,
generating a theoretical charge for the calls, defined for
each site, from the call pattern data and comparing the
charges assigned to each site by the call charging system
to the theoretical charge generated for each site.

30 According to a fifth aspect of the present invention,
we provide apparatus for generating calls between a number
of sites of a communications network to simulate the day to
day running of the network, the apparatus comprising
apparatus according to the second aspect of the invention

35 for generating call pattern data, the apparatus further
comprising a controller connected to the second network and
to the first network, wherein the controller compriges a



controller storage nediumand a controller processor, the controller
processor bewagsdtpted to downl oad the call patt er n dateCr/Erssmigive
secondary storage nedi um over the second network, to the controller
storage nedium and then 5 download the cagl pattern data fromthe

controll er storage medi um over the first network, to the nunber of

sites and Wepitebh 1kke surage Abdgiheand espemtt el 1die iddesRdlt ekhe
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cal cul ati on neans fo ownl oadi ng resu a gener by ‘each site
and stored in téerein dgw rgirker sebrajeesegbapongeher shengadlt pasterncal

char ge for 48 ¢d hikkokneaeh13kt BekIndgCOREANGE W th the results 20
data, downl oadi ng the charges assigned to each site from . the call

char gi ng syst em and AGGRFEADEGEPNR Biah Y ASRECY ghelihe Pregeptodaryesidany t h

t he theoretd calwe hd geagpakredukofoeavlrifyingid &all chargingl@gs€enm

nmet hods and sets. of a c?arat us .al | ow nettwor}g 25tskéoperat or§ to simul.ate the
¥RE eon equ B

day to day operdti8n ST URTHSGRS 1 ERPRYAERE c EFRELEAFR
char gi ng syst erspgehmttusheeccordimet wer Khet i fiifsds aopeloit! loft devdmivens isnt es.

Lol be  edPRALRILCIASACRET S Pheiiddd B0nbRlP DA, EBAbs [tk PESEEM
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met hod of 35 thesyltesedita nyenkrabed by each site and stored in the
controller storage medium, generating a theoretical charge
for the calls for each site in accordance with the results
20 data, downloading the charges assigned to each site from
the call charging system and comparing the charges assigned
to each site with the theoretical charge generated for each
site.
These methods and sets of apparatus allow network
25 operators to simulate the day to day operation of a network
and consequently check the call charging systems that the
network utilises to bill the various sites. It will be
apparent to a pergon skilled in the art that the asystem
will also be useful for testing the integrity and operation
30 of the network under conditions of varying load.
Preferably the communications network is a public
switched telephone network, although it will be realised
that any network over which sites are able to communicate
would be suitable for use with the apparatus and method of
35 the present invention.



6 An exanple of a call charge veri.fication systemw || now

be described with reference to the acconpanying drawi ngs in

whi ch: - wo 9go/pisbgure 1 shows a schematic representati 09@@2@8@?
exanpl e of call charge verification systemutilizing call ?ng
apparatus according to the present invention; Figure 2 shows in
nore detail the arrangenent of the sequencer, the file server and one

of the master ANt Al o 4l F'cgﬂef:ﬁarég m};erhflé:é&%gr? sﬁ&%ﬂp‘(ﬁﬁn

exanpl e of a graphi cal user -

conj unction witprt ke desggdhedcevibh Mefinxence afe, the accompagyiss 4a to
4d form a flomﬂa@g{ggnﬁh@mlrag; t.he steps the sequencer goes through to
schedul e the tcalls. call char e verification

exanp
system for a pLFEﬁW%wlt c@é?f’”’f elaepﬁﬁﬁﬁm?\E’t%rrl?p(’:Pg RfFatipg WA n
Figure 1. Fhe syatEle cofrdldecheaike sebrédibangonppasidmisatilizAnandadal |

char ge veri i cgli o ARRATHINS Y. LOUREELAUREO LN e prd3IN L Alse gonnect ed

to the PSTN 1 are a nu each™sI |ngare
terminal 2a, 2b, 2cfiguke Ze shows I wege fhtall thanscranpementhefPSEN 1.

Each renote cg@ér'ﬂ&éla e Zbﬁll%c el a%fcﬁ Zhe 2Ryf 2iepahiy %@ter

general |y conpri 'er sonal computer or the |ike connecte
network 1 via GOReERH ‘3‘3?95 bee?:'@h‘@& 6 25 transmt and/or receive calls

made over 3phe PSTN zizg@:e:r 3 shé&@maizheeﬁcaﬂ@lé tesr managﬁaﬁzam@b u%%a:'—2d
2e, 2f, 2g, 2h 21 of  qt ger Sjree enote term n | s 2a,
ob, 2c, 2d, 2einbgrfage “yhic m@f oot te) :bnof:ogﬁéli"‘gf"f"ﬁﬁ it dhe €8 t hree

modes of 30 opeqadncar Mt IFiduate, 1f;omndxanpl e, renote term nals 2a, 2b,

2c can both transmg.vﬂ[%degt %%ehééqu&afldﬁu r?@&eﬁ%ﬂ‘g%@,ﬁlm LZL% S%% st can

only receive calls renote term na can onl
transmt out gothy sedencethigpes [tdwough teabtbedeldchmdil®om sites 2 with

renote tegginals ZaAn?éaqan?pie 8¢ a%lﬁmha?fge %z@%ﬁ@&t%ﬁe@&éﬂ tdyyr grot e
term nal s 2a, 2b, 2c 2e, 2f, over the PSIN 1. Tygl cally there are
public sw:x,tched telephone network (PSTN) 8 shown in

Figure 1. The system comprises call scheduling apparatus
A and call charge verification apparatus V connected to the
PSTN 1. Also connected to the PSTN 1 are a number of sites
20 2 each site having a remote terminal 2a, 2b, 2¢, 24, 2e,
2, 2g, 2h, 21 connected to the PSTN 1. Bach remote
terminal 2a, 2b, 2¢, 24, 2e, 2f, 2gq, 2h, 2i, which
generally comprizes a personal computer ox the like
connected to the network 1 via a modem, is designed to
25 transmit and/or receive calls made over the PSIN 1 to or
from the remote terminals 2a, 2b, 2c, 24, 2e, 2£, 2g, 2h,

21 of other sites 2.
The remote terminals 2a, 2b, 2c, 2d, 2e, 2£, 2g, 2h,
2i are capable of operating in one of three modes of
30 operation such that, for example, remcte terminals 2a, 2b,
2c can both transmit and receive calls, remote terminals
2d, 2e, 2f can only receive calls, whilst remote terminals
2g, 2h, 2i, can only transmit outgoing calls. This allows
calls to be made from sites 2 with remote terminals 2a, 2b,
as 2c, 2g, 2h, 2i, to other sites 2 with remote terminals 2a,
2b, 2c, 24, 2e, 2f, over the PSIN 1. Typically there are



7 upwards of 750 renote termnals |ocated at over 750 di fferent

sites 2. WO9MIShe call scheduling apparatus A includes aP@BGBISKIE30
conputer, or Unix workstation or the like 3 operating a 5 sequencer
algorithm (hereinafter referred to as7the sequencer 3) connected
over a | ocal area network 4 (herelnafter referred to as the LAN 4)
to a file servépwards ofnd75fe BPMARR e tegdtidaleoniperteds = PHETLAREY s
al so connegi eel=t@nid £prg@ar-ator 9 and a nonolog controller 10 of 10 the

call verification ar at V. he, arrangenent of fh uencer 3
file server 5 .and o aoq:afﬁesﬁgazéfmg a 3919 &t 3@%&&9 PREMRR L

det ai | :n Figu&emﬁuter,hor UnlknWb&kscaxaanlex the Seidiser®esp ékaugﬁylﬁes a
per sona uter_haviyn U sspciated VDU 13
15 and an mpﬁ?ggﬁ}?%’é 1%, 9‘%{,’@#‘%5 éﬁjﬁ?ﬁ@g‘% b5aF8r5Fg g SRR, The
menory 12 storaaqaenceput:ie)r pragreaned notexr) a lcadiJ chrespl setwbska 4 ast

heuristic al gor, o.gepe
i nstructions fébggg%%m f&%éf&@r&?heo oaser?l’t I On 0135 ﬁg 3 E@%g %?ﬁ%%a%s 2a,
2b, 2c, 2d, 2eandQone2pr mgrezmasnér CDntrOllarﬂTﬁaflTkﬁsbA¥e$ Bsialzo

per sonal CO”DUESEn%Q@éd'EE”&“#%&garatoé gEQR&ya]ﬁbﬂgﬂda‘d@ﬂfrggléﬁcf§58§

directly by an uter connectéd to th
this is uséd Lne eatlt %/tlsqrblaé@éré?:u?h\é sethePRrRSgeTentofs the

generated 25 QthQﬁcé?qunceflﬁé server 5 Eagld mawmeer ogonthel | pasbets a
per sonal conput

16 connected tq.a.megory_15_and an
external cl Ockcggtrowerqhé @lﬁli%""hﬁ% ’%?%ﬁf%llll g gDSéFan?Wm ch
operates to doypal hads t sieargele oft Henskuehtenss feamprires bl pessonal 5

O v ter PO EByRtsl A8GAY 4 Ry TIDY @a%&@h% { Qo AN B dPyny 131 e

renote terninaff an array” of
nodens 7 ager thd BSTNnput angeaeﬂab,suwb as a m@yseu kembﬁarﬁeas shar e

used, with each e T 152060409 8SnBh: BSHESERANTLA0E. DRI f

ntr
the sites 2. TRE 35 0'Jt‘rans B The sets of truct %OI’ISWI
described in whlcm;@pa@mgmps Fefgat heuristic algors.thm which allows an

operator to generate a set of instructions for controlling
the operation of the remote terminals 2a, 2b, 2¢, 24, 2e,
20 2f, 2g, 2h, 2i.
The file server 5 is a personal computer that includes
a memory 17 which may be accessed directly by any other
personal computer connected to the LAN 4 and this is used
for temporary storage of the set of instructions generated
25 by the sequencer 3.
Bach master controller € is a personal computer with
a CPU 16 connected to a memory 15 and an external clock 20.
The CPU 16 runs a controlling program which operates to
download the set of instructions from the file sexver 5 for
30 temporary storage in the memory 15, prior to transfer to
the remcote terminals 2a, 2b, 2c¢, 24, 2e, 2£, 2g, 2h, 2i via
an array of modems 7 over the PSTN 1. In general, two
magter controllers 6 are used, with each controller 6
handling sets of instructions for half the sites 2. The
35 transfer of the sets of instructions will be described in
more detail below.



8 Al so connected to the PSTN 1 is an SDP-CSS system 8 of t he

call charge verification apparatus V. The SDP-CSS system 8 is used for
det er mi ni ng \Lpg léﬁH] charges incurred by each site 2. The SDP-CSS
system 8 mon\tar e time and 5 duration of each call nmad@INGCRIZOWBE| te
and uses this to calculate the total call charge incurred by each site
2 over a given period of tine. Thiss is the standard

procedure that is used to calculate tel ephone bills by the maj or

t el econmuni cat i ons AESQoFanected to theRSBpfaiat s FH-Gcheveteng8all s A
is designed tothe cmn.ercﬁt g@l YerOFEtat {tth Padphdad At vsi mihad eséﬂ%t:étﬁy to

day operation al so__include
si mul ati on of- §Hﬁb?ﬁa¥ {:sf’ WQ%)%DFOQB{(%WVF%@%é:a&éSF"P@ngs IW’EW
operator). By bgiagchheice 12.conhersnu-0ssweibtenl § rﬂcﬁut\tﬁfsl theatim® and

h
operates 6 boourabhan. 08 BN FRPLANS: PHr ' 8tn oivd g e TN fq o
apparatus nay bslreprteelhpy tothdér call chewigei mmm&dpmm sUdie & cal |

quality verifigggi-on, gwe%ppﬁéew& WE chipaul d ahkgw :&?etﬂéa' éﬁé’n&%{r&a' 's
made to be 20 checke However, for sinplicity, the escrl tIOI’lWI

concentrate oRYOFREUre FRat chmuged e F’P@-E‘d%@%% tekpRhongs bil }é‘ﬁe’?}éﬁ i on.
Under normal ceaadbti e8%ecthtuiidat b hidivad@iser m ne char ges, using

e vomce CTYs! T e BbvEneFia' E8F B8Rtk LU % oy SHETERRL o
situation by ggl&aeaatagcalls cvexethesPHTIN riardham sﬂmﬂzisamm diet #STdY 1
cal 19 that are ARt iEA L' MACPPRER' P AeEl B A "pRalen e 1
t he PSTN operatsémuilétaﬁneOE chng@dlahéghhéow cac% mﬂdé{tﬁ@a:ﬁ éés@ewr%ku ng

the calls geneggt e@lebbsp&bswﬁil By uéﬁ@%ﬂﬂwqmm ahusibn BYLEOSREL i Ng
this theoretical

t I t he SDP- CSS t
the networ¥ r&gé?ﬁf:é?ncaé??m Eﬁi? ?C 3 %}‘ cﬂ%ilg cﬁ’g‘r?ﬁ'ggeﬁ?géls =
functioning corukmc:t t;xeumtm m@pémateast@fbwahgchgdl oddternatively, the

Govi ously, as nghpﬁw_ﬁ Q%étl%ﬂl n&? *)e rep1dd 9% other

verification appara actors
vemficatn.on apparatua such as call guality verification

apparatus which would allow the quality of calls made to be
20 checked. However, for simplicity, the description will
concentrate on the call charge verification mode of
operation.
Under normal conditions, the PSTN 1 has to detexrmine
charges, usging the SDP-CSS system 8, for calls that are
25 occurring in a random sequence. Thus, the call charge
verification system simulates this situation by generating
a series of random calls across the PSTN 1 using the call
scheduling apparatus A. By maintaining a record of the
calls that are made and the rate that the calls should be
30 charged at, the PSTN operator is able to calculate the
theoretical cost of making the calls generated by the call
scheduling apparatug A. By comparing this theoretical cost
with the cost calculated by the SDP-CSS system, the network
operator can check that the call charging system is
35 functioning correctly under conditions of varying load.
Obviously, as mentioned above, by replacing the call
charge verification apparatus V, other factors such as call



9 qual i% 0% | connection success, call connection duration may
be measur ed. WO 994l peration of the call scheduling apR&CHO%BISMN o

generate a sequence of calls will now be described. 5 Firstly the operator
of the system nust define, in general perns, the calls that are to be
made. This is done by entering call pattern definitions into the

sequencer 3 quesiinty .t lkalilnpohndevicr dubcdidre, calll pehhesvisefdtdd s
define the cal I@#rﬂgd&\#ﬁ_@gal terms relating to the day 10 of the week,

the call type, zone thé call is to be made from (of which there are
ten in the United Kidpgtwpiont hef thehasedd bandedwlingl @tp@laxa.ltagl amalteor

national, the t Y.~ @ght e unber
of calls @éz?]éa?ia;[e pe to&%leé SC%hegﬁl céﬂl will mﬁ%ﬁe cal @@ %? ﬁ
definitionsS alk")ﬁ@@%‘zt ﬁ‘-h%ﬁ@ﬁ#ﬁtpﬁn‘:’f th@mtqm@@tt d@fznandm reenyrstlem as
a whole, define.@r@f! the Sh1LONBHLA a8 ttaatb@ugdebe S'ﬁ&is?fisd Bﬁg xﬁ,the

calls that are to be nade can be schedul ed correctl é The sche
of calls withi reRMEBBEINEALH e PaSterRededghddonent Nty She ?ﬁﬁ%ﬁn§§ra3

constraint satigdaed e pm;hltﬁrﬂev:.ce 14. |mHoOresny %@ﬁh@r@rdéf!ﬁiitﬂ%ns
constraints of éhte E%/ &’Ieu 1 f are cont ai ned W|5_h nth progr
itself. This 0§ gd ﬁe?’é Ysl%fg?‘?‘ WTEHS: RE §§§F3n§‘?sﬁ al{:lown
for mad nt epfirde oeedd, heher eakbisypes| ahg wohbh tind araifdl iientebios tmatle
the systens add C abqut_ the
nature of the rff&ﬁ erm{rgkpgﬁye}eo %éog%n 12n tkﬁe Urkié‘gcgf%&@ i

t hensel ves is c@hmmmémnd it Hiosala regiesalfprenatiqmal, the d:ramitﬂ%n

includes an raté ndj cat i R, asildhomaat m%naheahsreh@%um&ﬁwmaqﬁ 30
operatlng ini.e, receive onIy, transdphéon y or two way

conmuni cati on, @hdERIEYRRIGHPEMFLER Y-erminals 2a, 2b, 2¢c, 2d,
2e, 2f, 29152h 2i are L&tﬂhﬂalﬂaﬁhﬂe&rﬂ‘ @efinitieasyualeasi ohth Thefeidasidn | e,

1O 12 T AR Losces 7'Ml BEABRLLORO BT SRl S on
possi bl e desti naflannstralrmﬂ tbap, misr hnlsks igfdedfrafnretiienakilsdgedt e of
are to be made can be scheduled correctly. The scheduling
of calls within the boundaries of these constraints is
20 known as a constraint satisfaction problem.

Information concerning the constraints of the system
itself are contained within the program itself. This
includez details of times when the system is shut down for
maintenance or other reasons, along with information about

25 the systems addresses and memory locations.

Information about the nature of the remote terminals
2a, 2b, 2¢, 24, 2e, 2f£, 2g, 2h, 2i themselves iz contained
within a sgites file. This information includes an
indication as to what mode the terminal is capable of

30 operating in i.e. receive only, transmit only or two way
communication, and times during which the terminals 2a, 2b,
2c, 24, 2e, 2f, 2g, 2h, 2i are unavailable for
communication. The sites file, which is shown in Table 1
and will be described in more detail below, is stored in

35 memory 12. ’

Further information concerning possible destination
sites 2, for calls made from terminals capable of



10 transmtting calls i.e. transmt only or two-way term nals, S

stored in a destinations file in nmenory 12. The destinations file
lists for eqﬁag&ﬁﬂﬁge term nal 2a, 2b, 2c, 29, 2k, 2i that is capable
of transnitting a call, all 5 the renote terninals 2a, 2b, PSE/GBIF0IER  Of
t hat may receive the call for the particular charge band the call is
made under. This information along Wh the system constrai nt
information and i nformgti on f ntained in the sites file, further
constrains t heEERE YRS 6 i%l:‘ise-t STRDSML RO PEY BFR - YIRS MLBRABRal S.

The sequencerig3stbirads!iat ea dddeinadldng PALIEM An meft®iF NI ONsTHAt O A
list of calls &o be sqhedukgi and the% s%redules t he calis by sol vi ng
the constrai ntCSSRIE R F-1e qﬂ@ﬁﬁl Rt £35H) SeHPEe: REXME8RL of2calPs to
the different 25, Rjytek,22iAthepal ateameileobfi Ashnsalt Ny isS dalen geher at ed
for each .re e L nal a sihie .2. These I nstructions,
whi ch are ssaver@&? nr%ﬁggn?o% rg@g&% (‘%amtgﬁh 2c, %q'l e&% | r%él Ctalgagc wWhg¥ a
call is to be rechsvd ide nabhdber the pdutatiubar cdhadye baht el caliilchsr enot e
termnals the i t d The.: cal | r over
the course r@%ﬁ% ﬁgég'gucﬁrt%aﬁgga%égﬁ%t ialol%ngf ?Jéﬁﬁs%}%ruggg?%g t he
opération of #eEHra@hwotriogabian need informatiomscaprinptbdiabsbhe, the

set of instrucdiwss, £ive ! Mirther tORBLLAIRS! tndadSidhridrteDf @R81s to
transferred to the f server 5 for_tenporary storage in nenory 17.

e 25
There arel® ‘-l%%rf:}'i‘rg &Feny FepRteeFRTPIIRE%f or each site 2 and these are
stored in menory 17hen aseghén@stt etn divseciietygs Wild n call tpatcelkh

pattern directQry. there are seven.syb-di ri e day of
t he week (Suncé?/yﬁ“%ﬂ: aci%/lsor%gl,t%s\é’t Erl %gyogoggﬁsgd%@s%eevsecn}ﬁﬁ%c{.%Qd @%Eﬁom t he
file server 5, scivedwkdd tiwt celhs by eplarieg the conserainedadisfagsiipp

basi s, over the LM# +50a8A8cHBE L Ke 1iatlDOfc Ofot BReMskebrent
controllers 6. Fromhere, th master controller 6 downl oads, at. a

pr edet er nit-Red ﬁi%%sé%chpeﬁePégﬁFetﬁ%t Rl ngraucEianss | Fokhen gengxafeds e
2 to the £6LSPELEN Verdhdie 2. teditifal S sioneadn tdikear Rays ofrhemdens
7 connected toiéQ@%&Engésf“L ﬂé% %%%t%g¥ggdigytﬁe éé%fgf call pattern
files, indicate when a call is to be made, the intended
duration of the call and which remote terminals the call is
20 to be made from and to. The calls are made over the course
of a day such that a distribution of calls simulating the
operation of a real network is obtained.
As mentioned above, the set of instructions, in the
form of call pattern files, are transferred to the file
25 server 5 for temporary storage in memory 17. There are
separate call pattern files for each site 2 and these are
stored in memory 17 in a call pattern directory. Within
the call pattern directory there are seven sub-directories,
one for each day of the week (Sunday is day one, Saturday
30 is day seven).
From the file server 5, the call pattern files are
transferred on a daily basis, over the LAN 4, to the wmemory
15 of one of the master controllers 6. From here, the
master controller 6§ downlcads, at a predetermined time each
35 day, the call pattern £files for each =site 2 to the
respective gite 2. This is done via the arrays of modems
7 connected to the PSTN 1 and is controlled by a CPU 16



11 which is coupled to an external real tinme clock 20 which is
used to syncWORB 4t he timing of the downl oad. Each r PEOGBIY/eN8R0 na
2a, 2b, 2c, 2d, 2e, 2f, 2g, 2h, 2i responds to the respective cal
pattern file to make the calls 5 specifigg by the sequencer 3.
The calls nade are nonitored by the SDP-CSS system 8 of the cal
ve(rji fibcat ihon aphdcht s c}éu;rm'éd:][td E&negﬁéﬁpﬁgt@%ﬁ _I*.:_imbhﬁltlb@kfie Qﬁﬁ‘éﬁpﬁ.sca! S
made by the re rni.nal.s_of. the ites 2. s cal cul ated charge is
t hen domnloadeg2%§ %ﬁ% TPCREREGS 5Peo rﬁbdﬁsrghatdﬂﬁﬂi 'eti@éFg
charge which | semotedeteminakd®d,r @,t Be, redplis, aff,t g, c2it) Lit kakpords
actual ly e. r t | i Lch galls tually
occurred, arerrtgfgantsl}eerlr-ees %cagwafrgg%ke c%tvgs]él’t%g gi??% ggle\@%#eﬁ&l? hgaﬂggter
control ler$ 6, specifisdefobm bhe | sgaeness 3 This general ly occurs at the
predetermined Upl 0agnki BB118°Rad8% e mddlloal (B Rild 8 0o5 Biagohhg next
ma & From F

set of calls to be e are transferre the master controllers 6
to each si ©& phe xpll verifgeatdsn appawrtug YedwhichHderpgalcndatese

fj r?nsf_erreflh ttg:]let gothe fé&ﬁﬁ@f@bﬁ&l& MaaéE o 3&% i:einﬁcérﬁé)fmaimotfﬁthgt ,
etermne the theoretical, charge i ch shou e e for each site 2.
These t heor et | E&F®Ehar-ge i £& af‘(?:;#pg joe 1is {%e‘? H%"'E%Clﬂﬂe&’t &Q ERSr ges
to determite ampmgasatepadcand compired ke hi theogesysdlernharge which s
addition to thi - ' i f %Rp I

controller 10, tﬁgﬁgpggsﬁgﬁﬁK#ﬁ%r?%ﬁﬁggﬁgéggﬁl%ﬁiéﬁdt%%gq% ergfgggl%g used

to determ ne t m&deheoretical cost of each call. This cost can then be

conPar ed to any billgd 3PegGBtd, ChHGes RnfrikhherhebrCkeding biakkiBazy
system

In gn alternatlée ggfqgﬁg} the actual cal cul ated
charge may be CSTHIFER tB¥E FHRBTEEFT &AM BRCR S1te 2§18 PP8J98n the
basi s of tie setw ekstest cvatiroblesbotedinnthe fothesfdldg [FHtllear.n fthiies and
i nformati on ab ar.j 5 .r f P k ch r in
the menory 12 %Ee&gili{hé&ééa%e%%e@%_ﬁ%ﬂe&gﬁa 3?%#0‘%%% fC{E' rée;t@te?xl ;Egg :
The tarif fealdt @atitiesn fidwa efiping the one¥t fe8ptecf ofahhy to be

made are transferred from the master controllers 6 to each

site 2.

20 The results contained in the log files are transferred
to the comparator 9 which uses this information to
determine the theoretical charge which should be made for
each gite 2. These theoretical charges are then compared
to the calculated charges to determine any discrepancies in

25 the billing system.

In addition to this, double-checking is performed by
the monolog controller 10, which logs all the calls made
and can therefore be used to determine the theoretical cost
of each call. This cost can then be compared to any billed

30 call charges to further check the billing system.

In an alternative example, the actual calculated
charge may be compared to a theoretical charge which is
derived on the basis of the sets of instructions stored in
the call pattern files and information about the tariff

35 rates of .the PSTN 1, which is stored in the memory 12 of
the sequencer 3 in the form of tariff rate fileg. The
tariff rate files show the tariff rate in force for any



12 particular tinme period along wth an indjcation of the duration

of the test calls to be made for each charge band. A separate tariff
rate file i iJed for each day of the week. 5 ase
t he call pa?'{degrgﬁ)\( I'les and the tariff rate files are do#ggg’}é‘ﬁsfo t he
nmonol og control |l er 10 over the LAN 4 fromthe nenory 12. The nonol og
controller 10 then cal cul ates the thebfetical cost of each the calls

whi ch are defi " aII attern files acco nce 10 w.th . the
tariff chargesgggb$%%i$§r e REELPH @don QTHEQQI 5ﬁ§ Faiy ofokhe £ or
each site 2 aréurhemmmmadedstocalls ttire beomgpdes aloyr efchoyiesirdgd dardl 4.

The conpar at or 5 é§%? S l.at by the
SDP- CSS system 8 =5 21:%?lre‘]i%'?rﬁ“gor;é‘ ;ﬁ]%; i gggr%ggéa ov\%leggg %g{’rom qh

nmonol og cont r o¥gek. 10. In any event, either of the above nethods
allowa g net\mrkmeaakét Bhab O el iy 1t Bkl akgl AaS ke
by the operator of the STN 1 unctlor?s cgﬁrecgﬁy % % not&H:s"' entify

any problem 28ate f£il %érﬁe@ﬁ’ﬁ@% &%Fh@nmwgl% %F@H»W‘-’IW @ e

described in npre Q&Na*ﬂ from the merﬁérfeﬂﬁ' Onﬁﬂaaﬁ@f{@lc% %ﬁﬂz‘cﬁlle%t age of
t he procedure an op 0

é enter call gg ern def |n|t|ons
whi ch are ﬁ@%d‘:’ailﬁu BEPfe thphdhaoyatd cady, goafr OF sRRERIESE. cadls
grap_hidcgl usferwhmélerém@efﬁheaebyath@rca:ﬂ gatadrno fasekhein ?c_:c:c_ﬁtda)ndsﬁ
provi de aclLlitaie put the c atter ef1nitLons
exanpl e oTL'L(aa dJFLéu?%Ebf:ar?’tE %]%%rges i t%%r%%gtﬁ%%r Fhe %eent
i nvention i s shbanrénical césigurioB. eaahtﬁntsa Chsaxrd hehe® davnilodudesi to

di spl ayed on t 3 ngure 3, has six adjustable
wHER SamEaesy %, AR ot 1alh

fields, eac a'IIovmngaseparate call pattern definition
to be altered. The comparrafey Pi bhensdomparae thigecoperbabed idhardestt on

whi ch day the Q@Eé.@ﬁ%@é' b§ %Em% %@Pb%sﬁa%stgwsev it H Nehe3Se n&BdPi & shown,
t he sequencer oOn a Sunday. In

general , i IS“%ﬁgg@ﬁagpgn;qﬁdeés¥rom €£ mcnolog ggngroffér

In any event, either of the above methods allow a
network regulator to verify that the charging system used
by the operator of the PSTN 1 functions correctly and, if
not, identify any problem.

20 The method of operation of the system will now be
described in more detail.

As mentioned above, the first stage of the procedure
is for an operator to enter call pattern definitions which
are used to define the calls that are scheduled. A

25 graphical user-interface (hereinafter referred to as the
GUI) is provided to facilitate the input of the call
pattern definitions. B3An example of a GUI suitable for use
with the sequencer of the present invention is shown in
Figure 3. In this case the GUI which is displayed on the

30 VDU 13 as shown in Figure 3, has six adjustable fields,
with each field allowing a separate call pattern definition
to be altered.

The day field 51 allows the operator to select on
which day the defined calls are to be made. Thus, in the

35 example shown, the sequencer will schedule a list of calls
to be made on a Sunday. In genexal, it is preferable for
the operator to allocate calls for an entire week at the



the operator to allocate calls for an entire week at the

13 samew a7k or reasons that will be expl ai ned bel ow. pdHicRosmsissg S
done by setting the call pattern definitions for each day of an entire
week at a single time. The sequencer 3 13t hen generates and schedul es
calls for each day of the 5 entire week, conpleting all the calls for the
week in a samg| eimperfoT oreasons that Whédlchel explmirdddebadlb®.al Tois t he
Gperator 10 delkNdone piNSet¥RRgOtneathi1! BakeBE horlfiPbaduEes Lakythal
day. In a Sinple syst exa ere nay on WO ca

types; such asday of an ergt;;@eoyeekvﬁtcﬁ éérlsﬁestamgrrrp%be(:awuencer

chargﬁabl e; bfinﬁ%qeﬂB genarat-é\éo%r% scﬁ‘ét&&i'e@e&alﬂgsféfsb%hedé& :of tk’??]

non- char geabl e t 0 . BUS ne. N exanpl.e ere
are provi ded egtire éﬁﬁ%ﬁ 3§Fﬂnﬁygg£e€§§:ﬂﬁﬁt? (mﬁhe week 'inq3pe 1
(Ordinary call gingle operation. PSTN or | SDN ori gi nat ed caIIs to sites

which will answer tEchaI#ﬁEtThesg1 fé|§é éklows %RF opexator %g Logle uire

a 25 second conn pe 2
(Provocative Ctﬂbnaymecawlsplls that are to be sch&8@Nled ESDNtbat gdaat ed

Connecr g Caf |17 3l e TR ARSRRABIANSLLLY

second
connect tilfe o&gpheadsuch as: Type 3 (Mul'ti-use Cashless calls)
PSTN or | SDN 0r'9'”§k§g 6§||3w59c§'&@§1nes a simple call whi ch will
answer the call. se cal will require an 85
second connect tine chargeable, #Rrer head. Type 4

(Single-use Cashl esgypal bg) which defines a simfl@TMalar | SDN
ori gi nat ed calls to tinations which will answer

d
the call. 35 ?ﬂ%é%haE%T?%;edff§u§% §"®% an 85 second

connect tiyge over heddwever, in this example, there are provided 9
different call types, as shown below:
Type 1 (Ordinary calls)
BPSTN or ISDN originated calls to sites

which will answer the call. These calls
20 will require a 25 second connect time
overhead.
Type 2 {Provocative Ordinary callsg)

PSTN or ISDN originated calls to sites
which will be engaged on an already

25 connected call. These calls will require a
25 second connect time overhead.
Type 3 {(Multi~-use Cashless calls)
PSTN or ISDN originated calls to sites
which will answer the call. These calls
30 will require an 85 second connect time
overhead.
Type 4 (Single-~use Cashless calls)

PSTN or ISDN originated calls to
destinations which will answer the call.

35 These calls will require an 85 sgecond
connect time overhead.



14 Type 5 (Mul'ti-use Cashless <calls wusing short

codes) PST or | SDN origi nated calls to
destinations_which w answer the call. 5 The desti nations
wll be spec\vf)l%faw’?‘n the site file. Thes@CIHFHS/OW3P|
require an 85 second connect tine overhead.

Type 6 (User-defined Ordinary calls) 14 PSTN or | SDN
originated calls to sites 10 which will answer the call
These call's Type 5 (M@LER -upequiCeshlgse2s caldowndusiognebortt i ne
overhead. It is intended thateollgs call type wll be
used to overlay small one-off atterns for

pur poses. 15 - Type 7 PNt ur 8Fet E§%$naﬁﬁp carls' to
Featurenet originated calls wdeshinmations which will answdﬁnt&@aballon
Feat urenet csites. Eac F t Wil |
have its, oan Fhe dQStlnaaion?IWLll ?Q eﬁggg%lned % Eﬁ? 20
These calls will require &itesfideconBhese calls will requizenasc85tine
over head. Type 8 6EE8HYT EBRhe & SO nd Wverhead.

Featurenet originated calls mglch Wil | term nate on

ordi nary PSTN or | SDNP§ fes. 2Hser-defined Ordl“aﬁﬁaﬁéL%§ﬁls will cross zone
bounﬁarldes and . o PSTN Vbt | :msmBrw(ﬁmgau%&es:eceaﬂmort&ecm&éaes .
over hea ype urenet Break

or | SDN or}%lnated calls V\hic%ﬁ #I gi answer EEE cal%ern?ﬁﬁ?% Csﬁls

Feat urenet |ine. These will require ecaDBs petdndr ogsurgte time

overnoad - 0 U Wi nguszheedy [ ORI BarhaRy el PHREL chA TS
just as applicable to any nunb¥peowiddl betyped tampverlay myaliosaerpéfd 53
allows the operator to definepliebns forzgggttéﬁyéggégs are to be nade
from Each_zone on the | i st
15 Type 7 (Featurenet Ordinary calls)
Featurenet originated calls which will
terminate on Featurenet sites. Each
Featurenet *cluster® will have its' own
zone and calls will be confined to it.
20 These calls will require a 25 second
connect time overhead.
Type 8 (Featurenet Break out)
Featurenet originated calls which will
terminate on ordinary PSTN or ISDN sites.
25 These calls will cross zone boundaries and

will reguire a 25 second connect time

overhead.
Type 9 (Featurenet Break in)
PSTN or ISDN originated calls which will
30 terminate on a Featurenet line. These

calls will cross zone boundaries and will
require a 25 gsecond connect time overhead.
It will however be realised that the system will be
just as applicable to any number of call types.
a5 The zone field 53 allows the operator to define which
zone the calls are to be made from. ¥ach zone on the list
will have a number of sites 2 with remote terminals 2a, 2b,



wi |l have a nunber of sites 2 with renote term nals 2a, 2b,

15 2c, VW@BWN42i suitable for transmtting calls from POHGEBISAI8I0ONE
and the sequencer 3 will |imt the sites 2 used so as to select only
such sites 2 that are suitable for nmakingis the calls. Thus in this
exanpl e, the sequencer 3 can only 5 select renote termnals 2a, 2b, 2c,
2g, 2h, 2i at 8icte®gz 2h, Wit lsiud tatd eNHICrz cmrensidk ttingnealisi fgomathat

The charge ban [ tah a I are
to be nade undgr@h‘e 3%18 ?ﬁ é@% 3 %éﬁgrr%gﬁlet ol J'atrége]%éltﬁg |§8sé§

| ocal, and thj §0mﬁs!f:t-00ntllﬂ'a18mhl pitkeee? 2Zhatt hraeﬁnteabke nfoml makanga
2c, 2d, 2e, r f Hdazan n | ocal
rate charges are SUI ?E% e%‘ors riggg;:h&d}ngx%ﬂﬁlé %ﬁ@éé}%} x3 ?g#mgﬁ% s of
sites 2 th& amselespabesobe terdinahy €l 12, 2c.ul@er 2§*rséﬁeé€e§1§ﬁar§e

band are | i Ste%'tmhh%héeﬁhtn.@éhénsféé tédﬂsﬁmtt;ﬂ@f Tallists for each

transmt only or two:way ermn férmnals that are capable
of receiving c&Pes cé’r?&g@h %eej’égan%ﬁ t h‘é‘#l??ﬁe%a‘lﬂl‘e ney2Fee nhged
under . thathecha@r chilsateef i@ dbl5 matl caidsr [ he artiid phakens

to be charged for k|n t he,ca for exanple.if_2 t call is
mde at the we BB Crnd e CHaRgs: D3Ba. ik 85 T 1BGRL haRteEREAGTRARE,
however i fia he ctalkl oh3ynaiieesr might hemote tewmlnalish@acath, riry, [2d,n@de in

the evening, ig; cgpg Oﬁﬁ%CEL"lE?aEg SRNELL 4k 3:21%’ IETR& %ﬁé ggléeqe%gé¥l e

under peak rat ect I'ng
operator 25 Imam'et shakgesi ape dsrd tRPIehifsir mseemng padl e é‘&?@ed@h@@e

such that the abig-ne Brigidee B0 die e d%%fdb% OF receithghch

particul ar tarlf I'n force, Fi he nunber of callsfleld
56 specifies th’é‘der a ﬂ%%‘é?e%fc@&lﬂesbﬁﬁﬁta‘é? é’t%?%%c%ﬂ%lw i
sequencer 30 f§1esi ng @&memwl cidfir e@atl Pppatstic dehilp td®NEwo-way

It ] | d .t t ot de_t dul e. I
o PLIL e i sed et e SRRt oEY R O5yd Sopprn g Wl g @
mai nt ai ni ng t hecasldne ately the thardayband thateltdeStabhithay ke mdengmaln!yr of
the other call pattesp 33,;Gef &:Qté'@fé‘icf sigblngatbs Ol gl d %‘ﬂ:‘é]trtype

Thus for exanpl’e,” the operat or eci ef I ne
to be charged for maklng the call. Thus, for example if

20 the call is made at the weekend, the call must be charged
at the weekend rate, however if the call is made during the
week, the call may be made in the evening, i.e. under cheap
rate conditions, or during the day, i.e. under peak rate
conditions. By selecting the tariff rate, the operator

25 limits the time during which the calls may be scheduled,
such that the calls are made during the time period in
which that particular tariff is in force.

Finally, the number of calls field 56 specifies the
number of calls that are to be scheduled by the sequencer

30 3 using those particular call pattern definitions.

It will be realised that the operator may decide to
schedule several different types of call for the same day.
This can be done by maintaining the same day in the day
field 51 whilst altering any of the other call pattern

35 definitions to define the calls as required. Thus Efor
example, the operator may decide to define 2000 local type
01 calls from zone NHC, as shown in Figure 3 and then



01 calls fromzone NHC, as shown in Figure 3 and then

16 subsequently define a further 2000 national type 01 calls from
zone NHC si changing the call definition in the charge band
field 54. WL’%}%& The total nunber of calls schedul ed by f’ﬁy‘@gﬁfﬂl’@ﬁ%er 5
3 is recorded in the total nunmber of calls field 50. Typically, for a
conpl ete week the sequencer 3 may be léxpected to schedule up to 280 000
calls between sjtes ead out over the whol e network. It will

be realised tﬁ&?‘?ﬁ@e?ﬂﬁé %?f’{&ﬂ’ 3 slerthen, 200PonagieBAL | BYPe o0% heabtesent

invention as lfgask 86né tNrd |9 lTth chafPRicfichle £915 R cdonuihi chent
nunber of caII tlons for the sequencer 3 to define a |ist

% tte;) g
of calls. chRyge Pap e%a?}g one alternative is to provide a sequence
of wi ndows, with e3@kh mnalbv\nduebmg e ech i speedhjedebri the 18equéneer

separat e Gal| palj eLRodghial Uibene cora1 mHES. U1 BBl e gaal spat tern

definitions are sa the sedquence

pattern Gybiigplilyns fore ahemmpﬁ@nel aesk | the asquencey s oRrYcabes
phich are theg.acheddl ¢d bychdgu ReHENES 8o, 00bNcal1s HerliRiip! #ltys done
by scheduling all the cal a pafticular zone on a particular day

at a single tispFeaddoukefver the cwhele MET®T*ot her zones and/ or days as

necessary. The ztcahhlpeéteéalﬂeéd mﬁamexeal edeffi peIpaskdofsandt st of
constrai nt crlterlatég be sa |sf|e i n
|'§7°

be scheddfl ed 2586 I?é:els ﬁf‘ﬁﬁnti:%‘l" Ias ongc3ﬂs{kr aﬁ%‘ﬁt‘:‘wgr{:}t‘%rl
are derived f roparanbar et | gpecitiy ed sxmfflcn.era: s ¢ eall apdeseirnati ons

file, both of é@ylﬁ$tﬁﬁﬁs for éﬂ@réﬁh%ébdgyngr¥olaef1ne a list oFecanigs file,

which is shown 1n eI ow, used to ensure t at t he correct
sites 2 are uslws.fEpr examplen oW pLEGFNARIVE e EPPTRVIG® A S2AHERFRed by

the call o@@h’h@b&s@efmﬂht &80 . window be:.ngﬂiﬂ@e@ItIcﬁSapfe!d:.GyCdatakms in
fields 1, 3 the a site 2, the tel ephone nunber of

the site 325 an $ W@regﬁeﬁﬁéhepﬁgﬁ%? %ﬁ PHe¥Bol og, respectivel y.

These once defined, the call pattern definitions are saved
in the memory 12 of the sequencer 3. The call pattern
definitions are then translated into a flat list of calls
which are then scheduled by the sequencer 3. This is

20 generally done by scheduling all the calls for a particular
zone on a particular day at a single time and then
repeating for other zones and/or days as necessary. The '
call pattern definitions alsoc define part of a list of
constraint criteria that must be satisfied in order for the

25 calls to be scheduled correctly. The remaining call
constraint criteria are derived from information stored in
a sites file and a destinations file, both of which are
stored in memory 12.

The sites file, which is shown in Tablé 1 below, is

30 used to ensure that the correct sites 2 are used for
transmitting and receiving calls defined by the call
pattern definitions.

The sites file contains in fields 1, 2 and 3 the area
code of the site 2, the telephone number of the site 2 and

35 the telephone number of the monolog, respectively. These
details, along with the remote terminal ID contained in
field 4 provide all the information required for a call to



details, along with the renote terminal 1D contained in field 4

provi de al | wanesdietéor mati on required for a call to POT/CBI8/B1830

17 be made to the renote termnal of that site 2. This all ows

renmote termnals of other sites 2 to nmake aIIs to the site and for the
set of instructions generated by the sequ%ncer 3 to be transferred to
the sites 2 V'Be%@%ENtﬂze Pemote termirhl’c ‘Ef"%g'!‘? "tt(fe% S bf %Saﬁow
description used by t master controllers ent’ify R HEN e
terminal . FREptee @ﬁ@lﬁ@é@ £é @%‘é@?l%’éqm@ #ermakgy arldemu§oothe rpite

remote terni naémd'fcﬁ: BMY lget] 0! 1ABETYOE Kb geMtidated! b9l fhe seqiedi 11
store data to |nd| te the%%pe of teI ephqne 10 exc ange the termnal is

connected to ahd® CP Irdffaé'ﬁ o thge sditeg 2 via ¢t Y} nport ant

fields ass far asrielat lmblﬁgthéheltes M@h@aarﬂés@‘ﬂﬁiﬁrdIﬁuB&dCWOtﬁi@ed
are fields 7, 8, 10 and el.d 7,

. £ 2d d i ch
node of 15 O‘B%%t‘a?%" oﬁopﬁgo}éﬁﬁtge eI;:I?I n égﬁlgﬁgghgi% t% 26 I%?t eijgj,ﬂ :
2h, 2i is capabieldf 6oper atéed Lo idemcribenstiie wotkying stataselofe tloml y
or  two-way ggﬂygé 'ﬁal, 1TQISW%#%1A% or nof Y84 thﬁﬁ?é%efﬁiﬂﬂ§ther

t he sequencer che he renote ter e site 2
to transnit or92@nd e7€3e| %‘écié%ll Aata to indicpe| ghg ty®ec Afesteherkorse

during whiygh tEﬁcﬁQﬁg@fthe tetmidIeid QbdRlduid@ot BRdcehbSiodst $6Rr& i n
the call Eattern les, is to be downl oaded to each site 2 fromthe

mast er control FBg 8ite. During this process the renote 25 termnal is
busy and is thereforgeunahbertantecgieddsr as faransmt defimings the

consequence of LALSyalNes SEMENEL {8 concedHi ! 21216809 %2 £6!hn©
i2. FPield 7 is a flag used to indicate which mode of
15 operation the remote terminal 2a, 2b, 2¢, 24, 2e, 2f, 2qg,
2h, 2i is capable of operating in i.e. transmit only,
receive only or two-way communication. This will
consequently effect whether the sequencer 3 is able to
schedule the remote terminal of the site 2 to transmit or
20 receive calls.

Field 8 indicates the time during which the set of
information defining the calls, as stored in the call
pattern files, is to be downloaded to each site 2 from the
magter controller 6. During this process the remote

25 terminal is busy and is therefore unable to receive or
transmit calls. As a consequence of this, the sequencer is
unable to allocate a call to this remote terminal at this
time.



18 [err]

I ndi cates the zone in which the renote
t herefore used in conjunction

band fi el dWS9%(03574

correct 5

calls of types

schedul i ng
term nal of
type of ca
suitable re
call type f
the 10 char
type 1
position w
represent t
respective
| ncom ng on

Table 1

zone for
Is a call type flag which indicates
abl e to handl e.

Thi

19
| ocated. This is

termnal is

Field 10

with the zone field 53 and the charge

det erm ne whet her the renote tern nal PCEYGBRS/QAIR
maki ng or receiving calls.

S is
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25 0 Qutgoing only calls of this type; and, X Not
useabl e forwolspsiazype of call. The final constrai MRGBIEGISHY €

i ntroduced by the systemitself include tinmes when the systemis shut
down for maintenance or other r ons and is therefore 30

I noperable. Such information is stored i'ii the sequencer al gorithm

i tself. Blgna {9009 phlcackd SChEd chel Nep olicrt Nensc QiR
3 nust analyse all the constraints placed upon it by t pattern
definitions, tifamipedsipnieeatedonTiis Liacreiare vasdi wmumlon These

constraints mypidie el i pefe fieldBEhemmld adld Yeirde YahEr Feb18ek3 %'Ebd

functions as shown . el
In order to si%RASHFEIE é"’hﬁfgi'%l‘iﬂls ofemeteafepyimpy is in theg qQﬁF&qtant
that the spquesngy fdrsalddmoesrcakbaisting ca}.mhat the calls are randomy

spread out over the,.coynse Qf, he day | Il eved by selecting a
random start tine ? 1§’ac%=‘~8&fi| £ cal ﬁﬁpﬁeF%Qe‘,s%t%é J&ﬁllcf st be
spr ead out r edsmnahype of caddwl phbét webnst heevablouso remmdle t erFhimlis 2a,
2b, 2c, , h Sid- r such
an even spreac? %3051%1 %gtré%g t'te%‘e%‘mg?ggi:lﬂ(R %w%gbl?s%%}ééngg're %i &
schedul es the T I%r%ot%sb%om%@%l A Zehesr Cﬁll-‘ﬁlﬁfafrbr%ﬂd’e hen hagelled &ach

remote tegg naéertaln remotEX Reems ALl s”ﬁtﬁwﬁiﬁd:ﬁ@lw whbhi She | Sequagiieaaved

by m nimsing the standard viation, the |I|sa I.on each
remote term nat,*% E%Sit‘ﬁllingat:?‘ Sbe?‘?ngwﬂg S’t hiS19 t%n%‘?ﬁﬁmﬁf“au me

during which tie H1eOiendty ealinad bdsyhe radpm:'dfde byid twunsitatAe

mat hemat i cal expressi.o orthe iance. i tilJ sat ch not e
term nal can bé‘? %Hlﬂq VEE SV 5 RPt R%gmééﬁﬁ c‘{:é’z;ii’ll:l rtg ggs% (?I}O%@Of #fﬁ
constraints satotsf aot iadrepnelliom sitechpviigad shdlehleThemobe suquatder

generally §che¢§lé{5lA g}g?] &l |s so as to mnimse vari ance and hence the
st andard %ievia I on of utilisation qf the rgm)tetermnaljg
Alternatively, the Bg tan e hdheosrildutyger 50 which the remote

terminal can be used is determlqed from the 10 characters
in the field 12. The lst character pogition indicates type
1 calls, the 2nd type 2 calls, and so on. Each character

20 position will contain 1 of the following characters, each
of which represent the remote terminals ability to make/
receive calls of the respective call type:

B Bothway calls of this type;

I Incoming only calls of this type;

25 ¢ Outgoing only calls of this type; and,

X Not useable for this type of call.

The £inal constraints that are introduced by the
gsystem itself include times when the system is shut down
for maintenance or other reasons and 1is therefore

30 inoperable. Such information is stored in the sequencer
algorithm itself.

Thus, to be able to schedule the call, the sequencer
3 must analyse all the constraints placed upon it by the
call pattern definitions, the sites information and the

35 systems information. These constraints may be defined
mathematically by a number of sets and functions as shown
below.



pursue ot her objectives, such as ensuring that all the 25 sites 2 within a

gi ven zone nmake and/ or receive a set nunber of calls or ensuring that
certain sit e a much hi gher nunber of calls to gj t
over | oaded ‘%ﬁgglg@uat ion. This will be understood by a pef’légﬁé%?féf%gd in

the art and therefore only the mnimsation of variance 30 wll be
described in detail. 20

21 Def i ni ng t he Probl em Nat Eemat ically Constrai nt
Satisfaction Probl éf ée 4 £o gdmp 6EFeW6f°F?¥ﬁH% &F asIPGAnBETNOL, val ues

to a nunber ofidiiscriatpereantabhes vhéhséimehcesl@raidiedile’ thatgasaeh of ‘
constraints is

S f| .. Assi.gnnent st hat atlsf he constraints
are called sol l%alﬁ:onl‘:she"o;}'I a,[]% %%5 rF‘Pdig{; spreac? qvE I%’E EEYFPRd°t he
sol ution that ©pe ideysesThizdst achiiee'edohytsi@eddlm garamidmmtafrtt héme
CSP is cal fed g Cansty @Ak Satisfaction Optim sation Problem (CSOP). The
cal | schedul | n% grobl emcould be classified as a CSOP. Intuition
suggests that the Enqthermore,stheddpihy Problkensnread watd veRseRabdiNns

th?t no a: gor %xbén b%{t&aéﬁ'@E&er’i@.@:&Q%}g%@teﬁé&?&.‘n@% .tsgal Uip | grzd Nad,

pol ynoni al nunber ep e difficu ou 0 produce a

f ormal proof o5+ tzrf;t %g, 2h, era?;tgﬁ SEERE ot ng P %gﬁo‘iﬁﬁé‘%‘%ﬁﬁﬁh
description ofaf hewal | spebadul g ¢l el‘heb:yJeen the expmiinalg, thehe
entities d the tio | 1 r st

I nst ance ? th%e%‘g?xﬁgésxghééd%%ﬁe&ﬁlﬁgbl%gr% cc?:;f?'rﬁijb‘JD % gy atg’f |r§1Ler}glerBlyz? hthe
following |istdbfference mwea@@ anbt rgmgtemm s and functions are

not directly provi dggRysddze q&ﬁhé?z\&t:ﬁé?ﬁ)i thidl elaenseﬁiéde@y bie
system after pre-processi ng of bo{éﬁé gFu er i npuf and dat,
e

descri bi ng t he™HetTiF¥g S ngtap ¥iation "ot the yed isation of [err]
Set of Zones Zzadh rdmctlectelmidd Pl rdith utilibetidyd baiexedéeingdiss the

number of oneng&EE of time during which the remote terminal is busy
divided by 24 hours. A mathematical expression for the
variance in utilisation of each remote terminal can be
derived from the mathematical representation of the
constraints satisfaction problem, as explained below. The
20 sequencer generally schedules the calls so as to minimise
variance and hence the standard deviation of the

utilisation of the remote terminals.
Alternatively, the segquencer 3 can be configured to
pursue other objectives, such as ensuring that all the
25 sites 2 within a given 2zone make and/or receive a set
number of calls or ensuring that certain sgites 2 make a
much higher number of calls to simulate an overloaded
situation. This will be understood by a person skilled in
the art and therefore only the minimisation of variance

30 will be described in detail.



The test sites are divided into a nunber of zones which correspond to big

geogr aphi czwoaama’sei such as Mdl ands, Scotl and, etc. PCT/GRBASION830Set  of
Call Types ¢t: & = { ct[err], ctf[err], ..., ct[err] } where J is the
nunber of call types 30 21

22 Depending on the testing required there may be one or nore

call types (e. non- char geabl e, FeatureNet call,
chargecard Call?eﬁmn%ﬂsel’mb!en?ﬂﬁt i cfail Set of Charge Bands Cb: Cb =

{cb[err], cb[err], ..., cb[err]} where Kis the nunber of charge 5

bands. [o]0] er thr ch e bands Local
Regi onal , Nat |%€Pﬂ§$m5h$at§faﬁé?% G’@ﬁ‘?éélg is the prc 0&% [aFSignRSR; Qfevalugs ¢

may al so be cot?k]sd ﬂﬁx’iﬁg L d%;a'etﬁ &b%%&] w:tfﬁxuté){l e %%%%Sﬁega_ gafl‘ ?c;R%trmPt{s is

trlerr], trfer enu

Exanpl es of t agatifffedr a.tsﬁgmﬂér@s thixesatiy the @bsstrainbearetalibd solplions ofitid asre ke kend
rate. This set gives all the possible tariff rates that my

apply in the ngeahisraksotto find thesolusign that pptimiseg a:¢qs critesiqn then this \agiatipn of tli“-"{
h
This set g vesCRR iis AR ot SEisleli, GHETRGSoR e flbRAGROR. Theotler ur e

for making scheduling PGSR GBIiMI Begclesdified as a20SOP. [nfitidn sup@estefthddi the cdly pes

Tp: Tp = {1, O B} As nmentioned above there are three
di fferent typeschedulisg peablenh isdiP-ared whighomenns, that no algorithm exists which finds the

10  optimal solution in polynomial number of steps. It may be difficult though to produce &

formal proof for that.

In the following, we provide a formal description of the call scheduling problem by
explaining the entities and their relationships.

15
Problem Instance
An instance of the call scheduling problem can be fully defined by the following list of
sets and functions. These sets and functions are not directly provided by the user but they
are generated by the system after pre-processing of both the user input and data

20  describing the network testing architecture.

w
=4

{u

s SetofZonesZ:Z= {2, %, .., %, } where [ is the number of zones.
25
The test sites are divided into a number of zones which correspond to big

geographical areas such as Midlands, Scotland, etc.

o Set of Call Types Ct: Ct = { ct,, ct,, ..., ct; } where Jis the number of call types.
30



Qut goi ng, and Both ways (i.e. both incom ng and outgoing calls capability).
25 * Set of Calls CC={ c[err], (err], ..., c[err]} where Nis the
nunber of C@h‘aﬁmw These are the calls that need to be

schedul ed. TRe Mukber of calls and their attributes PCT/GBIE(04830
specified by the user with the assistance of the user interface. 30

[err] Set of Time Slots T:. T ={ t[err], 2t2[err], ..., tlerr]} where o the

nunber of tirrewrs]):)ots.inth . . . scheduling horizon (i.e. tine
period during esnding \pEnkhe tgstipgieAwire thees may pejone or more call types (e.g.

23 dHateRaBE (nof QRAEEIbT, FEAuANANUN Althintcddl chillgecSCedul i ng system
Each call can be allocated one or’ nore consécutTve slots from
this set. The actual duration of the calls is specified by the
user in terns of mlljseconds. The scheduling systemensures that the 5
total duratior® oPetoREhuenBadsGly ChsT beky, ehb.l-0 &t ga’h@ré@swnumbgr@fq%mgeor
greater to.the ands duration in mlliseconds of that call. Usualy, 1
mnute slots are of sufficient accuracy for the purposes of
efficient scheduling and also for not wasting too nmuch tinme in not

fully utilised slots. If the scheduling horizon is 24 hours, this results

inatotal of 14Heually, we consider thregicharge pangs LoeshRegionnlo Nationshbutioters suchn thi s
case is equal to_{n1.. 40, 10 Fungti ons The sets
i sted above gi v%*Fa{ﬁe‘Sa%*cM"ﬁ% e})‘i'@f%?@"(@?"?%@*?ﬁffﬂ ent entities of the

probl em The different rel ations between these entities can be
defined by the followng |ist of functions. 15 [err] Call

| nf or mat i b& FuncBétef Tadf Retes Tr: Tr = { tr,, try, (.2 i1, ¢ twhere, istthe number Bf m)iff r@e.err] Z
x & x Cb x Tr This functions gives us for each call c that
requires scheduling the values for the 2 0 various call attributes.
Attributes rel at } i) i 3

the zone of the ga .Bﬁgs?&?ﬁg?%d;%%rgg&%ﬁﬁe&éﬂ?&ﬁ%@‘?gﬁbﬁg Egé gee‘e%%;gci]rgteé%r hZtshe
call cb and its setgives all the pogsinié fafiffrateethnirmay apply in the network to be tested.

15 o SetofSitesS:S={s, s, .., 8 } where M the number of sites.

This set gives all the sites that are available in the network architecture for making

or receiving calls
20 s SetofSite Types Tp: Tp={], G, B}

As mentioned above there are three different types of sites which are Incoming,

Outgoing, and Both ways (i.e. both incoming and outgoing calls capability).
25 o SetofCallsC:C=/{c¢,c, ..., ¢y } where N is the number of calls.

These are the calls that need to be scheduled. The number of calls and their attributes

are specified by the user with the assistance of the user interface.

30 » SetofTimeSlots T: T={1,t, .., t, } where o the number of time slots in the

scheduling horizon (i.e. time period during which we want to generate the calls).



[err] Site Information Function (SIF): 2 5 (z, tp) = SIF(s), S

[err] Z x THO991974 For each site s, it is required PETIGRIBOISEE zone
z and type tp. The above user defi ned function is providing

t hat . 3 [err] Site Availability Rhction (SAP):

Avail able = SAF(s, t), Sx T [err] { 0, 1}

24 Thi s function gives us the availability of a site s during
the tine slot t. Using th function, the user nmay specif

mai nt enance peri S48 Set&ﬁﬂé@*éﬂle igrewlarityrofthrscheduliag system, Each call can be allgpase

o o' Chm e 0,5 Ao bk e e oty BERS B340

1 CS(s, cb), S x Gluciied by the uddr® felms of milliseconds. Theldhé uﬁ:&%’@ﬁtbﬁ@nﬁ@éﬁﬁaﬁﬁe
arguments a site s and a charge band cb and returns st of

other site$ in ttmﬂtcbtsm:m@f&mmmuwﬁot&akomm a@a%aldquaimdgréammsh& e s

to them woul d ha band c
Tariff Rate Eunc f!prgﬂor( qa@xﬁseco nds of B’l&t ca ?’t ffwail? iFg@{n)tta si?ts[aéer qf]sufﬁ(:xentl%curaly
s ;Jlng]; ' on 01 Yéishd fifpds8d deetriciéht Senbling afiFiifotbr ot WABIrEhGY mih trfkfin not
fully utilised slots. If the scheduling horizon is 24 hours, this results in a total of 1440
slots for allocation for each site. T in this case is equal to { 1,... , 1440 }.
10

Functions

The sets listed above give an accurate picture of the different entities of the problem. The

different relations between these entities can be defined by the following list of functions.

¢ Call Information Function (CIF):
{(z,et,cb,tr)=CIF(c), C>Zx Ct x Co x Tr

This functions gives us for each call ¢ that requires scheduling the values for the

20 various call attributes. Attributes related to scheduling process described in here are
the zone of the call z, the type of the call ¢, the charge band of the call ¢b and its
tariff rate #r.

e Site Information Function (SIF):
25 (z,tp) =SIF(s}, S > Z x Tp

For each site s, it is required to know its zone z and type fp. The above user defined

function is providing that.

30 e Site Availability Function (SAF):
Available = SAF(5, 1), SxT - {0, 1}



[err] EndTinme Function (ET): et = ET(st, cb, ct), Tx Cb x C
[err] T 20 The user has also to specify the required duration
of calls. ction provides this facility | Vi t he
end tine SF@#?%@L; br a call starting at the tinme slot st, ﬁﬁ%ﬁgﬁﬁgﬁﬁ%

band cb and call type ct. The call wll take place durlng all the
consecutive slots starting f#®mst up to et. As a matter of

convention the slot with the value et is 25 excl uded.
Al'l the sets and functions nentioned so far can fully specify an instance

of the call schedul i n r obl ri.th f.e a '
solution to this tbgf %‘BF%%%Q&‘%&@ avmlae,‘bthty o?mﬁ%%%}xgn%{geq%e s%!% form
30 . ﬁmcnon the user ma P' specify mamtenance periods, update times for the s&és etc.

Sol ution solution fo the problemis a scheduling function of the
form The algonthxﬁhas to e@suretha) nq eflle are|schedlsd diringsthpselpsrieds. S x S x T
This neans_that for each call requiring scheduling, the problem solver has
to speci fyS t hree deci sion vari ables. These are the origin of the
call s[err] (qut beh Bhnctibhl stination of the call Serr]
(incomng site) gle%’%ﬁg’ St a‘?cl ?Irrcgﬁsl ot st. This solution should satisfy

t he f ol | Ddtingione BSICSEs, bR S Qb -—» 2° Constraints Let us
consider the following definitions for a single call c:

This function takes as arguments a site 5 and a charge band cb and returns 2 list of
10 other sites in the testing architecture for which  call made from site s to them would

belong in the charge band cb.

e Tariff Rate Function (TR):
tr=TR({), T—>Tr
15

This function gives the tariff rate for a certain time slot of the scheduling horizon.

¢ EndTime Function (ET):
et=ET(st, cb,ct), TxChxCt > T
20
The user has also to specify the required duration of calls. This function provides this
facility by giving the end time slot ef for a call starting at the time slot s7, with charge
band cb and call type cf. The call will take place during all the consecutive slots
starting from sf up to ef. As a matter of convention the slot with the value ef is

25 excluded.
All the sets and functions mentioned so far can fully specify an instance of the call

scheduling problem. The algorithm has to generate a solution to this problem instance

which is of the following form.

30



15 (z, ct, cb, tr) = AF(c), (z[err], tp[err]) =
SI F(s[err]) wWo9s/01974 (z[err], tp[err]) = SIF(s[err] pcT/GResH1830

et = ET(s[err], st, cb, ct), 20 For the solution to be a feasible, the
foll owi ng conditions should hold. 25 [err] Zerr]=Z

The zone of the source site z[err] should be equal to the zone z of the
call. 25 Soldtw] tp[err] =Otp[err]=B The type of the
source site shoul d be either outgoing or both ways so that it can

make the caII

26 errl].sB . R _The type of the
desti nation SI é‘ligfﬁg{}P&ﬁJo%wéﬁengSW@WﬁwcaPﬂ BEHATIRYs so that it can
receive the call. [err] s[err] | CS(s[err], cb)

The destination site s[err] shoul d belong to the set of sites for which a
call froms[err] wHkd@-->(s,,s,st)eSxBxThe desired charge band cb.

5
This means that for each call requiring scheduling, the problem solver has to specify three
decision variables. These are the origin of the call 5, (outgoing site), the destination of
the call 5, (incoming site) and the start time slot sz. This solution should satisfy the
following constraints. |
10

Constraints

Let us consider the following definitions for a single call ¢:

15 (z, ct, cb, tr) = CIF(c),
(2o tpo) = SIF(s,),
(2, tp) = SIF(s),
= ET(s,, st, cb, ct},

20  For the solution to be a feasible, the following conditions should hold.
s zZ =2
The zone of the source site z, should be equal to the zone z of the call.
25
e tp,=0Cvip,=B
The type of the source site should be either outgoing or both ways so that it can

make the call.
30



10 [err] tr = TR(st) . The tariffrate for the start
time st of the call ¢ is equal to the desired tariff rate tr for

the call. &f&osmisrs Addi tionally, let us consider the tig@rsheisigib [err]
during which the call c is going to take pl ace:

T lerr]={ t [err] T [err] st [err] t <et} 20 During this tine
the tariff rate should remain the sanme ancgsooth t he source and

destination sites _s_?oul q__ge avai lable (i.e. no update tinmes, maintenance
periods). Thi$ c®h™ V=5 pe expressed as foll ows: 25 [err]t [err]
T [err], TR(t) = tr[err], SAF(s[err], t) =1, SAF(sf[err], t) = 1,

Finally, the resource constraints are dictating that all sites should

per f or m onl y - oneThe type of the degadinaioh eite shibuld bl ieither (ricoming @f bdik wayeahatét @ make

calls). This can be expressed as foll ows. 30 [err]c[err], cl[err] T,
cl[err] c[ err] : receivg thercal.r | T Jerr]) [err] [err] ((
s[err](c[egr]), s[err](c[err])}[err] (s[err](c[err]), s[err](c[err])}
=[err] 27 The

above fornmul a Jmay tidsgs ofyer | ess strict forms in certain network testing
probl ens.

The destination site 5,should belong to the set of sites for which a call from s, will be

in the desired charge band ¢b.

i0
e tr="TR(st)
The tariff rate for the start time 5¢ of the call ¢ is equal to the desired tariff rate # for
the call.
15
Additionally, let us consider the time slots T', during which the call ¢ is going to take
place:
T, ={teT|stst<et},
20

During this time the tariff rate should remain the same and both the source and
destination sites should be available (i.e. no update times, maintenance periods). This can

be expressed as follows:

25 VYte T, TR() =tr, SAF(s,, t) =1, SAF(s, t) = 1,

Finally, the resource constraints are dictating that all sites should perform only one

operation at a time (i.e. either receive or make calls). This can be expressed as follows.

30 Vg geT, gzeif T, n T’cj) 2@
= ({ se{eds s} N { so{ep), s{e)} = ©)



For exanple, if want to test non-chargeable calls (where the destination
has to be W(’W@ﬁ@%{ged so that the custonmer is not charged)PGT/eB8®II6e of
a nornmal chargeable test call and the destination of the

non- chargeabl e test call nust be set to tR2 sane val ue. 5 Opti m sation
Leavi ng behind the various constraints ofthe problem we |ook at the
various criter The tbozt farmula maymkmheﬁim lstrizraﬁmtn@m@manﬂhmorﬁd&&mg pedtderhd\O

mai n objectiveg for t s probl e ective A, Spread calls across

sites in the sHAESAREE, ! I’Eﬁ want 1o teﬁhﬁ%“'é‘!ﬁ%@i&\%ﬂ%@%@s&? degtingting kasite bgat i on

G ect i ve B, t%%?%%%*ﬂ*‘?‘ﬁ*‘“? A S Bt ot a nor BB sl o o

that the call safdihedestinhorbéahe ﬁbrb@a?@a&étés@éﬁﬂzﬂusdb@éd& t@&b@ﬂn@ﬁﬂxﬁ&)ss' bl e

with respect to their start tines. Thus, the solution is a
scheduling function of the form [err] 20 In this
exanpl e, the solution is sought which maximzes the follow ng

optini zati &n cOntimisation mnimse [err] (Wilisation)
([err]=Variance) for sites [err] zone z for

all zones [err] Z
Leaving behind the various constraints of the problem, we look at the various criteria that

the solution has to optimise. There are two main objectives for this problem:.

Objective A. Spread calls across sites in the same zone.

10

This objective states that the utilisation of sites in the same zone should be as uniform as

possible.

Objective B, Spread calls throughout the day.
15

This objective states that the calls for a site should be as uniformly distributed as possible

with respect to their start times.

Thus, the solution is a scheduling function of the form:
Utilisation (s € §)Y= |7}
/
teT IC s 1]

20

In this example, the solution is sought which maximizes the following

optimization criteria

minimise o?{Utilisation) (o=Variance) for sites €
zone 2z for all zones € 2.



28 In practice the mnimsation of the utilisation is

achi eved by the way in which the sequencer 3 selects the sites 2 to
make and/or receive calls. This will now be expl ained with reference
to Figures XP¥PAY which showthe 5 steps that the sequenBET/GBIgEES0

t hrough to schedul e the cal |l s. Figure 4a is a flow diagram
showi ng the general operation of the2fequencer 3 to schedule calls for
an entire week. Initially, the operator of the sequencer 3 10 will
enter the call patt¥ PERFGIRS | Ure wsndebeatinn ebobke utilisathencab

pattern defi niddions-dtavs, kagn wit qrnedmltdﬁﬁ the 4RBee! 33 gWhbbrgetna daily -
I ndi cator tag | roce to schedulf%cal | s, for day

| (step 110) . lte%?é ééw%% %u?%daFFerEEH %c?? - wi TR e¥éttnpevt ge

Fi gures 15 A4letplaticied with refdmed lte Ehglises ara day4d wisveh dew the
hedul ed, gt h d t] I

partern 5 f17eHg that fhe "eBgutibet ) ok ﬁ%f&ﬁiﬁe%&?cégéﬁé FREn

determne if t¢ﬁlh%4ue of the day indicator tag is 7 (step 20 130) to

det ermi ne whet her tﬂwlas waeks Wordd Qfagabhs shamha\/%r@e%eﬂ@ﬁsgmed | f
the indicator ta js le t he Sequencer wi | one to the

S 7,
i ndi cator tag P "'h:"‘:’n © hég‘el feduqnassy 1469 me&uéeee%lt% sefed@fe
calls for the entidaywésit+1 (metigdiyo Heprek@ror bf the daguendegator tag

Savohos BP9, Bl (AR g

sequencer ~pr ogr ahmre d 4d
describe the pﬂ%cébﬁr@alflorpatterns itrignish avs Ilsemf EntaEreds &he 1.

Initially, theﬂé&?é&?&&er:s 3oyl |seﬁ:r %n%ﬂ? &Héléééér% @1" e(@%e‘fﬁfl'a'@'}t I ons,
i nput by the operator into a IS

achi eved by ge®dd atheR PEpceed t%n%‘é@f?% Iqas}tlsoffoé'alqaé’ \ﬁl t(ﬁt@ﬁ’e léé’l |-

correspondi ng TRi£astocedureCatill 1t batdésctibdie withedyt edencd Nits Fil@ires
exanpl e, gé tgg . 4cfa.ll pattern definitions require that 2000 type 1
calls be E ?n*%he I ocal charge band from zone NHC (see Figure 3),
then the sequencer Gmdéd tdenesdie foraldy IIi baveikder?@ebetyped, the data

defining the calls is written to a respective call pattern
file for each site 2 (step 120). The sequencer 3 will then
determine if the value of the day indicator tag is 7 (step
20 130) to determine whether the entire weeks worth of calls
have been defined. If the indicator tag I is less than 7,
the sequencer 3 will add one to the indicator tag I such
that I=I+1 {step 140) and proceed to schedule calls for the
day I=I+1 (return to step 110). 1If the day indicator tag
25 I=7 then all the calls for the week have been defined and
the sequencer programme will end (step 150).
Figures 4b, 4c and 4d describe the procedure for
scheduling the calls defined for day I.
Initially, the sequencer 3 will translate the call
30 pattern definitions, input by the operator, into a call
list (step 200). This ig achieved by generating an
undefined list of calls with one call corresponding to each
call that ié to be scheduled. Thus, for example, if the
call pattern definitions require that 2000 type 1 calls be
35 made in the local charge band from zone NHC (see Figure 3),
then the secquencer will generate a call list with 2000 type



29 1 calls, each of the calls being in the |ocal charge band from
zone NHC. WO9901974The sequencer 3 will then begi n schedul i RERVGERISDIIHS .

In order to do this, the sequencer nust first select the 5 next call on
the call list (step 210). The segyencer 3 will then anal yse the
constraints criteria to determ ne which sites 2 have renote termnals

2a, 2b, 2c, 29, ¢8118|, wAERhoAT ensUEA BN God D tIANGE tiddd chariBephupe of
cal | which has been defined, Thus in the 10 present exanple, the call

pattern defi nif s ZORWNEFN Figure 3 indicate that the list of calls

g 2) be schedgl eg Thel bﬁlﬁﬁeﬁewts Gia]ﬂ(:IlO%%bnt h@glﬂé sehédulhee tf"ieebd&J.EZ gg;ﬂ
made f.rom zone e on unday

The sequencer 31,95 etrhe"r‘? %S}‘?"St hr“&?gﬁ" FEGE N E('LF'iS%‘esa‘e’ F°5| Fhehe

sites 2 an® selmsit aallsohetBel oaal etlistn (step t3OINHC zone that has a

pomore Lernmnal sul iRl d@fencer 37 WILT AN, L¥RRyde CRhLS conbiEaTnEk! 00 2

forma source uencer
source site |istriz@ria soege22@ningt whiokeeises o2 shave tIamaeuteEmngds| j st

into Order,Of 28! Bel YLl | 2R 313 RNl WERCEUIEABNE RN & Eildi L ting
(step 230). Uti |zat|on|s ef 1.ned t he armunt of dur i ng, wWhi ch

the renote terfiffal tyee bafy c@ildi d@'&"é&/ 12415 eenhg@,f.g.neq n ofthf B
i nto ordery of lﬁfégeéﬁtl%mﬂe,%theumﬁ Ofatofditrs, déﬁm:smmcehcﬁnmszt

constantly be abI e to det er the atlon of u ach
site 2 and Fihere |3neuiq'i‘§tat@a Fe"et 3.1%2: r?gdé: Crsfletdﬁl& ase
of det erm ni ng #ile Wdrldizat iodn lothilstype 1 cabbdi ésemel Hieltd R2aiandr4lsage
time |ines represc%qtéx“o% L%, 3%(%‘??%% %é”ldﬁn)' G A Siddn? QR field

particul ar day usage i nes ch are storéd in nenory 12,
are binary Sxat a The réequeenehyitently rithen meerclpithroudl whe &ES bi t

representiqyg the }é‘sﬁ&?ﬁ Qf1 1t h;%er 23R! bVEna Eél@cguéhf'lgsﬁte 2 1<sthe;era At e
period of a particula

day. Thus th 1440 bits 35 N $e 8&} i show
the utilizatiortR®l NHE PR ofBRta a8 af HaWOER LLRT™HRE Y of Fﬁ ary
"1" representi ngridgniddihg type 1 calls. These sites 2 form a source
site list.

Once the sequencer 3 has read the source site list
20 {step 220), it proceeds to sort the source site list into
order of either utilization or number of outgoing calls
{step 230). Utilization is defined as the amount of time
during which the remote terminal is busy divided by 24
hours. In order to sort into order of utilization, or
25 number of calls, the sequencer 3 must constantly be able to
determine the time and duration of use of each site 2 and

the time that calls are to be made.
In the case of determining the utilization, this is
achieved by maintaining usage time lines representing the
30 usage of a particular site 2 on a particular day. The
usage time lines, which are stored in memory 12, are binary
data strings divided into 1440 bits, with each bit
representing the usage of the respective site 2 during a
one minute period of a particular day. Thus the 1440 bits
35 in the bit string show the utilization of the site over a
full 24 hour period with a binary "1" representing the site

R LETE NI PR e —



30 being in use and a binary "0" representing the site being
avail able, or vice versa. . Each site 2 has predeterm ned busy tines
al | ocat ed t Owo sospidy during which the call pattern files arelg&%%ﬂde from

5 the master controfl ers 6, maintenance is carried out and 1% ar ge
results are upl oaded over the PSTN 1. Thesg time periods cannot
therefore be used for generating or r edei vi ng calls fromother sites 2

and they are therefor.e regi stered _on, the_usage tine line as periods
when the 10 rzbn%zﬁ{g t'et MaFaR %S%bg%?_ary b¥eres THITHE g S emPe PHes it
is possible foratdidable,sequanicer vBrsa.deternine the utilization of each
site 2 and t her a ' h u |55 r of
ascending utiii ;atig%?ﬁfﬁg%%eggga%£§%€%é§?%g¥%§E2SB%?n%fg?éJ%?lqﬁéggggggof
the list. it dymingdeibdcrbnthe eabl Ralgemn ddlepnere demisiaded? fapso
has associ ated therfyidy aadildoldledd 4, MuidtReankeChs carkidiacaties ahfe
start tinme of any. out OIQ% cal l.s. The call start glne i.ne is_also a
1440 bit bi nar @t LarIngresiss Are dndrased P¥prebBht PRGN wWhet hEReER

out goi ng cal | habmdepriods stimtidededersdgrs hbé naedi dokagemenat énof okhe
respective o AS WA T S [ | ne, | .start ti l'ine
is stored in the %‘n‘ﬁl’rﬁg f'fﬂs I%%O% %Qﬁﬁ% gg}:%é s?aar"{lé]'?ﬁl?ﬁg} Ia?ﬁee?haerrtgférggd to
order the sourcre@bstexed onsthacowadiengt bhe ndinber asf pedicdsmuben tha this

instance, the SEHHONS &lardidglien nes fromthe call start tinme line the
nunber of calls made bya ealch silte ?WFI’I ch does not i ncl ude

predet er ni ned busy pEdWdEReangagRadddng nbines it des pPeeaRbhdfay &h8er

Wi t hht he si tfe t Badudiasest he che@stedRind WiRent 0f i £4d {ch aFskgbRdaite iZ abai ng
at the top of t

e | ist. lnitially, in absence, of further
use other than Qhere%‘?i‘ée FEREBE: Mfiett tRAGE Fe SRHF 6P §7S%f”§icfr£€)é2° i ||
have t he saseemdbuntutofl igatliiopat tbe deabheusihizedinbidre & hediniss 2t35
I'f this is;ghe Eﬁé%ox% hee g%ﬁees_,}i%rte ordered arbitrarily. The

o al e

seqguencer proceeds T'ocate the calls on the . call list by
sel ecting the next sineadditifn Seutde vpgge time line, each site 2 also

31 has assocciated therewith a call start time line which

indicates the start time of any outgoing calls. The call
start time line is also a 1440 bit binary data string, with
20 each bit representing whether an outgoing call has been
gtarted during that particular minute of the respective
day. As with the usage time line, the call start time line
is stored in the memory 12.
The call start time lines are used to oxder the source
25 site list according of number of calls made. In this
instance, the sequencer 3 determines f£rom the call start
time line the number of calls made by each site (which does
not include predetermined busy periods) and places the
sites in ascending order with the site that has the least
30 number of calls assigned to it being at the top of the
list. '

Initially, in absence of any further use other than
the predetermined usage, the majority of sites 2 will have
the same amount of utilization or the same number of calls.

35 If this is the case, the gites are ordered arbitrarily.

The sequencer 3 proceeds to allocate the calls on the

call list by selecting the next site on the source list



(step 240), thereby selecting the site 2 with the current | owest
utilizati on V¥ t number of calls, depending on t hPGHEBRINIEP
sorting that has been used. Once the source site has been

sel ected, the sequencer 5 3 accesses a destination file, which includes a
list of suitabl e destination sites for each respective source site

for calls of thetep|24¢kd Harehymelamtdnghdde edtraknwith thargerbemt and

tariff rate cri L.yt 11K el irat he | : isC h kL&S
suitable for r%%\g%%/i@nut%}éil%sﬂw th 10 tgﬁg %‘éﬁ%\%?%gﬁm%t E%P%ng%%?n??i ons,
form a desti nabhBnmethod| oS sorting ddifeh@d beencl88dehi s destination Iist,

folrlthet t ds]ga! ePE;@ﬂcﬁo%ﬁf%cﬁiﬂg% sfi@edhag 1§é’éﬁt ﬁﬁlm@dgnt?ées?@neﬁf@rt

ca paten erirnitions St €. ,an res e . STI nat)] on |

“to brder Sof Bt PEFERERR, BorRstadrt it 1 e sio AnsioRieny A deE (& ep
260). This iis achteped cﬁéstinat::‘;)mmisfftéalr ann&m%tmstﬁwc%@eb sbﬁgcegsiam
source site list st 0) .a ' therefore no e described.in
detail. 2o oaliu nEB §OPLCTEet: Rlloquaitdits (TRIEE oPREFaLh
random start tchergst danZ7@Gndantach&tkrate deticemine 20Thehdehtinatkomandom
start tinme wou Sall t als cal : pey L Lff:Late
defi ned by theggg ? %@fﬁggﬁig%e gggfﬁn??%gﬁél ;ggg%ﬁﬁ%?glhgec5§$g &?Eﬁ

ment i oned 18bovéhet Hefénpl palilepatgernndefonitions, | ferude drsFhgred®Ron of
tariff rate e.g;qgay, 7Hd Gabuafde25s MAMELRN] 2Rt inkSidheraftor ¢ok-nPRat ant

t hat the chosen start ‘tinme for %he cgll g||| result in the call having
t he tarif PelgcsedeSONEFe PAtEne IORSENGr cBAFPE RARE BUFFRYS mig-the
week, the tarithinat @afeytbedeifindrivhe ddgrepri poyateand sortdhetheght

tariff rate. Thus or _exanple, Jf the day.30, ..tariff rate is,selegted,
the start time A &ﬁatfﬁgncglllré%i gnte éﬁ%%céf‘e&tﬁéga‘#ﬁp Wikt h‘?rﬁdeﬁnegtgi nes
during whilsh tmemBSINof incémisgchallsn{step |26Wn t Fhidayst achievedt én
Shoul d the Tandom:ghanl (lRcRe UNEHe! BilR-AR0 UECtne soubbe seEUCREst S
w || repeatedly génerate randomstart tinmes until a start time wth
the correct tlgtiepf 23pat andj will thepefors apt by fescribed dpedatadlty

only two tariff rat@sg ghown in Figure 4c, the sequencer 3 then selects a
random start time (step 270) and checks to determine
20 whether the random start time would result in the call
being made with the tariff rate defined by the call pattern
definitions (step 280).

As mentioned above, the call pattern definitions
include an indication of tariff rate e.g. day, night and
25 weekend, and it is therefore important that the chosen
start time for the call will result in the call having the
tariff rate desired. In the case of calls made during mid-
week, the tariff rate may be either the day tariff rate or
the night tariff rate. Thus, for example, if the day
30 tariff rate is selected, the start time which the call is
allocated must fall within the times during which the PSTN

1 is charging calls on the day tariff rate.
Should the random start time be unsuitable for use,
the sequencer 3 will repeatedly generate random start times
35 until a start time with the correct tariff rate is
generated. Since there are usually only two tariff rates



32 for any one day (i.e. day or night), it will generally only

require a couple of attenpts to generate a suitable tine. Once the
tariff rateuQfaddisyyf andomstart tine is as required by the cal attern
definitions, %en the 5 sequencer 3 proceeds to check the'ﬁgﬁ 3mpﬁﬁb l'ine
of the selected source site (step 290) to see if it is avallable to
make the selected call (step 300). For t¥2s to be the case, the site 2
nmust be avallable for use for the entire call duration and not just at

the call startfey pay ppe day (l'Ehedéxl¢rd®W§hUk3n1&3Wp1bd§&ﬁﬂn&hﬁ&d@h&yn1the
tariff r atfechid @ Wicdupiresicf h@éeﬁ‘xﬁi@s d&ga% de\’ﬁ} & eﬁﬂ%a%?c%‘ E@
riod du

call shoul d have depending on the hal f™ hqur ring he
cal | occurs and t héRGH |thhdagd Sfag@tenat F#@ rand@g|ptp§ttglgg ﬁﬁdésunder

15 ot Sroultk@%aﬂ?ecslt ey 2 et bamvapaebémtoemkﬁaﬂméal Itthetn thteht he
r ando sgl ected star i_me equ r roceeds 0 scan e
usage tYnegllrﬁaq%?ﬂﬁﬁquﬁ Qﬁﬁﬁﬁ%&? 38?&%?@% th p“?@ﬁﬁttﬁpﬁelﬁﬁﬁlP%tﬁseend of
t he day, and tem&edﬁ&ﬁnadurce sitbedshapnpsof tdesemyifinit lid keraidaddal y

sel ect ed start, 'tff?e slél’itel % Ehgaigl l(skéqhﬁbé’fat ?%Prtﬂzz.g: eontbl repdsage

time I|ne een checke ut|I|Z|ng a
start tine var¢%§ﬂe the sifie @¢hmhas henemmehlevmnel@qmqmltém engirke

start time, a1l mﬁmcﬁﬁ,an\ahhee 3\@§t|§§ttﬁé'é‘éjlpyséaﬁ% Tagencer. It is
25 therefore Initial %%fet to represent the rando start

time in nmButes. OnteR tFrlequEd n31ﬁaEr8§?E?ﬁ?h% fremtﬁgp tRELEE ect ed
start time is ml fﬁbéewhiéie gﬁénmw the dukadildn ek aheeciidnell the

nb f diff t t l, te to
ot or i ne whet F8f 1 SRS, hev AeaPanin, PR RS bAFE BEN e Bl Sk
(step 310). whmGM|shaacahbleccs?$eaed ther galilneharget band Sbhbctde (step
240) anq S usgg%i é”ﬂBQ§§Qm%ﬁFBBEFFall the possible start ti mes have

been tried for 1440 different start tines have not
been tried5 the 35 Shaeklidheepilbe| hditadesavablaple &nt makgr theigrl v ati abl e

by 1 M NugRe (fariodlhAlsle lebABd sS4 3¢ tt fndTE chel beq(16h68r 3 Yrotiadds
checks the site tLag 1R TQladd ® NRY $EHECEEdnS AL ddrlBomly selected
start time until the end of the day, and then from the
beginning of the day until the randomly selected start
20 time, until the call is allocated or the entire usage time

line has been checked.

This is achieved by utilizing a start time wvariable
which has a numerical value equivalent to the start time,
in minutes, which was last tried by the sequencer. It is

25 therefore initially set to represent the randomly selected
start time in minutes. Once the sequencer 3 has determined
that the selected start time is unsuitable, the sequencer
3 will check a record of the number of different start
times tried for that particular site to determine whether

30 1440 different call start times have been tried (step 310).
This wvariable is reset every time a site is selected (step
240) and is used to indicate whether all the possible start
times have been tried for the site.

If 1440 different start times have not been tried, the

35 sequencer 3 increases the current start time wariable by 1
minute (i.e. start time = start time + 1) {step 320} and
checks the site time line for the new selected start time



33 (step 290). Each tinme a new start tinme is checked, the
record of thWOMMEEEE of different start tines tried will be per/cresisioed to

indicate that a further start tinme has been tried. 5 I f at any
time the start tine variable becones greaer t han 1440, the nunber of
mnutes in a day, this represents a call start tinme occurring after the

end of the day{step 28rlordiBagly, tihe staev btaetvaimabli® icheoked, theO,
causi ng t len f [ N r t. . i;nping 10
o the day (stiBsSIgpPE"end nidbel JF auelrble FP ikl HERES WEMPe
checked (step updatzg))tehéndieaté thet of fumhest eztant stime hiase been
checked tq-fﬁee?d.if it is the tarif f rate required by the call

pattern definitions. |If this is not the case the start 15 time wll be
rejected ahd the sddudtcaryviime Bbscebartcime vaxdaklenbecones grsatere
nunber of stargpdd MRmd,” thd A88Er of mMkiteddn bf bl Schds @SHrddadit 51440,
try a new start tipe gste,p 320%&as descr i bed agove. I n
practice, once®tfRgtie@iaFtert U PHFHESINE sphFET 2608 g RBstHR i9%0r rect
tariff rate itamidddiidly Sewner start tinkd sakikblesisiniddet toagpidmiginds a

start time with the . correct tariff, rate, thereby increasing the speed
of the T “cathe dtamningBE.ERs it LipeH st Raom, FAE il
t he nunbergof of athe tdayes(dfeat 328)e been tried will be 25 increased by a

nunber equi val ent té’aétﬂ?%ﬁﬂ*@:{e ﬁ%ﬁ{ﬁ W\%ent%nhe hanes bled;_‘egtiﬁ%%geck i{%% start

ti mes were skipped. . e record @ ne nu of
di fferent star290) the itwd fifr ratiei afi the cekonhed #4018 fhiapehd aheghed i mes

ha?/|e ] Eeen:;e%r!ség, itﬂ;etﬂ%alilstp@?.@it{ahﬁiﬁfa&ta&%i : l&'etci"ebs}'i ERel id2@130 |
Wi ave been tried an e start ti ariable will once agai n. equa
the randonly seebeey <e5iRitions. rE®ehis SFodrh &e £ARS Fhe i start

times be tgi edeiwgl wHll be seifjbabkd shdr thel meduentewndiililhesepeender 3
Source site | SheRR MG atro of (hecpuubsR ooy PLaEE ELhes BRuedieten o
the sequencer 31l |andel BEtthim isexdiess thanvatffibl bryi 2 cney omsarie i ce
site list (stepsdf)3z0) as described above.

In practice, once the sequencer determines a start

20 time has an incorrect tariff rate it will skip several
start times until it again finds a start time with the
correct tariff rate, thereby increasing the speed of the
call start time selection. If this is done, the record of
the number of start times that have been tried will be

25 increased by a number equivalent to the number that would
have been tried if no start times were skipped. As a
result, when the record of the number of different starxt
times tried indicates that 1440 different start times have
been tried, then all possible start times on the time line

30 will have been tried and the start time variable will once
again equal the randomly selected start time.

Should all 1440 different start times be tried and no
suitable start time be found, the sequencer 3 will
determine whether all the differxent source sites on the

35 source site list have been tried (step 330). 1If this is
not the case, the sequencer 3 will select the next
available site from the source site list (step 240).



34 Alternatively, if all the source sites have been tried, the
sequencer 3 will notify the operator of the failure I ndi cating the
problem (i ypogiietart tine allocatable) (step 340). TP %‘ﬁ‘%r 3
will then attenpt to schedule 5 the next call on the call TSt although in
sone cases, it may be preferable to It the operating programre

al | owi ng the operator to enter a new'call pattern definition t hat

Start time be Apoimetldiy 9B P eHibhfce pites havIIMeR critd, BT |
then the sequetfRBierger 3pr¥tbedfatdfye| e LreTatPFatPHn té?q efél&‘sir@hown

in Figure ﬂz@ﬁlcaﬂﬂlg oFgier xé&erﬁlo(lté" Sno kBertNeXhe MGBcaaBle)the
destination [ gsr(l s sel ect ege ét ep 360 he usagfabd;l nme t hat

site i s checketB%R &%%70) T geuTRCS ?1é“”- then; FERwPY &° r"&g@aﬁﬁg t he
call defi nsﬂ azﬂwl laae(:ai %hlfiﬁ(&z the call liétL@lﬁh(ﬁlgl'ﬁ J_Ir?s&@ie avakekablie for
recei vi ng the ca 1 uenc, ecks to, see | al Slt.eS on
the deor i TaY 15, Brese AR 8 R GLY Bl EobEnthes pldame S ey
site on the deshe naperatdr sto ientset wtm(&]elp pader20 defdnd ttibe phat:ess

repeated unti l fLHflacMea slllts% % Eghgg  be heduledShC’“' d no destination
site be avalla%efor | %e sequencer 3 wll determ ne
whet her 1440 dBhdwlde @ %Jtl&r&bllﬂl ﬁﬁgrm/eteme rbfed:?fqaent Hersslpich shee

(step 1030)g f@% 2f:.§0év£’i%}§f‘é’ t9 waled @amewttﬂe&e che! YRqabBcapda2s

320). ouI at any point no site be avail ahl e for makin

or receiving cBFpeegds & yg:@)ectt ﬁed%‘amvé?n PG B aBrFhgen in Ftlﬁé‘r ser of

the failure (sigp 348h apgd@PVa®ONEho ehider the né:lfle X cal lown thiee
list, or the next |ist, of calls

| f, 30 b h | d
which will gen@fSFigAipiey 1ist lﬁcﬁ%ﬂ'e O rmreégﬂ ‘??@?%e%%%eﬁ ?"f“%ns are

made that is lineiaposhabl eifer ishehsefjadndete B@Ohl tocaee ftifieiburiser of

requ red 211 seh g, 0oy JUTRET B9 A PR B LERLARYS: (scen 4D (Ne

sequencer ser to ne t pattern
definitions to a | e¥ Ithllr\%tm&leels not a@d i ladile ﬁ@F‘ Fﬁ@eﬂs*ﬁ-‘s@@rﬁ%d?arlér«un t he

sequencer. the sequencer checks to see if all the sites on the
destination list have been tried (step 390}. If not, the

next site on the destination list is selected (step 360)

20 and the procesas repeated until a suitable site is selected.

Should no destination site be available for the
defined call, the sequencer 3 will determine whether 1440
different start times were tried for the source site (step
30) and if not proceed to select a new time (gtep 310 and

25 320) .

Should at any point no site 2 be available for making
or receiving calls (step 330), the sequencer 3 will notify
the user of the failure (step 340) and move on to either
the next call on the list, or the next list of calls. If

30 no more calls can be scheduled which will generally only
occur when such call pattern definitions are made that is
impossible for the seguencer 3 to allocate the number of
required calls to the number of available remote terminals,
then the sequencer 3 will stop allowing the user to

35 redefine the call pattern definitions to a level that are
available for the system and rerun the sequencer.



35 ‘%3(} he sequencer 3 has defined a call that hagycposmis
successf ul I}v ﬁg‘}gl | ocated to both source and destination stﬁgt gsag, t he

sequencer will update both the usage and call start tine lines of both
the source and destination sites 5 (ste53390). The usage tine line is
updated to represen '

that the site Ls,naow use, for ¢ tir
duration of the &éﬁpl W r%ﬁ?‘é%‘??ﬁcthe 1'}?i&‘nac# l‘ttf"ds ?ncﬁﬁ’g g‘%ﬁﬁ glﬁa%f t he
tinme |ine correspoessfigliy hden cdlllocaited bonboyh "sdwrcdllarsl destihahion
i ndi cates t hat renofe.t ' the .sj ' i I r
maki ng calls -dﬁ?‘?%ﬁ ?hiéﬁgl %)%E{}gégr?%%ﬁ uﬁ&&é’? Zbeéé‘f %es%%.%g‘go%%gfbusy.
simlarly, thestakk Stimet lines efnpothdhefsqurcs and desitiaafipn Bétepdat ed
to indicat e alglghe a ' he; et §9l,A0 62 kagt @b
When t he sgquen(gg%%aﬁlgrsp?upgg\té{gg%ta _% géﬁlg thgrBt lgng?%gtéusgoe%e igrgen?:i nes,
it will then débatnthe siketkemawmdn use ﬁ@ath%oemrdetém eLjthe g

the calls on thgiqaldy repildditly thYeirss, defideth (SHePs480ion bf vhel
repeat the Jprocedure as nece sar¥ unﬁll tlﬁqe r.eﬂggred nq%,er o% calls,
as defined by tH&eadiBei GPErRIRAMIING foRada T MibRsPIRATE Do S hedRiS

al l ocated. Eaghhdrn maiditatesochdtr ehies reepeat edrininal of sbarsiétan? is
destinatiqgn lists are:-te-ordered.i.n order of : I:ld Zatl hetehy
preventi ng{h he ‘E%lgsﬁ?ﬁée Shd m%]él%gdecgte'!’llﬁaﬁugﬁ ng_i 'té télsl sbéﬁ%ggrgé:?ga? FeLgipil
chosen. i.e.Atthehissigoizntbecomies Wwsyh ndimidarhat tige caldapbariay 25
advant ageous! y Jig handleeds &1 dxflitdotudie [RInt1 beThBed toahisscate

s

non-chargeabl e calls nmade to a busy (engaged) tone and it is therefore
necessary for tahe ddmecatswhichothe ouggaing cabls iHdq M3Hesi t e whi ch

is actual ly making hen thefldequethierusagmd ivpiduede thedicedllestulpenanit es
o 30 g M DU, NGNS, 1 1LSY SRRONGLn L RIS e,
ot her purposes watghinmid thatber oaf | cakldeing. all vheecaltsordi Abky cailfl the
o s st e T Saeriped TBLADSRROPE PoE Gy bopRalotill e
not be obtmiawsdlure as necessary until the required number of calls,
as defined by the associated call pattern definitions, have
20 been allocated. Each time the procedure is repeated the
source and destination lists are re-~-ordered in order of
utilization, thereby preventing the same source and
destination sites being repeatedly chosen.
At this point it is worth noting that type 2 calls may
25 advantageousgly be handled slightly differently. These
calls are non-chargeable calls made to a busy (engaged)
tone and it is therefore necessary for the source gite to
dial in to a destination site which is actually making a
call. The usage time line indicates when sites are in
30 theory busy, however, times designated for gystem
maintenance for example, only indicate that the site is
reserved for other purposes and not that a call is being
made. Accordingly, if the source site were te ring during
a maintenance period, it is possible that the destination
35 site would be available and the engaged tone would not be
obtained.




36 In order to overcone this, the call start tinme |line of t he
prospective destination site 2 is anal ysed instéad of the usage tine
line. At the tine when the destination site i s maki ng an out goi ng call,
it is ensur ¥PCPUHPT4 he 5 destination site will be busy and PREE W@lsg‘bur ce
site wll recei ve the engaged tone. Accordingly, the source site 2

can be instructed to call the busy destinggion site 2, 10 seconds after
the destination site 2 has started nmaking its own outgoing call. This
ensures that the sodrcerderdmidviertomebthia, drheergddestavneriarel luhkl ofiot be

actual |y connegi dﬁrosgkﬁtw’@ g?éﬁiﬁ'@{%&? ﬁée[e:z is apal sgavkﬂgééé(? sfe
chances of findi fAg sui table estination S|Pe ¥ I'ncrease the nore
cal I's have alrdd@yusagepelpe ddsignelt Hiri time yhendihs slegtinatdpabsite o
assign 15 type ;% Cahksngf tfi aukgBihgr &all, tyResiba BN chatChegl ed.
Once all the calls,, defined, by t, el %all gattern definitions have been
al | ocat ed, % he J@@t}&é’ﬁ'&ép%s%ﬁ Fill bgoRup¥iand thak the gouyes fdER Wiltl es,
mi ch are ht hefecdd vier ahef _engageaﬁ:cbﬂw. nm%xdﬁ}xgqu,t hheL isbfara@ryete&

ere they are,stqred_in,a.c tern . directory. e formo a
call pattern f g \H‘ﬁ RS FSRS%g?nC%@“% lﬁiﬁyo 88 %nazlﬁﬁdﬁf'g]a %y 10
entering data isdowndscafteeviche deselidattion site Rshascitdried embtiagt Btei nal
of the site to . cal . . .
Tabl @ 2 PR B0 581 Call o ke ensures thag che sourge sipe will

6 10 Tighsadin day engwrgstone and wH howts be actually connected
MM M nut es, to the destination sit%. SS Second; 2
2 Call type 01 to 99 See bel ow 5 3 9 Dur ati on

000000000- M| isefydously the chances of finding gdgogyhbable
destination site 2 increase the more calls have already

been assigned, and it is therefore preferable to assign
is type 2 calls after all other call types have been
scheduled.

Once all the calls, defined by the call pattern
definitions have been allocated, the sequencer 3 then
generates the call pattern files, which are then

20 transferred to the memory 17 of the file server 5, where
they are stored in a call pattern directory. The form of
a call pattern file which is shown in Table 2 below is
updated by entering data into the relevant fields to
instruct the remote terminal of the site to make the call.



4 4 Deﬁtination 0001-9999 Site ID from sites
file WOIMPIHY 1 indicates the time at which the cal | PEI/EBIS1830st or t
and field 2 indicates the type of call to be nade, as 10 defined above.

Field 3 indicates the call duration, whichy is specified in
mlliseconds but will correspond to the duration specified in the
tariff rate file. Field 4 I ndi catapléh®2 site | D nunber of the
destination sit i : i e
field 4 of the l1pije1&i {RSath! Erlifeeibs des]ipBakben SitpPrefathg call.
Thus, once the rsuccesstuatty—attocated; data
instructing thdl tenote 6erni nplldmefof hdagi | EEMHESSs H¥r houra, to t heg
respective call}j patterin files} instructing t he reTRhemiﬁﬁEéQals tio
make and/or redeive calls as RO required fac

present exanpl only jinstructions to make calls hBE aacendas t he
A o UL P YT A T
in the casegdedcsi bed pbove W biraegsnd Qobggbype"

be scheduled igfinitiajly assigned to

nearest m nute. St t-2D -8 884 -Rati-0l

al so maki fgga call gstart | pggdinkleosa

the call patterjp file for thejsource site

when the start jLi Lsiinserted in £

the determined start tine

I's increased by %eﬁ@cwgﬁmcm@ tﬁ@seimégatttaaicnteﬁe caldesti Ration
site is busy when the call caonmenc nment 1.qned greV|oust, t he

cal | pattern fif&axt ﬁ%fleldc%nﬂ%%%esart@at F§ﬁ§f‘éﬁ &l §or e Bades @8 via
the file Dpsergefifedttbdie NMeskds SoMMdDtdess Ghelbalsf @irdtdn ! Riich

master controller 6 occurs.at_a det er m,ne i me.,each day, with this
onte Liml o fh SefrfbicanipppRifigechiad But’ (1228 respbit 8 the
duration specified in the taviff rate file. Field 4

indicates the site ID number of the destination site, which
corresponds to the ID number given in the field 4 of the

15 siteg file for the destination site of the call.

Thus, once the calls have been successfully allocated,
data instructing the remote terminals of the sites 2 is
written to the respective call pattern files, instructing
the remote terminals to make and/or receive calls as

20 required.

In fact, in the present example, only instructions to
make calls are given as the remote terminal of the
destination site 2 will receive the call automatically as
with normal telaphone calls.

25 In addition, in the case described above with regard
to type 2 calls, the call to be scheduled isg initially
assigned to a suitable source site 2 to the nearest minute.
A suitable destination site is then found which is also
making a call starting at the same designated start time

30 and the call pattern file for the source site is then
generated. However, when the start time is inserted in
field 1 of the call pattern file, the determined start time



for the respective site 2. The update is repeated at 24 hour intervals
and it is essential that the call pattern 10 file contains instructions
defining all the calls that are to be nade in the 24 hour period

fol | owi ng t O BHNEEI of the call pattern file. Thus if ®PGI/GRIBLISALLtern
fileis upl oaded, for exanple, at 7:00 am then the call pattern

file must contain instructions concerning38ny calls to be 15 nade between
that time and 7: 00 am the subsequent day. However, the cal
pattern defini tisondneneased byyt Hed sec@pdsatothumeaénnuﬁ&hghouhaper&hmb
correspondin A of one day to
0: 00 ag1of ° Eﬁﬁ&ghaﬁgggqﬁégéy§s ﬁusﬁxﬁgﬁpQﬁﬁgc l?nhgmgggégécheduled yln
20 accordance mnthAﬁhﬁﬁété%$¢d[ﬂﬁQ%%Q¥3é§$|ﬁh?|%ﬁ%§ ragterme filese ppae

schedul ed at amsr@leded]e ad | chendRirddie waycdelf bngds 2 Wk ti celle

tt def t bl whi ch
Phe " SedliendStVEr,Sdanes e NaFErpBPEFALIFY cbof NropeEes Lign ke ©
opposed to simFster credtioljercd loquatdserat 4i pesdetdumined tives resgond to

actual days, %%S/t C%&Ehpé‘higrx.r[[g %et.f;.% €8¢0q e ﬁﬁ] £ i GRe§ 9880'1?1# the

24 hour period Ive up oa S e consecu rve ca
pattern files for &@etﬁés§ﬁpélza Phea &- caﬁhe|§p@éﬁﬁné§ repeateditdhed4 cal | y

30 allocated %@dﬁ“ﬁﬂﬁﬂﬁva&@t%ﬁﬁﬂlE'h% @@b@hti@lr@ﬁ@@néﬁet@albepatter@4
hour period dugaa%twhlch he call is to ment i oned

made S
above, thetlpl FrBtaing %????%Fq%?nﬁ'gﬁflnlngaﬁ$ tqﬁﬁ1QE1&§IFg %R ed
;or 5: PO Sm on chuésdaadeorimi rtgxre]a 24 nmd i peeistiofellonihdechal ippodd esh file
or upl oad at 0 . nda 0] S C
ol ating to  Enegeild Pk RatRT Sl S8 cREURCE PR TR S
39 Irupimﬂded sﬁpﬁaﬁkémplpﬁoéﬂcﬁn@ﬁaaﬁhngh@ncahe pallepﬁtternflle

for upl oad at %@Jﬁ@: %ﬁkscﬁﬁtﬁﬁhngnétﬂ%@fén§%&%’}n9ng an?nga?.ﬁ 96‘ @ef' rst

day and coverln e our until thé next u
require ush q g?F §3nxt§ath6h£ %Réu?1Qﬁ & |the §HH§8§P@HE %%Ythe first
day and the fi mtveiﬁelaouaﬁev\ealh it ol detihddubad batetbe bel tipav ng

oy Tl or TR 228 0 Al R 3R ool Binaing £5"0LEREL O
days, 1.e. running from 0:00 am of one day to 0:00 am of
the subsequent day. As the calls are scheduled in

20 accordance with these call pattern definitions, all the
calls scheduled at any one time will be for the day defined
by the call pattern definitions.

This problem is overcome by the way in which the
sequencer 3 updates the call pattern file of a site 2. As

25 opposed to simply creating call pattern files which
correspond to actual days, each call pattern file for each
site 2 corresponds to the 24 hour period between
congecutive uploads of the consecutive call pattern files
to the site 2. When a call is defined it is automatically

30 allocated to the call pattern file which corresponds to the
24 hour period during which the call is to be made. Thus,
if as mentioned above, the upload time of a site 2 is 7:00
am, then a call scheduled for 5:00 am on Tuesday wmorning
will be stored in the call pattern file for upload at 7:00

35 am on the Monday, which provides instructions relating to
all the calls made between then and 7:00 am on Tuesday.



| east two days is required. It is therefore preferable to 10 define calls

for a week WOPI%e. It will be realised that eve?CT/GB¥1830
met hod is enpl oyed, it can result in a call deficit on days when
there is a change over between different cakl patterns. This arises as

It is desirable to change the calls from15 those def ined by a f irst set
of call patterns to fhosech a sifuatnbeh byprodiedoad asetinglecekllppsiteens at
m dni ght . ve ern f Y,
occurs at the E?Wg& g?ﬁ\ ﬁé%‘gﬁw%ngt. rreﬁ%‘ﬁrosc a{}é Hed efe Qﬁb@r bgﬁvé%ée'll%s%ry
to ensure that thé 24] lompat feratddaﬁ and e:mrmgnchadwctz:az*ﬂ bosket pariody
both sets of cajheR! kBeNhex: ugload, WA {0 PR Mihg e {4l 2lxof

call pattern ef|n|t|ons g am on t
changeover &ay bouss weghkhgRE @ﬁl@ﬁeaaayd%e@r Eorxhahgebiest day @Fé@)th%nd

on the changeoven gday x tfirs wd?ﬁ& %%'ba&é%t%bﬁeaﬁleéaférfthé félﬁ@%ﬁ%@r

configured to |nclude caIIs up the tinme of the next Ioad e.

at 7:00 am g8¥di ngigret cre \Mﬁ’eﬁ“at}‘ff‘e %a’f”rn%]aﬁ t&AN c%?% 3t ef’r i nf‘PFaI I y
gener at ed, any downmaal éndgie madtstr aay D H&aAm parded mmaﬂm gbgngeover
day wi || calls fromthe qld call a&éerntggfl t 1,0ns. ¢

Simlarly call W&rﬁw WY 4RI eretso JEf IR OX§ &G 8?%‘*??18 to

second setigof daEhnpabaéla fdefamveelonst a timeHowever, as the call pattern
data file is only “p'IEaQFfo‘t e a?;u. &fieLpL o %%‘ént'{‘? thif- n?thlvdoo %m
calls defined prior t

t1me on the changeover
normal |y be 35 eﬁ@rlé’l?‘&éed iith %fé *éawltbaweﬁn CPdtla Chﬁ:éné‘f Ctrhed@f%vw%a%

day, whi ch eiehde i3RC|A1dEnDGy 60k)ShEEhbBRIARY FéRenSEEQDY §at:t@ifms
call pattern definitions.

To overcone thi SEASRAIGES &S by DadePiraRtei ERqchanagnihs 8ﬁ§h? Er?ﬂat
cal |l s are ganer atedef alefiimedety re firsthaegemfercaldy pertechsaste eghosed.

In this node, t enc r fanrm t t ek fiIe
for 5 the changeover 8a3£g 4 %I ecl%anaéeg%l FQ ﬁi eéik&b@IL ?ﬁ ﬁx‘iﬁng&ﬁé‘
call pattern deﬁpWBwﬁ§nstﬁ9 dﬁﬁﬁﬂOﬁﬂdﬁﬁgﬁbe gadl Pat§%¥§c€ﬁﬁg §é@ﬁs°§éY|ned
by the second sgjocoh-sCat!chdidr@dRtermined upload time and it is therefore

necesgary o ensure that the call pattern data £ile

20 includes calls defined by both sets of call patterns.
Thus, for example, the first set of call pattern
definitions will define calls up until 0:00am on the
changeover day (i.e. midnight on the day before changeover
day), and on the changeover day itself. The call pattern

25 data file is however configured to include calls up until
the time of the next upload e.g. at 7:00 am. Accordingly,
when the call pattern data file is initially generated, any
calls defined from 0:00 am to 7:00 am on the changecver day
will be calls from the old call pattern definitions.

30 Similarly call pattern data files are alsc defined
based on the second set of call pattern definitions.
However, as the call pattern data file is only uploaded at
a predetermined time, e.g. at 7:00 am, calls defined prior
to the upload time on the changeover day would normally be

35 included in the call pattern data file of the previous day,
which will include only calls defined by the second set of
call pattern definitions.



definitions frommidnight to the upload time. Once created, the
calls defined by the new call pattern data 10 file will automatically

change fro efined by the first set of call patt finjtions,
to those dm%gé?ggg t he second set at 0:00am on the chﬁ%ﬁ%@i@g ,
t her eby ensuring continuous call definition. Once the call

pattern files have been downl oaded the 1540sites 2 then proceed to nake

and/or receive the calls defined by the call pattern files. These calls
are then noni t orl&d PLRIRMESHMIESS STRATRB SR B vinde chf cuFat bsede

charge for eachyiingdi véflisatesi tBa2. calls are CGBABFEESAR! Yort hend Ogntires
including the results of 2 calls gade are do oad%dfrqmthe sit%§ 2,
via the master SO8PEENT0| FY sPEF 8%t RE &ﬁ%%ggdr o IR e Hiqde, the -
informati on, gedudrtea epetakeshasgfotr gesermkledbadveth dataofpheefioto the
cal cul at ed charges generat ed t.he SDP- CSS system 8. -.Thi al Lows, a

et wor k regtl atHe CORTEPRPS, Ry P sdamincg U9a T8 docied 5B, EEFE:
operator of thesetPSIN cillupetterns defindtdpest hyp amtili fmidkightdenandy any

pr obl em . .
CLAING 1. ISRNIRgcadte GeRipeti Ry the ooyt (85, ofigpat paFter®

schedul i ng cal |dehistitdemsa Aunbemisinightestoonrert splosda time cormimeeation
network, where hgdal, fid lAN SUSAR B che h@ﬁtﬁgfilgagﬁa& dafiiber

of sites to make a nunmber o . connectionis across_the nety t o ot her
sites overt@® fils etidilerantrapticaldy changri Srap thesset dpsiged chvathfg a

list of calls tphe wehedyd ed]l asst LM A#IBN8ACHo Ofhose delfenedl by to a
source site sel ected froc{na list of sites 10. and sel ecti ng?a deﬁtl nat i on

site for each cdlf FFTIWY T 2t PsPOyR opt Ehe CRBNGBAYERE SpYe SRETEDY
destination sitendieting contdebieabedald dafimsityiome or a nunber of call

constraint = oriterld a5a06ld ed LA, each £allye A OMAGKILLAG M,
storing the call pattern datd on conput er” st orage medi um or
subsequentiBowsbeels 2 then promsedbdtacvekdi mpd/os ctedehve Yiker ehlehe
cal | const ral ffn Ll Igerirdh CIAr iRt At iMdieeal | Redt tB2150LAE then
nunber of calls to be nmade during the predeterm ned per.i.od.
monitored by the SDP-CS8S system 8 which will calculate the
charge for each individual site 2.
Concurrently, the log files including the results of
20 calls made are downloaded from the sites 2, via the master
controllers 6 to the comparator 9. From this information,
a theoretical charge is generated which is compared to the
calculated charges generated by the SDP-CSS system 8. This
allows a network regulator to verify that the charging
25 gystem used by the operator of the P3TN 1 functions

correctly and, if not, identify any problem.



3. A nethod according to claim1l or claim2, wherein the 20 cal
constraint ¥YOPY¥PEH conpri ses an indication of the t ypeP@IVGBESIoIs300 be
made, the types of call including sinple char geabl e and sinpl e

non- char geabl e. 4. A nethod accordinrg to any of the preceding clains,
wherein the comuni cations network is divided into a nunber 25 of zones
with the sites being distributed bet weergLaizMSer ent zones and wher ei n

th | t t t f
which the carl L ar e o gl SF" teeAling. (a1 (RS WiELCPRE O
wherein the caldchedullugnsaﬂasnbetweeeraanmmq:m‘|Gﬁe$ms rmhmm:tted btn ahi ch
zones 30 the g R:}‘?@nr{%\étfi n ﬁE%SQ %ﬁé’ré ec%eé %%1&“&8%& data flné‘ﬁ

met hod accordlng any o
constraint ®ri tmmncpms@mra numbéndpéatam@smtq h@akeat@ atlmhhrchfcal | s

are to be charQefnactionk a fré@é hegeaCeoteling 0 aé‘ti/hé’f“ rs'i%eBr%F% ng
ca t he

clains, 35 wherein the constraint criteria onpri ses
requi renent th@radeSergingd eLiRd hCPNLSIRe; 6ﬁeoﬁt@§§h of cregrivgoder

t he predeterm'ﬁ%&dﬂaﬁ(ﬁéﬂﬁhfEdﬂﬁﬁfﬁﬁheduled ass;gnlng 1n turn each of

42 t hod enerating calls betwe qQf _si of
comuni cat i onsr{&lﬁ osﬁnﬁaé‘tzg"et 7 By c%&f/l f.rcsm.r ﬁ‘nrjrllﬁé & tgﬁées
net wor k, tiee rrmtmbcbeﬂmm:rmng reg @mtexrmungt siteafdr pastier natlht Sramcohdi ng

to any of the py %%e%f“%l%'% (he souQB&“L?é‘Q %té‘%scfﬁt%%e Ca%{t ?;}ﬁlgto

t he nunber of 5| each to respon
data to 10 nulaelgmdeshlte aéf—mén PRer ¢ixh.a numlger af megidd o@ms\te-m:zm ng a

cal | charging sysitiPief BssocifUAUPLERL LB NAIMOT Kand NgeABLALENS OBRAI Si NY

generating calls be meen nunber ﬁ%PSIteS of the connunlcatlons
net wor k accor diffPHP%L g@ﬁ%’f'%’(‘? £3, 9 BoFRTPLERT 13- OAHE JECLYP t he
calls, defimed ffoar auhﬁaqndna dbwalvkle call pattern data and conparlng

the charges assj gned, t 9. each acgo?ﬂdtl%ggl 5h%l%qH fhar 'e%lﬁys‘tf fggl&he

t heoretical charge geénerate
generating Cchqnanammqun;qamia comprises an 1nd1catlon Qf the total

number of calls to be made during the predetermined period.
3. A method according to claim 1 or claim 2, wherxein the
20 call constraint criteria comprises an indication of the
type of call to be made, the types of call including simple
chargeable and simple non-chargeable.
4. A method according to any of the preceding claims,
wherein the communications network is divided into a number
25 of zones with the sites being distributed between different
zones and wherein the call constraint criteria comprises an
indication of the zone from which the calls are to be made.
5. A method according to claim 4, wherein the call
constraint criteria comprises an indication of which zones
30 the sites may be located in to receive the call.
6. A method according toc any of the preceding claims,
wherein the call constraint criteria comprises an
indication of the rate at which calls are to be charged.
7. A method according to any of the preceding claims,
35 wherein the «call constraint criteria comprises the
requirement that the variation in the utilisation of each
site over the predetermined period is minimised.
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20 scheduling calls between a nunber of sites connected to a first
communi cati ons networKk, mﬂmmm"n lm'matter n data defi nes
instructions fo nunb ke a nunber of co ctions
across the Wprgg@%‘émmni catfons rfetwork to ot her sites ?E ‘”83%
predeterm ned period, the apparatus 25 conprising a sequencer for creating
alist of calls to be schedul ed, wher® n the sequencer conprises a
storage nedi um for storing data defining a list of sites connected to

t he first Bonmuhi cBRYRRE rfégv\xﬁ%n eXRLING e S8 qc‘?&ai n*®T turn

each of the cakbBe@ilime J:amst@«msmwmw tam aﬂerm@ fdemortibed i st
of sites and selectin esti nation eaChn"-g"%W& fromthe |ist

of sites, the §65p05e€§¥%rxce tcar?ﬁlydé’gt tﬁgt F‘-Sﬁ"'@ﬁ’?‘é‘”r}é‘? "fed to
satisfy one orsa A umbriioek cﬁfgmmmgstcaéﬂ_atbetwe@x iaanueberi ef ed.vsist h

each o N [ ]ijlaé n e cal |
constrai nt gcr| ?gr lgaaé%“ﬁuqxlitchq'@é o ag ewo uLEnC]; an et \?ﬁéér e?%gt hg cc%
pattern data ggnanangdoﬁythﬁenpﬁﬂgék.so¢h¢ smethodstmr@rmnméa@emaégélg

medi um 11 pattern #dt dildind\RRARA o a0 dbBgaifg LliNs,
10, wherei n thecge e;:}\ceerm fau?ﬁ\er l(':ril:)rrprl seg a Pay, fggr d| slplzél ng

the call é@ﬁgi PagHed cEhe eFR bl RVRET Hahde tsq sﬁgemmﬁmrﬂ
Appar at us accogdingati8ifibakatAOter rebabidllo Wher &all patitkenapeaatids

further conprises a seco ry.sior means connected to a second
net wor k, a&fd V\H@?@I hhe hea Lf%‘?é’é?‘eaqggheml&onnect ed to the second network

for downl oad ofiot heacakkhod gifattearifydakp & ocale shangmrm;ysssbemgefmdl um
e e or SEERRlnOSLERLs notuodf: | AREAREENS, &g% 3 ai e
any

10 to 12 fo ERr iy accor al ns to 7.
15 14. Appar aabdsf d:etg@@r aki mymber| Lhesheen Q nmﬁﬁercwﬂmlca%#Q% of a

ﬁgmpi(cat f[ ﬁgs nggggﬁr?fgr dcRotTHbate theatdry 7t o gegleraeﬁﬁg £y nilhét&élf J.éshle
us conpri pparatus according to an ai ms
10 to 12 fi§r g&hargei hgr the slis'pgtetfépﬁ% g‘?‘é Sh%ar gg‘ e ter/f"e]r%'

]g:orrprl sing a 2@ateerhr dakar ss@nnradeding e &ﬁmrgésn&tsm@ne@nd:d ceddie
I rst

site by the call charging system to the theoretical charge
generated for each site.
11. Apparatus for generating call pattern data for
20 scheduling calls between a number of sites connected to a
first communications network, where the call pattern data
defines instructions for a number of sites to make a number
of connections across the first communications network to
other sites over a predetermined period, the apparatus
25 comprising a sequencer for creating a list of calls to be
scheduled, wherein the sequencer comprises a storage medium
for storing data defining a list of sites connected to the
first communications network, a processor for assigning in
turn each of the calls on the list to a source site
30 selected from the list of sites and selecting a destination
site for each call from the list of sites, the source site
and destination site being selected to satisfy one or a
number of call constraint criteria asscciated with each
call, and an input device for inputting data defining the
3% call constraint criteria into the storage medium, and
wherein the call pattern data generated by the processor is
stored on the storage medium.
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net wor k, wherein the co ﬂﬁs a controller st orage nedi um
and a contrq#d)eymnswces ‘m ﬁﬂmaﬂﬂu processor beipur/enmmied t o

downl oad the call pattern ta- ﬁ bm t he secondary storage nmedi um over
t he second netmork 25 to the controller ?gorage medi um and t hen downl oad
t he call pattern data fromthe control er storage nedium over the
first network, §¢ s Yocdirad dfmrnenm tdiferein RUEDEE@EnSdt €S

respond to t he caII attern data to e cal|s def,jned erei 30
15. Appar at us §E€B¥‘§Fndzct“§“’étsﬁsm iat4r$ ]@é'f'ry Rg ‘5‘1’( ]S?éring Fré ﬂ
according to cl gbfisBraint d:ﬁmeéammrsedmd dmn \téei tsy.bmgga maditumhargr ng
systemof a nlcatl h r,at n tus
according to cl §1§ ?%Jf"ab %e‘?’ %&ﬁr&t{ ecg‘%ﬁ&gel% g”%n%%gg g% gw}?é)ngj;r?

of the first cbhauapparatms ﬂexmzk Ccapides a selcandany sysrage coeanrtt ed
tothe Iirst NeLYRhEctel o a BEBLAR' AWk MALAEHE LAeklin Ald SadaaDY gaCh

site, and
SHEET conneghpdut-at tha HAREABAT BRLWOWK| §8di AgWREed tQf delig call

gener ated by paeeétrnsIda@;aand@stt%eobédbxtda—fogt@@éé@r meluagviERdi tia
generating a theoreti.cal a%ge for the calls for each site I n
accor dance mrthsﬁﬁgnﬁegﬁFvg ata, downloading the 5 charges assigned to

each site fypom tihe cappamamgi nfpsysferrerat irand aedipapangerhe dasa gefox
assianed 10 each RLhGIthLNCLifs supbDEREFLL£0! 2CNAEOE;ABOFLAL oolt s SRS

site. ordirng
cal cul at i on rreawsthonpfesesca thaange %mt@cmwwgddr@wmgs t he second

networ k for dovikoadspgatheut ealbbeadabardhny ofCaPARRS a1t k8 theOESEI cal

charge; and a conpara connect e he “second network and the to
call charging carsyingneebrtip s f¢ooReinfabgaanasy glédmeolebeBsite

fromthe calsl chargi Agpa¥stes @ae @@&Yi&%&tﬁﬁgt @1(1@%@& Assighad &9
each site wth the the rgtkg%kugggg ener%worx to simulate the day to
day running of the network, the apparatus comprising
apparatus according to any claims 11 to 14 for generating
call pattern data, the apparatus further comprising a
20 controller connected to the second network and to the first
network, wherein the controller comprises a controller
storage medium and a controller processor, the controller
processor being adapted to download the call pattern data,
from the secondary storage medium, over the second network,
25 to the controller storage medium and then download the call
pattern data from the controller storage medium, over the
first network, to the number of sites and wherein the
number of sites respond to the call pattern data to make
the calls defined therein.
30 17. Apparatus according to claim 16 for carrying out the
method according to claim 8.
18. Apparatus for verifying a call charging system of a
communications network, the apparatus comprising apparatus
according to claim 16 for generating calls between a number
35 of sgites of the first communications network, a call
charging system connected to the £first network for
asgigning a charge to the calls made by each site, and
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for each site. Appar atus according to claim 16 or claim17,
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calculation means for downloading results data generated by
each site and stored in the controller storage medium,
generating a theoretical charge for the calls for each site
in accordance with the results data, downloading the
5 charges assigned to each site from the call charging system
and comparing the charges assigned to each site with the
theoretical charge generated for each site.
13. Apparatus according to claim 18, wherein the
calculation means comprises a charge generator connected to
10 the second network for downloading the results data and
generating the theoretical charge; and a comparator
connected to the second network and the to call charging
system for downloading the charges assigned to each gite
from the call charging system and comparing the charges
15 agsigned to each site with the theoretical charge generated
for each site.
20. Apparatus according toc claim 18 or claim 19, for
carrying out the method according to claim 16.
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