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PCT/ AU97/ 00055 A NETWORK FAULT
SYSTEM The present invention relates to a network fault system
for a nobil e wW@otmkmconuni cati ons network, and to a fault mayAw@rocosst chi ng
process. Tel econmuni cati ons networks include sw tching

equi pnent which is able to provi de extensive data on the state of
performance of the equi pment and ot her aspgcts of t he network. However

in a network which is not fixed and is subject to a variety of 15 operating
conditions, such as a nobile tel ecomunications network, the data provided

by t he equi pnment can only provide information on the network to the
exXtent that operating conditions are known. For a nobile network, it is
presently inpossible to determi ne from t he- net wor k equi pnent the precise
| ocation, and hence the operating conditions, for a nobi |l e station.

Therefore it is difficult to determ ne whether faults reported by users or
20 custoners of the network are due to a fault in the network or not. It
woul d be advant ageous to have a system which can use network fault data
and i nformatton provided by users of a nobil e network to form groups of
related fault data that could be used to corroborate faults.

I n accordance with the present invention there is Erovided_a networ k fault

system 25 for a nobile tel ecommrNETWORK FAUTT S di ng: a

first interface for accessing first fault data representative of faults
reported by
The present invention relates to a network fault system for a mobile

10 telecommunications network, and to a fault pattern matching process.

Telecommunications networks include switching equipment which is able to
provide extensive data on the state of performance of the equipment and other aspects of
the network. However in a network which is not fixed and is subject to a variety of

15 operating conditions, such as a mobile telecommunications network, the data provided by
the equipment can only provide information on the network to the extent that operating
conditions arc known. For a mobile network, it is presently impossible to determine from
the network equipment the precise location, and hence the operating conditions, for a
mobile station. Therefore it is difficult to determine whether fauits reported by users or

20 customers of the network are due to a fault in the network or not. It would be advantageous
to have a system which can use network fault data and information provided by users of a
mobile network to form groups of related fault data that could be used to corroborate faults.

In accordance with the present invention there is provided a network fault system
25 for a mobile teiccommunications network including:
a first interface for accessing first fault data representative of faults reported by
users of mobile stations of said network;
a second interface for accessing second fault data representative of faults in said
network determined by a network analysis system; and
30 pattern matching means for allocating said first and second fault data to fault

patterns representative of faults having at least one common characteristic.



users of nobile stations of said network; a second interface for

accessing second fault data representative of faults in said net wor k
determ ned by a network analysis system and 30 pattern matching
means for aly, gﬁ# #g said first and second fault data to fault g)atterns
representative aults having at | east one comon char adt A EyipRes
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The present invention also provides a faolx= pattern matchi ng process

I ncl udi ng: accessi ng first fault data representative of faults
reported by users,nc;f nobi | statiqns of a nobile tel ecomunications

net wor k; r&é"d’é?’é’l"i‘f@’“@@@(ﬂﬁﬂ"‘ﬂ"&@l eulamwwpbsamsmmg aul ts

in said network dglecdid e fit da Hﬁgﬁ
allocating said first and secon a?e ata to tﬁ%ﬂ%ﬁ‘yﬁg %nmob‘k
representati mtzolisqfalmqlalctclecohmm@hansﬂeemrk one common characteristic.

A preferred enbod ent inventi s. hereinafter descrr bed,
by way of 10 exarrp s‘“ﬂ%e‘?‘ﬁ{ﬁ TP 8“??1‘@'%1&56?%“&%‘? k Jeterminedi by a

wherein: 5 network anahjs@isysterh; drfd @ bl ock and flow di agram of a preferred
enbodi nent of a network aul t system and Figure 2 is a flow
di agram of a proc ting;rid firstqnd seeond fauitdatarte faultnatieras represeatative of fadtswor k
fault syst emhavirg at least one commidhSchR@beREde, f aul t system 2, as shown in Figure
1, is able to identify patterns in faults reported by customers or
users of a nobile tel ecomuni catrons net wor k, nanage the creation and

execution of a pr yi faul t .patter.n cont roI t he

provi si on of gg i § {'?er no nf’f@ﬁg{"r‘?}ﬂ ‘F‘S“%@Bﬂﬁ’é‘f‘% hy way of

cust onmers lwmnm}smﬂm»ﬁmmreﬁewdihew&ﬁpaﬂﬁngm Ivliepeigtat @ i n an
orted ‘the customers is held

O acl dat {s re
|nagu§£grnra]r fgu?t E‘gféﬂﬁggt‘&éa%éq' @%‘?M‘Fﬁ%ﬂﬁ%ﬂﬁﬁqﬁ!’m%ﬂué f or

provi di ng t heystem; agdst omer fault data to the database 4 fromthe custoner

fault databases 6. Network fault data is reported by a network anal ysis
system 10, of t heFigWse isiafewidinggam of 2 procedupt faarftutematic Pattern Matcher of the
network fault system.
15

The network fault system 2, as shown in Figure 1, is able to identify patterns in
faults reported by customers or users of a mobile telecommunications network, manage the
creation and execution of a process for resolving fault patterns, and control the provision of
fault pattern information to personnel supporting customers. The system 2 stores all fault

20 and pattern data in an Oracle™ database 4. Data on faults reported by the customers is held
in customer fault databascs 6 and the system 2 includes an interface 8 for providing the
customer fault data to the database 4 from the customer fault databases 6. Network fault
data is reported by a network analysis system 10, of the type described in the applicant's
co-pending International Patent Application No. PCT/AU96/00511, and the system 2

25 includes a network data entry interface 12 which allows the reported network fault data to
be accessed and passed to the fault and pattern database 4 via a pattern identification and
distribution module 14 of the system 2. The module 14 includes a number of interfaces 16,
18, 20 and 22 for controlling processing of the data held in the fault and pattern databasc 4.

30 The network fault system 2 also includes a pattern matcher module 24 which

comprises a template module 26 for defining pattem templates and an automatic pattern



co-pendi ng I nternational Patent Application No. PCT/AU96/ 00511, and the
system 2 25 includes a network data entry interface 12 which allows the
reported network fault data to be accessed and passed to the fault and
pattern dat awwaengkyia a pattern identification and di spCt/uenoooss nodul e
14 of the system 2. The nodul e 14 includes a nunber of interfaces 16,

18, 20 and 22 for controlling processing of the data held in the fault and

pattern database 4. 30 The network3fault system 2 also includes a
pattern matcher nodul e 24 which conprises a tenplate nodule 26 for
defining pattern tenplates and an autonmatic pattern WD 97/ 28626

PCT/ AU97/ 0005@atcher engine (APM) 28 for forming fault patterns from the customer and ngtwork fault
mat cher engin f f ' fault patterns fromthe customer and
fard b oo salier e

network fault e pattern tenpl ates. Dat a
held on the fault and pattern database 4 is accessible by a custoner

service 5 nodule 30 i,ch includ cO | tant user.. nterface 32 and a
customer support ﬁ@?mdopmeeé 1&3‘?@%@‘ &?a%ase ’sacwssf?}ggﬂétcﬂ%?’ﬁufsﬁm"fe
system 2 oper ghsie 30 whichhdhdes b comultsdt abdrmterffid32 add a qustoiier suppod WsEOSY St ens
Sparc Station 5 running Unix, and the interfaces 8 and 12, and the nodul es

10 14 and 24 imesfacedd.enented by software witten in G++. The customer
service nodule 30 is al so inplenented in software runni ng on personal
conput ers used by custoner service representatives (CSRs). Although a
sof t war e i npl enment Bici network faldtsystein cbpermatesion a conputer weskstation, 8uchasla®bual so be

I npl ement ed ugj.ng a comdi nation of a Lcat i spegi figc i.nteqgrated
circuits and ?’*‘?’ﬁ%ﬁ?@srg%%m%mm somm%&xpﬂgggﬂmgﬁé{’?rﬁc %n“?b r sg'gd%}csCSRs
PC, the cud00M®inday att iitplemeéhttdbysoftdatt writtentih ©++CThd CusTomes sdivies imodale B304y e
stored on the PC, and is used to record details of a CSRs I nteraction

with a cust ondlfo irRlcmepted i8spfeire TUINg; Of RETSIRS] SOWRTERS s Ry RUSIMEE $4THICE he
customer’s moRipkBenthtict AOSIY). AIUSEL softiiite REPIOmERSIon Y &dsBiBedBeiehtf; knedes an

i nference engi ne 20 whi ch.déterm nes whether the reported problemis
associ at ed wi $¥stenha could alserbe implemarntadusing a combination of application specific integrated

circuits and firmware.
15
A help desk system 40 comprises a CSRs PC, the customer service module 30 and
other customer support software stored on the PC, and is used to record details of a CSRs
interaction with a customer when a customer reports a problem experienced using the
customer's mobile station or handset. The help desk system 40 includes an inference engine
20 which determines whether the reported problem is associated with the customer's mobile
station or with the mobile telecommunications network. In cither case, the help desk
system 40 stores details of the customer's problem in one of the customer fault databases 6.
Problems determined by the help desk system 40 to be network faults are placed into a
specific queue in the customer fault databases 6 from which the system 2 can access the
25 customer fault data using an interface 8. The customer fault data accessed by the interface
8 and stored in the fault and pattern database 4 includes the following fields for each

record:
Feld1: Fault number
Field 2: Customer account name
30 Field 3: Customer address

Field 4; Mobile phone number



station or with the nobile tel ecommunications network. In either case, the
hel p desk system 40 stores details of the custoner's problemin one of
the custoner fault databases 6. Probl ens determ ned by the hel p desk
system 40 twobfsess work faults are placed into a Speci peHaGHRbRs N t he
custoner fault databases 6 from which the system 2 can access the 25
custoner fault data using an interface 8. The custoner fault data accessed

by the interface 8 and stored in the4ault and pattern database 4

i ncludes the following fields for each record: Field 1:

Faul t nunber Field 2: Cust oner account nane 30 Field 3:
Cust omer addr ess Field St Datiiapd timd the custoinisi teportddathe probleire r WO

oT 28620 o055 Field6:  Location of the fault: strect, suburb, city, intersecting strget .
Field 5: Dat a Fld 7 | e PdiRreaimiterBllocaRBes faa t he probl em Field
6: Location of .the fault: street, suburb, city, intersecting street

Field 7: Pat t &96id Bunber AZpaxiaup oftWasympigres observed by the cpstpmer(a symptom
maxi mum of gt wo synpt ons obgeLdsaskd ¥ alhfycust omer (a synptom 5

I's recorded as a code) e Puetwork anal ysis system 10 is able
to supply the fault system2 with a |ist of faults which have occurred

i n network conpogents, or, entities. e fields ingl i n_eac . record of
the network faul to‘i&é‘fgm&lf?ak ’sfsg?%f%&l@_:‘s : 4““”‘5'&19#8‘?‘&5'&’“ fwﬂlﬂt‘\_}\ﬁ??@ entity
type (cell Caultosticisve odtintedn Ret@boriCtiofipbidnts GHeifids) The fields includéd Rledc?:

Net wor k ent i t%/P n (the nane of the cell or exchange) Field 4:

a
Faul t cr eat i"6¢Prd phibe Setwork fault data arc asfpligws: 5. Fault name (recorded as a

fault codep Field 1: Fi €l effvork ti@oi}gé ?ﬁﬁ%&[ﬁmﬁ & 8k difitd] ietwhiRk
bet ween 0.0 and 1.“:0) 15 rF‘imel d :E&ﬂ%Li st O ski&‘pg%lorrs é]ttjﬂporti n)g t he
ce

fault (evi dence) Field2: Network entity name (the name of the cell or exchange)
Field 4: Fault creation time stamp
Field 5: Fault name (recorded as a fault code)
Field 6: Confidence measure in fault (value between 0.0 and 1.0)
15 Field 7: List of symptoms supporting the fault (evidence)

Examples of fault names for cells of a mobile cellular network include:
Faulty Rx antenna
Fault in Rx path at base station
. 20 Misdirected Rx antenna
Misdirected Tx antenna

Examples of fault names for exchanges include:
Unable to handle offered traffic
25 Massive paging fault
Multi access across switch boundary

Switch problem

Examples of cell fault symptoms include:
30 Calls in progress dropouts > 5%
Failed handoffs in > 5%



Exanpl es of fault nanes for cells of a nobile cellular network include:

Faul ty Rx antenna Fault in Rx path at base station
20 M sdirected Rx antenna

M sdi rect ed Wi sanseanna Exanpl es of faul eCrisuvemodssr
exchanges i ncl ude: Unable to handl e offered traffic
25 Massi ve pagi ng fault Mul ti
access across switch boundary ~5- Swi tch probl em

Exanpl es of cell fault synptons include: 30 Calls in
progress dropouts > 5% Fai l ed handoffs in > 5%
WO 97/ 28626 The network fault data is accessed using the network data entry interface 12 and
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The networ k f them finaliyteatered intodhe; faull and patistn databass ussing a@p@i%mponmérr face
12 and " thep,ti0ald b GRSk BifRabieyl Utk fRAkLAGN It abase 4 usi ng
5

a technical support  user e pattern identification and
di stribution nodul e 14. The APM 28 accesses fault data

tati f a fault and usi t of patt t enpl at es def i ned
by the tenpPat e notGrAPM@8accesses Baithdata igpustaniakive ofa Fuland ping 52 of pattest
Patterns are apfhidsAefihddtydthe feiplatSmoddle26 ftdhtémptetd Atbeste MR fadiProsh gkt N

are believed to have a commobn cause. The inputted fault can not have

previously beBattegnsiarroused tp eluster fplts: Ehenfapltsowhich comamriss aipatiera agq kelipeed tp bave
6. “The pat t e coaim (oS TR SuiPlF i B0V PV Hlch BUUGEA 0 phlr o
t he t enpl seeds todw icleareddor prnckssihg fitse hypbmanadyst using thi endlysis agwiraigsegener al
form 10 interface 16. The pattern templates can be defined by a user of the sysiem 2 using the
template module 26, and the templates take the following general form:
No. of the same type of fault (> or >=) n over a period of time.
No. of faults of type X (> or >=) n AND ..... over a period of time.
No. of faults of type X (> or >=) n OR ..... over a period of time.
15 No. of fauits of type X PLUS No. of faults of type Y >= 10 over a period of time.
An example of a pattern template is:
No. of faults of type X >= 4 OR No. of faults of type Y > 4 over the last 60 days.

Unallocated faults are grouped together to form a pattern if they match a pattern
20 template. Once a pattern has been formed, faults which match a type of the template and
fall within the period constraints can then be added to the pattern. A fault is allocated to a
pattern if the Jocation of the fault is covered by the pattern. This is determined by
comparing respective suburb lists associated with the fault and the pattern. Under the
control of the analyst, the APM 28 can be instructed to execute geographic matching not
25 only using a fault's suburb location but also using the adjacent suburbs. When a customer's
fault is classified as belonging to a switching network clement, matching is not only
performed on the suburb, but is also performed using the exchange that serves the suburb.
For example, if fault 1 occurs in suburb A served by exchange M and fault 2 occurs in a
suburb B (not necessarily adjacent to suburb A) but it is also served by exchange M then
30 the two faults would be allocated into the same pattern. The analysis centre user interface

16 can provide an analyst with the following information concerning a pattern:



No. of the sane type of fault (> or >=) n over a period of tine.

No. of faults of type X (> or >=) n AND ..... over a period of tine.

No. of faults of type X (> or >=) n OR ..... over a period of time. 15

No. of faul tywyo94pdsygee X PLUS No. of faults of type Y >= 10,Fglv 9.,3?09 griod of
tine. An exanple of a pattern tenplate is: . of ults of

type X >= 4 OR No. of faults of type Y > 4 over the |ast 60 days.

Unal | ocated faults are grouped together to6forma pattern if they match a
pattern 20 tenplate. Once a pattern has been formed, faults which nmatch a

type of the tenplate and fall within the period constrai nts can then be

added to the patt aIIoctedtoa e | ocation
of the fault is c gere?h5§4m@a€ %Pgmf dcf@?ﬁ?m g"b‘%‘faq Corrparl ng
respective suburb g st snas@mi\aﬁ)eaie&% din Ishaggated (. Whidh R e tfplate doBgler

t he control of the anal st, the M 28 can be instructed to execute
geogr aphi ¢ mat ching no thepy |39"ﬁ§9r ng a fault's suburb location but also

usi ng the adj acentaubuhb sl ATy fo covtkitnd foblAR of b 2

bel onging to a sw't ng netwo rratc ing is not

perfornmed of the subur pattdomappearing indhexswbithr nred usi ng t he exchange t hat
serves the suburb. For exanple, if fault 1 occurs in suburb A served by
exchange M and fault 2 occurs in a suburb B (not necessarily adjacent

to suburb A) but iPattes ploddced by dROIAPM 2Bcah b8 Gbsdiuciidyveifed by thelpaBterhaul t S

woul d be all g atef\d ,nto the _sane pattern. The analysis centre user

i nterface nnd distribution module 44 ugipg H‘etaﬁé‘Y?'%F?"éW“ﬁg’ interfegerid: Thn

concerning a pitaRma allocameafaulttm(%{x%&@ ttetns, and then the analyst can choose th
PCT/ AU97/ 00055 y Plttems ¢ analyst can caggse the

(i)  The f@umest apprepriatepasicins Ihe aralysis ccowrqipsea inferface 16 carblsrused tosinssiuct thel t s.

(1) The T eaRal 4 d U5 Bal HSIrRuls MBUARERY Silod bidhe sl sBALLGER,  oTP1 2 e

does ern e suburbs
t hat the pat ta_tqndm_g geographjc wachbrgeo adjactnt sububs. Ol ARM 28 pefiodiéatly operates in

pattern appeagi In t uburb tterns prqduced by the APM
28 can be s u@@%ﬁ% 93‘? T Ratieims; frpm poaliogated faults an t0 re-2valuais fo the
allocation of faults, where requested. The APM 28 advises the analysis centre user
15 interface 16 when new patterns and fault allocations are available for checking.

The APM 28 can be directly activated by an analyst to suggest the sct of patterns

into which a fault can be merged, and can be activated automatically periodically, e.g.
every hour, as desired, to merge unallocated faults into existing pattemns and/or form new

20 patterns from the unatlocated faults. New patterns are formed using the templates defined
by the template module 26, which includes an APM template editor described hereinafter.
The APM 28 s also activated once every evening, as desired, to determine whether a
pattern is stale, i.e. it does not any longer satisfy the template on which it is based. Once a
pattem is stalc, the APM 28 can no longer merge faults into the pattern. A pattem is

25 declared to be stale if over the period of time specified in the pattern's template no
additional faults have been allocated to the pattern. An analyst may also have discretion to

declare a pattem stale or no longer stale.

When the APM 28 tries to merge a fault into a pattern it considers both the patterns
30 generated by itself and an analyst. In the case of APM generated patterns a merge is
successful if the pattern is not stale and its status is not "closed", the pattern atready



I dentification and distribution nodule 14 using the analysis centre user

i nterface 16. The APM 28 may allocate a fault to two or nore patterns,
and then the anal yst can choose the 10 nost appropriate pattern. The

anal ysis cemvo®TR®R¢ i nterface 16 can be used to instruct PERAUIT0IPM 28 toO
re-evaluate the faults allocation by using w der searches, for exanple,

ext endi ng geographi ¢ searching to adjacent suburbs. The APM 28 periodically
operates in t he background to form patferns fromunall ocated faults and
to re-evaluate to the al l ocation of faults, where requested. The APM 28
advi ses the analysis centre user 15 interface 16 when new patterns and

faul t al | ocat containsfauitsf4he sapledyperndah leastiong suburb in the fault's subprelis\pppeass igan

be directly agtivate ] . - Sek r into
whi ch o faul ¢ 0% AOEE® pibinSl g oERpnlc Tt bl 1616 Hhcalfor Al ierarea

peri odi cal | y, pattegns but in thatease thereis noawotide of stalel pattcansrAngaalystainteogipiattenican| t S

I nto existing tterns and/or formnew 20 patterns .fromthe unall ocated
faults. New pﬁ&&iﬁ%&?r"& CPOPRGIC S ?@eg’ér?ﬁg%ﬂli@“ﬁg? fjoe over pop; he
tenpl ate méuwa&gﬂni heting, Bad i SBRrtR AIARIMs kR Réoliraphdily RiatcHIRCHteR

herei nafter. e%M 28 is also activated once evejr'y eveni ng, as
desired, to décgardipsseof fhedyprsiof the faultshattern is stale, i.e. it does not any
| onger satisfy the tenplate on which it is based. Once a pattern is

stale, the APM 28 can no |longer nerge faults into the pattern. A pattern is
25 decl ared to be Whes fauitidata\fora fahlt isxondratindlie system 2; flecubirbslini whitihie may

pattern's tenplate no . i tiopal. faults. have been allocated to t
pattern. An a P‘V%ﬁ"%ﬁ&ﬁ%ﬁ‘@%’dﬂmﬁ’aifé‘é%eﬁumT’P‘o""‘“%_‘%sée?ﬁf'b 535‘3'&88 F“rkllﬁé"t al e
or no | ongewy sdbattetist for a fault is gencrat¥lf Gl thic basibi\the focktidnafatal froviBedOwitithk aul t
into a pattern it considers both the patterns 30 generated by itself and an

anal yst. |n t fistqmeser atworifpefbdata. okhe qubib list fora faulkayay be patered magnallychyemy |  f
the pattern i a.%t 53‘)%‘22 if defitr® béts HRerkate 16 or gEheRES autohiRalltb} BicD

al ready
PCT/ AU97/ 0005module 14 using a spatial database which relates locations reported by customers.-and

cont ai ns faul;a §ﬁ§ﬁ' nd..at I‘Sﬁgt burb i flapl ts
suburb i st appeg{ks&pg fp&lﬁeéggtgt%f’éej?ﬁc s f)“%;icééf‘il r%gv ogfet%egsﬁuap bil%y mat ch) .
Mer gi ng i s lisdaaturtsake fode cansideyal joiped By alopital ANDI@EL)! Bach3ow lihs anaskdtddted ase
there is no notipn of stale patterns. An an st entere attern can be
decl ared to bEOHEIdenre, 3 Kalpg be mf"c}ﬁo’%@ &hé"}%ﬁﬁ”@r‘ﬂ”ﬁ%ﬁ%‘ﬁ?ﬂe@@d@%e
over non- confidence that the fault occurred in the suburbs of the row. Between rows, AND lists of

suburbs are joined by a logical Exclusive—OR (v). The final row of the saburb list is

mandatory and it specifies the confidence for other suburbs, i.e. those not specified in the -

20 list. Tables 1 and 2 are examples of suburb lists for faults £; and f, where f;rs represents

fault i in reported suburbs.
H is Conﬁdencej AND of Suburbs | Probabilistic Interpretation
hf, 0.3 AB P(f,rs|h,£) = 0.8
25 hf, 0.7 C P(frs|h,f) = 0.7
hf 03 D P(f,rs|h.f)) = 0.3
hf, 0.01 Other P(frs|h,f,) = 0.01

TABLE 1. Suburb List for Fault f,
30



5 catastrophic patterns, and it absorbs all faults that geographically

mat ch the pattern (regardl ess of the types of the faults).

When fault data for a fault is entered in the system 2, the suburbs in
which it maywoemnd8s Present are specified within the fault, E.P ng I st,
which is stored 1 n the database 4. The 10 suburb list for a tau

generated on the basis of the |location data provided with the cust oner
or network fault data. The suburb list forga fault may be entered nmanual |y
by. an anal yst using the analysis centre user interface 16, or generated
automatically by the nodul e 14 using a spati al database mhlch rel at es

| ocati ons repor . DG ey e

speci fic suburbf

confidence, a vilue li;&t weeh 0. @. . .0 kdenoPegrsiictYooni dery
1.0 is total ' aul t occurr_ In_t he suburbs OT

flerr] where f[err rs represents

Hypot hesi s Confidence  AND ?mwréasmmméuk%} ic Interpr etation
h[err]f[err] 0.8

P(f[err]s/h[err]f[err]) = 0.8 25

g P( f,%? flfé ’r@f%&é f)gx]a%%eranrg in thbl—éh row of the suhum list o} f Lher "]

h[err]f[ernp fauldisGéferred to as hypothtsislif;. The(cohfidents wali] s8dcidtddowithh $he réw Odn be

TABLE 1. Subur r. Faul rr 97/ 28626
PCT/ AU97/ 000%0 L]ISE)C& mterp tedaJl?(f,n]uepoxtedsuburbs | hl \90 -8-

Associated with cach pattern there is also a suburb list. In the case of a non—

catastrophic pattern the suburb list is not entered by an analyst, but it is generated by the
15 APM 28 and it is a merge of the suburb lists of the faults containcd in the pattern. The

confidence in each row is also calculated by the APM 28 and the calculations are based on

Bayesian Belicf Networks, as discussed in "Fusion, Propagation and Structuring in Belicf

Networks” by Judea Pearl, Artificial Intelligence, Vol. 29, p. 241-288, with the assumption

that the prior beliefs of all the hypotheses are equal. The assumption is valid since the prior
20 beliefs are unknown.

For catastrophic faults the operator must enter one row of the pattern's suburb list
and the APM 28 assigns it a confidence of 1.0 and other is set to 0.0., reflecting the
definite nature of a catastrophic pattemn.

The confidence for the rows of the pattern's suburb list are normalised, i.c. the sum
of the rows confidence is equal to 1.0. When there is only one fault in a pattern, its suburb

list is identical to the fault's list except that the row confidences are nommnalised.

30 The fields of a pattern stored in the fault and pattemn database 4 are as follows:
Field 1: Pattern number



Hypot hesi s Conf i dence AND of Subur bs Probabilistic Interpretation
h[err]f[err] 0.9 A B

P(flerr]rs/h[err]f[err])= 0.9 h[err]f[err] 0.7

C F WO 97128626 P(f[err]rs/h[err]f[err])= 0.7 PCT/AUS7/00055

0.2 E P(flerr]rs/h[err]f[err])=0.2 5
0.01 O her P(f[err]rs/h[err]f[err])= 0.01

TABLE 2. Suburb List for Fault f[err] -9~ The | ogi cal AND

expression appearing in the i-th row of the suburb Iist of j-th 10 fault is
referred to as hypothesis h[err]f[err]. The confidence val ue associ at ed
with the row can [Ficld2: pro&ab\'slistically interpreted as P(f[err] in

r.eported suburbs / rr]f[ Associ ated with each pattern
d‘“{]{‘g h&l%e case %t a n

there is also a s list. on- catastrophic pattern
the suburb |ist i Figla¥: ent epattrbdeseriptionqfrysfombutext)t i s generat ed by the 15
APM 28 and it is a_nerge of _the subuyrb |ists of t faul contained in the
pattern. The &igld P e nc e PTG FIRHOR TP CIR s (inghi B’W)t he APM 28
and the calgulati Gqale DagRspMhe curredd5 6%k s Fpb a&mmw ustomer

di scussed in "Fusion, Propagat on and Structurin |n Bel 1 ef t wor ks"

by Judea Pearl, Art i ficial mia,langms;eenwmcm supporh4lesiggB, with the
assunption e pri L. The
assunption is val ?delé?nce the p?l or d%&{)e | 5SS are %%g’\iﬁ%%ﬁg%m’

For catastrophic faults thepsesrator nust enter one row of the pattern's

suburb |1 st and the APM 28 assigns it confidence of 1.0 and other is
set to 0.0., refl dd¢lffy theL‘smffG‘élfP‘fﬂ“?‘ésﬂg’Fﬁ‘F%“’tfg‘aa@ﬁ astrophi c pattern.
25 10 The gaabi dencg&mt@pﬁdm of the pattern's suburb list are
normal i sed, i.e. the sum he rows confidence is equal to 1.0. Wen

there is only one Figldd®: in @%@Wl"éﬂﬁ individual ghat; elesed the pattem j 5 j dentical to
the fault's |i st PAGERY: tha #ﬂgﬁ&&gqﬁg‘& flAGES are normal i sed. 30

The fields of a pattern store and pattern database 4 are as

fol | ows: Fiel@il2] d 1Flag inditatingwhethenthepattern is catastrophic
Field 13: List of comments for each group
15 Field 14: Suburb list

When the APM tries to merge a fault into a pattern, the fault must geographically
match the pattern, i.c. at least one of the fault's suburbs must appear in the patterns suburb
list or at least one of the fault's suburbs is adjacent to a suburb in the patterns suburb list.

20 Similarly when the APM creates 2 new pattern all faults must geographically match at least
one fault in the pattern. Two faults are said to geographically match (a) when there is at
least ene suburb common to both the faults’ suburb lists, for example, subutbs A, B and C
appear in both the fault list for f; and £, or (b) when at least one suburb of a fault is
adjacent to a suburb of the other fault. Note that when an analyst performs a merge of a

25 fault into a pattern the requirement of a geographic match does not need to be satisfied.

The APM 28 determines suburb adjacency by accessing a suburbs' database
maintained in the database 4 of the system 2. This suburbs' database contains for cach
state, a list of all its suburbs, and for each suburb it contains a list of adjacent suburbs. In

30 this database a country town is equivalent to a suburb.
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Field 2: St at us Field 3: Creation tine and date

Field 4: wabymezs description (free format text) PCT/AUD /8085 ©-
Pattern description for CSRs (English jargon free text) 5 Fireld 6:
G oup that currently owns or 'is responsible for the pattern (custoner
service, analysis centre, technical suppen®~ design) Field 7:

| dentity of individual which currently owns or is responsible for the
pattern Field 8: List of fault nunbers allocated to the
pgt tern 10f mg etddrﬁ:elxplair?tﬁtmlmhgd ¢fmﬁmeaaiswah¢me calculation of dohfdes | chsO3
ldentity of the.individu that closed the pattern Fi e 11:
Reason for ¢ Ifg’sﬁhﬁ 5“%“”5%?39?‘@? fissume that pattern Pi ptping the fault £, and the APMitheng
whet her the pféd©mitrgest, itd &SB&EMhémczFe is attempted; thels@bukB list of plisSdentital to
comments for each_group 15 Field 14: Suburb i st When
the APM tri ednP8F F&@% géowaﬁ%itm thecopfidances-are pormafisad. Themerge is possible

95001 801 ¢ ke 1B Sl T s B Pmr A e

subur bs nust appear” 1n

faul t's suburdfp, ars comipesed of the bypothsieintbottrf, sixbf, pwit duplisatss beitigreniotdd, 1820
Simlarly V\h%?mhhe PJ\/I.creabtPes a new atterr; %‘fau ts must geographically
match at | eas ’p“@ﬁ’é’?%ﬂf ot °’p§’ff’éﬁnﬂ’.°’ isiaypset oth.§, thep both o

geogr aphi cal Ihypdthésisaré includbdih thE@efped Sutitikb list. | east one suburb common to
both the faults' suburb lists, for exanple, suburbs A B and C appear

in both the fault list for f[err] and f[err] or (b) when at |east one

AL, 1 ot Wi SR 8 i,

when an anal yst perforns a nerg ern e
requi renent &f the dgpendertdiypethesis and midtiplying it byda rioonadisingAadtaf (ilecbum of the

d
The APM 28 d ) L acenc ccessin .suburbs: dat abase
mai ntained in t %ﬁﬁ%gﬁg{’%‘w gg%?é‘ﬁhﬁmﬁ%&é‘ﬁb‘ﬂ?é”‘g&t%ase
contai ns for hypathesis frons f,aind £, that|hasé the karné ANDI 6f sabilzby éxpreseionl If fok hpgalo subur b
it contains $ list. af ad%gg?ntds butng. In 30 this database a country town
i s equival en y?%ﬁ"ﬁ'ss‘ﬁﬁlﬁ‘ be found, then the thesis corresponding to the other, and of
15 suburbs expression, is chosen as the dependent hypothesis. For example, in Table 4, the

dependent hypothesis for h,p, from £, is b f,.

AND of Suburbs | Probabilistic Interpretation

N*P(fyrs}h,f,)
o N*P(f,rs}h.f)) 0.387
D N*P(f,rs|h.f) 0.166 1

Other N“ﬂflrsll_xifl! 0.005 H

TABLE 3. Hypothesis and Confidences for p, containing f,
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In order to explain the nerging of suburb lists and the cal cul ati on of
confidences woo#®éest he ensuing list, let us assune that p@crave/eess ]

contains the fault f[err], and the APMthen tries to nerge flerr] into
it. Before the nerge is attenpted, the suburb list of p[err] is identical
to flerr], per Table 3 bel ow, except ihat the confidences are

normal i sed. The nerge is possible 5 because f[err] and f[err]
geographically match. The hypot heses (rows of the nerged suburb |ists)

of p[err] are c X h
dupl i cates bein athesis) Depéndent | ANDeof Suboitbis ¢ Brobabilistia Interpeetation | Canfidenery, f or
exanpl e, h[err]fgerr] i dHgpcthéxisgt of h[err err], then both hypotfhesi s
are included in 0 : conriagnce o

hypot hesis is caf ciimt ed fb8kilng aApBoduct NSP(firsid,fi ' s 0.97420ff t he
dependent hypot hesi.s ang Lpllyi ng .t by - Ligi cto t ge sum
of the pr od . r]
containing flerr f[lens neafe C, Rypot heppg rélh } NG doos ' f]

that have the s r%‘b‘d‘n ) r N errﬁz}._ BT T, N

hypot hesis i % f[ |_bef 0601 rpidsfi 09048 do t he
ot her, and of 15§ subur bg sgion, s cho nt t Resi s.
For exanple, in . ] E X rsth "B i from
flerr] is hlerr]§[ ]- Hothet hes i si* b Yool b
Probabilistic In S
h[err]p[err] e{ol: 442 20
[err] lerr] TABLE 4. ﬁyeﬁhesxs and Confidenc el tfqgg ?anju):gf, and 0. 387
[err] 10[err] NP([err]) . 166

O her

Hypot hesi s and Oon#ééﬁ&égwmﬁf%me@%ﬂwm&%ﬁﬁhW@é‘Bg“fezsa‘mP

41 where a fault { is collected and an attempt is made to merge the fault £ into a pattern. At
step 42, an attempt is made to add the fault f to all catastrophic patterns which arc not stalc,
not closed and which also geographically match the fault. Next at step 44, a check is made

15 to determine whether the fault has been added to any catastrophic pattern, and if so the
procedure 40 breaks to step 50. If the fault has not been added to a catastrophic pattem, at
step 46 an attempt is made to add the fault to patterns which have been generated by the
APM 28 and which are not stale, not closed, geographically match f and include faults of
the same type as f. Faults are considered to be of the same type if they have the same

20 symptom codes and are of the same fault class. Next at step 48, an attempt is made to add f
to all faults which have been generated by an analyst and which are not closed,
geographically match f and contain faults of the same type as f. At step 50 a determination
is made as to whether the APM 28 has been activated by an analyst, and if so the procedure
40 cnds at step 52, othcrwise the APM moves to step 51. The APM 28 at step 51 seeks to

25 create new patterns using the pattern templates and any faults in the fault and pattern
database 4 which have not been allocated to a pattern.

The APM cditor of the template module 26 is used to create templates. Templates
are used by the APM 28 to form pattemns from faults that are not already allocated to a
30 pattern. All fauits that match a template are grouped into a pattern, as mentioned
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Hypot hesi s Dependent AND of Suburbs Probabilistic Interpretation Confidence
Hypot hesi s wo 9728626 [err] A B WP([err]Qﬁé‘b ’ang

0.9742 [err] [err] C N*P([err ? err])

0. 0095 [err] [err] C F NP(flerr])*P(f[err])
0.0095 5 [err] [err] D NP(fl[err])*(f[err])
0.0040 [err] [err] ~12- g N*P(f[err])*P(f[err])
0. 0027 [err] [err] O her NP(fl[err])*P(f[err])
0. 0001 . TABLE 4. Hypot hesis and Confidences for P[err]

cont ai ni ng f PEVI9SYng flerr] 10 The APM 28 executes a procedure

40 whi ch begins, as shown in Figure 2, at step 41 where a fault f is
collected and an attenpt is made to nmerge the fault f into a pattern. At
step 42, an att empitemplatefile cancoathin multipletemplates obthefollowingtypesyplithc pat t er ns

whi ch are not_st . o Losed and | C | S0 “aphically match the
fault. Next ﬂ%ﬁéﬁ“ﬂﬁ’f%%ﬁé&ﬁ%%ﬂ‘ﬁg’%‘?ﬁd@%%ﬁ% whet her the faul t
has been added to(ipny SAMESTEMPDATEpattern, and if so the procedure 40
breaks to step 50. If fhe ult has not been added to a catastrophic
pattern, at step 46(5“§’n°é\$1'@ﬁft‘hﬁ sametype CPr 27y nl pwer thedast ddayssat t er ns

whi ch have been ggj)er aobRABMPLAFE  APM 28 and which are not stale, not

cl osed, geographically match f and include faults of the sane type as f.

Faul ts are consi dered N9 pfaults ofitypesX (o 3o ivi[Nohafifalteof typed Goore>=)Gn]

synpt om codes and are pf t class. Next at step 48, an attenpt
is made to add f to‘oé"l”lt()b%atﬁﬁ%% ch have been generated by an anal yst

and whi ch HY e not (ili] oSAND TEMBEATEaphi cally match f and contain faults of

the sanme type as f. At step. 50 determ nat.i I s, made as to whether the
APM 28 has been activﬁd"%?"lésn" é¥P§|’§§% ?’ﬁd‘?&ngb"fﬁé“ﬁﬁfd%‘él(é“>=)4?B] ends
at step 52, otherw se &h,a,mﬂgwadaﬁstep 51. The APM 28 at step 51 seeks
to 25 create newPastterns usinﬂAthe pattern tenplates and any faults in the
fault and pattern\. SIMIEMPLATE ch have not been allocated to a pattern.

[No. of faults of type X] + [No. of faults of type Y] + ..... [(> or >=) n] over
15 the last d days.

For the OR, AND and SUM types of templates, fault types need to be specified. A
fault type is specified by selecting the fault's class and code on add and edit condition
windows. Four classes of faults include:

20 (@)  Analoguc Network Customer Reported Faults

()  Digital Network.(GSM) Customer Reported Faults

()  Network Reported Cell Faults

(d  Network Reported Exchange Faults

25 The pattern identification and distribution module 14 altows mobile network
analysts to form fault patterns and distribute them for processing amongst appropriate
groups. The system 2 has an upper limit on the number of groups, and each group, although
being able to forward a pattern to any other group, may be restricted by allowed referrals
defined for each region. The module 14 includes one analysis centre user interface 16, one

30 technical support user interface 18, one supervisor user interface 22 and a number of
design user interfaces 20 for region groups. The design user interface 20 essentially allows



The APM editor of the tenplate nodule 26 is used to create tenpl ates.

Tenpl at es

are used by

the APM 28 to formpatterns fromfaults that are

not already allocated to a 30 pattern. Al faults that natch a tenplate are

grouped i nt owd P9AsREr N,
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previ ously.

the follow ng types, with
tenplate of the type SAME: 5 (1) SAME TEMPLATE

[ No. of faults of the sane type (> or >=) n] over the last d days.

(ii)  OR TEMRlgflp member to view all of the pa{téms fopbartiedottse grbug, pdaa yengazk trthe=) n]J

v:-[No. of fau
| ast- d days.

lts of type Y (> or > tglr
%mmdamgnﬁem (group. [No. of faults

peftern, and

of type X (> or >=) n] &

& over the

| ast d days.

as nentioned WO 97/ 28626 PCT/IAU97T00055
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A tenplate file can contain nmultiple tenplates of
exception the-it can contain only one

..... over the

[No. of faults of type Y (> or >=) nj
(|v) SUM TEMPLATE

[ No. of faul ts of Typdorxs of patidon distribbtien are pravided,she fiyst form being @trapsfersing of ]

over

Cypes of t erbraspembify f Swpdiiie fordbiitrs i sother raup gfln b Eochll o 50, LM

specified by s

wi ndows. Four
Cust oner Repo

TN o]:r b];ﬁnéxlﬂﬂi) mlnlisl \gﬂsma ixddtial @etmpdot anhi:txamd:l tepetfonmetioon |k on
cl asses o aults_ i1 nc 20 a nal ogue . Net wor
thecRattern fap be forw §tfr gropp. MF‘N@%&&SW dageR

Reported Faul ;e interface 20 an(lﬁaxcatomttﬂpﬂdhlﬁ?gﬂ’ah&dth%a% beéeHlaliScated to the groug, d)
Net wor k Reported Exchange Faults

but are not yet allocated to a group member.

10

15

20

30

The analysis centre user interface 16 allows a mobile network analyst to perform
the following tasks:
@) Extract customer fault data from the customer fault databases 6 when
prompted by the interface 8 on their availability.

(i)

(i)

@)

Determine whether the extracted fault should be processed by the system 2.
This process can be considered as executing a fault gate. If the fault is not to
be processed by the system 2, it is placed in a different queue of the
customer fault databases 6. Once the fault is accepted for processing a
suburb list is appended to the fault, which may be dore by an analyst. If the
fault is not placed in the system 2 for processing, the reasons for returning it
to the customer fault databascs 6 are placed in a clearance comments fields
of the customes fault data.

View all faults and patterns held in the fault and pattern database 4 so that
faults can be manually merged into existing and new patterns. When an
analyst manually forms a pattern, niles used in forming the pattern can be
added to the record of the pattern.

Invoke the APM 28 to produce suggested patterns. The suggested patterns
can then be checked for acceptability, by executing a process referred to as
a pattern gate before the patterns are further processed. On passing a pattern
via the gate, the analyst can allocate a priority for processing of the pattern.



25 The pattern identification and distribution nodule 14 all ows
nobi | e net wor k analysts to formfault patterns and distribute themfor
processi ng anobngst appropriate groups. The system 2 has an upper limt

on the nunbago9insgioups, and each group, although bei ghg:,lg&]? forward
a pattern to any other group, may be restricted by all owed Te &

defined for each region. The nodule 14 includes one analysis centre user
interface 16, one 30 technical support usegg-interface 18, one supervisor
user interface 22 and a nunber of design user interfaces 20 for region
groups. The design user interface 20 essentially allows WO 97/ 28626

PCT/ AU97/ 00055 (v)  If the fault is hard—on fault, the analyst can transfer a pattern incléding the a
group nmenber to view all of the patterns forwarded to the %roup, agé a
W

remark to the pat t efaylt to,a esponisibls gropp- Pobardran faplt isafaule whichdsiphvious, and
Two fornms of pattern dj ' | RS RY M eing a
transferring of 5 resiﬁ%tﬁg?t%ﬁ%?@k or om%%gﬁﬁg‘?%@%fmgg?{%?%?gggﬂbt her
group and in the §dkonHf thefanit is subtie; theranalyst| dah ydd comments add pass ePathen Wi t h

the initialggroup but an, action to be perfornmed on ., the pattern can be
forwar ded to anot her gWS‘ﬁ'a’."‘gI‘:}E “M%&%?‘cﬁlﬁ‘@?&gﬁﬂﬁnﬁ 8fostugther  (heir
interface 20 an indi caprocessibgt he nunber of faults that have been allocated

to the group, 2143 ar.e nOFPéget al located to a group nmenber. 10
The anal ysis cent K8)ys&hen apaftern seturng fram a siesien eraup with anaction plam e anslyst o

perform  the follow &g tadSik the actiongla%invt\%éhﬁainE@&ﬁ%ﬂ&ﬁ%@%ﬁ%%d by

data fromthe custoner fault database
the interface 8 on thebapresentedsiheGSRs. The elements ¢fi the pattefieviewabieiby thie d1SRar

the extracjged fault s ‘Hﬁ§ : the stem 2. .

Thi s procesd: can be cgﬁg%”g‘ere géggg%%g% | %mgmf'g |‘?‘°‘3%ﬁ‘e‘@ P’c{‘ﬁ?”fpé"tﬁhf S
not to analystomthe axtivabaf pagerhdfrom i dediga group. | S pl aced in a
di fferent queue o custoner fault databases 6. Once

Lh
the fault is acce{)vl"é)deww’“ P PYteru tefyrps from a design group with a status of being fixed, thes
appended to the fault,anélys€daniBiématicalyad BitardficeddRintchls infothd ARt 1 fault

fault is not placed in the system 2 for processing, the reasons
returning it databases 6 fox gach faultdn the pattern; Gloaranctomimentsscas alspdepl aced

in a cleargnce comentgitd &) #ifd-on faults and other faults not belonging to a pattern. When a
clearance comment is added to a fault, the fault is placed in a feedback
queue in the customer fault databases 6.
(ix) Archive fixed patterns.
(x)  Delete fixed faults and pattems from the fault and pattern database 4.

The analysis centre user interface 16 also enables the entry of faults detected by test
surveys into the databasc 4. Test survey faults can be merged into patterns manually or
using the APM 28 if such faults include location information from which a suburb list can
be derived.

When part of the network becomes completely disabled or a network outage occurs,
the interface 16 allows an analyst to add a catastrophic pattem into the fault and pattern
database 4 cither manually or using the APM 28. Depending on the severity of the fault, a
message can also be broadcast to the customer service module 30. The analyst enters the

30 suburbs the outage impacts, and once the pattem is entered, all faults reported in the
impacted suburbs, regardless of times, are allocated to the catastrophic pattern.



of the custoner fault data. (tii) Viewall faults and patterns
held in the fault and pattern database 4 so that faults

can be manual ly nerged into existing and new patterns. Wen an 25

anal yst manus¥oyulewns a pattern, rules used in form ng thecpapsmeonsscan be
added to the record of the pattern. (iv) Invoke the APM 28 to

produce suggested patterns. The suggested patterns can

t hen be checked for acceptability, by exectting a process referred to as

a pattern gate before the patterns are further processed. On passing a

attern 30 via the gate, the anal yst can allocate a priorit
1I‘Oor processi ng of M@aﬁa‘?ﬁéﬁeﬁ?lmt‘dgam‘“SWhMW%‘g B"’“Pa“emcanb“m&edby Y
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(v) If the fgttﬁ?ml{ss“sﬁnfr%?g%ﬂ aetiIs%fvl‘:tcr%)dglr?;loiﬂsstfog%ms'transfer a pattern

i ncl udi ng the (@  APM suggestedf Bhg APMG28chas euggosied e pattprn Yot vikwabledyon
fault is a fault which bg obvi ous, and not subtle, i.e.
the link between a base B%(tion and exchange i s down. (vi) | f
the fault isssubtl i) t handpasygiestedAmaidiyerimsanigsstedithc pattcin (Nt viesiableby 5
including the fault to the technical support user interface 18 for further
processi ng. Bf') When a pattern returns froma design group
with an action plagssth accep :

action plan into a%g? ai ‘ﬁ“"%%’;‘wﬁf acti:glsygtrl?agt i onte%isg%geggﬁpﬁtiﬁgﬁﬂﬁd&t&%mn

be presented to the CSRbas brerecrestedrd¥nt yicwnblehy G5&s: ern vi ewabl e by the CSRs
10 Sy CO | 4l ' ISy | Bt ace
16, which pronpts #@e ﬁ%ﬁ&d.ﬁ%ﬁﬁﬁ&ﬂu{) H&a%%%at%%ﬂ ﬂé‘;'g;h?%%aﬁrh%f&yatterns
fromthe de%@gn group. available to a CSRf a faplt Waehe/shegasriesibelongs tothespattemmn a

design group with stajus,of .being fixed, th -, - anal yst
can automatically Z‘Qd g*’\?ﬁ?"éﬂ’ée ﬂ’t?‘#ﬁﬁ“ﬁ)&ﬁ@“ﬁ‘lﬁ@f‘m&‘f‘ﬁuﬁ“{“‘m :
dat abases 6 for each famoke fafilts daft R ABAEN 1 the Paflérh AOSIE vicWable ihder castrdbs0 be

15 added to hard-on faults and other faults not belonging to
a pattern. Wen a analysis centre user ingrfage dhice comment is added to a fault,
the fault is placeg;n @o,;sg&ggaﬁﬁ ction pjan has been consideréd ' 4Egrbdp dridGesCUSt OMET
fault dat abases 6.%.) (1rx 2 Arginnve fieged patterns. ip (x)

Del ete fixel5faults andoyeamesmaressenttorthe GSR$ fon customet fpllow-upnEvent cliaageois
responsibility or group, or action by a group raises an "activity” or advice to
the CSRs if a network analyst believes it's relevant.

(vii) Closed. The problem indicated by the pattern is fixed. Under analysis centre
user interface contro! advice is sent to the CSRs when the pattern is closed.
20 A closed pattern remains available to the interfaces 16, 18, 20 and 22 for a
specific period of time. After that time expires the pattemn is archived. Once
the pattezn is archived it is no longer viewable by CSRs.

Only statuses (i), (ii) and (vii) arc mandatory, and the others may be specified on a
25 regional basis. Each group may set up non-mandatory statuses, as desired, for the patterns
they process.

Hereinafter reference is made to specific screen interfaces and the buttons which
may be used on those interfaces. It will be understood that whilst the function of the
30 interfaces may not vary, the particular configuration and buttons used on the screens may

vary considerably.



20 The anal ysis centre user interface 16 al so enables the entry

of faults detected by test surveys into the database 4. Test survey
faults can be nmerged into patterns manually or using the APM 28 if such
faults incl wsetsgati on i nformation from which a suburb |iggdy 55
derived. 25 When part of the network becones corrp{et ew di sabl ed
or a network outage occurs, the interface 16 allows an analyst to add a
catastrophic pattern into the fault and pagtern dat abase 4 either

manual |y or using the APM 28. Depending on the severity of the fault, a
nmessage can al so be broadcast to the custoner service nodule 30. The

anal yst enters th Aphy fUch ,gim nis
entered, all faul ?ggrepoﬁip?cl%aﬁle %fdn%%ﬁ gﬁ%ﬂr T ar‘gfﬁe‘%@ of
tines, are albuttemenaltapovindew ofthe analysit¢entrp aser dnterface 16. V\D 97/ 28626
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Al patterns are allocated a status which affects whether a pattern can be

\(/i )eV\/edAItZJ)KA t he @gasdmusggﬁ k;ecrmwwms?frmﬂm%efmf@ plafek. |'ﬂi§'|5 o
| S est e e suggest e e pattern vi ewabl e by
'Sl in o Sl B GSecr i APYAS 1 S g tegns. A i

pattern Not n¥dde %Wc%fk%lcctm it and then clicking ontilSet Active Template Filé |
Accepted. The anal yst "has acgcept ed a sué‘ggegt ed patte‘r!nemguqt g'g&g%:tfolnbn pl an

has been created. Not viewabl e by CSRs. (iv) Planned. A design

QvaiTabre to a ot emplfh B Ml ol Guiciied g o Mlle ficld wlamsssioe,

(v) |nactummnoim:mﬂstememxdﬁd&»ytwrecﬁﬂgemeﬁrer@abaanhgt&haﬁw s "no

U ewabl o uMbeHickigon o Egjebusta. Wned an s Nevindiog i slccieh pavibibet S civplasece
16. wm&mohmﬁqrﬁmﬁﬁbedmém& &I@W%dﬂ@%@%&&m@ﬁ%@d by a

group and its 15 conmes are sent to the CSRs cust oner

fol | ow up. ESIRlate I‘?ﬁ’hb‘é“‘@Fd by sclectmg the Add Templateshutian obin mg}mgrtergplgg |an or
%‘g }le 0 |nf b%’l ﬁet%m%‘%% ;%gltc@tgh 1%&&2’% bk gﬁ%rg?lg\ﬁspﬁxdttﬂen clicking on Edit Template. '€
Clicking on either of these buttons pOpS up a window containing a detailed description of
15 the template. On this window a template's details can be added or modified, including its
type, whether geographic matching is performed when assigning faults to a pattern that is
based on the template, the number of previous days over which fault counts are taken, and
the fault conditions. Conditions (items appearing in square brackets in the following
description of template types) can be added, edited and deleted from a template by

20 selecting the Add Condition, Edit Condition and Delete Condition buttons.

By pressing a Get Faults button of the analysis centre user interface 16 the user is
presented with a screen which is used to extract customer fault data from a queue of the
customer fault databases 6. The user should sclect whether the next fault to be examined

25 for possible entry in to the network fault system 2 is of type analogue or digital. An
exclusive type selection box is provided at the top of the screen for this purpose. Activating
a Get Next button places a summary of the fault in to a scrolling list and it is "actioned"” in
the customer fault databases 6. By clicking on the summary line in the scrolling list, a
screen displaying all fault information is displayed.
30
In the fault display, some ficlds will already be filled in. These fields are non—



(vii) Cosed. The problemindicated by the pattern is fixed. Under

anal ysis centre user interface control advice is sent to
the CSRs when the pattern is closed. 20 A cl osed pattern
remai ns avai way7asge the interfaces 16, 18, 20 and 22 for RCT/AU97/00055
specific period of tine. After that tine expires the pattern is archived.
Once the pattern is archived it is no | onger viewable by
CSRs. Only statuses (i), (ii9Yand (vii) are nmandatory, and the
others may be specified on a 25 regional basis. Each group may set up

non- mandatory statuses, as desired, for the patterns t hey process.

Her ei naft er r efiitableand containgintormationnbidinad from the epstomerfaplt databasesb.-t he but t ons
whi ch may be used on those interfaces. It will be understood that
whil st the function of the 30 interfaces may not vary, the particul ar

configuration and Bekétivasofd Calcdhuittiewilbdiosthe faaly display VEle\same failcandbl v.

WO 97/ 28626 .
PCT/ AU97/ 0005 giewed again later, The fault will not be entered into the network fault system 2 sth]_d

The APM ten dpclPelchbsechs activated by clicking on an APM Tenpl ate Editor
button on a top w ndow of the analysis centre user interface 16.
The editor is used to create a New file, or Edit or Delete a file of

tenplates. The 5 W‘“}*{’Wﬂﬁ?gﬁ%ﬁa‘?’a&g@*&% Qi?r%ﬁ%d!sed by the APM

28 to form new patterns. e active by sel'ecting it and then
clicking on the Se(i) Act Hand-banTheofiantt isi d bard ontfauit. The fault is saved in the network

tenplate file is create enteri a filen I, File field and

pressing a New but t H{.%gﬁt?’égﬁ?‘gg?cf‘ﬂ‘%c aﬁ%@?‘?’éﬁ by selecting the file
in a scrollimg |i sti)andrinthér Abhlgdis. Tkt FaltqssukablEdorienBiy il @the MIRBrkamulEdi t or
New button is selected a window iIs displa whi ch contains a sunmmary of

\ yeo
the tenplates appeari ngsYst¥mFwithqut furthet proprssing ptilyis sB8hew  tenpl ate can be
added by sel ectinggiie Refdr ORTRhSable M frbBibL ot SlitaBie! faf dritg hid TR finGorkFRult

system 2. A screen will be displayed where certain action is required. A tick
box is used to select whether or not the fault should be entered into the

15 network fault system 2. By selecting Comment and Queue ficlds are sent to
the customer fault databases 6, updating the clearance comments and
dispatch code ficlds respectively of the customer fault databases 6 fault
record. An OK button will activate the refer on.

20 By selection of Hard-On, Further Analysis or Refer On followed by the
Continne button, the appropriate action is taken. A fault number will be allocated by the
network fault system 2 whcnev'cr a fault is entered. Continue will remove the fault
summary from the scrolling list.

25 A test drive fault entry procedure of the interface 16 allows entry of special fault
information. Such information could be obtained from fault surveys, field testing, etc. A
Continue button will allow entry of the fault in to the network fault system 2. A fault
number will be allocated by the network fault system 2. Geographic information regarding
test drive faults is specified identically as for faults sourced from the customer fault

30 databases 6.



be nodified by selecting its entry in the summary list and then clicking on
Edit Tenpl ate. Cicking on either of these buttons pops up a w ndow
containing a detailed description of 15 the tenplate. On this w ndow a

tenpl ate' s b ardséscan be added or nodified, including itscpadeydass Whet her
geographic matching is performed when assigning faults to a pattern that is
based on the tenplate, the nunber of previous days over which fault counts
are taken, and the fault conditions. C ggitions (itenms appearing in
square brackets in the follow ng description of tenplate types) can be
added, edited and deleted froma tenplate by 20 selecting the Add

Condi tion, Edit L] Ry t By
pressing a Get F%}%%%%&m%&%%&&aéﬂgﬁ%nblcrffce"‘rt?daée 16 the
user is preessnlthmtcriew tick Boxoan be usedito adake theledfresponding patrent destrdgtioner f aul t
data from a g,ueu of e . .customer fault d?t bas&s 6. The user shoul d
sel ect whet heieakle tRESRsvip the cystomer sevigeimpdyle;i). Ab the time-oficpteriag, faults into ¢ o

the network fidhdrwskIhili3ystcin2, 3h AlddPFo RER nRY R stlbcted. TnisAvill chfhte a pfieh] USi Ve

type selection box is pr vided at the top of the screen for this" purpose.
Acti vating 5 with aaetfarlbmergbdiintto if, thatfault being therome purséntlylygddraiew. in to a
scrolling list and it is "actioned" in the custoner fault databases 6.
By clicking on the summary line in the scrolling list, a screen

di spl ayi ng all fa# Commientsimttomwill bering wppd styeed whikh is used to enter informativd f aul t
Oy 5 M garding progress of ackion spon the pattern: atil group b 3ssigned a box where

PCT/ AU97/ 000 2amments may be entered. An additional box is provided where a descriptionof #fe -
editabl e and contain informati on obtained fromthe custoner fault databases

6 10 planneshpction iforthe;patigrnande entsrad: The doseiption dn this bex is sperificallysfor ay .

The sane fauly, @nﬁ . i]ﬁm Qﬁ? | ater. The fault will not be entered

into the netvvoer au ?cns'lflzés[ em g(s 0 ?g 5 Cancel be chosen.

Towards the bottom of the screen, one of three choices is required:

g;% wor k Har d-on. TlWhel;laa% lagtiénsplgn l'paas1 rbgérp E)n];n?lggeg, dal-chgelfls? lffcl:t}onl p?ansca}ga%%n Idgtc,t apn
action plan completion date, are used. In the present system 2, the comments screen is

15 open to modification by any person.

There are four main groups: CSR, mobile network analysis centre (MNAC),
technical support and design. A pattern has an associated ownership of both its action and
responsibility. The ownership will be with one of the members of a group. When a pattem

20 is created, both the responsibility and action for the pattern will belong to the creating
group, MNAC. The ownership of either action or respansibility can be changed to another
group provided the current owner initiates the handover. Patterns are transported to a group
for subsequent grabbing, where a newly transported pattern is assigned to a member of the
group. A pattern of no faults may be selected for transport to another group using

25 Transport Action and Transport Responsibility buttons. Pressing a Continue button will
enter the newly created pattern in to the network fault system 2. The comment and

transport information is saved at the time of selecting Continue.

Pattern searching cnables a user to retricve patterns from the network fault system
30 2, update pattern information, merge faults in to the searched for pattern and clear pattems.
Clicking a Pattern Search button will bring up a screen where search criteria can be



fault system 2 and a facsimle can be printed. 10 (1) Furt her
Anal ysis. The fault is suitable for entry in to the network fault

system 2 without further processing at this stage. (i) Refer
On. The faulwoissnsgmebably not suitable for entry into the Peravyiodssul t
system 2. A screen will be displayed where certain action is required. A

tick box is used to select whether or not the fault
shoul d be entered into the 15 -19- network fault system 2. By
sel ecting Conmment and Queue fields are sent to t he

custonmer fault databases 6, updating the clearance comments and .
di spat ch codeentéred. Fhisrie sysertially a|fgrmufation®f a gequestthat the network fanl syseme Lishall ¢

record. An tt gm’ ' t £l : i on of
Har d- On, Fu_ro'ﬁﬁ r %ﬁa ysd!alsc%,?&l é@e‘rﬁw&%grtc éﬁ’%\%\%’ lg?/‘_:h[ﬁéeid’ data%g%ieﬁtﬁlgag%tton,
t he appropri afhfeeawdyson i s taken. A fault nunber will be allocated by the
network fault system 2 whenever a fault i nterged. Continue wll renove
the fault sumfaty %&?W&%ﬁ%ﬁ‘“ﬁ@’f"f@f‘?"ﬁ% A test drive
fault entrygprocedgyye mwﬁbﬁk‘ff?‘S%&@-@ahﬁﬂﬁt&'M(fsﬁe Vhie sORfsvadod! aul t

I nformation. Such information could be obtained fromfault surveys, field

testing, etc. A () CorWildensdisg: PatterpNumber + 3% @hisrwould mateh all patterny where t he
network fault system 2 { 'Afrfs . mw;p | ko6 ﬁ“i"p t wor k
fault system 2. Ceogr a?) I'C ?dril#%‘r’frr%?Pon r’g‘[d%lr H%Bﬁﬂl:t%s?&a ri vé’yﬁ%ﬁ Sis
specified identically =aeroformorachatactesenceptaiuflr om t he custoner fault 30

dat abases 6. WD 97/ 28626
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By sel ecting Patt erte skarch 3 e&&uwmkmgmwﬂ. Thitutdultlof BR/schreh apaaticicis A
consultant view tick box can be used to nake the correspondi ng pattern

description PregAusip pdatge,sceasspavhyrepach pove i & symprars e a pattermppi asched theay ¢ he
time of enter &hfcﬁ%§ArP&%uom§maWJﬁefs%}%vé?rﬁmq{q‘s&ollﬂﬁouﬁ%é_ﬁstw?w

may be selected. This w Create a pattern one fault nmerged in to
it, that faulpatégismhptwieee fomad.currently under view.

15 Once a search has been executed one of the patterns found to match the search
criteria can be examined and updated. This is done by using tick boxes at the left of the
screen brought up after a pattern search is exccuted. A Detail button will expand
information on the pattern which has had its tick box sclected.

20 The pattern information can be changed at this point. Transfers and updates to
comments can also be made. The changes are stored in the network fault system 2 when
the Update button is chosen.

Clearing of patterns involves clearing all of the faults that comprise the pattern.

25 This process will communicate with the customer fault databases 6 updating Dispatch
Code and Clearance Comments fields of the fault on the customer fault databascs 6. The
information sent to the customer fault databases 6 as part of the clear procedure is entered
into the screen brought up by the Clear Pattern button. The Dispatch Code will be set to
"FBCK" and the Clearance Comments ficld will be sct to Cause Code, Clearance Code and

30 Comment fields of the current screen.



A Commrents button will bring up a screen which is used to enter information
regardi ng progress of action upon the pattern. Each group is assigned a box
wher e comments may be entered. An additional box is provided where a

description Qlod7B8ed0 pl anned action for the pattern can bg~gil&idéss The

description in this box is specifically for t he custoner service nodul e
(CsM 30. When an action plan has been fornul ated, date fields:
action plan creation date; and acti on-@0an conpletion date, are used. In
the present system 2, the comments screen is 15 open to nodification by any
per son. Here are four main groups: CSR, nobile network analysis
centre (MNAC), Mergingifaults istopperhs invatvebasscgintinda given Hstof fasts aithasgiag at ed

ownership of both its ac¢tion and r onsi bility. The ownership wll be
with one of tRlHe e Pﬁ“’é‘?"é@p?"ﬂﬁé&'ﬁﬁﬁﬁtm@ 53 SRR ¥Ahibt h t he
responsi bi | i tegeaited. ThE AU selich Witreddird SitFy dﬂs&:lmlp&lit%_tackhhﬁﬁfﬁ!fhﬁﬁ:ttggg

group, MNAC. The ownership of either action or responsibility can

changed to anssaishing for apatiorm. Fhofaull seprelhepemtion alse presynts the resuit of the s¢dreh in 2
hand . Pat b t bbi ng,
Where. a newsyleite 35isBl SrliaPAIPR B tnkdts AetALY Romits o Hulat B Pk G

A pattern of buxskiected faulte intdthesick bt sedicctedrpatteranif fimilts chaden fip tlitShergé SdgadySi NQ
25 Transport tion and Transport S sibility buttons. Pressing a

Cont | o but 1 TP Rackber DR e Gl it Py o e G Pafert oot thet vior k
fault syst em mergd ke HIAEE FbllGWifE a meréd’tﬁé‘ﬁ%ﬁibtlist Of BE PRichPR update oSt thehe

time of selecting Continue. attern searching enabl es a user

to retrieve patEeAddhy timeof ertcringcustoracy faults indg the matwadk fault gystem 2, pRatternn
i nf ti i teh@ e . .
pat ter ns. 10 SEFAEmaPitk) b birchiSa 1AM ERL TP Aok Her PG IE im ol

search cri t erbeghatfaulbenrrently under vieWD 97/ 28626
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Fault scarch enables a user to retrieved faults from the network fault system 2,
update fault information, merge faults into a pattemn and clear faults. The Fault Search
1S button allows entry of fault search criteria, as described above. Faults can be examined and
updated by use of tick boxes displayed after scarch exccution. Operations of Detatl,
Update and Clear buttons is similar to that for patterns.

A group of faults can be selected for a merge operation by using the tick boxes of
20 the search result screen to select faults. The Pattern Search button, followed by Add
Faults to Pattern will merge the tick boxed faults into the tick boxed pattern.

A View Own Patterns button provides a special form of pattern searching. The

network fault system 2 is queried for those patterns for which the ownership of either the

25 responsibility or action or both, is with the present user of the system. Patterns may only be
updated and transported at this stage with the added proviso that transport can only take
place if the pattern is owned by the present user of the system. Using a View New Action
Patterns button, the network fault system 2 is queried for those pattems that have had
action transported to the group of the present user of the system. Using a View New

30 Responsibility Patterns button, the network fault system 2 is queried for those patterns
that have had responsibility transported to the group of the present user of the system.



entered. This is essentially a fornulation of a request that the network

fault system 2 list all those patterns that conply with the search
criteria. In each field, data can be entered in t here ways:

(a) Absol uwe wasee, e.g. Pattern Nunmber - 32. (b) G OBGI/AP9THpAISE eS|,
e.g. Suburb - Parramatta, Msse Val e, Chat swood. (c) Wild

card, e.g. Pattern Nunber - 3% (This would nmatch all patterns where

the first digit of the pattern nunber was23)= The "% matches any string of
zero or nore characters except null. 10 The search is executed
using a Search button. The result of the search operation is pr esent ed
in a |large scGesihantCominhebuttorswill assigrstheownerskip ofithe a¢spensibility dor thepattvenl t he
search criteria, Arrow buttons that appear on the screen are used to scroll
through t he | fodhe present ussgof the systemhat were f ound. 15 Once a search
has been executed one of the patterns found to match the search criteria
can be exam ned and updated. This is done by using tick boxes at the |eft
of the screen BFhsieystomensenticcmoduie 30 pw»&se&ﬁ&m!%@ém@eaﬁwkﬁp&n

button will _ex ii RI '.99 &I?WH&Q pAd 'qE i ' Lek box
sel ect ed. Szgga:%dZan e ‘%g‘g?gr’n I'nf or nma |on‘;n(;qair;1b'\é@°c angg%ﬂ]ge?w%%;ﬁgég int.
Transf er s andanii@Uaix rhachine of diemetvrcrk fauit syétam 2van badehieve @sinpanges are
stored in the netwqrk, fault system e he Update button i s chpsen.
Cl eaning of pSAEBIHEUORYRAA %F%%éﬁ\é‘géﬁ\”‘gf ‘h?q"fé’“? t3pt uses Wfffgﬁ‘o:?ﬁ)ﬂa?@st he
pattern. 25 Ti TSN 8CRE oiff dnbuified Sl Rt paticdn Ritdrhalibehdld il MO Biult8d bhngdat abases
6 updating Dispatch Code "and Cl earance Comments fields of the fault on

the custoner flaighase ¢ farsbspysposes of informing cpstememnaf 2 pattesryvhich may be caupingsheir
fault data ; ' : Wiy O the
screen broﬁﬁaﬂ%@a@ﬁgﬁ %Fﬁégylgg’té tIa g?‘{r'\s%gtgtﬁgﬁ%t%e%%gtc "‘c“o%\’é’wvﬁ’ Il be

set to "FBCK" and the Cl earance Comments field will be set to Cause
VC\%d 8 7/ 98232361” ce CQﬁ% éélf' ty%(c)s in su%'{ubfnimei‘xlcfjgndq{s stpequgC R'ch&Rbd e Sburb is
PCT/ AU97/ 0005%alid a list of patterns appearing in that suburb is displayed. For each pattern in the list, its
identification number, description and impact area is displayed. The impact area is a
1S landmark within the suburb, ¢.g. road, intersection, shopping centre, etc. The CSR can
expand a pattern, and in the expanded version, in addition to the impact area, the
description contains a plain English explanation of the pattern, an action plan as well as a

number of other less critical fields.

20 For patterns that are suggested by the APM 28, the impact arca is manually entered
by a MNAC analyst as the APM 28 does matching on a suburb level. If an outage covers
the suburb queried, the outage pattern appears at the top of the list of patterns impacting

the area.
25 Patterns with a particular identification number can also be retrieved.

The customer support user interface 34 enables a CSR to carry out the reporting of
pattern information to customers whose faults have made up that pattern and the
subsequent transfer of the pattern information back to the MNAC. The interface can be

30 wused to list all of the patterns transferred to the customer support group not allocated to any
CSR.



- 20 - Merging faults into patterns involves associating a
given list of faults with a given pattern, as described previously.
Fault Search can be chosen after a pattern search is execut ed. The
fault sear cRyglddgeieequire entry of search criteria in a sigglakefogsbi on to
searching for a pattern. The fault search operation also presents t

result of the search in a 5 large screen simlar to that for patterns. An
Add Faults to Pattern button merges the +2Zk box selected faults into
the tick box selected pattern. If faults chosen for the nerge al ready

bel ong to anot her pattern, such faults will be renoved fromthe other

pattern before thEhemmmr@epﬁ&mmhmmd%&hwmemmﬁh&h&nﬁubukb li st
of- the pattern i,s update ta reflect the At the tinme of entering
cust omer f aul9pte it was; itf, T%PWW@GI’W%‘)‘/Q’F@ E%R fap expand a paticenentny ipgy

al so be execygl, The ckPinded fetfern é&%ﬁ@&ﬁe&cﬁ%ﬂ%ﬂp&t&}@@wﬁs&ﬁ&iﬁr ¢! ected

w | | be that fault currently under view. Faul t Search
enabl es a us&sm&nﬁvrﬂmm&emﬁsthﬂlmmmmw&

Faut 1 Sear ch b g R SRERE Rl iR B Gfs Rolnging e e | bea

above. Faul t&n@&ﬁ%sﬁkﬁﬁ\pﬁednm to MNACGAY @it duxlysis eotfol ket inthi960 6.
di spl ayed after search execution. Operations of Detail, Updat e and

Clear buttons is simlar to that for patterns. " A group of

faults can be sel aqisesf diPthe attpistfanSRAES o tBE cddo 20
the search result screen t%aasel ect faﬁFts Hel'he Igg'?te nt@yﬁhggﬁaﬁlﬁg

fol | oned by Apreific CSR-gan also beottainedern wi || nerge the tick boxed faults into
the tick bgyed pattern. A View O Patterns button provides a
special formof pattern searching. The network fault system?2 is
queried for thoseAp@RMmtc&ﬂlecnktbmhr&chacmmkﬂsmwmckaigtohememk%lt

responsibilit act on..or e 1S W t of t stem
Patterns may ILI Qﬂlfﬁﬁ’&{ ’%WH“%*‘ ﬁ%ﬁgﬁlgﬁﬁ’ét‘m 'ﬂ? %ﬂ’a t he
added provi S@aﬁsha%id bﬁaaneaﬂerbd Oaldesdit Mottvalificd. The Bpeator's ﬁudatsen@adeti% tagl S
owned by the present user of the system Using a View New Actign

Patt erns but PEitemS dbelpneing e the operatog (for grabbing Ba"ﬁHE) andthe passVAdRussdte er ns
that have {¥dccess lh@ﬂdl%d%ﬁé}ﬁ BRGEARE 40 the REewbOHRIt stk 8. RAARERS mpger of

the system Using a View Responsi bility Patterns button, the net wor k
faul t syst emappdas ipodvicharbutton nedels sebepressed tosgain conpértion kthe nkbrork fault
responsi bili tsytéma.nsported to the group of the present user of the system

All patterns that have not been “closed" and that are viewable by CSRs can be
20 viewed by entering the suburb into a For Suburb field and hitting return, This brings up a
list of all the patterns in the suburb. By double clicking on an entry full details of the
sclected pattern are displayed.

MNACs can transfer pattems to the CSR group for processing, as described
25 previously. By clicking on a New button a list of such patterns that have not yet been
grabbed by a CSR is displayed. By double clicking on an entry in that list a detailed
description of the pattern appears. Clicking on a check box Grab Pattern, assigns
ownership of the pattern to the CSR identified by the initials which were entered on
starting up the customer service module 30.
30
Clicking on an Own button displays the list of patterns grabbed by the CSR. Double
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Grab and Continue buttons will assign the ownership of the responsibility
for the pattewowmseso the present user of the system PCT/AU97/00[5¢c

custonmer service nodule 30 provides a CSR wth access to the network fault
5 system 2 and runs under M crosoft Wndows[err] on a PC. The connection

bet ween the PC and the Uni x machi ne of_4qe network fault system 2 can be
achi eved using a comuni cati ons package such as Oracle Que[err]. The
consul tant user interface 32 enables the CSR to carry out enquiries on

0 ser 1 ntet 32 . H
the pattern IE{i.g{lég&dﬁrb hxﬂmb'hsmﬁag&ggk%@w&ﬁ&mﬁgadamw&mo&omé t he

pur poses of i ng custoners of ttern which may be causing their 10
particul ar f aphttemn.Tihe patire détail wilowtdntains ascoblinglist of faults hedonging tthepat t er ns

I n a suburb. . Jhe A '

spelling is CR@'&%P “PF ?‘ﬁ%né %ngrf%rﬁt&%%at\i}gtl@%ﬁ?%ﬂ%@%gﬁ@@%éﬁ%&g&i ng

ig tha}g subur kybich r;xtd;élﬁdbhgyﬂdneﬂieﬁtamhélﬁﬁmﬁ&m CSR fsfinishi 'ed1pxoce$s|' mdgthe%attem it

i dentification nunber, description and inpact area.iS QLS . _The i npact

area is a 15 cambrgmwoaste m"r]r"iﬁﬁ@gﬂ‘ﬂh\’!b?l’r%%.mra&;&?k l?q’ftd'é?ggggl fﬂ#ﬁ"‘s‘ﬂoppi ng

centre, etc. -ﬁ‘ﬁﬁ@.SR can expand a pattern, and in the expanded version,
e

in addition to t i npact area, the description contains a plain
Engl i sh explanation of the pattern, an action plan as well as a nunmber

of other less critifal l;|i . t1 QEE est ed
by the APM 28, theﬂlgrrpac &ggﬁﬂﬁa‘%ﬁ%ﬁc)}ﬁﬁ?@%@d‘%ﬂﬁm&y %&@%@i’gl yst as
t he APM 28 do€ESTOxtb peiform the falloswidg matkst evel . 1 f an outage covers t he
suburb querjed, the . outage pattern_appears at.the top of the lis

patterns i nié)acti ng&) @ﬁﬂ”‘%rpéé{?ms f%@g'd% '°*gﬁgfltf}ﬁ‘fah§gm°ﬁ$"ﬁ’pm f“‘éﬁ%f’f a

i dentification nunber Cdgighlefde p&lt&rﬁitfvieﬁvvﬁdonsultantma{choosetoTﬁbq:r&ﬁﬁk@BEEhc
support user interface 34 enabFes a CSRfo carry out the reporting of

pattern information to a¥gwalefsich paede faul ts have made up that pattern and

the  subsequent pyanshgsmefechiiEat ol Hodd HoRinEals 612 pR, tefort Riwiiifz 1o The

i nterface can be

a design group or MNAC,
15 (c)  Forward confirmed patterns (received from MNAC) to a design group for
processing.
(d) Forward patterns that the TSC could not confirm to MNAC.
{e)  View all the patterns in the fault and pattern database 4.
® Enter network faults from the network analysis system 10.
20
The technical support user interface 18 provides Pattern Search, Search and
Detall buttons which allow execution of the same pattern searching procedures as for the
anatysis centre user interface 16. A Comments button also brings up a screen which can
be used to enter information regarding progress of action on the pattern in a box for the
25 group. Transport Action, Transport Responsibility and Update buttons also perform the

same functions as for the analysis centre user interface 16.

Faults can be scarched using procedures executed by clicking on a Fault Search
button, and patterns viewed using view using view own patterns, Grab and Continue
30 buttons as for the analysis centre user interface 16. The interface 18 also provides access to
the network data entry user interface 12, which atlows the TSC to enter into the fault and



30 used to list all of the patterns transferred to the customer support

group not allocated to any CSR. WO 97/ 28626
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The patter nswargs,zﬁg‘psent ed in alist, and each pattern ent hDo7holisss! | St
contains the ate it was created, its description and f.érrlg%{c}% area. The
CSR can expand a pattern entry in the list. The expanded pattern
contains a description of pattern (unders grldabl e by the CSR). On the

expanded pattern the CSR has the ability o allocate responsibility for 5
handling the pattern to hinself/herself, view the custoner faults bel ongi ng

to the patter e ﬁﬁg {10 d e

anal ysi s cont&gfmggg%?#@ﬁiﬁ%b%de?&}etﬁy%% I'S a(’)‘%%%%?%’%&ga erns
transferred tare believedtothavean affoopon tustpimring) Wikest aaietvomk fault it entered into $eeci fi
CSR can al so pe_obtai,n 10 . CSR activates the custoner

servi ce nodul @e@t@ﬁ%ﬁ&%saﬂcsgnﬂmpw fault, and a set of PRG,Or mOgEXt ¢ he
operator is RGaEed Wfich heRlICAftddlsS ARGMmativiiy, b@kﬁ«h&@@ﬁg&g&ﬁ aSpatfl dard

password, but the entered val ues are not verifi ed. perator’s initials

are used t oS tsygjem whichmanpsngtwask cells|apd gxahgnges te sibudhs eambeinvekedito gutaibbi ng
patterns) anqm{ n%@ﬁﬂ@ﬁeqpf%bﬂﬁgd to 15 access the fault and pattern
au

dat abase 4 in e networ t system 2. A wi ndow t hen appears in
whi ch a button needs to be pressed to gain connection to the network fault

system 2. | patterns that have not been . "clqgsed” and that
are viewabl e by C%“&ﬁ%ﬁ?&@ﬂlmh‘SWé‘ﬁf@ﬁsﬁ&FﬁBW@?W%w
Suburb field cﬁﬂﬂehﬂe&éeh,%d&ﬂﬂﬁ%uﬂi&&%’ onied sithefmanually s Fai‘e anhlysib Béntre
patterns in the suburb. By double cljicking on an entry full detalls of the
sel ect ed phf tussrrintgriaced6:95jaytppgtically using W°RPMWWW°HWFM patterns to
the CSR group for processing, as described
The design user interface 20 is the same as the technical support user interface 18
and allows a design consultant (DC) to perform the following tasks:
(@)  Retrieve pattemns forwarded to a design group from the technical support
15 group. Altematively, a consultant may choose to be prompted on the amrival
of such patterns.
(®)  Add an action plan to a pattern, and to manage the status of the plan.
(c)  Forward patterns for processing to the technical support group or directly to
MNAC,

20 (d)  View all the patterns in the fault and pattern database 4.

The design group plans and then coordinates the solution of a fault amongst a
numbcr of groups which may not have access to the network fault system 2. Under such
circumstances the interface 20 enables the DC to record the interactions of the design

25 group with these groups. In addition, the design group may instruct a number of its staff to
perform a series of tests in order to formulate an appropriate action plan. The interface 20
will enable the recording of the nature of test to be performed, the identity of the staff that
perform the tests and the results of the tests.

30 The supervisor user interface 22 allows a supervisor for the pattern identification
and distribution module 14 to perform a number of supervisory tasks on the module 14,



25 previously. By clicking on a New button a |ist of such patterns that
have not yet been grabbed by a CSR is displayed. By double clicking on
an entry in that list a detailed description of the pattern appears.

d i cki ng on WOJR@¥R6 hox G ab Pattern, assigns owner shi PCHAURT9805pat t er n
to the CSR identified by the initials which were entered on starting up
the custoner service nodule 30. 30 Clicking on an Own button

di splays the list of patterns grabbed by'tqqe" CSR. Doubl e WO

97/ 28626
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clicking on afhichincludeproass performance sprcification and Tepofs RIBHEUPH ng a det ai | ed
description of the pattern. The pattern detail w ndow contains a
scraolling list of faults belonging to the pattern. Double clicking on an
entry in that |istingrpregsss prsfosmanse specifirationa suporvisoncaf speeify tho ampunt of tigiei ch

el ud : . el . H
battorn it soain AR S oo dsriflich feBCost Bl take. Eptbaatile, RERGERTLARA 00
Transfer Pat st fowvard a patieh either back to MNAC dhtd a design igroab weithitpfoud houz€6f

interface 18 engbl es a tech hcal support consul tan (TSC), to performthe
fol | owi ng t as¥geivipg it from Yé‘? anghadefign groga must: 7 Rafteim hadkdo MNAC witin ¢ o

SUPPOT t  gr OUP, {veaErdMA¢heR it Was received from technical supp@®i gn group. Al ternatively,

a consultant may choose to be pronpted on the arrival of
such patterns. (b) Add the technical support group conments to
a pattern before f %Em . %?ﬁ h group or MNAC. 15
(c) Forward confﬁcne pgﬁtrg?nr]l?q re(%?eggwfurugﬁcﬁ%& +‘%’a design group for
processi ng.10 (@  Idstpof kndverpattents partddqgeograptiallyt he TSC coul d not
confirmto MNAC. e View all the patterns.in,the fault _ and
pattern dat abase 4  Status ofa 33?7 including the group yorking op jtand Wll?qﬁe‘tﬁélfvmr k

anal ysis system 10. 20 take tosolve. The technical support user interface 18

provi des Pattern Search, Search and ) .
(c)  List of cach area giving turn around times, outstanding patterns, clearance

times and times for cach stage of the pattern distribution process.
15 (@)  Status of the fault and pattern database 4, which includes the number of
cleared and uncleared faults per month.
(¢)  List of patterns for which the process performance specifications were not
met.
03] An audit trail for a pattem, such as who did what and when.
20
Each group has access to statistics regarding its own performance.



Detail buttons which allow execution of the sanme pattern searching
procedures as for the “~analysis centre-user interface 16. A Conments

button al so brings up a ' can be used to enter information
regardi ng prpagbRmeeof acﬂ'mmq .JB Ern in a box for t 7 p.
Transport Action, Transpo¥ i ’ y and Update but tltcl)ﬁé aI@%og%erform

t he sane functions as for the analysis centre user interface 16.

Faul ts can be searched using procedures ezgcuted by clicking on a Fault

Sear ch button, and patterns viewed using view using view own patterns,
Grab and Continue 30 buttons as for the analysis centre user interface 16.
The interfacerldms:so provi des access to the network data entry user
interface 12, which allows the TSC to enter into the fault and WO
97/ 28626
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pattern dat agése ﬂ‘é‘ﬂ?‘%‘? u\}%si!cﬁ ﬁgrv%mgg%cnmléet ecred tf)ofs? ﬁgoﬁke ﬁlb“;l Eanal ysi s
system 10 and a first itserface forchceessing fiest favltadataepresantative dHfapltsrepdibeal bya
network fayt is entered into th dat abase 4, the TSC enters a

descri ptio% Wﬁﬂ@nﬂ‘g{eﬁgﬂ?ﬂ#g{ﬁﬂfﬁeﬁﬂka set of one or nore suburbs
whi ch the fault a&ﬁ&@h@intﬁfdcem}&béééﬁh%/secaﬁdﬁhﬂ%&@&cﬂﬁﬁﬂ*%tsiﬂsﬁﬁat'a'

data 5 system which maps network cells and exchanges to suburbs can be

i nvoked to efetork determinesiyia network apalgsiseystesy, andibur bs. An
entered network f g&hﬂ fof Slidedti r ] L.C t oner
faults can beﬁér#ee%lzg{él , aggfetqﬂsz‘ognerge?@?@d@%{%@rs?%&ﬁg%ﬂ%%%ﬁ#@nual |y

usi ng t he anphieanssteprssantativé Of faults havingat ieastcont Gommonrhametedistiel | y usi ng t he
APM 28, asldjescri bed previously. The design user interface 20
I's the sane as the technical support user interface 18 and allows a

desi gn consult ant A(ne&york taubtsyétes s claémédaih lchivi 1gwhérsinthe common charactefisfic is
Retrieve patterns f{orwarded to a design group fromthe technical support 15
group. Al ter BEQEFRRbqlocationy ns i t ant may choose to be pronpted on the arrival
of such patterns.

3. A network fault system as claimed in claim 2, wherein a further common
15 characteristic is fault type.

4. A network fault system as claimed in claim 1, including pattern generation means
for generating said fault patterns using respective fault templates to allocate said fanlt data
to said fault pattemns.

20
5. A network fault system as claimed in claim 4, wherein said fault templates
represent a predetermined condition having occurred over a predetermined period of time,
said condition comprising a predetermined number of faults of a predetermined type
having occurred.

25
6. A network fault system as claimed in claim 5, wherein said fault templates
represent a logical relationship between at least two of said predetermined condition

having occurred over a predetermined period of time.

30 7. A network fault system as claimed in claim 4, wherein said fault templates

represent a predetermined number of faults of different predetermined types having



(b) Add an action plan-to a_pattern, and to manage the status of the
pl an. Forward patterns for processing to the technical

support group or d| rectIyLﬂﬂmmmjlmL IIL ll MNAC. 20 (d) Vi ew
all the pattwonsnsess t he f ldat abase 4. PCT/AU97/00055he
desi gn group plans and t hen cbordi fat &s the solution of a fault anongst a
nunber of groups which may not have access to the network fault system 2.
Under such ci rcunstances the interfaces20 enables the DC to record the
i nteractions of the design 25 group with these groups. In addition, the
desi gn group may instruct a nunber of its staff to performa series of
tests in ordeg.d,ged,Ornul ate an appropriate action plan. The interface 20
wi |l enable the recording of the nature of test to be perfornmed, the
identity of the staff that performthe tests and the results of the

the pattern i Brent i AmErbful stk §F Ghickel i S £ of £ terdilGaif chliBfulns Bl '
g uCTrr}) 2 [Jg <7) ; 08 g Eg.ewue Qéogriphiddat@pickenting st ieast dsfe geographic localién &Wﬁ:ﬂx

whi ch i ncl uderespestive faults said fault data <ash include lpcatiop %‘P%Wﬁt‘%ﬂﬂﬁﬁtﬁw

In a process tg% ima&ﬁoﬁaﬁae&kaa&th%ﬁmmgﬂwmm y $aid'failt @5t dndlshg amount
of time t n el ement of the pattern tribdtion process can take.

For exanpl e, pathmmsghingmssns allocgesiaid fanlb dota tejone of seid prters whethe lnsktiano
MNAC or to a | g it from MNAC,
and a design %o%e%@@g%o&a patntwé&%gﬁ&d?m m@a&rﬁhl n a week
fromwhen it was received fromtechnical support. The reports
t hat can be produc by the interfage, 2 cl uge I, St . of
known pattaoné sor é‘&‘%’é’&%"&ﬁ)’ﬁ‘% ém%i“&a’mgWlteﬁﬁq“"’%?%?e&“lgdﬁﬁﬂ ern,
i ncl udi ng t heg{d patny)/@hdpatemMrthdr iRiMilleS fi0lts O e 5dmdNybé as the fault represented by
said fault data.

10. A network fault system as claimed in claim 8 when dependent on claim 4, wherein
15 said pattern generation means gencrates new fault patterns by applying said templates to
said fault data not allocated to existing fault patterns.

11. A network fault system as claimed in claim 1, including a customer service system
for providing access to said patterns when processing said faults reported by users, and for
20 generating and storing said first fault data.

12. Anpetwork fault system as claimed in claim 1 or 11, including a distribution module
allowing access, cditing and transmission of said pattems by parties having different tasks
in relation to processing of said patterns.

13.  Anetwork favlt system as claimed in claim 12, wherein said patterns have
respective statuses, and the status of a pattern is changed to closed by one of said parties
when a network problem associated with the faults of the pattern is fixed.

30 14. A network fault system as claimed in claim 8, wherein said location data includes:

locations and location confidence values representing the probability of the fault of



take to sol ve. - (c) List of each area giving turn around tines,
out st andi ng patterns, clearance times and tinmes for each

stage of the pattern distj (d) Status of the
fault and m{;bﬁﬁm@lat abas“lﬂ“{“ﬂ“ﬁﬂ“&f ﬂﬂes t he nurrber ObCT/AUYT,

cl eared and uncl eared faul t*s pert (e) List of patterns
for which the process performance specifications were not

nmet . () An audit trail for28-pattern, such as who did what
and when. 20 Each group has access to statistics regarding its
own performance. WO 97/ 28626

PCT/ AU97/ 000&5! fault data having occurred at at least one of the locations and another confideAe value
CLAI MS: A network fault system for a npbile tel ecommunications

network i ncmaﬁcﬁ@ﬂngthe probability of the faylt nohkavingogurrest in said dacations; andr st f aul t
data representat igyfy éli)gﬁﬂlﬂ:hﬁa §ﬁgat§?¥|€e5\¥ ioestion cBhfidEabd Jfa‘?w?% aﬂﬁgodat .

sai d network; secon |nter accessl ng Seco
representati %hepmbaﬁthqfshq fauktsifgaid pattmﬂxmnxomd mam&istmne&fsmd looations

anal ysis s att for ocatl ng ,said
first and ée‘?@%‘f"f‘ﬁ%‘:ﬁ‘@y ‘ngfﬁg‘?bﬂg‘y @FZ vﬂ’ SFYEE) ¢ s
havi ng at |eﬁ%hd0m;6mmtﬁttie§bfﬁxd ﬁd&mbe&gnmﬁma@tmrk faul t
systemas clained in claim1l, wherein the commbn characteristic is

geographi c | ocati on. 3. A network fault systemas clained in claim

2, wherein apd urtARLwoATERR sysnf RACIAGHCE i Shinf14, WhRH daid i6Bfion data

corresponds to said fault data when at least one of the Jocations of said location data is the

10 same as one of the locations of said geographic data.

16. A nectwork fault system as claimed in claim 15, wherein on allocating said fault data
to said pattern, said confidence values of said pattemn are the product of said location
confidence values of said fault and said another confidence value of said pattern, the

15 product of said location confidence values of said pattern and said another confidence
value of said fault data and, for location confidence values of said fauit data and said
pattern having the same respective locations, the product of these location confidence
values.

20 17. A fault pattern matching process including:
accessing first fault data representative of faults reported by users of mobile
stations of a mobile telecommunications network;
accessing sccond fault data representative of faults in said network determined by a
network analysis system; and
25 matching said first and second fault data to fault pattemns representative of faults

having at least one common characteristic.

18. A fault pattern matching process as claimed in claim 17, wherein the common
characteristic is geographic location.

19. A fault pattern matching process as claimed in claim 18, wherein a further common



4. A network fault systemas clained in claim1l, including pattern

gener ati on neans f-or -generating-said fault patterns using respective
fault tenplates to aIIocate said fault data to said fault patterns. 20
5. A net W X12B66| t H jmﬁuﬂrumfi in claima4, wher eiPETARPHOOOSH| t

tenpl at es represent condi tion havrng occurred over a

- predeterm ned peri od of " tinme, s&i d* condition conprising a predeterm ned
nunber of faults of a predeterm ned t ype-29-havi ng occurred. 25 6. A
network fault systemas clainmed in claim5, wherein said fault tenplates
represent a logical relationship between at | east two of said predeterm ned
condi tion chhrreferisticds fanlttype. over a predeterm ned period of tine. 30 7.
A network fault systemas clained in claim4, wherein said fault tenpl ates
represent a predeterm ned nunber of faults of different predeterm ned types

h av} ng / 2000 W fadfi paern matching process as claimed in claim 17, including gcneratmg said
PCT/ AU97/ 00055
occur r ed. ﬁ“‘SP‘“‘“ﬂ‘W&W"F mtt“‘%'?'ét‘%tﬂ allocyte said faplt datato é‘?‘ﬁt@‘lb r 4,

wherei n sai glj patter ns each i ncl ude geographic data representing at
| east one ge grap ic location associated with 5 respective faults, said
fault data each include |ocation data representative of at |east one

geographic | at i O e faul t
data, and sai ‘ﬁ&?ﬁﬁi’%"%‘?ﬂﬁwﬁ I;lor?tg%nas? %%dc{é’t%gé&?gnﬁﬁggﬁls?ﬁgﬁ‘ﬂb to one
of said pattaempiawﬂeeprésbﬁdmmmmmﬂﬁmmhnghemulwmﬁdmﬁiponds to
t he geogr aphi A network f%rillt system as

C | of e ttern.
claimed in CIW\‘PSS?“WQ“H‘F‘)‘? %W&P&%M%M&%&ﬁ@éfa 58§62 d pattern,
the patter Rof gt ddi@ided t4pédaving 8stulred. 0Of the same type as the fault

represent ed by said Tault data.
22.  Afault pattern matching process as claimed in claim 21, wherein said fault
templates represent a logical relationship between at least two of said predetermined
condition having occurred over a predetermined period of time.
15
23.  Afault pattern matching process as claimed in claim 20, wherein said fault
templates represent a predetermined number of faults of different predetermined types

having occurred.

20 24. A fault pattern matching process as claimed in claim 17 or 20, wherein said fauit
patterns each include geographic data representing at least one geographic location
associated with respective faults, said fault data each include location data representative
of at least one geographic location associated with the fault represented by said fault data,
and matching said fault data to one of said patterns occurs when the location data of the

25 fault data corresponds to the geographic data of the pattern.

25. A fault pattern matching process as claimed in claim 24, wherein matching the fauit
data to said pattern, the pattern further includes faults of the same type as the fault
represented by said fault data.

30
26. A fault pattern matching process as claimed in claim 24 when dependent on claim



10. A network fault systemas clained in claim8 when dependent on claim

4, wherein 15 said patt ' ans generates new fault patterns by
appl ying said tenpl at esﬂmlﬁﬂﬂgmwf&m data not allocated to existing
faul t pattewgoysszs 11. = It system as cl ai p@fsighondsai M 1.

I ncluding a customer service system for providing access to said

patterns when processing said faults reported by users, and for 20
generating and storing said first fault_dgta. 12. A network fault
systemas claimed in claiml or 11, including a distribution nodule

al l owi ng access, editing and transm ssion of said patterns by parties

having di f f e3e Hcldahiggtnerating few BUR phtfind iy HpRHRSaid1Bmplates 3 Shid®Hlult BTt 25

13. A network fault systemas clained in claimai12, wherein said patterns
have r esallocated to existing faulf patterds-t he status of a pattern is changed to

cl osed by one of said parties when a network problem associated with
the faults of the pattern is fixed. 30 14. A network fault system as
clai ned in c27ai mAfavitipattern matching proceas aswiaithad in élsinl 1%)] artuding providing access

| ocations and |.qcation confidence val representing the probability of
the f ;m f fto sai8 pattelms wﬁcn prl:ocx:spmgsa\fti1 falleftss rcpol Sy usclls,zﬂldgene tingandlst(;rin)é -28-
said fault dgjescembiedatgccurred at at |east one of the |ocations and

anot her confi dence val ue representing the probability of the fault not
havi ng occurred in said | ocations; and sai d geographi c data

I ncludes | o e} ' i r ent.d i he
probability of t h%éfa?xgg:ﬁ{t%ﬁ%%g&ﬂ%ﬁ?%é@ﬁ%ﬁ&@ﬁ&ﬁi&ﬁé@%g WA‘QF one
of sai d | ocateresssediting and dransniissiar of seidf patterns by patieschaving diffexrerititasys fohe

probabi | i of .the faults not.haying occurred in said | ocations, said
confi dencgyv‘ﬁ{aﬂ&g’cﬁ’%?’ﬂgﬁgﬁa{%“ ing normal i sed.

29. A fault pattern matching process as claimed in claim 28, wherein said pattems have
1espective statuses, and including one of said parties changing the status of a pattemn to
closed when a network problem associated with the faults of the pattern is fixed.
15
30. A fault pattern matching process as claimed in claim 24, wherein said location data
includes:
locations and location confidence values representing the probability of the fauit of
said fault data having occurred at at least onc of the locations and another confidence value
- 20 representing the probability of the fault not having occurred in said locations; and
said geographic data includes locations and location confidence values representing
the probability of the faults of said pattern having occurred at at least one of said locations
- and another confidence value representing the probability of the faults not having occurred
in said locations, said confidence values of said pattern being normalised.
25
31. A fault pattern matching process as claimed in claim 30, wherein said location data
corresponds to said fault data when at least one of the locations of said location data is the

same as one of the locations of said geographic data.

30 32. A fault pattern matching process as claimed in claim 31, wherein said matching of
said fault data to said pattern includes setting said confidence values of said pattem to the



T —

15. A network fault systemas clainmed in claim14, wherein said |ocation
dat a corresponds to saj |t data when at | east one of the | ocations
of said Iocaw(grglmds%ztsa isZ" ’y"}mmﬂﬂmne of the locations of said

geogr aphi ¢ data: 16 ¢ fful t system as cl aigggd, | ai m 15,
wherein on allocating said faul% dat a to said pattern, safﬁh@@ﬁ??dence
val ues of said pattern are the product of said |ocation confidence

val ues of said fault and said another confpglence value of said pattern, the
15 product of said |ocation confidence values of said pattern and said

anot her confidgglgtcé,}(ﬂf gd\{alue of said fault data and, for |ocation

confi dence valP saidiletafienitdnfiderics vales S©¥afll fault havi the same
respective | ogati E‘ﬁm tﬂ%pgﬁr)é)duct of these Ipca‘tli gﬁ%‘ﬁ%ﬁ’éﬁﬁ idenceygluges .
20 17. A fault patterne it W&#@d@%lonmwnmaluesofsaidpamr@m{? ng
first fault dasotherepafieacs vlic/dt soi ¢ onsed by users of nobile
stations of a,nobi 4 gﬁ el ecomuni cat I&%@a&%ﬁﬁ&; I%?c_a on Zonﬁdcnca Vﬂ@éﬁe@imun
second fault ¢ an %%@ﬂtmm@mmwaivcﬂaaﬁbﬁk,ﬂﬁtﬂm@%ﬁ&?grf ned by a

net wor k analsyé&dnfidence valyes. and 25 mat ching said first a ¥atoR aul t
data to fault patterns representative of faults havi ng at | east one
common characteristic. 18. A fault pattern matching process as
claimed in claim17, wherein the comon characteristic is geographic

| ocation. 30 - 19. A fault pattern matching process as clainmed in claim
18, wherein a further conmon WD 97/ 28626

PCT/ AU97/ 00055 -29 -



characteristic is fault type. 20. A fault pattern matching process
as claimed in claim 17, including generating said fault patterns using
respective fault tenplates to allocate said fault data to said fault 5
patterns. WO9728€6 A fault pattern matching process asPEVAUE0SSn cl ai m
20, wherein said fault tenpl ates represent a predeterm ned condition
havi ng occurred over a predetermned 1/2 period of tine, said condition
conprising a predeterm ned nunber of faults of a 10 predeterm ned type

havi ng occurred. 40 22. A fault pattern matching process as clainmed in
claim 21, wherei g faorT tenplates represeht a logical relationship
bet ween at | east [t yi~ pH-ea-et-e-Fi-red ondli ti on havi ng occurred
over a predetermnijnegh éﬁé@dnélf §e|rmice1§odu1e2 34 A\ faul t pattern m# ching
process as clai m@d M_‘, bl \,\“,.“_._‘_“h.\
a predeterm ned nuphpecoséulwnit s jo dCﬁéﬂdﬁr&Fﬁ pr pterined ty \
havi ng occurr ed. DO 24User A f all pamppmtnat E g p CB§§E&I‘€4 ai §ed in
claim17 or 20, \¥h e|¥P§ﬁ§fé°¢ault pu&z@mns peh i bludeasoqranti ¢
dat a representing B3-S g o—gaogaph = oin associ #ed wth2
respective faultss .'. tt—tetees i otati on data
representative ‘ ' ' n t he
fault represent uIt dat. to
one of said patfterns occurs when [ ault datp
corresponds to [ . . A fault
pattern mat chi process ' I m 24, ' ing the Jault
data to said p3tfmitomdtiec patt&fm ' he same §ype
as the fault r eMatshet atbdmiesai dj f aul 3. 26. A fault
pattern matchi g process as clainedfin ' ] dependentf on gl ai
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- 30- 20, including generating new fault patterns by applying said
tenplates to said fault data not allocated to existing fault patterns.
27. A fault pattern matching process as claimed in claim17, including
provi di ng ad@%2862%8 to said patterns when processing sai dPEHAVI?HNSEpor t ed
by users, and generating and storing said first fault data. 28. A
fault pattern matching process as clapped in claim17 or 27, including
enabl i ng access, editing and transm ssion of said patterns by arties

havi ng di fferent tasks in 10 g £ @id pat t
29. Afault pattern matching proGEss pacbigidred in ¢raim 28, erern sai d
patterns have respective s : e of saif parties

changing the status of a pattern to cllosed when a network probl em
associated with the faults of the pattern is fixed 15 30 A fault
pattern matchi ng progess adsf ‘€l €6 nell iCatalsairopRic Bdnetexins sai d Iog tion data
i ncl udes: | othat care dmort] stalebrewbimotendesed) uestrepresenti ng
the probability of tHe faul endf{gecsrarhicaliy mateh | ng ocdurred at at

| east one of the | ocd =representing the
probability of the fault not havrng occurred in sard Iocatrons and

sai d geographic data includes |ocations gnd | ocation confrdence val ues
representing the probability of the oal i
occurred at at | east one of said =1 aqd anot her confidence val ue
representing the probability ' ag ug occurred in said

| ocati ons, said confidence ) fng normal 1 sed. 5

31. A fault pattern matching pre d in claim30, wherejn said
| ocation data corresponds to said Jdata when at | east one of the

| ocations of said |location data is the same as one of the | ocatiéns of
sai d geographi c data. 30 32. A fault pattern mat chi ng process as

| ai ned i l ai m 31, wh |t ta t i d
U SRR Sl v s SRH

(geographlcally match f) and
(contain faults of the same type as f)

Add £ to all Analyst Generated Patterns 4
that are (not closed) and (geographically 48
match £ ) and

(contain faults of the same type as f)

50

Has the APM
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the Analyst?
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(57) Abstract

A petwork fanlt system (2) for mobile telecommmications
nevwork which includes a first interface (8, 14) for accessing frst fauit
data representative of faults reported by users of mobile stations of
the network a second interface (12, 14) for accessing second fault data
representative of faults in the network determined by a network analysis
system (10), and pattermn matching means (14, 24) for allocating the first
and second fault data to fault patterns representative of faults having at
least one common characteristic.
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