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A NETWORK ANALYSI S SYSTEM 5 The present invention relates to a
net wor k anal ysiwo syssam and net hod. Tel ecommuni caPCoALII6805i1eNs
I ncl ude sophi sticated el ectronic swtching equi pnent which is able to

provi de extensive data on the state and performance of the equi pment and

ot her aspects of a tel econmuni cations system Mbbile tel ecomrunications
systens, in 10 particular, are subjected tola wi de vari ety of operating
condi tions which depend to a substantial extent on the novenent and use
of nobile tel econmmuni cations stations. The operating conditions of a
nobi |l e system include an unpredictable el enent and can give rise to a
variety of different faults which need to be detected. The equi pnent of
mobi | e t el communi cations systens and, in particular, the base stations
used in the systems, generate 1A NETWORKANALXSISSYSTEM data from which
faul ts.can be determined. It woul d be advant ageous to be able to nonitor
a teleconnunicétions network by accessing data which may be pertinent to

faul t deterngnati Oﬂnﬁegﬂege%ﬁv@diﬁhmﬁe&mn&%& snalﬁﬁfsgﬁémfaa&h;e&od.

I n accordance wth t present 1nvention there is proVvided a network
anal ysi s system 20 i ncl udi ng:

‘Telecommunications systems include sophisticated electronic switching equipment
which is able to providc extensive data on the state and performance of the equipment and
other aspects of a telecommunications system. Mobile telecommunications systems, in

10 particular, are subjected to a wide variety of operating conditions which depend to a

substantial extent on the movement and use of mobile telecommunications stations. The

‘operating conditions of a mobile 'system include an unpredictable element and can give rise

to a variety of different faults which need to be detected. The equipment of mobile

telecommunications systcmé and, in particular, the base stations used in the systems, generate

15 a considerable amount of data from which faults can be determined. It would be advantageous

" to be able to monitor a telecommunications network by accessing data which may be pertinent
to fault determination and then analyse that data to detect faults.

- In accordance with the present invention there is provxded a network analysis system
20 including: ) ' '
| means for obtaining parameter data generated by equipment of a telecommunications
network, said parameter data representing operational parameters of said network,
means for processing said parameter data to generate symptom data from test
procedures applied to said parameter data, and
25 means for gcncraung fault data, representative of faults which may havc occurred, on
the bcsxs of said symptom data and relationship data representauve of the relationship between

said symptom data and said faults.

Advantageously, said fault data may further represent the likelihood of said fauits

30 having occurred.



means for obtaining paraneter data generated by equi pnent of a
t el ecomruni cati ons network, said paraneter data representing operational
paranmeters of said network, “nmeans for processing said paraneter

data to gener atwodyarsi#m data fromtest procedures appl i edp&fabddidosii
paranmeter data, and 25 neans for generating fault data,
representative of faults which may have occurred, on the basis of said
synptom data and rel ati onship data representative of the relationship

bet ween sai d synptom data and said faul t¢- Advant ageousl vy,
said fault data may further represent the likelihood of said faults 30

havi ng occurred. ' WO 97/ 07614
PCT/ AU96/ 00511 Preferably said system further includes a graphical user interface for estgblishing and

Preferably sai t ner.includes a graphical user interface for
est abl i shing a%@%&&g%%@l??fé’ps%%d rel ati onshi'p data.
Preferably said system further includes neans for generating occurrence

data, 5 representative of faults which probably have occurred, on the '
basi s of said faul t Preigrably said system furthep,igeludespmpansafor groemting: oeeurteace data,

Gener at e gl o ST Ra RO AARWCTIGANT Havk Dobitnalbiine backt BReld S8 B
nmeans conpares fault data associated with a plurality of said equi pnent
havi ng . a 'pr edeterm preegerably said occurrence data generatiﬁg means applies predetermined rules to said
fault data to generate said occurrence data. Preferably said occurrence data generating means
compares fault data associated with a plurality of said equipment having a predetermined
10 relationship to generate said occurrence data. Depending on said relationship, the occurrence
data generating means may remove from consideration fault data for one of said plurality of

said equipment.

In accordance with the present invention there is also provided a network analysis
15 system including: _
means for obtaining parameter data generated by cquipment of a telecommunications
network, said data representing operational parameters of said network,
means for processing said parameter data to generate fault data representative of faults
- which may have occurred, 'and
20 - means for generating occurrence data représentative of faults which probably have
occurred on the basis of said fault data.

The present invention also provides a network analysié method including:
obtaining parameter data generated by equipment of a telecommunications network,
25 said parameter data _represent'ing'pperatioﬁal parameters of said network,
processing said parameter data to genﬁratc symptom data from test procedures applied -
to said parameter data, and - _ ' S o
generating fault data, representative of faults which may have occurred, on the basis
of said symptom data and relationship data representative of the relationship between said
30 symptom data and said faults.



10 relationship to generate said occurrence data. Depending on said

rel ati onship, the occurrence data generating neans may renove from
consideration fault data for one of said plurality of sai d equi pnent.

I n accordance Wyébd78. present invention there is also provi degraubésedr K
anal ysis 15 system i ncl udi ng: means for obtaining paraneter data
generated by equi pnment of a tel econmunications network, said data
representing operational paraneters of said network, means for
processi ng sai dparaneter data to generate £3wWt data representative of

faul ts whi ch may have occurred, and 20 means for generating
occurrence data representative of faults which probably have occurred

on the basis of saiThefpredeht #démtion further Frov_ides a néRRIRERTAT mé @ fkciuaihga! SO

provides a network anal ysis nethod including: obt ai ni ng
paramet'er data geneqbtaiving pgramgter gate genesated by equipweahof adele¢ommunicatioos agtwaik,
sai d paraneter

' . ' f id K,
processi ng sai %q%ga?%%‘?&%dgg’tqgg%erﬁ'%%%%s?/ﬂr%%[%{h%g ; ?roﬁ]a![ es?etwor

procedures appl i ed processifig ssitl papaictidiatrto gaiicdate Indlt data representativtsfematts Which
fault data, re rggientative of faults which may have occurred, on the basis

of said syrrp? V&%ﬁﬂ’?"e?‘!ﬂ i onship data representative of the
rel ati onship bet weegnsgiih ctBureiitl uadreltt @n@hde 5¢atlitd @Hich Brobably have occurrion

97/ 07614
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A preferred embodiment of the present invention is hereinafter described, by way of
10 example only, with reference to the accompanying drawings, wherein:
Figure 1 is a block and flow diagram of a preferred embodiment of a network analysis
system; |
Figure 2 is a schematic diagram illustrating storage of performance indicators in a data
store of the system;
15 Figure 3 is a diagram of a main menu of the system;
Figure 4 is a block and flow diagram of a diaghostic inference network of the system;
Figure 5 is a diagram of a decision table diSpiay of the system;
Figure 6 is a diagram of another decision table display of the system;
Figure 7 is a block and flow diagram of a diagnostic and recommendation expert
20" system of the system of Figure 1; and | o '
Figtire 8 is a flow diagram for the diagnostic and recommendation expert systém of
Figure 7. '

A network analysis system 2, as shown in Figure 1, is a computer based system which

25 includes a data storage system 4, a diagnostic infereﬁ;:e network (DIN) 6, a diagnostic and
recommendation expert system (DRES) 8 and an X-Windows based user interface. Although

a software implementation on a computer workstation, such as Sun Microsystems Sparc
Station 5 running Unix, is described hereinafter, the analysié system 2 can be im'plcﬁ:cntcd
using specific hardware components or in software, or using a combination of both. The

30 software of the system 2 has been written in C++ and for the DRES 8, the code was written



The present invention further provides a network anal ysis nmethod including:
obt ai ni ng. paraneter data generated by - equi pnent of a tel ecommunications
net wor k, said data representing operational paraneters of said network,

processi ng sai dwkpd-RvEser data to generate fault data represe
faults which 5 rray}%ﬁgve occurred, and generating 826.2}‘*#’}’{ 009'](1

data representative of faults whi ch pr obabl y- have occurred on t he baS| S
of said fault data.. A preferred enbodi ment of the present

i nvention is hereinafter described, by way-@f- 10 exanple only, with
reference to the acconpanyi ng draw ngs, wherein: Figure 1 is a
bl ock and fl ow di agram of a preferred enbodi nent of a network anal ysis

system using the®PS 7ild language Wbithicompilesagiam i | | ustrating storage of
performance indicators in a data store of the system 15 Figure 3

is a diagramof a main nmenu of the system Figure 4 is a block

and fl ow di agram ong‘: |Q| | Epﬁg ), h St
Figure 5 is a diagramo ecl gelgér;&? éﬂ?l%n@ra dtﬁegu‘fé Wanetworklo
Figure 6 is a shcmgasathediasastatzhebf demnobileorlctoingnidativgs aytwirk,! 4@ §)dutonibtically

Figure 7 is nd .fl ow di.agram of a di agnostic and recorrrrendatlon
expert 20 sy?tﬁ‘?“% 3}‘.@% Sollaction system, 1 2and prafiged to the data storage gystean 4. The data

flow di agram f%&%%ﬂ?%%e%&ﬁ%&ﬂ licafiéd Elaﬁ'Xﬁﬂ thich'fa

Figure 7. A netwdr k "anal ysr's system 2, as shown | I‘gure
is a conputer mmmyxmm mlyswaysﬂanaandd!melmtaﬁthénetwork

di agnostic inf rK tic reconmendat | 0
expert system m&%%ﬁs W%%O%Sﬁd'gggﬂlfgg?atf ﬂ%ss%qrﬂ a“’
sof tware inpl ee@mmentcudm Slsc et &6 sdhﬁduhé&ﬂchtﬁhoﬁﬂh&ﬂleﬁ%fﬁd&n%%@ﬁkﬁ 2B
Spar c Station running Unix, is described hereinafter, the analysis

system 2 caﬂob@"? MEPmmam ithag capheexeruted igragonss themshwrk date qutpmatieally

LI 7 RS0 B by g 108 Gy

mobile telecommumcatlons network, the performance data collected may include:

MT data gencrated by mobile telephone exchanges in order to describe the
15 configuration of the network (e.g. cells, voice channels, control channels and inter—cell
| relationships);

CTS (cell traffic statistics) data generated by mobile telephone exchanges and

representative of summary statistics on mobile telephone traffic (e. 8- accesses, drop-
20 outs and handoffs) over a predetermmed measurement period; typically four to clght
bours; :

RES (radio environment statistics) data generated by mobile telephone exchanges and
representative of summary statistics.on the radio performance of an exchange, such as

25 signal strength, signal to noise ratios over a predetermined measuring period, typically
four to-eight hours; and |

RDR (radio disturbance recording) data generated by mobile telephone exchanges and
representative of statistics on radio interference in the network over a predetermined

30 measurement period.
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using the OPS 5 rul e | anguage which conpiles to C. Net wor k
per f or mance da%d'.,?n@gtorratically generated by equi pnent of apERAvssdésiiO,
such as the base station of a nobile tel econmunications network, and is
automatically 5 collected by a data collection system 12 and provided to

t he data storage system 4. The data coll ection system 12 may be

provi ded by a Conmon Application PlatformJ($AP) which is a sof tware
package that interfaces with the analysis system 2 and the equi pnent of the
net wor k 10. The CAP schedul es the execution of data collection and
post - processing pr LiEHES Aldatablst forthe etwdrk perfdrafhnto data,
schedul e executi on?g§ aﬁgéﬁagg%g?m?#eégﬁg%% s system 2. 10 ThgeCAP incl udes
commartds t hat whilst alse peoviding todistto acoessthe data@nd e&mﬁpﬂquatha netvesk configugation.

Lrarer's Syt BHE ReniR dpi ekl § Sl 1R PG 4Rl Ml whicn
per f or mance d%ﬁgs‘?@ﬁi?&h@@&?ﬁbﬁ,' $1ié8 as telephone exchanghf, ctils Dfgeimebilé eellllyr
XC

nobi | e tel ephone anges in order to describe the 15 configuration
of the netwsr netweork). base|stations o cemmupisations chasppls. A lishah the) retwak perfarmanes |

rel ati onshi ps):.,. . | i tol &L . .
by fobi Tt o) BB Wiich o s recshped BY nd dilysis sy b2 61 ) Spbid RiceolEziclES
statistics onpefoill @ piovides bn psges 16tb19CcD4te fa cachumetserk objectip porezlin a hierarchicals
a0 ) O resentaeda o the b o Cach pactbnaanes nEibr 1o o hekofiltier bOME slofed

in a matrix relationship, as shown in Figure 2. For each network object 14 a row 16 of

10 performance data represents the data collected over one day for a number of performance
indicators, whereas a column 18 includes a chronological history of data collected fo; one
performance indicator for an object 14. The user interface of the analysis system 2 provides
a main menu 20, as shown in Figure 3, which provides the user with access to tools for
accessing the data by selecting the following command buttons on the interface 20:

15
1. Purge data 22 allows data to be selectively removed. :

2, Browse data 24 allows the collected network data to be displayed and scrolled through
for different network objects, and also allows data to be .graphically plotted for any
20 pei‘formance indicator for a:{y object and for any time period, with information
| concerning control limits for network data and special events which have occurred.

3. Reset control limits 26 allows control limits for network performance indicators to be
reset. The control limits for an indicator provide upper and lower limits (UCL and
25 LCL) on the random variation expected for the indicator. The limits can be used to
detefmine when selected events occur and for defining symptoms used by the DIN 6.
The reset control limits procedure-also enables the control limits to be checked by
applying statistical comparisons to new limits and old limits to generate a report
specifying- which control limits may need to be reset for network objects and their

36 performance indicators.



hour s; RES (radi o environnent statistics) data generated by
nobi | e tel ephone exchanges and representative of summary
statistics on the radi o performance of an exchange, such as 25 si gnal
strength, sign j se ratios over a predeterm ned neasuri '
typically %me‘}%?dour to eight hours; and Rﬁ?‘?ﬁ%@gﬂq

di sturbance recordi ng) data generated by nobile tel ephone exchanges and
representative of statistics on radio interference in the network over a

predet er mi ned 30 measur enent period.-6- WO 97/ 07614
PCT/ AU96/ 00511. The data storage system 4 establishes a
dat abase for the network performance data, whi | st al so providing tools

to access the gata Bt bgP8aflowi iogio bé mialieforahyRidwirdistinbahteafiaittwork objeet
- network data represents a nunber of different network performance

i ndi cators whi ch  Wwhish mighs etherwise brrerreivedaisjadaulsby the DIN Sor the DRES 8
exchanges, cells of a nobile cellular 5 network, base stations or
comuni cations channels. A list of the network performance i ndi cators

whi ch can be pr ocesOfdt das liadbeen Rollectedand skl in Zhe diuta storaPdsystem 4, the data can be
t el ecommuni cati ons network is Brovi ded _on pages 16 tg 19. Data for each

net wor k obj eét aRpkied to,the DIN/S by ssle tEﬁF@éPINC‘Enmandb“m?é?rr esentation with

the data for each performance indicator for a network object being stored
in a matrix relationship, as shown in Figure 2. For each network object 14
a row 16 of The DIN 6 is a program which performs a preliminary diagnosis of problems in the

telecommunications network by analysing network objects, such as cells or exchanges, in
isolation. The DIN 6, as shown in Figurq 4, uses an inference engine 32 to detect changesin

10 the network performance indicators of network objects using decision tables 34 for each

object, and then suggesting the cause of the changes in a DIN report 36 generated by the

inference cngiﬁc 32. A DIN report 36 contains the results of applying a decision table to

- network performance data of a network object for a particular date. The reports 36 are saved

in unformatted data files which can be examined and formatted as required using a DIN

15 browser module 37, selected by the browse DIN report button 38, to produce formatted DIN

reports 40.

The DIN 6 is able to monitor large amounts of network performance data and quickly

diagnose possible fauits indicated by the data. This is achieved by constraining the complexity

20 of the reasoning used to diagnose faults. The faults are each characterised by a pattern of
symptoms, which are determined from the performance data for a network object. The patterns
are each represented by a mathematical formula based on the relationships between a fault and
its symptomé. This produces a decision network of symptoms leading to faults which is
established by telecommunications experts and represented in the decision tables 34, as
25 described below. This in contrast to neural network techniques which use training algorithms
to establish a decision network and implicitly encode fault symptom relationships as weights

in the network based on a set of training examples.

A decision table 34 is represented graphically on the user interface as shown in Figure
30 5, and retains information concerning a list of symptoms 42 to be monitored by the DIN 6, a



10 performance data represents the data coll ected over one day for a nunber
of performance I ndi cators, whereas a columm 18 includes a chronol ogi cal
hi story of data collected for one performance indicator for an object
14. The user inRygee%fs Of the analysis system 2 provides appiabedis8it 20,
as shown in Figure 3, V\/mch provi des the user with access to tools for
accessing the data by selecting the foll owi ng command buttons on the

interface 20: 15 1. Purge data 22 allows data to be selectively
renoved. 2. Browse data 24 all ows-fhke col |l ected network data to be
di spl ayed and scrolled through for different network objects,

and also allows data to be graphically plotted for any 20 per f or mance

i ndi cator for Heayffabissitwibcldcdndbe infesred byrthe/DIN Gand a\bdﬂof'rdtdtmustﬁps'ctﬁ"bemeenthe
concerning control Ilmts for r ata ang speci al events which have
occurr éd. faults 44 and wp@&ﬁﬁ&'o\mﬁ"%‘ﬂ‘?f‘g q t E?ﬁtR’F golu f‘é‘e 9‘6‘?‘8‘”
net wor k perfor C | tahlle P
BBICS4, allocated res ctE%SCL anadfqugcdé@fsfoﬂ T%E;@%?\

for an.indicator provide up and ower [1m
t he random var redtionshipbetweenc fault 44 laed iarnympmnmﬁz i specifiedi at shec intergection &t tho

oine S el e sl St Xl R AR TR PR e e BIN '

control [im tsmbgitdp 8% i.e. symptoms 42, ﬁ&ﬂé&bﬂﬂ)ﬂj&@ﬁtﬂnﬂ%ﬁ@hes@mwch@%s
tonewlimts and old [imts to generate a report speci fyi ng

whi ch control ¢ftheseproblgms;dediaults 4 reset for network Obj ects and their 30
per formance i ndicators. WO 97/ 07614
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A symptom 42 is the result of a test applied to a network performance indicator, such

10 as "traffic overflow greater than 10%". A symptom is determined for a network object at a

particular date i by extracting the value of the indicator x; on that date, and applying the

symptom's test to that value. If the indicator value is unavailable at that date, then the
symptom value is unknown, otherwise the symptom value is true or false.

15 A number of different tests can be applied to the performance indicators and the tests
are normally one of four main types: threshold tests; difference tests; moving average tests;
and control limit tests. For example one of the following tests may be selected for a symptom:

x,; < {threshold}
x; <= {thresi;old}
20 °  x,= {threshold}
x; > {threshold}
x, >= {threshold}
100*(x; - x;_;) / x,_; > {threshold}
_ -100*(x; - x,_,) / x,_; > {threshold}

25 x; > mean(x,_,) + {n} * std-dev(x,_,)

x; < mean(x;_;} - {n} * std-dev(x;_;)

x; > upper control limit

x; < lower control limit |

x, outside control limits (upper or lower)

30 x, within control limits (upper & lower)



4. Event log 28 allows a log to be made for any known di sturbance of a
net wor k obj ect whi ch m ght otherw se be perceived as a fault by
the DIN 6 or the DRES 8. Once data has been collected and
stored in the rage system4, the data can be 5 appligd,t DI N
6 by selecti ng%%m%}g DI N command button 30. Tt@qﬂ%&gﬁﬁs a
program which perforns a prelimnary diagnosis of problens in the

t el ecommuni cati ons network by anal ysi ng network objects, such as cells or

exchanges, in i solation. The DIN 6, as sgown in Figure 4, uses an
I nference engine 32 to detect changes in 10 the network perfornmance -
i ndi cators of network objects using decision tables 34 for each obj ect,

and then suggesti NOE bﬁ]ﬁ“&‘g ﬁ@

by the i nfer ence eng| ne é:gpgﬁ e%g?{é %’g%%é?&rf elarés ?it’&d
appl yi ng a decihe metworklobjects @ach havetthﬂhrdwm&t 6£ﬁanmmcme1mbws‘cleetedefbminclksxonm
object for a particular date. The orts 36, are saved I n unf tted
data files whi B degisionadl lé%mhﬁpgNé{f& ?‘E?Pdé’é =?‘3hfavlt€taad'§mga eFhbased
browser nodul eo&&es&ﬁls%%&g:s%p{dﬁ?ﬂﬁfﬂ‘fﬁﬁte@td\{hé?ﬁwt button 38, to produce

formatted DI N report DIN'6 is able to nonitor
| arge anounts of network perfornmance data and quickly . diagnose possible

faults indicated bythe data. T |s achi eved tr | . he
conpl exity 20 of t hiPe %WWG}’%‘%T@ %@' g’b%ﬂ“ﬁ%”é"‘@%&h
characteri sed bﬂmﬁbd?éﬁyﬁfpibnﬁf'l"hem&éﬁmﬁ[ﬁm ptofk HereakEthateh® ndicaRth iR/ thé Mbre

e

performance data for a network object patterns are each represent ed

by a mat henat i kely it isrthatithe fsalsg’ast&ﬁrhem & pecumylatasieyidencet fppeach faultly lookingat
|ts synptons. Jdhigpf %C%?%&f&?&m@& M@f Qle. PRTPLRE f syep%g 89&14:%nsmps |

faults which is SCommuni cat 1 ons exper
r epr esent ed 10n44 hmcﬂamympm 4Zaéﬂxﬁﬁv64b a fault 24, ahthose e positiveyneghtive netessary;

contrast to neur V\EWQ t echni ques which use training algorithnms to
establish a dePf b&ﬁ bk and | nplicitly encode fault synptom

rel ati onshi ps as wei ghts in the network based on a set of training
exanpl es. A decision table 34 is represented graphically on

t he user interface Agpositivanelationshin;30, @s Sulicgted ondbe useninterfaceby)a white gixcle with a

concerning a |2 &;clﬁmtxe PRt thet VRS M%%Eneﬂ aB¥ve' (pg tgcs\,l the falt is a possible

15 cause. A negative relationship 50, as indicated by a white circle with a small white circle
inside of it, as shown in Figure 6, means that when the symptom is active, the fault is unlikely -
to be the cause. A necessary relationship 54, as indicated by a dark circle, means that the
symptom must be active for the fault to be considered active. A prohibited relationship 56, as
indicated by a white circle, means that if the symptom is active then it cannot be caused by the

20 fault. A null relationship 58, as indicated by a small black dot, means that the fault is not
indicated by the symptom in any way. Positive relattonsh:ps can be used to trigger faults whilst
negative relationships can be used to filter faults.

The likelihood of a fault being active is determined by looking at the status of the
25 symptoms to which it is related. For a fault to be active, all of its necessary symptoms and |
none of its prohibited symptoms must be active. If it has no necessary relationships to
symptoms, then at least one positive symptom must be active for the fault to be active. The
DIN 6 decides that a fault is .active if the number of active positive symptoms is greater than
0 and there are no necessary symptoms inactive and no prohibited symptoms active. The DIN |
30 6 generates a fault likelihood weighting which is: - '
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list of faults 44 which can be inferred by the DIN 6 and a set of
rel ati onshi ps 4o ¢mdre@en t he faults 44 and the synptons 4BCT/Atgs/dosail t s
44 are allocated respective colums of the decision tabl e 34, and the
synptons are al.located respective rows of the decision table 34. A

rel ati onship between a fault 44 and a synptom42 is specified at the
intersection for the 5 colum of the faut944 and the row of the synptom
42. The table 34 is used by the DIN 6 to noni tor possible problens, i.e.
synptons 42, in a network object, and to suggest |ikely causes of these
problens, i.e. faults 461fthcrcarcmactlvcncc&sﬁﬂ@ﬁ@@ds@a&ﬁc%ﬁx&%@hpﬁfm@oﬁn@ﬁ
applied to a network performance i ndi cator,. such 10 as "traffic overflow
greater than 10%.a¢:vsmnmmtm«9rm ned for a network object at a

particular date i by exgractin t [ []‘1;9 %gﬁ,
date, and appl ying the Eh ﬁ%ﬁ&%&%ﬂ%ﬁ@&ﬁ@%ﬁf&gﬂﬁg n;éﬁlgiq&n |§3’e{{1 r
val ue i s unavail ab{,gu@tortnbgnvday;ﬁptoﬁﬁm t he syrrpt om val ue i s unknown,
ot herwi se the synptomvalue is true or false. A nunber

different t&sts can be Hpmumber ehagtiye H?é\“l"ﬁl‘ﬁ’&ﬁ(?é’sl divided by tke sHm qﬁé‘ petides
[ t
Tovi ng. aver age e PEpbis R Hhd Rl %ﬁ?ﬂé‘gg??%%?’?@nﬁ‘gﬂﬁ’ﬁ%&g‘? Pues.

novi ng aver age test’s;
foll owi ng tests may be selected for a synptom x[err] <

{threshol d} Ifa faulx£s mLe,ﬁxmggﬁgv%gglr 2gobased on the[lﬁ(efﬂlood vie ghtes hol d}

-7-

>= 0.66 very likely .
10 >=033&<0.66 likely

>0&<033 ~ possible

0 unlikely

Using the decision table 34 shown in Figure 6 for a network object with the following

15 network performance indicators:

Indicator Value LCL ucL
-Indl 1000 200 800
Ind2 0 10
20 Ind3 8

will caﬁse the DIN 6 to generate the result that faults f1 and f2 are véry likely, whereas f3 and

f4 are unlikely. The result occurs because the first three symptoms 60 are true and the last two

symptoms 62 are false. The likelihood ranking for f1 is 1.0 (very likely), for f2 is 0.67 (very
25 likely) and for f3 and f4 is O (unlikely). '

Selecting the DIN editor command button 62 invokes a DIN edit module 64 which
allows the decision tables 34 to be edited as desired for each network object. DIN edit 64
provides a graphic user interface which allows the user to point to clements in a table 34 and

30" select using a pointing' device how the user wishes the table to appear. For cxar_nplc,



x[err] > {threshol d} x[err] >= {threshol d}

100*(x[err] - x[err])/x[err] > {threshol d} -100*(x[err] -
x[err]) > {threshol d} 25 x[err] > nmean(x[err]) + {n} *
std-dev(x[err])wo 9707614 x[err] < mean(x[err]) - {n} * std- /f\ﬁLﬁJong)
X, > upper control limt x[err] < lower control limt
x[err] outside control limts (upper or |lower) 30 x[err] within
control limits (upper & |ower) V\D 97/ 07614
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Faults 44 are t he possi bl e causes of the syrrptoms 42, for exanple "faulty .
transcei ver"” "The network objects each have thelr own set of faults

whi ch b ' j le 34. The
i ch can be SluiSibitsiRTbiioA o sk dpecified B pORAND B iR on B sympiomffuit °
status of eac hmsgwqcummmisaa white ciedlatwith a? dnﬂehblaglauir&lc |w115|appear anr(]i 1¥ the lutIé”i'Q:hcks
b t and simlar eac au ma
cnbe T o e SEihovinRe Shy hBre A i %ﬁsg;’thé’hée&ﬂéletwdtt n
f
8t 1 vty g o e it 0

6 accunul ates evi dence for I ng at ues
~synpt ons’ t haf produces|the smiall blackdotfwhicht lndiﬁhms ¢heamud! selavionshipp doveinent through the

4 t fault 44 nd t hese
e poos t ve: ditafey EhaBbiiod bl ieltar B iikectn Subed 3 fpukt Tabel 44, morwork

performance indicator label 64 or test label 66, a user is presented with a pop—-up window from

which a number of different faults, indicators or tests can be selected. The decision table 34
can then be allocated to an object of the network. Default decision tables 34 _cén also be set
10 using a set default DIN tables procedure by selecting the set default DIN tables button 70. The -
DIN reports 36 and 40 provide the details of the objects which have been analysed, the
decision tables which have been used, and the type of performance data which has been used.
The data is normally specified by a date or reference to a data file name. Symptoms are
described by their status (active, inactive or unknown) and faults are described by their status
15 (very likely, likely, possible or unlikely) together witha summary of the evidence for the fault.

The DRES 8, as shown in Figure 7, includes a rule~based expert system 70 which uses
the raw DIN reports 36 and data accessed from the data storage system 4 concerning network
objects to generate raw reports 72 which reduce the list of possible faults to a list of confirmed

20 faults. The DRES 8 also includes a DRES browser module 74, which is activated by selectmg
the browse DRES report button 76, to allow the raw DRES reports 72 to be d1splaycd and
rcformatted into user defined formatted DRES reports 78. The expert system 70 is invoked by
selectmg the run DRES button 80 from the main menu 20.

25 h The DRES expert system 70 analyses network objects in combination using a day’s
network performance data at a time to provide a detailed level of fault diagnosis. On initiation,
DRES 8 accesses all of the data conceming problem network objects from the DIN 4 during
an initial procedure 90, as shM in Figure 8. The DRES 8 then enters an investigation
procedure 92 where the faults are investigated for each object identified by the DIN 6 as

30 containing potential faults. The investigation procedure 92 first accesses external information



A positive relationship 50, as indicated on the user interface by a white
circle wwth a black circle inside it, neans that when the synptomis
active (i.e. true), the fault is a possible 15 cause. A negative

rel ati onshi p 5@Qyo #go7kiadi cated by a white circle with a smal |l p&ihBedidesa! €
inside of it, as shown in Figure 6, neans that when the synptomis active,
the fault is unlikely to be the cause. A necessary relationship 54, as
indicated by a dark circle, neans that the synmptom nust be active for
the fault to be considered active. A prohiHit-ed rel ati onship 56, as

I ndicated by a white circle, neans that if the synptomis active then it
cannot be caused by the 20 fault. A null relationship 58, as indicated by a
smal | bl ack debncer#inga netwirk bbject using pass-prozessing priogainsad dakthey coffens yarficulan

in any way. Positive, relationsh can be used to trigger faults whils;
negat] Ve 1 el altAuRaprciied by eRiR f dhe post-prIceTIEPIRARrS are Programs which are pgailable

Fe1A"290, o g ity xRk o,

of the.25 synptons to I's related. FOr axf au acti ve,
i ts necessary reporstonrthe performancendate Fof aimabilp celiilin netwiorky infermationrisstccéssed to

active. If i as no necgessary, rel atj onghi ps 4.0 S , Lt.hen at | east

one positivé%ﬂ?ﬂﬁ?‘?ﬁéﬁ‘m&zﬂ‘ 4%%?%“2%%%%%?? _mt?#grcncea N

6 decides t hatfatﬂtywlghr&gec?ﬁd Ehéeindl fow 41 vaKGURFiulS in 61k t6RoIGS RirthéP eviddnet $6r°
an

is greater than ere are no necessary synptons inactive and no

prohi bi ted syisfollewing faulsss reduprd Y tragsmiger(d 9pewes fault in X path rebaspidfeulty VC
\Iglecl'l'? Rbbg? 0\6\’2 iﬁﬂnkéeivcr; faulty VC tmnsgé%e?',7 b&Yu%iiﬁk interference; loss of PCM liqutp exchange;
clicking transceiver; incorrect Power Level (PL) value; and reduced VC TX power.
10 _ "

The investigation procedure 92 also accesses and checks information concemning
related network objects. For a mobile cellular network, each base station may establish one
or more cells which may. overlap to some extent with adjacent cells. A base station is
connected to a telephone exchange of the network for the switching of calls and the cells of

15 a station can form a group known as a cell cluster, which can share carrier frequencies. An
ncell is a neighbouring cell which can be used to receive a handoff when the current cell must
force a call in progress to handoff to another cell. A deell is a nearby cell to the current cell

* which is used when a cell receives call attempts that it is unable to handle, and the station or
exchange needs to re;iirect these calls to one or more nearby cells. An nocell is an ncell that

'20 is on a different exchange to the cumrent ccll. The following table shows faults and
ncell/dcell/nocell mformatlon that is obtained by the investigation procedure 92. For instance

if DIN 6 has indicated that there may be a loss of PCM link to the exchange then DRES 8 will

check whether there has been an increase in DRVCC or TRAFOV in the ncell of this cell. A
further rule checks thht the ncell/dcell évidence is higher than a preset threshold

25 (TRAFOV/DROPHO > 1% and VCDESF/INSTXQ > 2%), as a significance test on input data.
A description for the alphanumeric acronyms used for the network performance indicators is

provided on pages 16 to 19.



O, if there are inactive necessary synptons, active prohibited synptons or

no active positive synptons; or t he nunber of

active positive synptons, i-f there are no unknown synptom val ues

or negative sSynwes¥wre1@’ S the nunmber of activeg 2&%&/&0

synptons di vided by the sum of the active synptons and 1 nactive

synptons, and half the nunber of unknown synptom val ues. f a

fault is active, then it is given a ranking based on the |ikelihood

wei ght i ng: >= 0. 66 w2y | i kely 10 >= 0.33 & <

0.66 likely >0 & < 0.33 possi bl e 0

unli kely Usi ng the decision tab table 34 shown in Figure 6 for a

net work obj ect wijth the f owi ng 15 net rf of mance |nd| cators:

| ndi cat or Val Ue E@E iNO ECel r S indl

3000 580 Loss of PCM3RR neelfnocel DkVéghigh, TRAFOVhlgh7 ] |
40 ) n

8 will cause |thoss BPEMdink o gener at|detthe resul t T@TA¢Ghﬁhts fl and f2 are

very likely, wher|loggihecihindancy5itd’  ddlildolet! Y- T occurs because

the first three qynptons 60 are true jand the | ast wo synptons 62 ;re

fal se. The |¥kel ijiigesipl pvantithigh) for f| ingelinogll(very | TRAFQMhighf or f2 is d. 67

(very 25 likely) aggg[:,-ai%t ndf4 is Q:céll%éehkel y) . Sel ecti|ng
the DIN editor cqmrand buthts?)n 62 invgkes a DI N edi tﬁ%ociui e 64 which

all ows the deci si|dVisdireiedRx agtgnmap pe 4 dicallingeell s desi rEQTACGhighach net wor K

object. DIN edit |G@hse stationHafiad B 9] g,%li,y“ﬁﬁﬂser fg{ﬁﬁﬁﬁgﬁl ch allowg the
user to point to eI_eemants an tabl e 30 selject "usi a pointing
devi ce how t he us J“P“M%MWFMI abl e |mesllinogsBar .  FdrINSX¥Qhible,

10 Faulty SS receiver (fow) ncell/nocell DROPHOhigh
Faulty Rx antenna ncell/nocell TRAFOVhigh
Lossof P(CMiik | ncell/nocell TRAFOVhigh
[ Fringe cell cover problem ncell No. of celis <3
15 After accessing the external infoimatibn and the related object information, DRES 8 |

then uses the investigation procedure 92 to perform a detailed network object analysis using
* three different types of rule groups: problem not confirmed, further tests within an object 4nd
general versus specific. Examples of the problem not confirmed group for a mobile cellular
network are as follows:
20 _ _

If there is indirect evidence for a "loss of PCM link to exchange" or "base statién
hardware fault", then check whether this evidence comes from cells within the same base and
remove it if it does not;

25 If there is no indirect evidence to support the fault "loss of PCM link to exchange"”, )

"fault in CC redundancy switch" or "faulty SS receiver low” then remove this fault; and

If there is a fault "incorrect interexchange handoff daté" and the cell is not a border
cell, then remove this fault. '
30

Examples of further tests within a network object, for a mobile telecommunications
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symptomf faul t rel ationships 46 are specified by poi nting and clicking on a
synptom fault wooeyoréilser section. First a white circle w th anpdmgedenbdiack

circle will appear and if the user clicks agai'n, the circle will be
entirely black. A further click brings up a white circle and then

another click will bring up a white circle with a small white circle inside
of it. Afinal click 5 produces the smakl13Bl ack dot which indicates the
nul I rel ationship. Mvenent through the different relationships 46 is
circular. By clicking on either a.fault |abel 44, network per formance

i ndi cat or | abebll @&k Lfolleesst | abel 66, a user is presented with a pop-up

wi ndow from whi ch a nunber of different faults, indicators or tests can
be sel'ected. The deci si on table 34 can then be allocated to an obj ect

of the network. Q. i usi

default DI N tabl es %e @ﬁaﬁfgﬁ% f&gié??é{faﬁlhegxﬁ? h@g%g%&g \@gedfeﬁigl%[tagg thcon
70. The Dlabbﬂtsp%‘,hﬁd&ﬁlﬁﬁhdﬂﬂiwmcéﬁ@t)ﬁet ails of the objects vvh| ch
have been anal ysed, the deci si on tabl es which have been used, and the

type of per’fﬁ)rmance data which has been used. @ The data is normally

specified by a dat @ftﬁ&cfs%fﬂct il ﬁﬁc&%ﬁm@* {hen @EJEE\M%S g@g’ﬁ?eggeéthan

descri bed by their status I nactive or

descri bed by H@Hwﬂaﬂ&sa&ﬁdjmayemddwb;f,nis; kely, possible or unlikely)
together with a summary of the evidence for the fault. The
DRES 8, as shown in Figure 7, includes a rul e-based expert system 70 which

uses = the raw DifhéreRQthflt ‘SeonBét iftefeRcmEe hERGfida@MteRThHEA ﬁh&h&rmgecc
system 4 concernl ng network objects to generate raw reports 72 whi

reduce the 19 dglessthamiGiifit is mohremoye the eyidanes; of confirmed 20 faults. The
DRES 8 al so includes a DRES browser nodule 74, which is activated by

sel ecting the browse DRES report button 76, to allow the raw DRES .
reports 72 to be diftheryareifanltsl "special event high traffic”, "cell capacity problem”, "loss of VC

transceiver” then check whether TRAFOV is greater than 5%, if it is not remove the evidence;
and .
15
If both a "faulty Rx antenna" and a "misdirected Rx antenna” are indicated in the same

cell, then remove the "misdirected Rx antenna”.

A general versus specific rule has the followmg format: if there is a fault "X" and there
20 isa fault "Y" and that fault has no indication of "Z" then remove fault "Y". For example, if
there is a fault "loss of VC transceiver”, and there is a fault "faulty VC transceiver”, and there
is no evidence of _G.BS25 high or _G.VCI90 high, then remove the fault "fauity VC
transceiver”. '

25 The DRES 8 then executes a compare procedure 94 which accesses a group of rules
to compare related network objects. The group of rules check whether indirect evidence for
one fault is also direct evidence for another fault. For instance, if there is a cell A that has
some indirect evidence X from cell B and in cell B that evidence is the only piece of evidence
then remove faults associated with this evidence X from cell B. For example, if cell A has the

30 fault "loss of PCM link" with indirect evidence of high TRAFOV from cell B, and there is any .



reformatted into user defined formatted DRES reports 78. The expert system
70 is invoked by selecting the run DRES buttaon 80 fromthe main nenu
20. 25 The DRES expert system 70 anal yses network objects in

conbi nati on usiwgopoeRed' S network performance data at a ti i de
a detailed level of fault diagnosis. On initiation, - DRES 8@%@%@%@“& I
of the data concerning problemnetwork objects fromthe DIN 4 during an
initial procedure 90, as shown in Figure 8. The DRES 8 then enters an

I nvestigation procedure 92 where the faul4s are investigated for each
object identified by the DIN 6 as 30 contai ning potential faults. The

I nvestigation procedure 92 first accesses external information

WO 97/ 07614  faults in cell B with high TRAFOV as their only evidence, then remove those faults. An
PCT/ AU96/ 00511 ] ! - _ S11 -
concerni ng a nEtCHFiqn pregeduse 964s then pedito gxcludedfalsn gositiveg by using @ gfawptofi aules that

confirmpartic Ci fai | . dhe St - processi
prograns are p?ﬂocg%saﬁshc%fw %’rn?%vgﬁcg%%l&g%%é%c%EFn‘S"?Y'?Fé‘p ﬂ&’gtﬁaﬂ%ce
data gener at edmisgonstiucbes ity suchas that whiclmayl be eaused Bphn ckakiaged cell, 4 SRAM E&l 60
the performagce daiiea. For .a rmR.iIe cellular network, information is
accessed to °5ue? (P¥ N0l 19 extenghesll range, and-atm abngraak put validoeetwork
Channel (VO Usiniliibns. RorExh@HIE ML 3 ' o] L. L ow
and various faults inpor derﬂt&o col :igscltn E?pt%%o’}e{%h ence fg@ﬁ—@Yﬁ@rmﬁmgh
fol | owi ng f aul REGATEdthen the\¢ell mayhavs 3 tow naise)gmpiifier,whidheis hbt 4 faulfX pat h at

base; faulty VC  transceiver; faulty VC transceiver; VC uplink _
interference; loss of PCMIink to exchange; clicking transceiver;

i ncorrect Power LevEhe fidal procdiné 200 SIORES 6 itfakes Hiodhits RAMRIeve fdtommendations for €
I nvestigation procedure 92 al so accesses and checks information concerning
10 g with the remaining faults and write the raw DRES reports 72 out to a file. The modules
collect all of the evidence and information concerning the remaining faults and their associated
network objects. The DRES reports 72 generated include a summary report which containé the
number of occurrences of faults allocated to a network object, and detailed reports which list
faults identified by DRES 8 and persistent faults. The DRES browse procedux_'é 74 includes
15 anoption to select a persistence module which allows a usér to create or modify a persistence
file 102 which includes symptoms defined to be peréistcnt for nominated network objects. A
user can associate tests to be applied when a persistent symptom is found to be active to try
and override the symptom. If all of the symptoms of a fault are persistent and neither of the
associated tests succeed, then the fault is defined to be persistent and is placed into a persistent
20 fault section at the end of a DRES report 72. A user can sct a date on which a persistence test
for a symptom is no longer applied. '

The rules described above for the DRES 8 are indicative of the types of rules required
to analysc fault data andwe have described the overall organisation of the rule base. The form
25 and detail of these rules depends almost entirely on the technology and implementation of the
network to be analysed. Since networks, their performance and method required for analysis
depend upon the technol,ogy used, design criteria and regional characteristics, the DRES
analysis rules must be tailored to the particular details of the network concerned and cannot
be circumscribed without detailed network knowledge.
30



rel ated network objects. For a nobile cellular network, each base station
may establish one or nore cells which may overlap to sone extent with
adj acent cells. A base station is connected to a tel ephone exchange of .

the network fogydémreii tching of calls and the cells of 15 a sd@hisgnosan
forma group known as a cell cluster, which can share carrier frequencies.

An ncell is a neighbouring cell V\/m ch can be used. to receive a handoff
when the current cell nust force a call in progress to handoff to
another cell. A dcell is a nearby cell to-tjge current cell whi ch is used
when a cell receives call attenpts that it is unable to handle, and the
station or exchange needs to redirect these calls to one or nore nearby
cells. An nocgk ? BIBENETWORK PERFORMANCE INDICAFORSt exchange to the
current cell. The follow ng tabl e shows faults and ncel | / dcel | / nocel |

i nformati on t obt Q‘Egpt]nvest | gation procedure 92. For

I nst ance | % #lcafg $at there may be a loss of PCMIlink to
t he exchange °s‘5;ﬁ )%Set her .t here has been ah increase

i n DRVCC or |n tM§ iging ““5f ’?&‘Jﬁé ell. A  further rule checks that
t he ncel / dcel MSKERMnceMSs breset threshol d 25 ( TRAFOV/ DROPHO
> 1% and VCDEBDRVGETXQ Dlrg%d etsyaustOng@&me Cong- (Bh i nput dat a. A
description f BAGBle al pResponssrto firsipage{#)s used for the networ k(felongenusede

i ndi cat ors i sSTRARVvi dEnffinOpatlew (#) to 19. . WD 97/ 07614
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Faul t TOTLOC  Tysel mimbeebf locatings I ndi cator(s) Loss
of PCMlink LOHOFA N8Csf1édal handoff atteBpCChi gh, TRAFOVhi gh

Loss of PCM | yFAIL Falledha - TOTACChi gh " Fault
in CC redundap@ppM t Chrg ﬂidoffs out TRAFOVhi gh 5 Speci al

event (highs yorone " f@?o ~primary celt (@) VN gh

HOFAILO Failed/Unsuccessful Handoffs out (%)

HOFFI Total number of handoffs in

HOFINP Handoffs in as non-primary cell (%)

HOFAILI Failed/Unsuccessful Handoffs in (%)
20 VCDESF VC Designation Failures (%)

DROPHO  Dropouts at handoff (%)

INSTXQ Dropouts due to insufficient TX Quality (%)

‘CALLDO .Call Dropouts (%) ,

HINSTX Handled Insufficient TX Dropouts (%) _ (No longer uscd)
25 CPROGDO Calls in Progress Dropout (%) '

DRUPR Directed Retry duc to Unknown Page Response

UPRREJ-  Unknown Page Response Rejection Ratio

- HORATIO HOFFSI/HOFFSO -

30 HOFFITOT ' Total unsuccessful HOin
HOFFOTOT Total unsuccessful HO out
A<SSACC  Accesses < SSAC '
VCSZCI VC seize rejected C/1 in
VCSZCIO  VCseize rejected C/I out

35 ACCMULT Multiple accesses
ACCALL . All accesses (including those less than SSACC)
SATFOUT  SAT fail out

. SATFIN SAT fail in
R<SSREG Registrations < SSREG
S 40
' ' _ML.1 Local control activated on deblocked CHM.

_ML.10 Return from local control made
_ML.70 PMU alarm SWR 100 high-
- ML.182  Illegal Station Class Mark

45 _ML.208 Measured request outside line



Speci al event (1 ow) ncel | / nocel | HOFONP>|
M sdi rected Rx ant enna ncel | / nocel | TOTACChi gh Base
station hardware fault ncel | / nocel | TRAFOVhi gh Faulty SS

recei ver (high) | 1/ nocel | I NSTXChi gh 10 Faulty S
recei ver (Il ow) wowm‘iké& | / nocel | DROPHGCHi gh ﬁgﬁ%ﬁ’ﬁ‘ﬁi“

ant enna ncel | / nocel | TRAFOVhI gh Loss of PCM .
link . ncel | / nocel | TRAFOVhi gh Fnnge cel |l cover
pr obl em ncel | No. of celdg <3 15 Af ter
accessing the external information and the rel ated object information, DRES
8 then uses the investigation procedure 92 to performa detailed -

net work obj ect pmabysi spdngcstmgt%g&fpl fferent types of rule groups:

probl em not confs I5%d, leflL QL stfSdt in an object and gener al

.versus specifi %3 npl 'r.P {’n not confirmed group for a nobile

cel lul ar ar p If there is indirect
5y

evi dence for _a of ange" or "base station . har dwar e
fault", t hend e et t filugtonce comes fromcells wthin the sane
base and rbfS it Handeff stagtfailuse ;. 25 If there is no indirect
evi dence to sug¥bR@6t he 65% Y€ startdailuref POM | i nk to exchange”, "fault in
CC redundancy ME284" o26VBATI < 2549 receiver |ow' then renmove this fault;
and -ML267 t he Rx-beard +12¥ voltagsmm of mmpe i nt er exchange handof f dat a”
and the. cel 10i Mba61a badOetnit +5¥ edferendewmof afgye this fault. 30
Exanpl es of furMb63t esiAs-charingi for COdEVeMsIfyerfp) €Cct, for a nobile
t el ecommuni cat iMD264 B~-channel for CC diversity error
_ML.266 LOL1 out of range
_ML.267 A-channel for VC diversity error
15 _ML.268 B~channel for VC diversity error
_ML.307 Modem hardware or software failure
_ML.314 FGTX synthes lock failure detected
_ML.322 PMU detected SWR from antenna too high
_ML.323 Multi coupler failure on A-channel
20 _ML324 Multi coupler failure on B~channel
_ML.325 Multi coupler failure on A & B—channels’
_ML.338 Minor output power regulation loop failure
_ML.341 PA-unit output regulation failure
_ML.343 PA-unit failure detected
25 _ML.346 PA--unit output regulation failure (PALEVEL too high)
_ML347 PA-unit output regulation failure (PALEVEL too low)
_ML.348 PA-~unit output regulation failure (output power too high)
_ML.349 PA-unit output regulation failure (output power down 1dB)
_ML.350 Too high SWR on PA-unit output : -
30 _ML.351 One of two PA-unit temperature detectors faulty
_ML.352 26V regulator board faulty
_ML.353 Overtemperature on PA-unit detected
_ML.356 AlO hardware failure
_ _ML359 °  FGRX-unit synthes lock failure
35 _ML.361 Modem hardware or software failure
_ML.364 S/W Exec. queue nearly full
_ML377 Reference osc alarm in connected CHM

_G.%<ACC % of non—compensated access levels below SSACC
40 _G.%0CC  Percentage occupancy of unblocked voice channels
_GBLK Number of blocked devices in the cell
_G.BNC10 10 percentile of non compensated signal strength received by all chaxmels in
. the busy state
-_G.BNC50 50 percentile of non compensated s1gnal strength received by all channels in
45 the busy state
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cell are as follows: If there is a fault "faulty Rx antenna"

t hen check whewissd#iFl and HOFFO are about 50% and addpct/aess/o0si1
additional evidence if it is; If there is a fault "faulty SS
receiver | ow' then check whether HOFFO i s greater than HOFFI and add it
as addjtional evidence if it is; If there is a fault -
"incorrect interexchange handoff data" thent?check whether DRVCC 10 is | ess
than 10, if it is not renove the evidence; ‘If there are faults
"speci al event high traffic" cel |- capacit robl emt, "loss of

transcei ver" tKeB @ﬂeckm@smﬂemmpsnﬁ wlttmsthmewqdbstau@hanmlsm
renove the evidence; thebusly state If both a "faulty Rx antenna"
and a "ni sdire@.B81Rx aBusySa'to aocise lescithami®dBi n t he sane cell, then
renove the "m mnsm‘t ed Buby Sdttenoise less than 20 dB A general versus specific
rul e has thes @ Boys Ny Basy®dtto héisé ees@an 3saBf autt "X' and there 20 is a
fault "Y' and idmpgsd aul BudiPSat iPnéiclic§stha¥B0@8 " Z' then renove fault Y.

For exanple, ig eﬂmrgg,&m{u@%rgk PEtréﬂEtH FRBRES 32% co drS

a fault "faul ty S no evidénce o

. §e¥§' Wy
high or _G VC{%EA%]) %@r&%‘é"a%e}a ¢ s1&9fs§tr ngf bcliveE by the control channel on

10 accesses when the channel was idle
_G.CCAI90 90 percentile average signal strength received by the control channel on |
accesses when the channel was idle _ '
_G.C110 % of Carrier to Interference measurements below 10 dB
_G.C15 % of Carrier to Interference measurements below 15 dB
15 _G.CT118 % of Carrier to Interference measurements below 18 dB
_G.C120 % of Carrier to Interference measurements below 20 dB
_G.C125 % of Carrier to Interference measurements below 25 dB
_G_NACCS Number of true accesses
. _G.VCI10 10 percentile of non compensated signal strength received by the channels
20 when in the idle state
_G.VCI50 50 percentile of non compensated signal strength received by the channels
when in the idle state
_G.VCI90 90 percentile of non compensated s:gnal strength received by the channels
 when in the idle state

. CUSTACCF Customer perceived access failures (%)

CPROGDO  Call in progress dropouts (%)

NETCONG Network congestion (%) :
SERVLOS  Service Loss o o (No longer used)

30 TOTACC  Total call accesses
TOTDHO  Total Dropouts incl. handoffs e

TOTDROP  Total Dropouts excl. handoffs
TRAFOV  Traffic Overflow (%)

35 ACCUPR  Accesses due to unknown Page Response (No longer used)
DROPHO\U Dropouts at handoff (%) '
DRSUC Successful directed retry responses (%)
. INSTXQ Dropouts due to insufficient TX Quality (%)
' PAGE1 Response to first page
40 PAGECON Page Congestion
’ PAGESUC  Successful Pages
SATFAIL  SAT Failures
UNCREG  Unconfirmed registrations
_UNSUCHO Unsuccessful handoffs -
45 UPRDR UPR not leading to Directed Retry (No longer used)



transcei ver" 25 The DRES 8 then executes a conpare procedure 94
whi ch accesses a group of rules to conpare rel ated network objects. The
group of rul es check whether indirect evidence for one fault is also
direct evidencewipgypagyat her fault. For instance, if there is %dﬂﬂdﬁyﬁﬁﬁmﬁ
has sonme indirect evidence X fromcell B and in cell B that évidence is
the only piece of evidence . then renpove faults associated with this
evidence X fromcell B. For exanple, if cell A has the 30 fault "l oss of
PCM Iink"™ with indirect evidence of high TRARQV fronlcell B, and there is

any . WD 97/ 07614
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faults in cell \B:mEsthl v @pmm@(auga}yy(%yl dence, then renove those
faults. An VEDESES 0% s )Q%') used to exclude false

posi tives by usy gro%cg Ege checks whet her perfornmance

I ndi cators rel at 0 aspec’[s 0 € ne vvork whi ch can be m sconstrued
as faults, s s. t hat sed by an overlayed cell, a small
cell or tg @‘fsa Iom%@g?é’ gﬁw g‘g’ to extend cell range, and are
abnor nal but v&ISSOREG woReegistration attempts SSSREG)r exanpl e, if a cell has high
DROPHO, hi gh vdS‘é?sﬁ-Lh|gﬂﬂamswlmﬁS§ACC REGATT, then the cell may
have a | ow noi &<S3ASGC | Aecessen<BSACCnot a faul t. The fi nal

procedure 100 HCTMELTS Multiplecaccessebul es to retrieve recommendations for 10
deal i ng wi t HLOt MCSZEFHIO ni Unsubeas$fubVarseizuses acHOhe raw DRES reports 72 out to
a file. The noMQSZECI VQiskizties Adjdcted - lokeCAVi dence and i nformation
concerning the remaining faults and their associated
_G.BS10 total SAT to noise pcrfoxmance in percentage at the 10 dB level
_G.BS15 total SAT to noise performance in percentage at the 15 dB level
15 _G.BS20 total SAT to noise performance in percentage at the 20 dB level
_G.BS25 - total SAT to noise performance in percentage at the 25 dB level
_G.BS30 total SAT to noisc performance in percentage at the 30 dB level
_G.CI10 total Carrier to Interference performance percentage for 10 dB
_G.CI15 total Carrier to Interference performance percentage for 15 dB
20 _G.CI18 total Carrier to Interference performance percentage for 18 dB
_G.CI20 total Carricr to Interference performance percentage for 20 dB
G.C12s total Carrier to Interference performance percentage for 25 dB
_G.RSS10 10 signal strength percentiles for all of the channels in all of the channels i in all
of the cells under consideration
25 _G.RSSS50 50 signal strength percentiles for all of the channels in all of the channels in all
of the cells under consideration
_G.RSS90 . 90 signal strength percentiles tor all of the channels in all of the channels in all
of the cells under consideration



networ k objects. The DRES reports 72 generated include a sunmary report

whi ch contains the nunmber of occurrences of faults allocated to a
network object, and detailed reports which |ist faults identified by
DRES 8 and per syglb@iderd aul ts. The DRES browse procedure 74 inglyilesedidiAn
option to_select a persistence nodule which allows a user to create or

nodi fy a persistence fllé 102 whi ch includes synptons defined to be
per si stent mﬂlnm;lmﬂﬂl vor k objects. A user can associate tests to
be applied synptomis fourgl-to be active to try and
override the synpton1 If all of the synptons of a fault are persistent and
net t her of the associ ated tests succeed, then the fault is defined to
be persistent @nAIMS: pl aced into a persistent 20 fault section at the end
of a DRES report 72. A user can set a date on which a persistence test

for a Synptomis no |onger applied. The rul es described above

for the DRES SlareAH%gé%n\réﬁ%g %t%@x%c%f/@cﬁﬁ rules required ~to anal yse

fault data and we hav organi sati on of the rule base.

The form 25 and detmdnsﬂi-obtbnﬁgpmheardaagaﬂ&ataﬁW&qupﬁexitroehmeémﬁxh@mcanons
technol ogy a d m&h‘fe ation f the  netwgrk to be anal ysed. Since

net wor ks, t gract %@P%‘EFW(?BF?EEP# BATagsiers afisaid netWQﬂSpend '
the t h | d
upon the techno 09)@%@%%‘?&%&&&5&&?&(@1&& e U PR BLAESE dabd o5y 1dsb

DRES anal ysis rules nust be tailo to the par
net wor k concerpieeedures applieddo said parameter datayrandr i bed wi t hout det ai | ed network

:;E%M A(Lalgg? 0 Ogg 1 means for gencraan %91% éata, ‘representative of faults which may have occurfgdron £
NETVORK PERFORbbists of Bl Syiriptépdata and relationship data representative of the relationship between

10 said symptom data and said faults.

2. A network analysis systém as claimed in claim 1, wherein said rclationship-data

represents respective relationships between symptoms, corresponding to said symptom data,

and said faults, and the relationship between one of said symptoms and one of said faults
15 represents the likelihood of the symptom being caused by the fault.

3. A network analysis system as claimed in claim 2, wherein said relationship is posiﬁve,
negative, necessary, prohibited or null.

.. 20 4. A network analysis system as claimed in claim 3, wherein said fault data indicates a
fault may have occurred when the symptom data for the fault indicates that the number of

active positive symptoms is greater than zero, there are no necessary symptoms inactive, and
no prohibited symptoms active.

255, A network analysis system as claimed in claim 4, further including a graphical user
interface for establishing and adjusting said relationship data.

6. A network analysis system as claimed in claim 5, wherein said relationship data for-
said equipment is provided in a network object decision table.
30



REGATT Regi stration Attenpts TOTACC Total call accesses 5 MSORG
M5 Originating Traffic (% MSTERM M5 Termnating Traffic (% DRVCC

Directed Retry Due to Voice Channel Cong. (% PAGEL Response to

first page (% (No | onger used)

Traffic Overfl ov\‘/’voz’%%lo VCSZE : VC Sei zures TOTLOC %‘c’?t m‘r'lst}}rber

of -l ocatings - TOHOFA——Ne— of |ocatings per handoff attenpt HOFAI L

Fai | ed hand Total nunber of handoffs out 15 HOFONP

Handoffs Lo?mm, m’m ”Mrﬁ (% HOFAI L@p - Fai | ed/ Unsuccessful Handoffs
ut (%9  HEFFF L nunber of handoffs in HOFI NP Handof f s

| n as non-prinmary cel I (% HOFAI LI Fai | ed/ Unsuccessful Handoffs in (%

20 VCDESF VIC Deq fiitwérk @l Efi8s €ldfined in dpEREGE Haimat ﬂ&éiﬂ
(%9 - I NSTXQ Dr opout s gt?egy?o ??lsufflcl:?ent X t&%ﬁ?eﬁ(% 9513

Cal | Dropouts fenlodataﬁmhnmwesents theidikelihoad pfisaid faults havingroccDresbout s (O/c)
(No |l onger used) 25 CPROGDO Calls in Progress Dropout (% DRUPR
Directed Retry due to Unknown Page Response UPRREJ Unknown Page

Response Rej ed.i on ARpétiwork anal 2 as diinedlin i IOinefudighibabsFor C%ﬁfe?dtmg
unsuccessful _HO in HOFFOTOT Tot al unsuccessful HO out A<SSA '
Accesses < Sﬁ‘:ﬁ@c‘m encg-data;| 1epresentative ef faults whish prabably hayepccurredsop thechasis of/said
sei ze rejected, (Put 35 ACCMILT Ml tiple accesses ACCALL Al l
accesses (inclu |ng those | ess t han SSACC)

9. A network analysis system inéluding:
means for obtaining parameter data generated by equipment of a telecommunications
10 network, said data representing operational parameters of said network, | :
means for processing said parameter data to generate fault data representative of faults
which may havé occurred, and |
meaﬁs for genémting occurrence data representative of faults which probably have
occurred on the basis of said fault data.

10. A network analysis system as claimed in claim 8 or 9, wherein said occurrence data

is gcncraicd by applying predetermined rules to said fault data for said equipment.

1. A networl; analysis system as claimed in claim 10, wherein the fault data of a plurality
20 of said equipment having a predetermined relationship is compared to gcncfatc said

occurrence data.
12. A network analysis system as claimed in ¢laim 11, wherein the fault data for one of
said plurality of said equipment, which is determined not to be representative of a fault which

25 probably occurred, is not used to generate said occurrence data. N

13. A network analysis system as claimed in claim 12, wherein said occurrence data is

generated on the basis of further processing of said parameter data.

30 14. A network analysis method including:



SATFOUT  SAT fail out SATFI-N SAT fail in R<SSREG

Regi strations < SSREG 40 M. 1 Local control activated on

debl ocked CHM M.. 10 Return fromlocal control nade - _M.70

PMJ al arm SVR tya ofkiTéla _M.. 182 Illegal Station O ass I\/ap&TAﬁgadngZ%
Measured request outside line WO 97/07614 -

PCT/ AU96/ 00511 -16-

M.. 220 qﬂu“ﬂmnm Im l!'t) handof f M. 221 Failed VC start at
handof f oor transmt —dRlatity M. 223 SAT
verification Failure . 224 100 VC start failure M. 225
Handoff start failure I\/L 226 65% VC start failure M.. 254
26VBAT < 25.4V obt&nnﬁéﬁmcﬂ(dh@gembrateday/emmagef atdlecoinniai@tiod network,

M. 261 AlO-upit +5V reference, out . of, 263 A- channel for
CC divérsity epidjparameter daja representing °8?Féﬂ?f@?l’%6'|n°'€f§ ‘Efls%‘r"ﬂ"?%?k’er ror

processing said parameter data to generate symptom data from test procedures applied
to said parameter data, and
5 generating fault data, representative of faults which may have occurred, on the basis
of said symptom data and relationship data representative of the relationship between said
symptom data and said faults. ' ' '

15. A network analysis method as claimed in claim 14, wherein said relationship data
10 represents respective relationship between symptoms, corresponding to said symptom data,

and said faults, and the relationships between one of said symptoms and one of said faults

represents the fikelihood of the symptom being caused by the fault. |

16. A network analysis method as claimed in claim 15, wherein said relationship is
15 positive, negative, necessary, prohibited or null.

17. A network analysis method as claimed in claim 16, wherein said fault data indicates

a fault may have occutrcd when the symptom data for the fault indicates that the number of

active positive symptoms is greater than zero, there are no necessary symptoms inactive, and
20 no prohibited symptoms acnve K -

- 18. A network analysis method as claimed in claim 17, further including providing a
graphical uscr interface for cstablishing and adjusting said relationship data.

25 19. A network analysis method as claimed in claim 18, wherein said relationship data for
said equipment is provided in a network object decision table.

20. A network analysis method as claimed in any one of claims 14 to 19, wherein said fault
data further represents the likelihood of said faults having occurred.
30



_M.. 266 LOLI out of range M. 267 A-channel for VC diversity

error 15 M. 268 B-channel for VC diversity error _M.. 307 Modem
har dware or software failure _M.. 314 FGTX synt hes | ock failure
det ect ed _Mwd%3n7614 PMJ detected SWR from antenna too hi ghpe 1323

Mul ti coup&%ﬂnnel 20 _M.. 324 Mul ti coupl v f‘al ure on
B- channel 325 coupler failure on A & B-channels - _M.. 338
M nor out put um, Im "ﬂt | oop failure _M.. 341 PA-unit out put
regul ation f “ ,Hm PA-unit o#43ure detected 25 M. 346
PA-unit outpui regul ati oh failure (PALEVEL too high) _ML.. 347 PA- uni t

output regulation failure (PALEVEL too | ow) M.. 348 PA- uni t out put
regul ation fai Zhr e A setwotk analysisrmetbod a8 gjained in claim m@cludnfgﬁgmmatmgtnqnmncc

pacun; 1 out pot S esnphéudite & BTl VR pooh e oot on the el ottt date

faulty M. 352 26V regul ator board faul ty M.. 353
Overtenperature on PA-unit detected 356 Al O hardware failure
M. 359 F@&unu&nmmlymmth@md"@n% .M. 361 Mbdem har dwar e or

software faikure I M.377

Ref er ence osg al ar mb%ngﬁnec g%%?“é‘*““@f’f@ﬁ@f‘"ﬂ%‘?”ff&?F‘E‘Sﬂ%%%“&P&'&Wﬂ‘
access | evels Mdmaﬁﬁﬁ%tﬂ@ogﬁaﬁm&araﬁe&smﬁﬁgﬁempancy of unbl ocked
voi ce channel s G BLK Number of bl ocked_devjces in e cell

"G BNCLO 10 per cRIPqesting said, paramgter deta 19 genciate fault @?r‘éﬁ’fﬁ’i“ﬁ@@% ef {aulis which| |
channels in  may have occurred, addN® busy state G BNC50. 50 percentile of
non conpensat ed “si gnal strength recei ved by all channels in 45 _
t he busy state generating occurrence data representative of faults which probably have occurred on

10 the basis of said fault data.

23.  Anetwork analysis method as claimed in claim 21 or 22, wherein said occurrence data
is generated by applying predetermined rules to said fault data for said equipment.

15 24. A network analysis method as claimed in claim 23, wherein the fault data of a plurality
of said equipment havmg a predetermmcd relationship is compated to generate said
occurrence data.

25.  Anctwork analysis method as claimed in claim 24, wherein the fault data for onc of
20 said plurality of said equipment, which is determined not to be representative of a fault which

probably occurred, is not used to generate said occurrence data.

26. A network analysis method as claimed in claim 25, wherein said occurrence data is
generated on the basis of further processing of said parameter data. '
25
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G. BNC90 90 percentile of non conpensated si gnhal strength received by aII
channel s in WO 97/07614 the busy state G BS15 Busyp&paudemosni se
| ess than 15 dB _G BS20 Busy Sat to noise less than 20 dB 5 G BS25
Busy Sat to noise less than 25 dB G BS30 Busy Sat to noise |ess than
30 dB . G CCA110 10 percentile av f@e signal strength received by the
control channel on ses when the channel was idle

G CCA150 50 percentile average si- gnal strength received by the control

channel on 10 accesses when the channel was idle _ G CCAI 90
90 percentile average signal strength received by the control channel on
accesses when the channel was idle - |10 %‘ef Carrier to
Interference neasurenents bel ow 10 dB % of Carrier to
I'nterference neasurenents bel ow 15 dB 15 G C/ 118 % of Carrier to

I nterference neasurenents bel ow 18 dB G d120 %of Carrier to

I nterference neasurenents bel ow 20 dB G dlI25 % of Carrier to
Interference neasurenents bel ow 25 dB G _NACCS Nunber of true accesses

G VvCl 10 10 percentile of non corrpensa d signal strength received by the
channel s 20 when in the S e _G Vv 50 50 percentile
of non conpensated signal strength t he IZannel S

when in the idle state G VvC 90 Te non conpensat ed
signal strength received by the chagne when in the idle

state 2
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25 CUSTACCF Custoner perceived access failures (% CPROGDO Call in
progress dropouts (% NETCONG Network congestion (% SERVLOS

Servi ce Loss (No | onger used)
30 TOTACC Tolod708@lsl accesses TOTDHO Tot al Dropouts(,;'yq.;:}\lf P! ﬁloffs
TOTDROP Total Dropouts excl. handoffs TRAFOV Traffic er LP ?/()
35 ACCUPR Accesses due to unknown Page Response (No
| onger . used) DROPHONU Dropouts at - handoff (% DRSUC

Successful directed retry responses 0/% | NSTXQ Dropouts due to
insufficient TX Quality (% PAGEL Response to first page 40
PAGECON  Page Congestion PAGESUC  Successful Pages SATFAI L SAT
Fai |l ures UNCREG Unconfirmed registrations UNSUCHO Unsuccessf ul

handof fs 45 UPRDR UPR not leading to Directed Retry
(No | onger used) WO 97/ 07614
PCT/ AU96/ 00611 ' - 18-
DEF 414
I T I 1 '
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VCDESDR VC Designation Failures (dir retry) (% VCDESF VC
Designation Failures (all) (% VCSZE Voi ce Channel Seizures . 5
DO>5 Nunber of cells DO>5% R<SSREG Regi stration attenpts <
SSREG ACCAMo 97/07613l | accesses including < SSACC A<SSARET/AUICAOSI®S SES
< SSACC ACCMULT Mul tipl e accesses 10 VCSZUHO Unsuccessful VC
sei zures at HO VCSZzCl VC sei zures rejected - low | _G BS10
total SAT to noise performance in pazszt age at the 10 dB | evel _G BS15
total SAT to noise performance in p tage at the 15 dB level 15 G BS20
total SAT to noi se performance in percentage at the 20 dB | evel _G BS25
total SAT to noise performance in percentage at the 25 dB | evel ~ G BS30
total SAT to noise peF]ﬁ'r‘ance in percentage at the 30 dB | evel ~_Gd1io
total Carrier to Interference performance percentage for 10 dB _G d15
total Carrier to Interference performance percentage for 15 dB 20 _G Cl 18
total Carrier to Interference performance percentage for 18 dB G d20
total Carrier to Inte fisiatinitttmitintttintgtmbai—0 dB G d25
total -Carrier to Inte TegE perforpmance percentage for5 dB _G RSS10
10 signal strength pe ce1ﬁes for a M(Aj‘ue channels infall of the
channel s in all — of ce™ s under consi geration 25
G RSS50 50 signal Bjtrength percenti les for all of the ghannels in all of
the channels in all of the cells under ,ation
G RSS90 90 si gnal el?lgrgeoDatatues tor all £2s in all of
the channels in all of—the—cetts—tmeer nsi deration
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PCT/ AU96/ 00511 -19- . CLAI V5. 1. A network anal ysis system

i ncl udi ng: means for obtaining paraneter data generated by

equi prent of aW@bﬁmmmnl cations 5 network, said paraneter gat 20600511
representing operational paraneters of said network means for
processing said paraneter data to generate synptom data fromtest
procedures applied to said paraneter, 7! ta, and means for
generating fault data, represent ati‘le faults which may have occurred, on
the basis of said synptomdata and rel ati onship data representative of the

rel ationship between 10 said synptomdata and said faults. 2. A
network analysis systemas clainmed in claim1, wherein said relationship
dat a represents respective rel ationshi ps between synptons, correspondi ng
to said synptom dat a, and said faults, and the rel ationship between one
of said synptons and one of said faults 15 represents the |ikelihood of the
synpt om bei ng caused by the fault. 3. A network anal ysis system as
claimed in claim?2, wherein said reI ationship is egative,
necessary, prohibi ted or null. 20 4. A net Fanal Si s sy§tem as
clainmed in claim3, wherein said fault data indj Cares ] have
occurred when the synptomdata for the fault indicat hgt—trhe r of
active positive synptons is greater Nf@pywosd 0. | here cdssary
synptons inactive, arEi no pr ohi bi s‘y{r‘pto i
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25 5. A network analysis systemas clainmed in claim4, further including
a graphical user I nterface for establishing and adjusting said

rel ationship data. 6. A network analysis systemas clainmed in clai m
5, wherein sai dvoelgsisonshi p data for- sai d equi pment is ppoOwAUSbOS a
net wor k obj ect decision table. 30 WO 97/07614

PCT/ AU96/ 00511 - 20- 7. A network anal ysis system as
clainmed in any one of the preceding clains, wherein said fault data
further represents the likelihood of ﬁap faul ts havi ng occurred. 8.
A network anal ysis system as cl ai ned claim11, including neans for
generating 5 occyrrence data, representative of faults which probably have
occurred, on the;ghsis of said fault data. 9. A networ k

anal ysi s system I ngl udi ng: means 10l _obtal ni ng pfar aneter data
generated by equi prgnt of |a tel econmuni cations netmork sai d data
representing operatidQal paraneterps of said net nmeans for

processing sai d paraneler [data (g generate faul ta reprgsentative of
faults which may have foccurred an ans fqr generating
occurrence data representat@EF %g_faults mhlch bly have -
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occurred on the basis of said fault data. 15 10. A network anal ysis
systemas clained in claim8 or 9, wherein said occurrence data S
generated by applying predetermned rules to said fault data for said

equi pnent : wo 3H07614 A network anal ysis system as cl ai ned i pegAdds/shsi?:
wherein the fault data of a plurality 20 of said equipnment having a
predeterm ned rel ationship is conpared to generate said occurrence dat a.
12. A network analysis systemas clainmed in claim11l, wherein the fault
data for one of said plurality of §§fd equi prent, which is deternined
not to be representative of a fault which 25 probably occurred, is not used
to generate said occurrence data. 13. . A network anal ysis system as
claimed in claim12, wherein said occurrence data is generated on the
‘basis of further processijng of saj d paraneter data. 30 14, net work
anal ysi's net hod i ncl udi ng: WO 97/ 07614
PCT/ AU96/ 00511 - 21 - Dbt ai ni ng

par anet,er data generat ed bqui ansnt of a tel ecom‘rur@ o@e.work,
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said paranmeter data representing operational paranmeters of said network,
processing said paraneter data to generate synptom data fromtest
procedures applied to said paraneter data, and 5 generati ng
fault data, rempwesmrtati ve of faults which nmay have occurred, p@matdsmodiasi S
of said synptomdata and rel ationship data representative of the

rel ati onshi p between said synptom data and said faults. 15. A
network anal ysis nmethod as clained in claim 14, wherein said relationship
data 10 represents respective relatiahéﬁip bet ween synptons, correspondi ng
to said synptom dat a, and said faults, and the relationshi ps between one
of said synptons and one of said faults represents the |ikelihood of the
synpt om bei ng caused by the fault. 16. A network anal ysis nethod as
clalned in claim15, wherein said relationship is 15 positive, negative,
necessary, prohibited or null. 17. A network anal ysis nethod as
clainmed in claim16, wherein said fault data indicates a fault may have
occurred when the synptomdata for the fault indicates that the nunber of
active positive synptons is greater than zero, there are no necessary

synptons inactive, and 20 no prohibited synptons active. 18. - A _
‘network analysis nethod as clainmed in claim17, i ncl ng providing
a gr aphi cal user int er£|.ace for establishing g said

S clalrred in clalm

i din a
ysﬁ{% as
t eparis: urt her

rel ati onshi p dat a. 25 19. A networ k anal ysi

18, wherein said I ] a for sai d

net wor k obj ect /deg{&i on table. A net
oS

clainmed in any f cls=Ta=to 19 erein s&l
represents the|likelihodd{of said flaults }Tng occ*
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30 WD 97/ 07614

PCT/ AU96/ 00511 -22 - 21. A network analysis nethod as clainmed in
claim14, including generating occurrence data, representative of

faul ts whi ch pngbapbxisave occurred, on the basis of said faupémalodsbosii

22. A network analysis nethod including: 5 obt ai ni ng par aneter
data generated by equi pnent of a tel econmuni cations network, - sai d data
representing operational paraneters of .sgid network, _~ processing
said paranmeter data to generate fault t& representative of faults which
may have occurred, and generating occurrence data.representative
of faults which probably have occurred on 10 the basis of said fault data.
23.. A network analysis nethod as clained in claim2l1 or 22, wherein said
occurrence data is generated by applying predetermned rules to said
fault data for said equi pnent. 15 24. A network anal ysis nmethod as
clainmed in claim23, wherein the fault data of a plurality of said

equi pnmgnt having a predetermned relationship is conpared to generate said
occurrence data. '
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A network analysis system which obtains parameter data generated by equipment ' # 10
of a telecommunications network. The parameter data represents operational parameters
of the network. The system processes the parameter data to generate symptom data '
from test procedures applied to the” parameter data, Fault data is gemerated, which is’
representative of faults which may have occurred, on the basis of the symptom data and
relationship data representative of the relationship between the symptom data and the : 12
faults. The relationship between a symptom and a fault represents the likelihood of the
system being caused by the fanlt. The system also generates occurrence data, which is 2
representative of faults which probably have occurred, on the basis of the fault data. \ l
Data Y\ _—*
Store
4 pmv |—
Je E=
L




