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(57) Abstract

A network management system
(162) for a communications network
(163) comprises management function
software accessible to one or more

r-

(54) Titlee NETWORK MANAGEMENT SYSTEM FOR COMMUNICATIONS NETWORKS

workstations (160) and incorporating a
data store (161) for management infor-
mation. The network management sys-
tem (162) is structured to accommo-
date a layered model of the network
and pays particular attention to the Ser-
vice Management Layer/Network Man- .
agement Layer (SML/NML) interface.

161

In fault and test management, the net-
work management system (162) incor-
porates elements to apply constraints,
feature agreements (Fas), which ele-
ments then determine diagnosis and re-
porting procedures in response to fault
or performance report or test inputs to
the system (162). The system (162)
can be used to manage specific services,
such as flexible bandwith services, car-
ried by selected network technology,
such as Asynchronous Transfer Mode
(ATM) switching.
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Pl evyak and copublished in 1994 by the Institution of Electrical Enginee%§>

(IEE) and - the Institute of Electrical and El ectronics Engi neers, Inc,
UsS. : . .I'n general, a network managenent system has to have
interfaces with the network it is managing so that it can nonitor or
test various aspects such as the 25 current configuration and traffic
conditions, and whether it is performng satisfactorily, ie neeting any
performance criteria applicable. Preferably, the “systemwi || be able
to detect such indicators as performance deterioration so that faults

can be predicted and acted on i'n advance: Another purpose of the
interfaces is for output fromthe network nmanagement systemto the network
- s0 30 as to correct or control aspects of the network.

Hi storically, the enphasis has inevitably been on nonitoring and
controlling the hardware of the network itself, the sw tches and

mul tiplexors for - - instance which are carrying the traffic. The services
provi ded by the networks WO 96/ 07281 . .
PCT/ GB95/ 02070 ' 2 wer e

relatively sinple. However, as communications has devel oped in recent
times, with the huge proliferation in services as well as network hardware,
net wor k managenent systens have had to enconpass functionality for
installing, nmonitoring and controlling service functionality
together with sﬂpporting 5 technol ogi es such as b||||ng and char gi ng.

I n sonme cases, service namnagenent systens have been treated as

separate entities fromthe network managenent systens and, in other cases,
as different functions of the same equi pnent developnent.'
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It is inportant that the approach taken is consistent and flexible, so that
10 the network operator or service provider can react quickly to problens
and svoeamyesl nvol vi ng hardware or software of the net MEVEBISA3070 he
services, or arising at the customer interfaces, as well as to
conpetitor activities, and it is | early preferable if any strategy
used is able to accommopdat e new networ ks and new services. 1 5
A managenent systemfor a network needs to have an interface to the
network itself, in order to pick up information and output control messages
for I nstance, and then to have a view of the netwok according to
which it can - process the information. Conplex communications networks,
t he services they provi de and the associ at ed managenent systens, have
been described for 20 nmanagenent purposes in terns of having different
| ayers or dommins. Such | ayers or dOITB.I ns have started with for
I nstanceg t he RANAGERIENT $¥STH NIC# EYWORKSCh i s then
nmoni t ored and control I ed by neans of a ne wor k rranagenent | ayer (NMWM).
For services provided by the network, there may be a separate service
managenment |ayerTrfe5%esen‘25inventlon relatis N €3 VREtivoR NAERAERAent Y Sfstéths Ofort hi s
type, structured according t functionality and viewed in terns of
| ayers, ha@eriaENCRNANS] %B’B"ﬁy It findsppartigyler applicghpn.i o5 instanceain AP BNEect ur e
known as t fenofedraat %swﬁd%%bné&mhsﬁwteyéﬁhs Management
(CNA-M . Docunentation in respect of can be obt ai ned fromthe CNA
Secret d0 at, Brilpi BViiNG: AMIRPIAHNG oA sCHNBUNKAtIONS Mesyerk-olisis, clrgrly
! pSW' ch, grfr;opéaht bt n%tho(’nHE)andl don%i 'fl.ﬂfc%oﬁalﬁgl M Grdliddd B SBdoRChatdusW t hi n
usl ness processes, t hererore managenent systens required to

prOV| de magagement Aspects Qﬁébmpwor&r inchustingn perdermange apd geofiguiatipmyesr s of
this archi 9 Y, (
Net vor k Na\hlggtg%g%f@f:%na?er?m Iofotd FéteNBBARETREE ohifVddes thd/hbundsi itdaf

have to be managed, but the services provnded by means of the network also have

15 to be managed.

Various network menagement systems are known and published. ‘For
instance, network management is d'i_scussed in “Communications Networks: A First
Course” by Jean' Walrand, published in 1991 by Richard D frwin inc and Aksen
Associates Inc, US. Another relevant publication is “Telecommunications Network

20 Management into the 21st Century , edited by Salah Andarous and Thomas
Plevyak and copublished in 1994 by the Institution of Electncal Engmeers (IEE) and
the Instltute of Electrical and Electronics Engmeers, Inc, US.

" In general, a network management system has to have interfaces with the
network it is ﬁanaging so that it can monitor or tesf various aspects such as the

25 current configuration and ‘traffic conditions, and whether it is performing
satisfactorily, ‘ie meeting any’ performance criteria applicable. Prefel‘ably, the
systeém will be able to detect such indicators as performance deterioration so that
faults can be predicted and acted on in advance. Another purpose of the
interfaces is for output from the network management system to the network so

30 as to correct or control aspects of the network.

Hustoncally, the emphasis has |nevntably been on monitoring ‘and
controllihg ihe hardware of the network itself, the switches and multiplexors for

instance which are carrying the traffic. The services provided by the networks



~ Accor di ng to a first aspect of the present inventlon,
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PCT/ GB95/ 02070 . 3 The SM
provi desWsmdéd2iinat i on of all activities associated w th rdTecBMmOZGETENt Of
services provided on the rel evant network. The NML provi des processes by
means of which the network itself gan be planned and operat ed.
Clearly, activites relating to a particular layer in a network nanagenent

5 system have ap.inpact |n her |ayers. For instance, a switch failure is’
di rgct ly We'e.r'éf‘]"é'\‘/’gx'ﬁt S'F‘Bler h?%ﬁ%r S |CopuPUNieAtions hag AeMalorgd innfrsent on t he

Servi ces Riags| NGithNthe hudedProlfevatioh, in 288hvichber & Well g8 ﬂé?@oﬁ%"harqvure,i s thus
very inportant in the managenent systemthat there can be close

~interact i SRMSRKBENPICHYPEE SYSIBMS have hapdp rirompass fusctipndtityrfordgstating, system
of this tymmindgeFRdicoRfbEngf séNﬁ:elOfunE)tricﬁ%FW fo@\éﬁ'{t}fé't Akl %ﬁgmr‘%ned such

that close and effective interaction is enabl ed ween rs,. or

domai ns® &gchpologiesisueh ap billing: ansk sbarginggenent system WO 96/ 07281

PCT/ GB95/ 02070 ' ice
In some cases, service management . systems havet ngrne tf'esatepdr & ded a

managenenterdateeentitios feore dhennatwerki maragestent skstemsrands én othemmasésorasng and
OO v BRI R REIrS o inG Larfg GllifiBnb doviBRRnp LMo network, whereln the
managenent system conpri ses: | Imputs for trigger signals
cont ai ni ng i nf oltriatifpertant thet theceppsbachitaken is corsistemtkarahtiéxibleass ehati ce
provi dggl emeRvork operator. or servicé provider can react quickly to problems and
demands involving hardware or software of the networks, of the services, or
arising at.the customer interfaces, as well as to competitor activities, and it is _ ’
clea_rly_preferable if any strategy Qsed is able to accommodate new networks and )
new éervices. _ o - _

15 A management systefn for a nefwork ﬁeeds to have an inferface to the
netwbrk itsélf, in order to pick up in_forrnatioq and output control messages for
instance, and then to' have a view of the netwrok according to which it can
process the information. Complex communications netwqus, the services they
provide and the assdcia_ted ma'nagern_en_t systems, have been described for

20 maﬁagément purposes in terms of having different laye_fs. or domains. Such iayérs
or domains have started yvith' for instanée the. network_equibment' itself, the
network layer, which is then m.onitore_d._ar.\d controlled by means of a network
management layer (NML). For sérvic_es' .provided by the network, there may be a
separate service management ,la_yér (SML).

25 A network management system of this type, structured according to
functionality and viewed in tefrn_s of layers, has been published by the present
applicant as an architecture knbwn as the "Co-operative Network Architecture for
Management” (CNA-M). Documentatio.n in respect of CNA-M can be obtained
from the CNA Secretariat, Britiéh Teledommunications p]c, St. Vincent Hquse,

30 lpswich, Suffolk IP1 1UX (UK). It defines a strucfural _architécture within which
busine.ss processes, and therefore management. systems required to provide
services on a network, are contained. Two pri_n_cipal. iayeré of this architecture are
the Service Management Layer'(SML) and the Network Management Layer {NML).



ii) data processing neans for accessing and proecessing information in
response to said trigger signals; and iii) outputs for issuing
control aNP#OTR¥Mport signals in respect of the 10 net wor kPGHEBEY02879 d
services wherei n the managenent systemis provided with a data
structure conprising sets of featureé describing data, each set
identifying and describing a manageabl e aspect of the conmunications

net wor k, ule orofil. jated with selected, sets
of foat ur o ROSE Mol eRbidaE of & sctlifs FIPQRE' Wi e PaPesitariinr ng
managenent senviees provided pache oélevant nebadrir ThedNML ipbmddesyprotesses by hedagy ant
set of feature:-d ribin at and association data sets for associating
one or nore® r’?ﬁﬂ'ﬁﬁﬁ%ﬂ%"‘f%“ésﬁfﬁ? P%g%\mm?tﬁa%%gp%?teﬁme sel ected sets of

f eat ure- desctledriy) cactiahes relating to a partifdrdagért in ® neORSHKi MEnageaiEnt bei ng
adapted to respond to_a tritgger siqnal bryﬁgzo i dentifying a} set of

f eat ur e- FestHt R@Vﬁéﬂ‘dm&ﬁa R OLRELIAYPrS: TRORAFERSK arqyyiteh failuce: i5¢diregtly

i dentified flevant sthetietivofdlagér sutdlld WaveemDifipacO bn the s&@iced frudridd Uh €-
describing data, and, if indicated t?% %W_ profile or by an association data
set or Behetitde R (therefpie ao0n i PEcEMle, RciSetisnyett MBERRNtOHE ther t her
associ at i Onmedadgentedt systeniNthal thB/RAGENTEY diddeC intérablib® dedwBbh fiafpsls Diprsai d

further association data set, such 25 that the managenent systemis

enabl ed to 9¥eHBHP P PRk MANagement susteniafdbis type abd pmhodiments of the
Conveni at | presdri@nhtion iafd deuigriéalistich that ERYe BRd %ffééﬁ\&eﬂtérgctﬁmhb Rhabigd! cal
structure. This can enploy a "supported by" relationship between

associ at i onbeiwegn layers; of domRinghofr 2 seruice and netiwerkdaanaggeientsysters. net wor k. 30
The trigger signals mght arise for instance because there is a fault in a
hardwar e el enent of the network. In that case the nmanagenent -system needs
to be able to anal yse the consequences of the.fault and to determ ne
whet her
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managenefifto sswbtdn needs to be taken. Managenment action nmghlcevsisdy be a
report to a custoner, or mght involve traffic rerouting for instance.
A-trigger signal may instead arise becguse perfornmance of the network or
services provided thereby has degraded. In this case, management action by
the 5 system may be designed to allow corrective or avoiding action to be
t aken. According - toA|a dirprataspegty of ather peagent dnyandionrithere és imevidet ause a

customer C}t ﬁé?g%?ﬂeﬁ? systerP 53V mrﬁ@n‘il!:’étfo%% Aethvopd, fo 36 nﬂ%ﬁm‘tﬂ ing hfi‘& 'on to

the netwo I'ts s rvi ces. nmeEnagenent ‘system Wi | ave to be
abl e t o dexwintrellingetheapravisiart qfhsertness hyr meanst efstthhe tretwerkd owberesndhe o

report ba Enbodi nents of the present invention
%Fa';néé% §§ %%&?TS g}prlses .

al-l ow pro Isrng in relation to a network, and the
manner Bn whi ch ik heiimput$ ffoc ttegger cgigrpls epntiaminge informatisheint exdpectdofc otnd r ol | ed

in spite of  an ere ch may be present in t he .
~architect LﬂeéWSﬁ‘ #’Eﬂ%’ﬁ g‘%%'fzgﬁ’%\&%%etﬁégk&hagenent system Since enbodinents
nmay al so enabl e ii} estdate) pafcesdity neanofér acudssing \andgsocessingl ihformagen aof fault,
test and 15%¢)erforma. can be provided. The sets of

a
f eat ur e- dd§ rﬁ?ﬁ%sﬁ'gttﬂg%f q%agf'?‘? y network capabilities, such as
capaci ty, or maym dempu‘ty 6 iséuing Scaiitrob @huiiof epatP Bigriaisnh feapbdtr 66 thelhe

prinC| stens accordi ng to enbodi nents of the present
i nvent | 8n "|e§WPﬁ‘a?“ or sgf‘ﬂ%’\ﬁ‘ﬁ?% structure effectively decoupl es services
from the networ Kghepéin WeC indriagymaft aystent Q¥ | srodided N'iwRhCandfa Baudturl arly
important for instance where one or npre service providers are to

provi de s&PPRESNggaty o fepturesdescribing; date prachcsat inentifypg and dessebing G s ‘

net wor ks. manageable aspemameraymmﬁm&étwﬁs @Qﬁ@ﬂdlrﬁ&abanemﬁﬂu PRities &f the
present invention be -desi gf use with the sort of
. ¢

w tel ecommrheﬁFP@ﬂ?dﬁ'é'W\é?'R%teﬁﬁﬁf nfePWée stclya@s daj.1q8ch Manpgereeniuule i nt o
the swhschpsile Q{onié?l'img r}ﬁﬁﬁdﬁﬁﬁlem Ii'l.hle§ e rééHeS{ lok @R& feature B@QcWBEK by the

‘ archi tectures now bei ng devel og , or the like, where the network
relevant set of feature-describing data, a_nd association data sets for associating
one or more management rule profiles with one or more selected sets of feature-
describing data,

said data processing means being adapted to respond to a trigger signal by

20 identifying a set of feature-describing data and accessing a management rule

profile, identified by an association data set in respect of the set of feature-

_ describing data, and, if indicated by the profile or by an association data set or

otherwise by the data structure, accessing at least one further association data set

and a management rule profile identified by said further association data set, such

25 that the management system is enabled to respond appropriately to ihe trigger
signal. _

Conveniently, the association data sets may be arranged in a hierarchical
structure. This dan employ a “supported by” relationship between association data
sets which reflects a layered model of the network.

30 The trigger signals might arise for instance because there is a fault in a
hardware element of the network. In that case the management system needs to

be able to analyse the consequences of the fault and to determine whether



intelligence is provided away fromthe switches and is of nuch increased
sophistication, in line with the proliferation of services being mde

avai | abl e wo 96/07281 (Al 't hough reference may be nmade in POI/6€B95/02070
specification to network 30 managenent systens, it will generally be the
case, as a matter of practicality, that s these systens will also provide
servi ce managenent functionality.) The managenent rule profiles
referred to above, in the description of a first aspect of the present

i nvention, ME)aGRINLNTAGLRN; npedy | tat be, faken. nMapagement action” might gimply e a

PCT/ GB95/ 02£:p8rt to a customer, or might involve traffic rerouting for instance. © _
constraints, such as capacity, or ma data 1n relation to service

hol
constraints, A§U€$P’a9§>9"@bmi’ivti!‘§$ﬁ§g§é’ée beqausp Psefprmanse| afitbe netwerknaint s
DEtWeen a_ CUGUREF broVidbdithersby. A ddgfiel! OHI MR cAARhfahagéh i/ deeBREHRT - 1!
g e of t p

I,
s this, at least in part, which gives bodi ment e present

i nvent i orP t fxstempady be desigriedtaraligivepreective or avriding action ® betakehaces of a
“managenent syste S dast ' : 1he ryi n . and
et aor k. managemeni ey & ¥idbel ShgHP FubliZads docaled BARSHRE, of soryicd
usual | y bet prowiden rensires aktest tosbe dooe in relatioprtovihd avetwork ar itss servizes.c eoner

i respect gl e Wl Wi thehShayBUo 8158 %5 WskRe the nafli KL GES e

user or custone ected, together w he“condrti : Yervi ce
provi der hatestegtociesidere, @nd to report back the results. enbodi nent of the first aspect

of e BRESnt | AU, R orvsny RRTGT BT Bl i e P,
bei ng structelatiod toc @onetivotk, t anda theayrsnaer M eHictotheir BBt esropadate ko behi ch
detected and controlled in spite of any inherent interface which may be present in
-the architecture or functionality of the management system. Since embodiments
N may also enable testing of the network and serviées, a full range of fault, test and
15 performancé management can be provided.
The sets of feafur.e-describing data may identify network capabilities, such
as capacity, or may identify services or service-supporting features. The. principle
- of management systems according to embodiments of the present invention is that
the data structure effectively decouples services from the networks on which they
20 are provided. This can be particularly important for instance where one or more
service providers are to providé services across one or more indepeﬁdent network
-operators’ networks. |
Management systems according to embodiments of the present invention
can be designed for use. with the sort of telecommunications networks used in the
25 past, with software built into the switches, or for instance with the intelligent
network . architectures now being developed, or the like, where the network
intelligence is provided away from the switches and is of much increased
- sophistication, in line with the broliferation of services being made available.
(Although reference may be made in this specification to network
30 management systems, it will generaily be the case, as a matter of practicality, that
these systems will alsé provide service management functionality.) -
The management rule profiles referred to above, in the description of a

first aspect of the present invention, may hold data in relation to network



1 5 managenent system conpri ses: l.) inputs for trigger

signals in respect of the network and/or a service

provi ded t hereby;

i) dat svgpeerresisi ng nmeans for accessing and processi ng i wFocBojobed | N
response to said trigger signals; and 20 ii1i) - outputs for
signals in respect of the network and/ g said services _

wherein said data processing neans conprises a data structure having a

hi er ar chy
defining

nodel , to
of a serv

of feature agreenent data stores, each for use in retrievi

constraigtsr VICH AScIRREity [ UMae hels: data dn relatieny ty servicemnatraints,

I Ssui ng

ng data
k

SUAPEY Lorfitidtls 31 ofP in SHFIcE !N BbrebifleftsbenBH o' dBRSnG Gl 8 those
he ITke. e trigger

i ce | evel agreenent or t

si gnal s i ggvice grovidert andéer neswpekupperator.pdt fsothisa rat deast jopiagt, which givesat i ng

that a net

oy PR wepr B ATIEN e capabie T HEHGIH 3P4 Romerng 1o o

then resp

30 net \koriktertacag oframanaggmentosystame foeinstanice ibetiedenathd sendcedmbrageemassi bl e

at that

t o what ex? ent.

nd SdQork &fﬂgéegé a%gom\t%]‘t network features m ght be affect

ed and .

al so indicate whether it is necessary to

access the dat a Sdrvivetlevel agreements amc asdallyebetwedrd a1 metworkUube sevisd f ect ed,

or featur
PCT/ GB95/

es ar.e onJg affected to .a sli VWO 96/ Q7281
and au

oevger

ser or customer in respegr| E)f the network, and set out7the servigg(t ent

t hen t he nensgeides the yisércon bistorner Al Seledtel] tafidherivith tAS  conditidns QR&ll I Of
rk without f%?i nst‘?nce having to generate a report to a custoner.

t he net
Al ter n:ﬂ)

15

20

25

30

VErYjce pravidsr fias agrsp
- An embodiment of the first aspect of the present invention may be
expressed as _follows‘: _
a management system for a communications network, the management system
being structured according to a layered model of a-managed network, which
_management system comprises: | |
i) inputs for trigger signals in respect of the network and/or a service
provided thereby;
iii) data processing means for accessing and processing information in
response to said trigger signals; and
' iiit) outputs for issuing signals in respect of the network and/or said
services _ . T
wherein said data processing means comprises a data structure having a
hierarchy of feature agreement data stores, each for use.in retrieving data defining

feature-specific requirerrients, at a layer of the network model, to support a set of

8t nean that one or nore features provided

q

hY

operational-related conditions such as those of ‘a service level agreement or the

like.

The trigger 'signa_ls might for instance be fault or performance reports
indicating that a network element is maifunctioning. The management system
might then respond by accessing the data structure at a |evél corresponding to a
network management layer of the network model and use data accessible at that
level to determine whai network features might be affected and to what extent.
The data could also indicate whether it is necessary to access the data structure at

a second level. If no feature is affected, or features are only affected to a slight



by the network are seriously affected and consequently a service to a
custoner is 5 affected and shoul d be reported to the cust di ngly.
The managdh@f¢/072 systemin this case will probably need ?gﬁég&&@gﬁkhe
data structure at a series of | evel s in the hi'erarchy, to put in train
not just diagnosis and repair to the nethork but also to issue
consequential reports such as a fault report to the customer.

Achi eving cg;a%laffmeﬁ tﬁmamﬁ%wegtemw beBledb tng&et URQNBETS o rdfhir of

particularly Icult in ternms of the Interfaces ween dif erent evel s
of the thet neswiork Bithout fer instanse havingtocsoanate Averart tvna eustomebyi de a

framewor k for AltBInatib @y D ebuRSeP&E hi llf'temgérf Hat ORb of ﬁ%?é atdirel pFolAdEy ©
d Fourt robft thi S ? fpatords p

bet ween t he service an genent | ayer eature
agr eenent basetie detveork tareiseniqusly affqued)andieensdqeemtbd atsemmom bustomenist he

net wor k ffsﬁte g%,%h%e;ubdeﬁg*%g&ar@%‘ h°e cdstofllf chEo?é‘ﬁBR/. | ﬂéﬁﬂﬁég‘ag%rﬁﬁnow

fault det cla N retrospec
peedi cti vel }ystfeﬁf ini thist edseemmembbnhlmgeéditd bcqnsspagdata)stnimtm ati 4 Seniesnof

| ayers. er a ect of en faul t reventlon s well as
care, o tevals’in B iarahtpodn e RaL RS oRanr e KRR S el et o1
to a triggekbut also%d i]i%ﬁé cbﬁddﬁﬂet&:é’l fefortsrsaphlat ai flaulltea:rmto the c&stm’iemr k

el enrent. However, odlé’[e *s of the prese nvent on coul d be. used

in managi ng ot her A&E'ﬁé’é‘ﬂscﬁ?" atfe MAnEReMER: “'&"st“’f'ésf’ reRa g By

propagat 1@n pafticaRkil OdiffIREIn edtRist 6f thé iMterfacesC betvagear difmmsreeels ngfothEat i on
whi ch necessitates a test of sgne aspect of a servi, f eat ? or a

net wor k el eMgHvorky h Embodinents g’éeﬁhesﬁ”ﬁﬁ%ﬂt inveion: 53R Prav Paa' ﬁamﬁ@’é’f Yquest .

In this the;{BRILRGTHRtwENS tiSddifferAtkR¥is! PordCoH@Fplet betvédn e b&Micdadr 25
structure corresponding to a service management |ayer of the network nodel

as a fi mstwerkeanpoemeant averEngndnte fedtyre sareemen) Basedppriegtrugiure
Whet her ser Y:\-&ﬁ&es the reifaﬁaﬁéh“ £ BetiVién Othe HatWEYkkarfl aBRricdie eEmbadiRRntseat ed.

‘Dependi ng on the d accessed at that level of the data structure, the
manageneh? &b Pmﬁhfa'ywm allow fayitrdetectioncandsmanagement pet paly 1B AeIT9RPesH t he

networ k_manggeargtordéivey! tof Hitaiite &s&makfauﬁ%%pb agdtiéh & Acterniayds. Y

the managenent systemin this scenarlo € test signals
gener at e t eJhis leftenaspeat allma/mtknmléaﬁéhp@vem as welkapswguent test reports

to convey resul t_sﬂ,.g énlﬁ?hagﬂsﬁgmﬁer lies on faulit management, and refers to a trigger

signal being a fault report in respect of a network element. However,

20 embodiments of the present invention could be used in managing other aspects of
a network, such as test management or pltepagatioh'of performance reports. If a
customer requests information which necessitates a test of some aspect of a
service, a feature or a network element, then the trigger. signal might comprise a

. test request. " In this the management system is likely to access a level of the data

25 ‘structure corresponding to a service management layer of the network model as a
first step in determining what tests need to be applied and whether services,
features and/or network elements need to be te_eted. Depending on the data
accessed at that level of the data structure, the management system may need

- then to access a level corresponding to- the network management layer of the
30 ‘network model. The signals issued by the management system in this scenario
might be test signals, to generate tests of actual network elements, and

subsequent test reports to convey results to the customer.
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requirements for the network relevant to the respectlve layers, which method
comprises:

i) receiving a trigger signal comprising information in respect of the
network and/or a service provided thereby; |

i) responding to the trigger signal by accessing the data structure at a
first level in the hierarchy; |

ili)  using data at the first level to process the information received; and

iv) respondiﬁg to the outcome of said processing to access the data
structure at a second level of the hierarchy, as indicated by said outcome.

In general terms, a network management system according to an
embodiment of the present invention for use with a layered mode! of the network
incorporates a hierarchical data structure which cah apply sets of conditions
relevant to different layers of a network model in response to a trigger so as to
determine a netWork’manage‘ment outcome. Looking at a network model having a
network management léyer below a service management layer, if the management
system receives a fault report for a network element as the trigger, it will generally
first apply a set of conditions from a level in the data structure equivalent to the
network management layer and depending on the= outcome, subsequently apply

sets of conditions from eisewhere in the data structure. The relevant sets of

k

in the

0 process t he
i nf or mat i onaflagememacwswm mcorporatlng a hiepgrchiealp datdi agu¢tura. hievesit afothee of sai d

processi n%érgrc‘?i C&otr ségr?% ttg I vers Séfrycr;e‘fwgrka‘no%epeaq'\%nﬂ-n ?ﬁg“r 5 rL?t;[gFg?rB a ‘

)



enbodi nent of the present invention for use with a | ayered nodel of the
network 25 incorporates a hierarchical data structure which can apply sets
of condi t M§H¥6/07281 rel evant to different |ayers of a net worBCT/GRESI2470

- response to a trigger so as to determ ne a network managenent outcone.
Looki ng at a network nodel having a gnet wor k managenent |ayer below a
servi ce managenent layer, if the management systemreceives a fault

t f k el t th er, it will generally 30 first
R R g R Ty o A

t he netemiveldd ech imathe rdatd stragtare. and dependi ng on t he outcone, subsequently

apply sets oﬁ %ondi tions fromel sewhere in the data structure. The
rel evant sets of f the managgireni;3y§rerm feceives a test request from a customer as the

PCT/ GB95/ OZfigger, it will generally first apply a set of conditions from a level $h the data
condltlons I n each case are determ ned by feature agreenent data stores

enbedded® i FUURRIE SRYIValent foithe service management layer, jand tMma@mV mp¥e im

recei ves ath&sther Qﬁé'&ﬁ:tn 4dr&d® ﬁeWL/NWﬂ.rln?e?faEQ% ap?l ét%ecroRdllté %Nhjolqs
generally first ap l)éﬂa set of conditions froma eve

structure é‘dﬁY%‘&HE’HP ota the networkseanagemeatianer.| ayer, and then effectively
move in - the A0t 3RKord ﬁﬁggé%rﬁcg%%tg é hnEﬁ\P&ﬂﬁﬁen{ LRl Y a

set of conditions from | evel equivalent To the rranagenent
| ayer. present mvenwmw'hnw bradesgeinetht bys way eoth exaowledpnly, withaneferemeedi nent

of the 19 tom@?ﬁ&ndaﬂgﬁgtﬁﬁeé’“ﬂ whidpw be described, by way of exanple

only, wth reference e acconpanyi ng Figures, in which: .
Fi gure 1 shows néEigues k shows Inetwerk fﬁ(:lhtla;srlfoadna:dvmtedmmmrﬁmion%ﬁmew ce

tsﬁoml ghpﬁ ot %ﬁﬂﬁgﬁﬁf}%ﬂ%ﬁ%& %Ga%gé?éll ces based roure 2
Figure 2 shows a protocol reference model for broadband services based
on ATM technology; -
15 Figure 3 shows an entity relationship diagram for the customer/service
management level interface;
| Figure 4 shows an entity relationship diagram for the service management
level/network management level interface;
Figure 5 shows a network feature for a private circuit;
20 -' Figure 6 shows a feature agreement model for private circuits at the
service management level/network management level ir_\terface:
Figure 7 shows a feature agreement model for a route in a particular
service;
_ .Figure' 8 shows further feature agreement models for classes in the
25 particular service of Figure 7;
Figure 9 shows a feature class. hierarchy for use in a model for an
asynchronous transfer mode (ATM) network;
Figure 10 shows examples of classes applicable to feature agreements for
the combination of features and profiles to form useful network offerings on an
30 ATM network; - _
Figure 11 shows mapping between service features and ATM network
features; '

Figure 12 shows the customer view of a simple service;



on ATM t echnol ogy; 15 Figure 3 shows an entity relationship

di agram for the custoner/service managenent | evel interface;

Fi gure 4wohewmsan entity rel ationship diagramfor the sepcroBoswoagenent

| evel / networ k managenent |evel interface; Figure 5 shows a
network feature for a private circuit; 180 Figure 6 shows a feature
agreenent nodel for private circuits at the servi ce managenent

| evel / networ k managenent | evel interface; Figure 7 shows a

feat ure agr eenefiguieplid shows afeatise @greemenpanadet faras simple senvigecwith its

Figure 8 m%gfdggohﬁAfﬁaﬁé{mﬂ@greenent nodel s for classes in the 25
particul ar service of Figure 7, Figure 9 shows a feature cl ass

hi erarchy for uEiguten14 shows|the gartiah model 9§ yandiversely routedagicuigrofnitigere( ATM)
net wor k; s . Laure. 10 shows exanpl es of classes applicable to o
feature a&?%’e?%‘ér'm’t‘é“%’%rﬁb&ﬂ' the conbination of features and profiles to form

usef ul met wor k Bigtirer 1 gbows part FOtheAnddeh of Kigute 13 in use in respoRsgto @nll shows
mappi ng bg;[,V}ﬁ_en service features and ATM net work feat ures; .
Figure 12°shoWws the custoner view of a sinple service; WD 96/ 07281

PCT/ GB95/ 02070 Figure 16 shows in a block diagram a management system accordifig to an

Flgure 13 ohodedt bF e theertBh A EMbARIA witid's cBmhiMcations netwark ' ba ' 1S
managed;
10 Figure 17 shows a flow chart of functionality of the network management
system in fault management; - ' _
Figure' 18 shows a flow chart of functionality of the network management ‘
system in testing; _
Figure 19 shows part of the model of Figure 13 in use in response to a
15 test request; and
Figure 20 shows in a block diagram a more detailed representation of
hardware and functionality for use in embodiments of the present invention in
managing networks than the arrangement of Figure 16.
The following description of embodiments of the present invention is
20 expressed in terms of object-oriented principles. These are known and relate to
programming techniques in which entities in the real world are described in terms
of software objects. Each software object comprises data relevant to the real
world entity, which data can only be accessed by means of relevant process
software. That is, the data is encapsulated in process software, presenting an
25 integrated unit of data and behaviour. Objects can be grouped into classes, the
objects in each class sharing the same attributes. - CIas;_es are arranged
hierarchically, subclasses inheriting all the attributes of a parent class but sharing a
common set of additional attributes. It may be that the only attributes necessary
are those enabling a real world entity to be managed. Such an object is known as |
30 a managed object and these objects consequently are grouped into managed object

classes.



mappi ng on to an ATM net wor k; Figure 14 shows the parti al

nodel of a diversely routed circuit of Figure 11 ii, but in nore
detail; ®096/07281 = Figure 15 shows part of the nodel of FPERIEBIMOI0TION yse
in response to an event; ' Figure 16 shows in a bl ock diagram
a managenent system according to an -~ Enbodi nent of the invention, in
conbi nation with a comuni cations netvvork'to be managed; 10

Figure 17 shows flow chart . of func nallty t he networ k. manag
Cyatem im fault Hadagvameenal tat Shbodhignts, bg the' WheAlE VT SRapEor

functional i hacopding he obRicefiént8® PABEIPRS] howeveiy he thé fhvieRfiéri BB6uld not be
Figure 19 shows part of the nodel of Figure 13 in use in response to a 15
test requesteengfgpeing limited in thatbwayr e 20 shows in a bl ock di agram a nore

detai | ed represenyid hévark managéiﬁérﬁvw&@naaebcfnua&bb@wislstey i EHe éb'?ﬁe)&trbf
embodi ments of the present invention in ﬂgh net wor ks than_the
g

ar r angemeht adiancedyetwerks and ‘services, parfticularly) flg ardwidth, spoiceo (FBS)
embodi ment spQf; Cgeh%y%ewaf A%ﬁﬂ?dn%ﬂs n*sar%@erqm&wad) hétvidtk Tectblogy. It

obj ect - orlente rinci ese are known and relate to pr ogr amm ng
t echni ques lsnianfnl L) hem g puerview oftbesepmicegandneswerkdiesenqlegtinvelvedr ms

of software objects. Each software object conprises data relevant to the

r eal wor | d ent|ty, Whl ch data can onIy be accessed by neans of rel evant
process sof t wi ‘ AGH Rl NLCONITEX] process
sof t war presenting an 25 |nt egrated unlt of data and behavi our. Objects

can be grouped into classes, the obj ects in each class sharlng t he sane
attributes. d asBefsrrmgetoalFigmg‘Eﬂj a manMemem(ﬂv'stam 1$2 foulacdamesemicatinsri ti ng

all the attribut a.parent | cOonMD) set
addi ti onal 2FH¥Y" t@é. Wi ﬁﬁnerﬁ'é’ %1%‘9%% 98 ?rﬁr e otarg Jeo are
t hose enabl atgeseiblectal onamrlmbreMorkgtatlmmommgvdancsmbrp&ratmgj anetori modenown

.as 30 a maaged bl e 0 L HS3Em8RY SHbnSRAS I L baheichyIoR RAkn 3 ©

managed obj
15 management system accordmg to an embodiment of the present invention can be

built is conventional in terms of the supporting hardware to this extent. For
instance, for a major network the supportinQ hardware may comprise an |BM
mainframe corﬁputer or, ih the future increasingly, a distributed data processing
capability. The data store 161 may be embedded in the manager;nent function
20 software, or may be separate 'therefrom, and may be accessible to other
' management systems. ' - ' ’ '
Referfing to Figure 20, additional interfaces will generally be provided
between: '
i) - various types of management functionality 160 concerned closely with the
25 network itself, in this case configuration, fault and performance management
1601, 1602 and 1603; -
i) . the more business oriented management funtionality, such as planning and
accounting management 1604, 1605; '
iii} the customer terminal 200; and of course
30 iv) the network itself 163.
In use, the network management functionality rec'eives_ data from the
network (or indeed networks if the network management system is managing more

than one network), analyses the data and acts on it by issuing report and control
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It is nowees#arsli al that enbodi nents of the present i nverrdTecBISOZ7OUI | t
according to object-oriented principles, however, and the invention should

not be seen as being limted in that2way. o The net wor k
managenent system descri bed below is set in the context of 5 advanced

net wor ks and servi ces, ul ar) fI exi bl e bandwi dth servi ce (FBS)

provi ded b§UtRHLHaPRYPP A&‘@ ?F v ar\'sf‘??r‘/ fAGaive (9thRY INPEESAoTUEN BLRERSI ogy.

I t i S Rk, InQNhEHQ:aaél|tQmﬂrdHa%Qéstt|HQnﬁEﬂidﬂ GAfictR RUna\E hiw iﬂréa%?hnO' ogy
i nvol ved MANAC;EI\/EI\FI‘ SYSTEM TECHNI CAL

Referring faseived eF avhigh 'té“%'i‘l%}’g?e‘t?e‘??ﬂ ecliBresRONED 19 the testtaguest éa‘# ﬁéﬂs

net wor k 16@syé b regtp8prbpriat&9mri se nanagenent function software 160
accessible to one or nore workstations (not shown), and incorporating one
or more?® dat almposteatin the qmatmr@g@mwwﬁf@ﬁwmt (NMh éuncsiehalisy ogy on

whi ch a 15isr@naifdeiie mymie? Th WRmes & éwnéé)o&naﬂmﬁdwmv ﬂi .r&&%a%ﬁ%ﬁ“t >

-invention can be built is conventional in terns o e supporting
har dwar e t termngiof whatcdata inpyts it receives, avhese thase datavifputs arstlmad, hhw it

supporti ngsé]@z{tg%faemgﬁ% ﬁ)?rﬁ%l §|§eagﬂ JLW it used]Particufiil é%oﬁgpé}%ﬁc{ \?JluesTn the

future increasingly, a distri ta processing capa he data
store 161 imanalysingrthe ddtadit lacatdscsinnerthgsntactors wilk all phvamasbi’ntmﬁmmmg may be

separ atgy tAGL ShE AweR s Teh BGICKRASS thhs $PmBARSHng and SEHRAPEYRRL NSt EMS-

functionality. = Germaine to this. is the network model built into the NM
functionality, or according to which it is constructed. : ‘

A scenario in which an embodiment of the present invention can be

de#cribed is that of the provision of flexible bandwidth services by means of an

15 Asynchronous Transfer Mode network and these will now be described in more

detail.

20 FBS is a network service which provides.a customer with an alternative to
buying in their own hardware, .such as muitiplexors and private transmission
circuits, in order to build a corporate private network. The customer specifies
bandwidth requirements on a point-to-point basis, interfaces and time of day
requirements and the network operator provides and manages the equipment and

_25 capacity necessary to meet those requirements. The customer is able to monitor
their network and request bandwidth changes via an on-site network management
‘terminal. Additionally, billing systems for FBS are designed to give complete
flexibility to the customer in that bills can be apportioned within the customer's
organisation on a basis which the customer defines, and sent to selected

30 addresses with a regularity that the customer. wishes.

FBS is designed to be independent of the 'physical network used to
implement it. It may, for instance, use a core network of muitiplexors, fully

interconnected with dual 2Mb/s bearer circuits overlaying a network operator's



Referring to Figure 20, additional interfaces wll generally be provided
bet ween: 1) various types of managenment functionality 160 concerned
cl osel y wwovaazsi25 network itself, in this case confi gur aRCUEBISAMOt and
per f or mance managenent 1601, 1602 and 1603; i) the nore

busi ness oriented managenent funtionaliti such as planning and

accounti ng managenent 1604, 1605; 1) the custoner term nal 200; and
of course 30 t he

net wor k nanté‘ﬂg‘r@%ﬁ”q"&nc chn%I”F'i"ﬁ’/"' 28 %éeﬂ%a&l % B?ﬂqu‘?ef'ex'b"'Wet' giapce o

i ndeed net Wd@mbni/heAﬂﬁi'\Wshhmﬂﬂmk coM ool ifteftidBalNGandrds, the than
one network a es .the data and acts on it by issuing report and
~control ervice 9@/ gg mgrg onto new network technologiés as appropriate.

PCT/ GB95/ 02070  Referring to Figure 1, a basic structure for an FBS service is $Kown for a
out put s appropr| at elti{‘ . Alternatively, it may receive other inputs, such as
n

t est 5 restrmerswiththigg sites fAeBj ?"q/vp? | '&r\'ﬁ'B%éet@j?d ithatothig PRBIeUIaRA| ch

it may havesghdféidnas a sité,C6ifd B AwRich WabGifes hightyesiiigie tdecésd] ARt béiRg
response to the test request and again I'Ssue _a report appropri ately

5 rrapided Bydiverse euting Betayeen sitsB anftheeaoin FRS matwerkment (M)
functional ity — nthi &Bms@urcaaom?a E% thé nw,é‘ria dah teddhidved M th@gal ysi s

of relevant information in erms o ata inputs it receives,
wher e t hosewd¥d:a i nputs are Ioaded ‘how it '~~~ selects data |nputs fo_r

22:: z:: rsllga?ﬂew(;::}gb% tsle'oca fees SI nce %Hé%ag ég @rsnﬁﬁ’ﬁrgl’ﬁﬁ‘ﬂf’é@/’ 3” I n
det er m ni ngcustomer's site. - .
® Medium speed access - 2Mb/s local cable links plus an on-site multiplexor
which allows up to ten services to be used simultaneously.
® Low speed access - a Kilostream link providing a single service with
15 -speeds up to 64 kb/s or, with a ‘multiplexor, allowing 3 to 5 services at rates of
9.6 or 19.2 kb/s. ' '

The mhltiplexors sited on customer préiniées are part of the FBS service

and are managed by the network operator. Bandwidth is made available to
20 customer routes in a combination of three ways; '

® "24 hours" bandwidfh - speed ranging from 1.2 kBIs to 1920 kb/s

available 24 hours per day, 365 days per year. Changes to bandwidth requirements

can be made on a monthly basis.

® “Scheduled“ bandwidth - bandwidth that is switched oh and off accordiﬁg
25 toa predefined customer 's'chedtil_e. Changes to the schedule can be made on a

monthly basis. - L

® - "On demand" bandwidth - used where bandwidth requirements cannot be

spebifiéd monthly in advance. The customer ‘specifies the connectivity of the

required service, but not the times when it is required to be used The "on
30 demand” bandwidth is reques_ted via telephone, facsimile or the network

management terminal. The bandwidth will be made available within 3 hours.



10 how the network is then dealt with in terms of nonitoring and control
by the NM functionality. Germaine to this is the network nodel built
into t he WiW96/07281 f unctionality, or according to which it PET/GBYS:2070Ct ed.

A scenario in which an enbodi nent of the present invention can be
described is that of the provision of fi14exi bl e bandw dth services by neans

of an 15 Asynchronous Transfer Mde network and these w |l now be
descri bed in nor det ai I - : ,,I e dth Service
(Fog) o0 " " fhe sumcSt e, 24 oy, ssbeduie A4 Aof dapanes EeremEBRer i th

an al t er nadéfines t the bandwd‘uhn@mliembmsrdeV\éhohaﬁldéNaUﬁn St irdSrmiatiohi thexor s
“and private transm ssion der to%wldacor orate

private nelfBPL °W€t°&f§f'cﬂ'@?’"s§%ﬂﬁ T'%!;”" % ARt e avelive gt FF’é’F?Gn‘PSeW)n a

POi Nt - t 0- PWiafhavAbden, agré¥dowith €8s castembrsre of day requirements and the
networ k _operator provides and nmanages the equi pment. and 25 capacity

necessa to neet those requirenments. The custoner is able to nonitor

their network a ol changes via an on-site network : .
managenent termnal. Additionally, billing systenms for FBS are designed
to give conplete flexibility to the custoner in that bills can be

apportioned Wt fmtibg Eélﬁﬁé%@?rtra%smlssdﬂrﬂéﬂhé v.Ol A% ?h{gﬁh the

cust oner defines, and sent to sel ected ggresses W t egu arity that
the cust orfiéfviggssMéth all types of timingpsnd é’ad'é\yldg'he'aql!l@"mts.n@eﬁydmldedataof t he

physi cap r\ﬁ&é’@%!ﬁef@ﬁ‘*a&é?m le, mé%bﬁ\ﬁqﬁd ibitindddi wcLQ ! T'h@:tfa@%\gl)yss%%? a core

networ k of multi plexors i nt er connect Wth ear er
circui ts cparonghisgarg mtsmskorbmsamﬂtuyexors and swutches The concepts of

virtual paths and virtual channeis provide a mechanism for abstracting the physical '
equipment. A physical "c_ran_smission link may for instance carry two virtual paths,
each of the virtual paths carrying three virtual channels. The phyéical transmission
15 links may be, for insta:nce, synchronous di_gitaL hierarchy (SDH) or ATM carried by
passive optical nétwork (PON) links. Typical bit rates would be 2.4 Gb/s for
transmission and 40 Gb/s for switching. ‘
Due to the w_ide range of services carried, each with different quality of
. service (QOS) requirements, and the need to optimise usage of network resources, '
20 efficient traffic and QOS management controls are required. At present, the ITU
Series of recommendations has identified two types of control, namely connection
acceptance control (CAC) and source policing (SP). CAC ensures that new
connections are set up only if the network can be -expected to carry the extra -
traffic. SP mohitors network input ports to make sure that the traffic entering
25 conforms to the rates that have been agreed with the user; Violations may result
in cells being discarded or being accepted with lower priority and/or charged e_xtfa
to the customer. _ _
ATM specific maintenahé'e issﬁes are related fo source policing (SP} and
call acceptance control (CAC). The bolicing function (PF), which carries out SP, is
30 a network eleme_n_t function normally implemén_ted in hardware. If cells are
discarded .by the PF, it may be desirable to inform the user, via the Service
Management Layer (SML), of the resulting service degradation. Since the decision

on whether to info.rm the SML is made by network management, an alarm
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net wor k. SR8t wor k can be designed to provide flexibi P¢TGBIYRET | ence
and economy. As long as the multiplexors conformto international
standards, the service can be mgrat®8 onto new network technol ogi es as
appropri ate. Referring to Figure 1, a basic structure for an
FBS servi ce. | custo r Wt e B and, C It
mght be noPEEFTRLE #ilrBarim e odissled; T8 iieb e o oSt e o
requires hi gl besedvncerspecnaccaesdeﬂnémlrsthlae:usg:mer coptrast. OSichilayy €dr\GAG ecatiout i ng
bet ween site core. FBS ne rk . .In this exanple,

cust oner - acEUEHRAgnyTlbe B isAdo bR SML-aThe alewehin reipsid rate WERE e -

H gh speed 8perificsand &Mﬂea |ﬂ\ﬂ€w.d:ustﬁ‘hé|ecdritﬁkﬁ pl us a rrulti pl exor on the

cust oner' eed access - | ocal cabl e |inks

Ite
pl us an :I te nﬁqutﬁf‘%‘)&fra °°""W¥| ectet ks tepPE c?’ C JBRY;i Ee%a'-'ﬁﬁd ¥ used

st mul t aneousdiity equiprent and lcBWdSiARREe AFdRBRancedplbicbdirbs.camhd mMifagémymtdi Ng a
single service with 15 speeds up to 64 kb/s or, with a multiplexor,

al | owi ng 3 BYStemyBust desidesgn the eausgiof the conigacyvialation (it dardware faults’ or

The nmul ti pl gx@bmef hidkie OF 1 SortFERE), Bh& Bbt&storifgipart of the FBS service
and are managed bﬁ the network operator. Bandwidth is made available to 20

cust omer routes i fefarringntsl Figureod. afpretecelrefergace modek for broadbend (serMiess

bandw dt dbé%ezg})h?ﬂﬂfdﬂgwg R Opén ég&%& Ihféréca%%cé\fm&# RSI) logR4PhrcARedure?

hours per days per year. anges to uirenments can
be made on alhm lspgh kayet bas its own specific fulctions padl offgemnadefined servicedtai dt h
that is s n : p jne st oger

schedul e. C&%g%gpt%@opge sC e (asgl'c‘g% %50‘"&% Ei,g ’iﬁedef;;le'? BoibW>t AR ATM

adaptation layer (AAL) is posmoned between the ATM layer and the higher layers.
" The customer services exist in the higher Iayers. The role of the AAL is to
15 enhance the transport service provided by the ATM layer according to the
requirements of the specific customer (user) services. That is, it provides a
required timing relation between source and destination. {synchronous or
asynchronous), the bit rate (constant or variable) and the connection mode
{connection-oriented or connectionless). The AAL also provides functions for
20 segmenting service data into ATM cell size chunks for transmission over a virtual
channel and for reassembling the data at th'e destination. '

The ITU - standards body has defined 5 AAL protocol types to
accommodate a wide range of user services. AAL 1 is for isochronous, constant
bit-rate services, such as audio and video {i.e. circuit emulation). AAL 2 is for

25 isochronous variable bit-rate services, such as compressed video. AAL 3/4 is for’
variable bit-rate data. This AAL was originally two, one for connection-oriented
services (like frame relay) and one for connectionless servicee (like SMDS). It was
then realised that one AAL could cover both situations. AAL 5 is a simplified
version of AAL 3/4 which allows the transport of larger blocks of data with

30 improved error detection. Finally, where ATM layer services are sufficient for the

* user requirements, AAL O is used. -

EEATURE AGREEMENT CONCEPT



nont hl y basi s. * "On demand” bandwi dt h-- used where bandw dth

defines t he bandmi dnbbdimemisrefrrﬁret prefsent aavehtian,t therdJis migeri RitfodubédrtA@t i On,
vvork erat .rmn dlﬁnsmn the network to neet the quality of

t he

servi ce Ie Sfture Ag

"~ ATM Net Wor k Techmel Iagynodel provides a consistdn¥l dppréacticol suppERIhg! tha NEtEHase on
' ( services with all types of

It has the ability tq carr
ncbeswaaR METASEmETT e L 2 MLIVAt MAnAGRTEEt, BYStemodt AowWach,

t echnol
timng

requi rements cannot be specified nonthly in advance. The custoner

speci fi eWA¥@nnectivity of the required service, RATGRASOIB tines
when it is required to be used. The "on 30 denmand"” bandw dth is requested
-via tel ephone, facsimle or the networKé management termnal. The
bandwi dth will be nade avail able within 3 hours. WD 96/ 07281
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The sum of the "24 hour", "schedul ed" ‘and "on demand" bandw dt hs

&°BE

agreed with the custoners. 5

facsi m | e, mamdgeant taydn to Brovide® ParticuRk VAdWE of s d8pELCofiY Sofaln in a

conponents are transnission |jinks, nmultiplexors and switches. The concepts

of vifofmal whichnis undarsiandahls| by ﬁ&ﬁﬁ@cgmphaw dEorexammanthenngtyork

abst ract i ngntdevieR¥d ibyahe serviceSfbhdydRizht sﬁt&hya%' §§$t 6fr&1?§/m|§éa&aamhé§'k may

-for instance carry two virtual paths, each of the virtual paths
carrying tiepmmoniy caliad Srtwork| teatura®) Whiehi darm tthe reampeseets from which

10

15

20

25

30

services are built. The network features can be independent of the network

technology or equipment vendor.

The basic components of the FA model are the following managed object
classes. These classes may be divided into subclasses for specific networks or

services.

i) Eeature

The class describes in abstract terms: a component of technology or
functionality being provided at a management interface. At the customer/SML
interface, the service supplied to the customer may comprise one or more features
{or subclass service feature). Note, a service feature may be a service
management capability available to the customer. At the SML/NML interface, the

feature will represent network technology or network functionality that 'supports

. the service features. These features are network features. One or more standard

managed objects can be used to represent a featu_re if suitable classes already

exist.

i)  Profile . _
A profile describes how a feature is supported in terms. of management,
such as maintenance, provision or billing, and performance/quality of service

requirements. There is no functionality associated with a profile. which only

~ contains information.

q



15 links may be, for instance, synchronous digital hierarchy (SDH) or ATM
carried by passive optical network (PON) links. Typical bit rates would
be 2.4 GbMOH7281  transmi ssion and 40 Gb/s for swi tchi ngPCT/GBISIO2070 ye
to the wi de range of services carried, each with different quality of
service (Q0S) requirenents, and the needﬂo opti m se usage of network
resources, 20 efficient traffic and QOS managenent controls are required.

At present, the I; '|')U mggg_ﬁi&ﬁén&fmrecommndat ions has identified two types
of control, narrely conn acceptance control (CAC) and source
policing (SP). CAK featsita egrebimatt associates tnamestvilitmmaapmﬁmuhap amnty bef the
net wor k can_h C h tra I tors network
i nput port Saqp%eﬁﬂﬁe ésrﬁﬁg't ﬁhe ‘?Jrf% Ig"t ‘F%‘é e ofthas aﬁ%e%nt ?Ef’ (?rsﬁ%c'ﬁt!?”t ife .
rates that thavall hbeprcd@fsemblwwd bl tlhaefeaaﬂes réferoédito by shatefgatues dgreement.i N

cell s being.di scarded accepted with | ower rit nd/ or ar ged
extra ' { geRINEINg,, .n?erpa%e, the 'cus ORI TBY RS |t'3§r$é\??lnt g’%%*ﬁ%’e"f"%?]’ s are

rel ated to Gputates aal muagc(nﬁeaneam} anotheglsysar &t edtitg GG Ik fdafish. The
policing function (PF), which carries out SP, is 30 a network el enent

function nof¥BPP§ " npl enented in hardware. |f cells are di scarded by

the PF, it may belt diGS 6stitie foP 4 Nfe@iund tdiRedmidrit, to/isiphbie HCr WahRfto-many
Management Layer of the resulting service degradation. Since the

decision e %W"ﬁmﬁttﬁé‘f’e?'bfqaﬁ'*"ﬁf @ng EoTlgs byt "Fni% pf?feﬂ'e?%?qé"ﬁﬁhaﬁj‘eﬂbnt an

alarm 10 to-al¥RiathéH g Bas. been .adopted. : :
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indication or fault report may need to be issued. The threshold for

di scarded cells Mi&%%@ﬂ%mmlflc as defined in the custoner
contract. Simlarly for ca

A service customer contract is the contract which covers the overall
agreement between a network operator and a customer. It is only used at the
15 customer/SML interface. The service customer contract (SCC) will refer to profiles

which cover all the services, for example integrated billing requirements.

Referring to Figure 3, a framework for constructing models, in this case at
the customer/SML interface, can be expressed-as an entity-relationship diagram.
20 The SCC 30 refers to all the services for a customer-31‘ The SCC may be
composed of a number of sub-contracts. Each service is represented by a service
FA 32 which is composed of a number of service features 33 and managed
according to the profile 34 for that FA. The FAs 32 may be composed of a
number of simpler services and therefore a FA 32 can refer to other FAs, via the
25 related FAs relation 35. Where a service feature 33 is supported by a network
feature, that service FA 32 can refer to the rietwork FA 36 covering the supporting
network feature. Where the same types of profile are referred to by the SCC 30
and. FAs 32, the FA profile will take precedence. If possible, this should be
avoided. _
30 , Referring the Figure 4, a modelling framework for the SML/NML interface
introduces the network features 47 and related profiles 48. Each network FA 36
points to these network features 47 and the relevant profiles 48 define how the

features should be managed, or perform. Network features 47 may be composed



rejection nmust be notified to the SM.. The all owable rejection rate wll be
service specific and defined in the custonmer contract. 5

Vi ol ati orYé0 0738k ont ract detected by the PF or CAC may bePCHGB¥WM209p

faulty equi prment and could initiate maintenance procedures. The nmanagenent
system nmust deci de on the cause of the t&ntract violation (i.e. hardware
faults or custoner msuse of the contract), and act accordingly.

pased on_ APt EeRorCBRRke 80l s r BT niEk FAG 0 b rerebgpaaper

ar chi t ect unetwork FAlser ei n eac_h | ayer has |ts ovvn speC| fic functions and

offers a defined service to the | ayer above, using the service provided
by the | ayer bel ow. An ATM adapt at| on Iayer (AAL) is positioned

bet vveen t he ATM Applize ‘ . Y ©irS The customer services

exi st the hi g‘gefr Iayer hf e AAL is to 15 enhance the
trans po servi ceS'BIHdi t(?edgfﬁ‘? h'é’e m‘? gpn a’Ecﬁﬂpﬂ?‘f]&’ {PHVatgecircuits to

requi rerTEnH@fuﬁf thé16viepe6f fthe Srivated MBicuits SBEY &5 Ne¥WEIRS provideadt td Sanother
provi des a uired timng relation between source and destination

(synchronoﬁ'@"?ﬁemg‘ts&%’?ﬁbhronous) the bit rate (constant or vari abl e) and

the connection nTKife is oné HRENEK! featur@5efrel pAvate AifkGk! THE 1ESEle SEHF
al so provides functions for 20 segnenting service data into ATM cel | si ze

chunks f or cqPRAseH; ef<GiaiFes paat exist 'Ptt!}a|c0rresmmm@¢tmﬂa operatarisaNetwyaski ng t he
data at1g h@iodeist TRéldldd8es are the SubnetwdHE CbAhbctioA R ﬁé RO Netdfk H&jdined S
AAL prot ocol types _to accommodate a w de range of user services. AAL 1
is for i soepnnesHaR TeppingtiemPoint 52y Figuret & sbewsihowe these e aseditalirecossid vi deo
(1.e. Circiglfeaid %bﬁﬁgttonAAAs %Hbﬁmf tHe 8\3\/%& %98 {?&QH% 864 {’lgfl% %y rate
ser VI ces, such as conpressed vari a rate
data. Thi sthadD ofdhe eir¢uit that jtyepresentsne f or connectl on-orient ed servi ces

~(like frane rel apma@dc..gg\ﬁsfwm q,gogesésbgg{egsz,@ﬁéV'méh(gé{%gi“’ga%ged It was

then realised that one coul d cover i ons

=.. si npl i fliSedapproprigtelyi dhe dollosying subriagses bf alprafiles clasecam bmegmic t of | ar ger
.. blocks of data with 30 inproved error detection. Finally, where ATM | ayer

services are sufficient for the = user requirenents, AAL O is used.
Private Circuit Availability Profile

. Defines the availability of the private circuit and the conditions under
which the availability requirement is broken. Two attributes are defined,
20 o availabilityFigure
Defines the percentage of time that the circuit must be available.
® breakConditions ' _
Defines the alarm types and severities which break the availability
requirement. -
25 _
Private Circuit Maintenance Profile
Defines thé maintenance requirements_for the private circuit, including

when cover is required and response times. The attributes are,

® maintenanceCover
30 : In terms of hours of day, days of week, and any exclusions.
° responseTime

The time by which action must be taken once a fault has been confirmed.

® window
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I n enbodi 5??@9%‘1‘ the present invention, there is then mtﬁ%ﬁ%ﬁ?@’azwﬁe
"Feature Agreenent" (FA) concept. The FA nodel provides a
consi stent approach to supporting the i fPerface 5 between managemnent

| ayers of a network nanagenent system It allows. a management |ayer to

provide a particWeliney tiifbs 8GRy ﬂﬁ@ﬁ%alﬁfenhﬁ& SQRien rhé'{/ Be carried QL{TAL
whi ch is understandabl e by an adjacent |ayer. For exanple, the network

can be viewed by the service managenent system as a set of network

capabilities PeivB{0GiRdult Replohtiify PYafilgor k features) which formthe
conmponents from which 10 services are built. The network features can be

i ndependent of t IRefines wdrek '"fOfmat@tﬂtﬁf@Nlﬂgbe mpoéfqdi pinere: it\sbovldrbe reported
The basig_cerAHabS wibt Lo 1 thodHsa, e ébtq:iu% gg, managed obj ect

cl asses. These classes nay I vi de asses for speC|f|c net wor ks
ofF 1 5 servces. report i) Feature

The information which must reported to each target system.
® reportConditions
The conditions under which a report is sent.
10
_ Referring to Figure 6, the feat_ufe agreement for a private circuit is the
privateCircuitFeatureAgreement. The relatedFeatures attribute is restricted to
point to instances 61 of the subnetworkConnection class. The relatedProfiles
attribute is restricted to point to instances 62 of the three profiles explained above.
156 - The FA model as described above is only being applied to a relatively
simple situation. If the FA modelling approach is to be used more widely and for
networks and services other than private circuits, then the limitations of the
approach need to be understood and any enhancemenis identified (for example,
new types of relationships or attributes which have not been identified yet, or
20 particular constraints on relationships and attributes). The followir;g are issues
which need to be considered when modelling more advanced networks and
services such as ATM networks and FBS.

\dentificati f foat
25 - There are likely to be many ways in which a complex service éuch as
FBS, or networks such as ATM, can be described and heﬁce-alternati_ve features
may_be possible, within the overall const_raint of a feature agreement approach.
Ideally, a specific model would be generated automatically from a standard service

and network specification.

30

Reuse of features
As more services and networks are modelled, it is likely that features may
‘be common to more than one service or network. These should be recorded in a



The cl ass describes in abstract ternms a conponent of technol ogy or
functionality being provided at a managenent interface. At the custoner/SM
20 i nt er Mmes/07e81c servi ce supplied to the customer nay cONIVGBIS/O207@ Or NOre

features (or subclass service feature). Note, a service feature may be
a service managenment capability avad able to the custoner. At the
SML/NM. interface, the feature wll represent network technol ogy or

network functionality that supports .the service features. These
f eat ur es a&&“ﬂ%mké/'\aégﬁﬁ%@.t%@?erewew gthet nedaleq Similanfeatises shewdt s can
be used t obd pRydeRENln & ERWfakWay fan8 Uvhér! Sosslohs 9C81add hidaléhy shofildl BE -

i) Profile .. A profile describes how a. feature I's supported in
terns of reARaHURReAto fagilitatpieus® mai nt enance, provision or billing, and
performance/ quality of service requirements. There is no functionality |
associated with a profile which only contains information. WO
96/ 07289 Related features ' -

PCT/ GB95/ 02070 Eor complete management of ?dvanced networks and services: it js Iikefly ;
iii) Feature agreenent : A feature agreenent associ ates features

Wi th the peobel escessaty deereptesgot relatignghipe cbetweemefeatures tdte thar samail ar
R e e e R
Dependi ng kmowt hewi oniecfeature aftegts anathemteaturayn bealerte I@Mlise dadtshier caret wor k
10 out pro-active fault management. Use can be made of the relatedFAs pointer (see
Figure 4) or alternatively a separate relationship object. This information might not
however be required to be represented using the FA concept. . ‘
Another intra management layer relationship exists due to the fact that
service features may cémbine to form a higher level feature, which in turn may be
15 part of an even higher level feature. To accommodate this structure a hierarchy
mechanism is required. These relationships may requife attribute extensions to

~ class definitions in the FA model.

20 For services which are in fact a family of services, it may be convenient to

manage the family as a group.

Services as groups of services
Complex services such as FBS are formed from sub-services grouped
25 together to for.m the whole service. For example, a service might actually comprise
* a collection of products including network services (calling line identity, network
speed calling, time of day routing, etc.), switched data, leased liﬁes énd Calistream
services. 'The ‘component services should be modelled so that the customer sees
the group of services as a single service.
30
Customer management functionality



operator, an actual custoner or another systemor entity using the feature
agreenent . It is possible for a feature agreenent to support a
many- t o- ni¥H/96/07281r e| at i onshi p between features and profi | eBCHEBIS/2070t he
present enbodinment, an all- 10 to-all relationship has been adopted.

~iv) Service Custoner Contract 21 A service custoner contract is
the contract which covers the overal | agreerrent bet ween a network

operator and a c torrer [ nl customer/SlVL | nterface.
The service custo c??ﬁ‘(' %ﬁ:t '"(3@683 :EESP ‘%E’f’\é tﬁ?ocﬂ"‘f’th"ief gsome degrge: 1ptcoyer
all the serMhﬁ@gamémrcoaﬁarrata thefra@rated Mhid hianggdment faBiINB N isSpart of the

Referring to Fi framework for constructing nodels, in this case at

the cust omefs™y ﬂf'é‘?’?%&%"e*t?éﬁ%?é repissented in the B adel t y-rel ati onshi p

di agram 20 : The SCC 30 refers to all .the services for a custoner
31 The SCC may be conposed of a nunber of sub-contracts. Each service
is repredented bM@-ﬁ&@mﬂﬂ FA 32.which is conposed of a nunber of
service features Ryl anan%@% for smeésdlsnehtsstm nfot.bh.ﬁc%yf %ortehat
FA. The FAs 32 may be conposed of a nber of si er services and

t her ef or e acEppiTAted:than dragdjtional '9@%&""#/@”'%561 T'?ﬂafazﬁlt'eii areasesn gsApantadfat i on
35. Wiere esreY\hEéaarﬁc?%k‘{Be dbifegSuUpported by a network . feature, that
service FA can refer to the network FA 36 covering t he supporting
network feature. \Were the same types of profile are referred to by the SCC
30 . FAS 3gandibe sbrdicBE S Stvibrks sdbiice precedence. |f possible, this
shoul d be avol ded. rr1ing the Figure 4, a nodelling
framework for theTIﬂvr_dlaﬂMnshlps drefweean networktanddsereises lier leasawlihe Seviceses 47
and rel ated_pr C t k FAE to these networ
features 47ar§n Tat“ gl§'r e'I% I\?E%t n’ﬁ?g'f'}‘\% 5 °"r?8p€8'"°? ﬁﬁ mappf'@a?%?"«fgnshoul d
be managed, netwoplerdndr serviset featured emtbaseally!lbna’-agr-obe. c6oposared sophisticated

services such as FBS, this mapping is considerably more complicated. A
15 .framework for defining and representing the relationship information must be
developed that meets all the requirements of the management functions, including
message passing {such as broken feature impact reporting and test actions) and
event/alarm propagation. The FA model includes relationship objects to support "
this. ‘The framework developed must be consistent and suitably flexible to cater
20 for all current and future networks and services.
in addition to the mar.iping of network and service entities, there is also
the issue of mapping management information, such as alarms, test results, fault
and performance reports, configuration requests, etc, into terms that both
management layers can understand. This becomes increasingly difficuit as
25 ‘services become more independent from the network supporting them. It is
unciear which part of the management system should be responsible for cérrying
out the mapping. '
For fault and test management, the behaviour of networks and services
under fault conditions must be understood. A "Broken Features Database” (BFDB)
30 can be used to support fault management at the SML/network control layer {NCL)
interface for private circuits, using the FA modelling concept. A broken feature is
a feature which is unable to function corre’ctly' due to some problem. A BFDB is a

store of service affecting broken network features.
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si npl er WO9687281f eat ures and therefore the network FAs 3@®@CR#GBS/EZ02¢ t O

ot her net wor k FAs. Application of FA Mddel to Private
Crcuits 5 Referring to Figuk2e 5, the.FA nodel can be applied to

private circuits to
net wor k provi de

f Th
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orwards
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broken then the new break is logged and an impact Report is sent to the SML..

The BFDB can also handle queries from another system, such as an. event and test

_management system (ETMS), regarding the fauits currently logged against a

broken feature.

If the BFDB is extended to services other than private circuits then the

following issues would need to be covered:

o Identification of how features can break _

For new services and networks it may be difficult to acquire information
on how features can break. For services, the criteria will be based on quality of
service agreements between the network operator and the customer. However, if
the break is due to a network problem it will be necessary to derive how the

network failure affects the service feature. Network performance will exist over a

define the view of the private circuits that a
ere is

iGtaH ' S

t he

ity

Def [ nes

wide range of levels and this. information must be translated into terms which are -

meaningful at the service level so that the impact on the service can be
determined. The impact of network performance degradation will be service

dependent. For exahpte, a loss of a few ATM cells is unlikely to affect a voice

" service but is unacceptable for a data service which has no error detection and

correction facilities. _
For new network technologies the way in which their features can break
may be difficult to determine because the actual problems that manifest

themselves will be based on the reliability of the physical resources. The reliability

~can only be determined by observation over time.



* br eakCondi ti ons Defines the-alarmtypes and severities
whi ch break the availability requi rement. 25 Private
Circuit Mwowemizsice Profile Defi nes the nmai nt EMCKIGBIS/02070

requi renents for the private circuit, including when cover is required
and response tines. The attributes are, 23 * mai.nt enanceCover 30

In terns of hours of day, days of week, and any excl usions. *

responseTi e The tipe Pey whi ch action pust be taken once a
fault has been coftf PetyaIk or service featurg; tRibRise break dys 4@ fguhigor usage

PCT/ GB95/ 02rdBlems in other parts of the network. For services unwanted featurel fhteractions
Defines the tinmes during which maintenance activities may be carried out.

Private Cir @3 Piblegt-tRapticutarlysfor advanced network sefvigesnes what i nf or mati on
shoul d be reported, where it should be reported 5 to and under what
conditions it is reported. The attributes are, o report The
i nf or mat i Dn® widentifieation of how: broken features affaetethexioatuses *

report Condi ti ons Eor giadi3isC A plo-Aitfve Y0 maMAEReRt R SRS be iuiefP know
how the effects of a broken feature propagate within the management layer and

across management interfaces.

10 e Automatic or manual detection

It is important for an automatic fault and test management capability to
know which features can be detected as broken automatically and which features
require manual actions to determine their state.

For automatic detection of broken network features, hardware and/or

15 software for recognising abnormal operating condition(s) is{are) required.

Even if network resources do not have associated automatic fault
detection = facilities, the management system may. stil be able to detect
unmonitored features by reasoning with the alarms from other parts of the
network.

20

EEATURE AGREEMENT MODELS FOR FBS AND ATM
This section describes FA models for FBS and ATM. Emphasis is placed on
25 those FA classes which are important or specific to the service of network. All
classes wi'll have an .identity attribute. This attribute is not shown.
The following profiles are general and listed here for completéneés. It should be
noted however this list itself is not compiete. Also, in practice, there may be some
overlap between the scopes of the profiles.
30 _
o availabilityProfile

® provisionProfile

® maintenanceProfile



10 Referring to Figure 6, the feature agreenent for a private

circuit is the privateC rcuitFeatureAgreenent. The rel atedFeatures
attributwaes/om®tricted to point to instances 61 of tRCI/GBIS/02070
subnet wor kConnection class. The rel atedProfiles attribute is restricted

to point to instances 62 of the.three Rdofiles explai ned above. 15

The FA nodel as described above is only being applied to a relatively

si npl e si t‘Jati o] 'r'fk‘i];\ [;rhﬁleFA nodel | i ng approach is to be used nore widely
and for net WOI'KSZand °ser vi ces ot her t han private circuits, then the
limtati one of ftréportingPrafilpr oach need to be understood and any enhancenents
identified (for exanple, . nhew types of relationships or attributes which
have not H®en i ®EAPIMINCEPEPEle o 20 particul ar constraints on rel ationships

and attrikgtes) -pEWﬁofilQ'(ﬁlQMﬂé&ger%Fr%eiiﬁéW?J?ks profitéfi ch need to be considered
when nodel I i ng nore advanced networ ks™ and .

and FBS5 @ qOSProfile [qiwlityi dfi serdi¢eoprofife) f eat ur es 25 3 There are
likely to be man S 4 N.whi ch a conpl ex -service such as FBS, or
net wor ks s‘tjch ag‘wr‘%‘é{ﬁf"ﬁe descri bed and hence alternative features

may. be passi bl ailingPrdtile t he overal | constraint of a feature agreenent

appr oach. | deal |y, a specific nodel would be generated automatically
froma standard service and network specification. 30 ' Reuse
of features ATURE AGREENIENT B g OFOR fBS networ ks are nodelled, it is
likely that features may be common to nore than one service or networKk.

These dfoul d be recorded in a
The following describes the features, profiles and feature agreements for

FBS. - - | | | - q

15 '

routefeature
The routeFeature class represents a connection between two customer sites. It

has attributes which point to A and B ends of the connection. The attributes are,
® ‘aEnd
20 Points to the A end nodeFeature of the connection.
° bEnd .
Points to the B end nodeFeature of the connection.

25 The nodeFeature class represents a termination point for one dr more
circuits (routes) at a customer site. its attributes are,
® - address |
Address of the cdstomer site. (Alternatively, there could be a class
representing a customer site. This could be useful in the cases where there are
30 many nodes at one site. The address of all the nodes on the same site would then
point to the site object representing that site.)
® location
The physical location of the node within the customer site'.

servi ces such as ATM net wor ks ~
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format whwdwedn2sil es themto be reused in other nodels. SiRGTVGBISIOAOUr es
shoul d be nodelled in a simlar way and where possible a cl ass

hi erarchy shoul d be constructed to dmcilitate reuse. 5

Rel ated features For conpl ete managenent of advanced networ ks
-and services, it is likely to be necessary to represent relationships
bet ween features at the sane - nmanagenment |ayer. For exanple, for fault
managenent of netspvikeMbhadefentiis know how one feature affects

anot her feature |n order to Iocallse faults to carry 10 out- pro-active
fault managenent . ATRE A heEBSHeRVicss cysiemers ysuali-have the pptipn of seanaging

Figure 4) oeereélﬁ sPédts 6| the SsePRBE tiRérsdl s The NsehliBe M dgfe nentrdaturt HigsMat i on
m ght not however be required to be represented using the FA concept.
Anot her 5t feRresEAtSgR FRTYICE MpRagemant CARSRilY pvaliable to theecyssompe There amgat

service fealidctss or“e‘agﬁ)b&ﬂabﬁl y,fé¥1*3h6’w§" gher level feature, which in turn
may be 15 part of an even higher |evel feature. To acconmpdate this

structure a hierarchy mechanismis required. These rel ati onshi ps may
require attribute s to class definitions in the FA nodel.
Service famlies sztngs?Qach&n For services which are in fact a famly of

services, it my Dés eaturerprovides 8 graphicahnieyeot the dustirher’ saeetavcgk amparms
Ser vi T i ot e’ '%Ecé’ss ﬁ&ie‘é' s J fojutes between P! Shicte’ dHahi§ss i indi2adeBS 21 e

fo from sub-services
alarms on routes and trouble ticket details can be viewed. The customer can view

textual details of routes and nodes by selecting (eg clicking on) the appropriate
graphical object.
serviceChangeFeature
15 The customer is able to make requests to change the service in some way.
' The changes include requests for bandwidth. (24 Hour, on-demand and séheduled)
and for configuration of routes (existing and new). The customer is able to receive
regular progress reports. |
serviceTestFeature _
20 .. This feature enables the customer to request parts of the service to be .
tested and results of the test to be received. '
problemReportingFeature _
This feature enables the customer to report problems to the network
operator. ;
25 onLinéBiIIingFeature _

Billing information is made available to the customer on-line.
EBS Profiles
30 accessProfile .

The accessProfile class is associated with the nodeFeature class only. It

describes the characteristics required of a node's access to the FBS service and



25 together to formthe whole service. For exanple, a service m ght

actual ly conprise a collection of products including network services
(cal | i ngwbisse728tlent i ty, network speed calling, tinme etrdsyseouing,
etc.), switched data, |eased lines and Call stream servi.ces. The
conponent services should be nodel |l ed sg that the custoner sees t he
group of services as a single service. 30 : Cust onmer managenent
functionality WO 96/ 07281

PCT/ GB95/ o¥\g/panagement actions that should take place if these requirements are not met.

Sone ser Vi pgsatiisuteslbeg FBS, allow the custoner sonme degree of
managenent control over their service. This managenent facility is part of

t he sePvi ce resilienteer ef ore needs to be represented in the FA nodel.
Tariffing and bigdd Tariffing and billing for services such
as FBS is signi féégai?\t ?/r rr'%rrngl conplicated than traditional |eased |ine
service$. ®he fx=pekdties are seen as part of - the service and nust be

nmodel | ed. 10 . Mappj. services and networks together
The rel ati onshi f€h&PeHYA #Hﬂgr k and services for |eased |ine services

“are relatively sinple to nodel using the FA concept since the mapping
bet ween . .
bandwidthProfile
The bandwidthProfile class is associated with the routeFeature class only.
10 The attributes of the bandwidthProfile class describe the capacity required by the
customer for a particular route and the management actions that should take place

should these requirements not be met. The attributes are,

® 24Hour
The minimum bandwidth required at any time.
15 © scheduled '

The bandwidth above the 24 Hour requirement with time and dates for
when required. '
) onDemand
The bandwidth required as soon as possible, but within 3 hours, ffom the
20 time the request is made. ' Includes the period over which the bandwidth is

required.

There - will be - a relationship between the accessProfiles and the
bandwidthPro-files in terms of a constraint on the capacities specified in the

25 bandwidthProfiles. The total capacities specified in the brofiles for routes
terminating on a particular node must not be greater than that specified in the

accessProfile for that node.

. » [! ! . IE tnl
30 For each of the serviceMahagementFeatures there is '‘a corresponding
profile which describes how the serviceManagementFeature is managed. The

profile will include cus’tor_n'er preferences and expected performances (for example,

response times following a request).



‘network and service features is basically one-to-one. For nore

sophi sti cat ed services such as FBS, this mapping i s consi derabl% nor e
conpl i cat WP 96M0Z28L 5 franework for defining and representi fFYERIS02070
relationship information nust be devel oped that neets all the

requi rements of the managenent function£7 including message passing
(such as broken feature inpact reporting and test actions) and '
event/al arm propagation. The FA nodel includes relationship objects to
support this. The framework devel oped nust be consistent and suitably
flexible to cat emilldipFrofileal | current and future networks and services.

ddi ti |1 f. Kk d ntiti h ' |
the i ssue of mapheio nAp aRutEs WGl AR Al iodRe e KlfouBel <

faul t aofcthe eiliingPrafile are; eports, configuration requests, etc, into terns
that both manaﬁgemanb Iaggers can understand. This becones increasingly
difficul® &% 25 ¢aHoRUE B come nore i ndependent from the network

supporti.ng them pédfines how thé!tebRabrehligedtddatd 19 cif@niBRRaBERiRt GHEL em
shoul d be responsible for carrying out the mappi ng. For

fault and t'BShdesparpe AndhpddresiofRassansdarrecivatheiscs and servi ces under
fault condigions ggixbndye understood. A "Broken Features Database” (BFDB) 30
can be used to support fault managenent at the SM./network control |ayer
( NCL) i nt er f Fither monthty omguarterlycui ts, using the FA nodel ling concept. A
broken f.eatdire i s eature which is unable to function correctly due
to some@ro l-em dﬂygﬂggn{hs a store of service affecting broken network
features. The\Wlay 33 /tbg Atdbth on which the bill is sent.
- PCT/ GB95/ 02‘)70 . 22
_ media L _
The media by which bi_Ils are presented to the customer (disk, magnetic

tape, EDI, on-line) '
15 . Note that there will be a constraint between the value of the media

attribute and the service management features present. That is, there must be an

onlLineBillingFeature present if the\)alue of the media attribute is 'on-line’.

i#finaProfil

20 FBS has a flexible tariffing structure covering set-up charges, annual
charges and bandwidth charées‘. The tariffingProfile providés details of the
charges. Attributes of the tariffingProfile are,
® setUpCharges

Specifies the charges for setting up links to the core FBS network and for

_25 customer interfaces {Service Access Points; SAPs). ‘
® annualCharges _ _

Specifie_s the annual charges for the links to the core FBS network and for
customer interfaces (SAPs). -
. bandwidthCharges |

30 S'pecifieslthe rates for each type of baridwidth (i.e 24 Hour, Scheduled and
On-Demand) in terms of pence per hour per kilometre. - '
® preProvisioningCharges

Specifies the charges for pr&-pfovi'sioning links, interfaces and bandwidth.



The BFDB provides the neans of reporting network faults to the SM.

When a fault occurs on a private circuit (a Megastreamcircuit, for

exanpl e) w09607281 al armis received by an Al arm Col | ecti onpiivgiedigdesd f or
the circuit. The ACU determ nes information about the fault (Crcuit

| D, equipnent 1D, alarmtype, etc) 5 ognd forwards this information to
the 'BFDB in the formof a Feature Affecting - Report (FAR). The BFDB
.checks to see if the received fault breaks the feature by conparing it
with the FA® avai dissPntOptionsfi|le. If it does break the feature then it

o Togged - aghrams TedbfuRn® el BR0 RoRiRfy ohlnk lenbh @SR { e

is | ogged agai nst the break an _ |on
feature i s®ot abeWipPhargeOptionken t hen the new break is logged and an

{1 om anot her  sysPBRe, DRWdhe Koty Ghargel fayCps sevost 240 she e Y iem

(ETMS) , Begantdactg the faults currently | ogged agai nst a’ br oken

feature. 15 - If the BFDB is extended to services other than

private circuits then the follow ng i ssues would need to be covered:

* ldentificati ongOBPhite f eat ures can break: : For new services

and networks it ga%nﬁbe dlffl ult to acquire information 20 on how features
S

can break. For ERsion; HE mange | '§ F?“’% PagBdenitend ibagisof The

ser Vi ce aghhaBirehfenie ahe lrdele afetspbdikied A BHeOGOBPRIIC AHABRER of {HRVEVET,
{&e Brgqlmelfs due to a network problemit will be necessary to derive

howthe 9ORELNME Ref ai | ure affects the service feature. Network

per for mance Birbd Fre« Setorfeld REFS) wi de range of levels and this information

must be translated into terns which are 25 neaningful at the service |evel

so that the inpathe Perqentagecot, seconds fusipg transgussionitesss). esthedingnsat tofof ‘

net wor k pegérorc@%ﬁsdéieﬂma{ﬁaa.t%us J?@t:%ﬁ%o}‘-ltfe% Tar étepwg {. For exanple,

aloss of afewAIMcells is unlikely to affect a v I ce service but is
unaccept abP eSevarely Egored Segopds {SEHi ch has no error detection and

correctygn facilyiid Bércentage of seconds during transmission in which the bit error rate
is greater than 103, Target <0.05%. .
e Network Added Delay (NAD)
The round trip delay measured at the SAPs for one bit. Target < 24ms.

20 ilabilitvProfil
The availabilityProfile.class specifies the percentage time that the service
is available to the customer. The figuré is for each individual transmission (that is,
for each scheduled or on-demand session). Attributes of the availabilityProfile are
e availabilityFigure
25 For FBS, the availability figure is 99.85%
e breakConditions

To be deterhined.

Mai Profil
30 This profile describes the performance targets for restdring the FBS service

after a fault. The attributes cover targets for automatic and manual restoration.

The following attribute covers automatic restoration;



30 For new network technol ogies the way in which their features
can break may be difficult to determ ne because the actual problens
t hat mani fR¥@P6/07281 t hensel ves wi |l | be based on the reliabil PEYGBISAE
physi cal resources. The reliability can only be determ ned by

. Oobservation over tine. WO 96/ 0728129

PCT/ GB95/ 02070 23

A network of ﬁé‘?‘%ﬁ"r@{sgﬁ%#g'f’kﬁgn al so break due to faults or usage

problens in o networ k. For services unwanted feature

i nteractions. Wherea aptopiitienyestoration Uik apbgsitie)r tivel iamnee tis "Re¥OthansSapVi ces.
5 * ldentification of how broken features affect other features _

For di agnosfesmﬂﬂ‘ﬁ pro-active fault managenent it nay be useful to know
how t he effects of a broken feature propagate within the nanagenent | ayer
and cross, managenent i nterfaces. 10 * Automatic or manual detection
It is i rr%’orf%@"f’m’%a?f" Sheaves maRypkrest9retioBst  management capability to
know whi ch § epluliLésatiesrfimee det ected as broken automatically and which
features require manual actions to determine their state.

For autonatic detEtamaximym HmglenPreuingind lecating adault i 3@ wirteand/ or 15
software foé émfm@rossited abnornmal operating conditions is(are) required.

The engineer must be on site within 2 Hours.
10 e repairTime

The maximum time to carry out the repair is 1 Hour.

EBS Feature Agreements
- This section describes the feature agreement subclasses that have been
15 identified for the FBS service. The relationships to the associated feature and
profile classes are given.
® routeFA
Figure 7 shows the Feature Agreement model 70 for a FBS route.
The atEnd and bEnd attributes of the routeFeature 71 point to the
20 appropriate nodeFeature objects that terminate the route.
o nodeFA .
Figure 8i shows the Featurs Agreement model 80 for a FBS node.
® - serviceManagementFA
Referfing to Figure 8ii, the serviceManagementFA class 81 associates the
25 serviceManagementFeature classes with the appropriate serviceManagementProfile

82. There are subclasses for each of the types of service management

capabilities.
® - customerManagementFA
Figure 8ii illustrates the classes and relationships for the

30 customerManagementFA class 83. This class represents the total service
management capability avaiiable to the particular customer.
N fBSFA



Even if network resources do not have associ ated automatic fault

detection facilities, the managenent system nmay still be able to detect
unnoni t oweddéorasiur es by reasoning with the al arns from oPG&FiIGBI&P2030 of t he
network. 20 . FEATURE AGREEMENT MODELS FOR FBS AND ATM

This section describes FA nodels for FB8 and ATM Enphasis is placed on 25
t hose FA cl asses V\/ni ch are inportant or specific to the service or network.

Al l cl asses i have an_ i den tt tr|bute|s not
shown. The 1F | f%&]" %wﬁ‘fso?"l I'E%éeé&% ﬁ'grfeqsb ?e“él'ﬁa Ih'lh§t pervicesqap be
conpl et eneeﬁresdr&eds hoal abilbetion. of raoteepl ndsuweamrcdsturﬁeﬂ msﬁagehﬁai tapdbilitp!
conpl et e. erl ap between the

y
scopes of TthﬁéBﬁlr:‘ﬁch%ég“ rgeresents,\t‘;e FB8 sﬁ%ﬁﬁ a"fﬂq 'lelf’;'/ﬂ‘:&sl tgnbute peints to
provi si onkr@kédtlre agreéments 85 B iepretaRtitYy Bid toRites and nodé@&ﬁé&?r?ggﬂhe
PCT/ GB95/ 02070 *
tariffiPhgPBSrsardce. The number of routes and nodes will be customer dependent The
fBSFA class 84 will have profiies 87 associated with it which apply to the service
as a whole, for example, a billing profile. Each routeFA 85 or nodeFA 86 will have
profiles specific to themselves.
An example of a particular FBS service will be given below, under the

10 heading "A Complete Modelling Example”.
EEABLBE_AEBEEM_ENJ'_MQQELEQ.B_AIM

. The key characteristics of an ATM network are to do with virtual paths,
15 virtual channels and adaptation. The following section describes the features,

profiles and feature agreements that have been identified for ATM network

technology.

ATM Features
20
vPTrail -

The vPTrail represents a permanent or semi-permanent unidirectional route
across the network such as a bearer circuit. It corresponds te an ATM virtual path
(VP). It is.a subclass of the generic trail managed object class defined in the BT

25 Network Model. The attributes are,

o a-TP o _
Points to the a end termination point of the VP.
e . z-TP

Points to the z end termination point of the VP.

30
vCTrail
The vCTrail represents an on-demand or semi-permanent_ unidirectional

route across the network, such as an individual cali. It corresponds to an ATM



* reportingProfile * per formanceProfil e *

pEWProfile (planned engi neering works profile) 5 * gqOSProfil e
(quality WD9%®@T281ce profile) * moni t or i ngPr of i | #CT/GBISH2070
billingProfile FEATURE AGREEMENT MODEL FOR FBS 10

The follow ng describes the features, pB8files and feature agreenents for
FBS. FBS Features 15- rout eFeature . The

b I
nas ot 11 boPS AREnRdRYERT Y 3o B SRRTEEorce JFntRE et Rt Shippsonss |

attri but es defieed in the’BT NetwoakEMbd2eD The attributefParent s to t he A end nodeFeat ure

of the connecti on. * bEnd . Points to the B end
nodeFeat ur € of t I‘?eTPconnect ion. = nodeFeat ure 25 The
nodeFeat ur e cl as PointPtcthe A shdefnsih@lichaidirtibftRe WL, f or one or nore -
circuits_(routes) at a custoner site. Its attributes are, *

address 5 @ z-TP Address of the custoner site. (Aternatively, there

coul d be a cl ass pyints {oe@,gqsg,gttémnﬁ,&,%,grgmhévte This could be useful in
the cases where there are _
sAPFeature
Figure 9 shows the sAPFeature Class Hierarchy. The sAPFeature class
10 represents the point in the network to which access to the service is provided (i.e.
the service access point (SAP)). The SAP provides the appropriate adaptation for
the specific service. It has one attribute, '
® subordinate Of
This attribute identifies the customer premises equipment of which the
15 SAP s a part. '
The SAP will have a related aALProfile which defines the appropriate
'adaptation required. There aré subclasses for unidirectional and bidirectional SAPs
90, 91, 92.

20 Referring to Figure 9, there are two unidirectional SAPs, one for the
transmit direction (sAPTxFeature) 90 and one for the receive direction
{sAPRxFeature) 91. The bidirectional SAP {sAPBidFeature) 92 is a subclass of

both the unidirectional SAP classes.

25 aTMSignallingFeature
The aTMSignallingFeature represents the signalling functionality provided

by the network for controlling switched connections.

ATM Profiles
30 _
This section describes the profiles that have been identified for the ATM

network technology.



30 many nodes at one site. The address of all the nodes on the sane site

woul d t hen point to the site object representing that site.) *

| ocat i onWoO 96/07281 The physical |ocation of the node WRQWGBISI0TGUSt oner
site. WD 96/ 07281

PCT/ GB95/ 02070 ' 32 25

servi ceManaganent Feat ur e As part of the FBS service, custoners
usual |y have the lp%.l on of nanagi ng certain aspects of the service
thensel v e Rdapistionky Fcel\/anagerrent Feature class 5 represents a service

management capalibig hr}bfu&ﬁ@lh‘s@hh&rﬁﬁhs&é@twsaw jon feYRIrEmeh on thes WM asses
- for each capability, as follo st at usFeat ure

Thi s feat EEWBHKo{R Qeder é°g?‘§ﬁﬁﬁf‘é"‘/ FRTEN SSFVigeseo el stheniatwerk ot Ther Rrafile t er ms
10 of t h%eﬁﬁé@ﬂfe MARRTEnTNY abBsHOR &Ei%ﬁ‘”f iheeeau.reﬁmnwsreqm &> Th

I ndi cat e alarns on routes and trouble ticket details can be vi ewed The -
cust oneP @iHibytes,gefine thecharactedigtics;af she servisar dheattibytasateby sel ecting (eg
clicking q@) the;aggropriate ° graphical object.

servi ceChangeFeatur 15 The customer i's able to make requests to

change t he serviSome servioes ragquire a timing relation between source and destination,
other services do not.

® Bit Rate
10 Some services have a-constant bit rate, others have a variable bit rate
o Mode
Services can be connection oriented or Connectionless. - ' "

There are subclasses for each of the AAL types. (i.e. AA'LO, AAL1, AAL2,
15 AAL3/4 and AALDB), as follows,

- . aAL17Profile .
® Timing
a Required
20 o - Bit rate
Constant
e Mode

Connection oriented

25 - aAL2Profile
® Timing
" Required
®  Bitrate
Variable
30. ¢ Mode

Connection oriented

- aAL3/4Profile



The changes include requests for bandw dth (24 Hour, on-demand and

schedul ed) and for configuration of routes (existing and new). The
cust oner WO9%6781t o recei ve regul ar progress reports. PCT/GBIS02070
servi ceTest Feature 20 This feature enabl es the custoner to request
parts of the service to be tested al@ results of the test to be
recei ved. pr obl enReporti ngFeature This feature
enabl es the.custOﬁrelr to report problens to the network operator. 25
onLi neBi | | i hgFeat aree Billing information is made available to
t he cust oner on- INoteequired FBS Profiles 30
accessProfile i} The accessProfile class is associated with the
nodeFeat ur e€®cl as &k |t - describes the characteristics required of a
node' s access to ydiableBS servi ce and WO 96/ 07281
PCT/ GB95/ 02070 _ ' _ 26 ~ the
managenmeft ®ct i orM?‘!%at shoul d take place if these requirenents are not
et . The at tddnAUtfohiedt for connection oriented)
- aAL5Profile
® Timing
10 Not required
® . Bitrate
Variable
® Mode
Connection oriented
15 _
| - ' aALOProfile
This adaptation profile is used when no adaptation is required. ‘That is,
when the service provides pure ATM cells to the network. The attributes values
will be NULL.
20 ®  Timing
NULL
® Bit rate
NULL
o Mode
25 NULL
accessProfile
’ This profile specifies any access requirements on a service access feature
agreement. Attributes are, .
30 o Resilience

Diverse or single access routing.
® ‘Capacity o
The maximum bandwidth availabie.



* resilience Resilient or normal 5 * speed

Low, medi um or Hi gh. bandwi dt hProfile The

bandwi dt WA ed/7e%1 cl ass i s associated with the routeFeat urecoeesnenl y. 10
The attributes of the bandwi dthProfile class describe the capacity required
by the custonmer for a .particular rgste and the managenent actions that
shoul d t ake pl ace shoul d these requirenents not be net. The attributes
are, * 24Hour The m ni nrum bandw dth required at any
time. 15 * schedul ed The bandw dt h above the 24 Hour

requi r enerdandividihProfi®e and dates for when required. . * onDemand
The bandw dt h r%_%u.i red as soon as possible, but within 3 hours, fromthe 20
time the request/NePandwidthProfile class dessripes thecbapduidtivahetacteristicaotithelt h i s

required. data being suppged _B'Qe%h% éé@r{libe %dath'éeﬂnaﬁé.g%p(tﬁe@irt %é:tigrg Y& d {a?fg%iifnt on

accessProfiles and th andw dthProfiles iI™n a cons
t he capacithesesregyieaments gre nptimet. JEhe atrikutesierePr of i | es.  The tot al
capaci ti esg specipghhed in the profiles for routes term nating on a
particul ar node nust not be greater than that specified in the
accessProfil e f dhistihthe pralldandwidth required by theesewiceeManaganent Profil e 30
For each ¢f theNfe%F:Vi ceManagenent Features there is a cor_res_ppndi ng
This is the average bandwidth required by the service.
10 e Burstiness
' This is a measure of how quickly the bandwidth requirement changes (i.e.

how "bursty' the data is). ' ‘

performanceProfile
15 The performanceProfile class describes how the performance of a network
feature is measured and the standard required. The management actions which
occur if the per_formance standards are breaéhed are included. There are
subclasses for the different parts of the -ATM network. The actual performance of
~ the feature at any time will be logged eisewhere by the performance management
20 sysfem and possibly referred to by the profile. The performance profile subclasses
follow.

-- aTMLaverPerformanceProfile
Desc_ri'bes the performance of the virtual paths and virtual channels in
25 terms of, '

o Bit error rate
® - Cell insertion rate
e - Cell loss ratio

This profile will be associated with the vCTrail and vPTrail features.
30
- -aAlPerformanceProfile .
Describes the performance of the adaptatidn layer in terms of,

® Cell error ratio



profile which describes how the servi ceManagenent Feature i s managed. The
profile wll include custonmer preferences and expected perfornmances (for
exanpl e, wo9aozzgionse tinmes follow ng a request). - RMO/CBISHIR0 1

PCT/ GB95/ 02070 27
billingProfile FBS billing 3% designed to give total
flexibility to the custonmer. Attributes of the billingProfile are, 5
* all ocationDetails Defines how the costs are allocated
to the cust8ner' sCH/EPHEALraM; ¢ 5. I ncl udes name and address of persons
to receive ghe bi it frequency Ei ther nonthly or
quarterly. 20 *,éﬂ&tte"gé’;}&"{\?&grﬁtﬁ ~ The day of the nonth on which -
the bill is®sent.Severely errored celisedi a : ' The nmedia by which bills
are presentgd to ust oner. (di sk, magnetic tape,. EDI, on-line) 15
Not ept hat tﬁere V\#]Ftr%"geé €S¥straint between the value of the nedia _
attribut & aed theCceledeldycvariaiomgenent features present. That is, there nust

be an onLi neBLIl | i ngFeature present |f the value of the nedia attribute
is 'on-line . his pro |Jl:e WE" be associated wgth the sAPFeature class.

-- networkPerformanceProfile
Describes the overall pér'fo:rmanc'e of the network in terms of
10 Information error
Information loss

Mean information transfer delay

Information delay variation

This profile contains the rules for transforming the performance of the

15 sAPFeatures and the vCTrail/vPTrail features into the generic network performance
'terms.' The performance ménagement system can then use this information to

calcdlaté when perfbrmance thresholds have been exceeded.

ATM Feature Agreements
20
‘This section describes how the ATM features and profiles described above

can be combined using feature agreements to form useful network offerings.

® 'co_nnectivityBidSymFA: o ) ,
25 Figure 10i showé zt'h‘e _ connectivityB'ids_'ymFA 'class._ . This ' feature
agreement 100 combines _tv\_fp vPTrail insiance_s to form a hernianent {or
semi-permanent) connéction be:ti)\;een two poinfs (sirhilar to a Megastream circuit).
Not'e that the service access pointé éré not included becéuse this FA is intended to
represent connectivity only. The circuit is bidirectional and symmetric. All the
30 profiles 101 cover all the features 102. .
B The aAL1Profile has been used since AAL1 is ith'e ‘ci'rcuit emdlation' type

of adaptation. The perforrﬁancé profile is the aTMLayérPerformanceProf_ile class.



tariffingProfile 20 FBS has a flexible tariffing structure
covering set-up charges, annual charges and bandw dth charges. The
tariffinyoras0Fa8e. provi des det ails of the charges. At thaTiGHIS/B2006 t he
tariffingProfile are, set UpCharges . Specifies the
charges for setting up Ilnk_s to the coge FBS network and for 25 custoner

I nterfaces (Service Access Poi nts; SAPs). * o annual Char ges

Speci fies the annual .ch es ftz\r the |inks to the core FBS network and for
cust omer ht er f SeNecHd \symF bandwi dt hChar ges 30

Speci fi es the r pigare f 0l esHoive Yih8 QBnh&QﬁﬂtﬂElhsyﬁmFﬁ &fhsb0UFhis SELRGHY €d and
On-Denend) in terms of pence per hour per | onetre :
pr ePr ovi sf@f‘ﬁqw aki§kis used where differeghdate rlaracteeistinsaargoeqtiiced in each

pre-provi Slr&ﬁld?lg EibieS10iil dHoWsl e tPasRBE al@ by l@fa?nonshlps that comzb%%soeé28l
PCT/ GB95/ 02070
di scour Ofri@Misleo-On-Demand servigpeci fi es the reductions avail abl e dependi ng

on the length ofpd h%oﬁ%ﬁrﬁgﬁldAshFA classr eaoa-gfs%o Clai” elro Llérg)@?ectnﬁgal

Specifies how the set-u over the Ti
connectivity feature agreements 111 112 (q e. of class connectivityUniFA), one
for each direction. Each connectivityUniFA instance will have its own profiles
113, 114, 115 matching the requirements for the data being sent over it.
10 in Figure 10ii, the connectivityUniFA 111 on the left would be for the
video data (high bandwidth, variable bit rate, timing required) and the
endToEndConnectivityUniFA 112 on the right would be for user .commands {low

bandwidth, no timing required).

15 ® sAPFA |

Frgure 10m shows the sAPFA a feature agreement 116 which provides

the servrce access capabulrty There are subclasses 117, 118 119 for transmit,
receive and bidirectional access pomts Each sAPFeature will have an associated

aAlLProfile 115. _ _ _
20 There are two subclasses for unidirectional SAP FAs. The sAPTxFA 103 is
for a unidirectional SAP in the transmit direction and has a related sAPTxFeature
117. Similarly for a unidirectional SAP in the recelve dlrectron there is the
SAPRxFA 104 which has a related sAPRxFeature 118. The SAPBIdFA 119 is a
subclass of both the unidirectional SAP classes. The sAPBidSymFA 105 inherits
. 25 the features from both. This means that it will be composed of a sAPTxFeature
117 and a sAPRxFeature 118 with a common set of proflles The sAPBidAsymFA
| 106 inherits the transmit and receive feature agreements For clarity the inherited

classes are repeeted {dotted outline) in the flgure.

30 o sAFA _ .
Referring to Figure 10iv, thi_s feature agreement 107 aggregates a
collection of SAPFAs 116 to create a service access feature. Each SAPFA 116

would be associated with the same physical equibment. The sAFA 107 supports a



5 contract. gOSProfil e . Transm ssi on performance

IS nmeasured on an end-to-end basis. The measurenents and targets are
speci fi ed Wh9¢/07@881qCSProf i | e. Attributes of the 10 qOSPr of | PET/GBRS/02070  ~
Error Free Seconds (EFS) The percentage of seconds during
transm ssion tests, excluding out of 37 service periods, in which no bit
errors are transmtted. Target > 99.5% * Severely Errored Seconds )
SES) 15 c f r tr iC
tho bit er rBrvisnedersatifp coh; gt of A, LTY peEidap Rl gegary] upon he.

Net wor k Addeaiti@daraser¢ib\D) The round ‘trip delay neasured at the
SAPs for one bit. Target < 24nms. 20 ~availabilityProfile

The availabilityProfile class specifies the percentage tine that the

service ® isS agm’rrbat&obnhmtgmpnustorrer The figure is for each
i ndi vi dual transni ssion éthat IS, or each schedul ed or on-demand
sessi on) O Attri buRederrigs t;eFigyte | Wy | F'T%/F?"G'f pEadGonaectivityFA classes 108

avai | abi I'i g;yfdkgga €ogether the netwo&%a&ﬁé rerqt]ﬁe@‘t’@hbﬁﬂﬁri b {obnipidtl ehdits-eRd- 85%
* breakConditions be determ ne

Mai nt enanc eFr@Mpnigatian capability. T’nﬁ.oéavrlaﬁluﬂes d@swvlgwcm,s printsol h&a0d

targets foriegahREdtidd debiebiPhent Vi CE after a fault. The attributes
cover targets for_automatic and manual restoration.

The performanceProfile classes 109 are shown to illustrate how they are
10 related for the purposes of defining the overall network performance of the end to
end connection.

Subclasses of endToEndConnectivitvFA 108 would bé defined for
unidirectional and bidirectional end to end connections. These subclasses would
consist of the appropriate subclasses. of sAPFA 116 and connectivityFA 120.

15 '

MAPPING BETWEEN FBS FEATURES AND ATM FEATURES

This section gives some examples of mapping FBS features onto ATM
features ahd illustrates two possible ‘approaches to mapping where the relationship
20 is not one-to- one. '
Figure 11i shows how one route of a- FBS could be mabped onto an ATM
“network. An endToEndConnectivityBidSymFA 121 is used to support a routeFA
122. In this case, there is a simple one to one mapping.
in the case of multiple network feature agreements supporting a single
25 service feature agreement, two approaches for mapping have been identified..

Consider a diversely routed FBS connection.

Approach 1 -
Referring to Figure 11ii, a new network - FA, - the
30 diverselyRoutedEndToEndConnectivityBidSymFA 123, is defined which aggregates
two endToEndConnectivityBidSymFAs 121.

Annmséh.z



The follow ng attri bute covers automatic restoration; WO 96/ 07281
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aut ormat | OVRETR8L | onTi e ' Wher e aut onati c r estBCEGBISN2079

possi ble, the target is |less than 40 seconds. 5 The foll ow ng
attributes cover manual restoration;: 38* faultlLocationTi ne

The maximumtine for proving and locating a fault is 30 i nutes *

engi neerOSite . . Th neer nust be,on si hin 2 Hours. 10
* repairTime  neferringto ﬁ%eﬁ& ﬁh?n SEEond ’-’E%’%’&Pr? '?JBE'WISI'?@ ohieeti124 s 1
Hour . used to definetB&Srdtatadnship bdgwee el service and network FAES Section

describes the fegture agreenent subglasses that have been 15 identified for
the FBS servi ce. %éekggﬁﬁ\'%n&'ﬁcﬁs?gﬁ Yiquld, deting oy theanetweorknfpature
profile cl ageementsc1ZB ¢6Mbine to sSupport thé @Bfide feature agreement 126 and how _
5 management information would be passed in both directions across the SML/NML

interface. A relationship class has been proposed within the Feature Agreement T

concept for this purpose.

_ in both approacheé,_ a mechanism is required for capfuring behaviour rules
10 defining the relationships between the network feétu_res and the service features.
A generic rule-based language for addressing this issue is discussed further on.
For the work described in the remainder of this document, approach 1 hés ‘

been adopted.
15 A_QQMELEIE_MQDELLINE_EXAMELE

Referring to Figure 12, consider a customer with sites 127 in Ipswich,

Belfast and Edinburgh, with the following interconnection requirements,

® ' Private Circuit from Ipswich to Belfast
20 64kb/s 24 hours for voice.
o Private Circuit from Ipéwich to Edinburgh
2Mb/s 24 hours for data.

An additional requirement is that the node at Ipswich must have a high
resilience. No customer management capability is required.

25 These requirements ‘can be satisfied by providing a Flexible Bandwidth
Service. Figure 12 shows how this service could be rebresented graphically at the
customer/SML interface. -

Figure 13 shows how the FBS service is modelled and how it can be
implemented on an ATM network. Points to note are,

30 o . Not all profiles are included for every FA;.
® Each nodeFA is supported by a sAFA which aggregates the sAPFeatures

on that node.



Figure 7 shows the Feature Agreenent nodel 70 for a FBS route.

The aEnd and bEnd attributes of the routeFeature 71 point to the 20 _
appropri atwope@eseat ure objects that term nate the route. PCT/GB95/02070 nodeFA
Figure 8i shows the Feature Agreenent nodel 80 for a FBS node. *

servi ceManagenent FA Referrim@to Figure 8ii, the

servi ceManagenent FA cl ass 81 associ ates the 25 .servi ceManagenent Feat ur e

classes with the ropriate servicelVanagenentProfile ~ 82. There are
subcl asses Yor ea%ﬁﬁd'f’ﬁ qll:g 15, $HpLoged DY, Y7 €Rd ia pgeFRAReCtivity EApahichi byes.

* CUSt @uTmithdw) AgigRethe SAPs. This meand tH#t tRe SAP Fedtlred'Shé %ﬁt’%inlehhﬁ
classes and relationships for the 30 custoner Managenent FA cl ass 83.

This cl ass T ddahiade; A (hesR ate thec8AFA andihgepennectvpatiA iwhicaviai | abl e
to the partiefHingfespustomer.  * = fBSFA WO 96/ 07281
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Fi gure 8i5i i ®showsAn Aecess grdfile exists lat bpBhe senvicedevel lapd FBSnstevork evel The be

capab 11 vy, et @ ity Sl FB0STE B IBNAART 1 RRSGTE o
rel at edFAs thetsenvinet levelds implemnented in theendtemtiubye divgrselynrentisg &ie adbéss part
of 1 out 0. dEZo LB it AHRSsEAERRYENR shplimefieo Sy brRlieloR Epanedis w11
have profil&2 BB/sasstatabdel with it which apply to the service
10 @ Routes at the service Ievél' do not include the nodes at their ends although
they do have pointers to them (via the aEnd and bEnd attributes, see “FBS
Features” above). The supporting network connectivity FAs include end points (i.e.
sAPFeatures). This illustrates that the network model does not have to reflect the
structure of the service model. Both models can be developed independently to
15 meet the requirements of the different management s<tems.
L The adaptation profile chosen by the netwc:.k for the voice circuit is of

type 1. For the data circuit, type 3/4 has been chosen.

Broken Features
20
This section describes how FBS and ATM features can "break'. A feature
is said to be broken if it is not functioning correctly such that the service which it
supports is affected detrimentally. There are in general two ways in which a
feature can break. A feature will be broken if it is uhavailable, that is if the
25 customer is unable use it. The second way is if the customer is able to use the
feature but only with a degraded performance. Degraded performance is a softer
form' of break which will require maintenance but may not count against the
availability figure for the sérvice. The performance/QOS profiles will include the
thresholds over which the feature is deemed to be broken. Severely degraded
30 performance may count against the availability figure and, if so, these conditions
will be defined in the availability profile. _
ATM broken features are due to faults in the physical switching and

transmission systems of the ATM network. The main symptoms that occur due to ‘



.as a whole, for exanple, a billing profile. Each routeFA 85 or nodeFA 86

w Il have profiles specific to thensel ves. An exanple of a
particul gio Jglgmsgervice will be given bel ow, under the 10 pchrRass0m76 A
Conmpl ete Model I'i ng Exarpl e". FEATURE AGREEMENT MODEL FOR ATM

"The key characteristics of an ATM netwng are to do wth virtual paths, 15
virtual channels and adaptation. The foll owi ng section describes the

feat ures, profiles and feature agreenents that have been identified for
ATM net wahése faultsearbnsise gof. synchronisation, corryiTiohFefadatacand?ss of sifffalai |

The vPTr aig t t .uni dj i onal t
2cross t ndREE WPReRy. FOnEBLIE, A8 e s BRI ¢ 3 ubieRl e BRRGer " ©
vi rtual paabameters( défjnedl in the perfarbwahes prafiled. hEhegeneili ise thrasholdeiabowed obj ect

class defined ip the BT 25- tawor k del ., The_attrjbutes ar . *

o35> 1T AHiEn Re 18FwRL Vi el Bettess B8 hrokel T i <BpsBlide wan be

z-TP 5 service and Qistéraert depehderit. end termninati on point of the VP. 30 "

vCTrai | he vCTrail repres an on-demand or sem - per.manent

uni directional Table, !I_Lﬁ“@'a%ﬂs&w‘%éaﬁé?‘%‘? met‘é’ﬁa‘hgﬁém&n"qrﬁwafe\?pldL‘i‘g\'crbal .t

cor r esponGshdrGeatureddiark affected (these may be other ATM features and/or FBS features)
and how these features are affected. Only the high level classes are .addressed

since the subclasses will have the same behaviour.
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channel (W0)9s/07281i s a subcl ass of the generic trail manag®ETEERISE207¢] ass
defined in the BT Network Mddel. The attributes are, * a-TP
Points to the a end termnation point o41the VC. . 5 * z-TP
Points to the z end term nation point of the VC sAPFeat ure

Figure 9 shows the sAPFeature Class Hierarchy. The sAPFeature class 10
represents the point in the network to which access to the service is

provi ded ([NEtwork Featore JHOW BroaRec oo ﬂ;fébteusmmceﬁwmwi.the
appropri atfe adaptation flor the spegitic service. {It has one attfibute,

subprdi nate O " Thi s| tandfdrbuoewadldrit i fi es t he cusfoner
prem ses ui pnent of whiich the 15 SA The BAP wil |
have a rellated aALProfilje which define on
required. rgil ar e subqliafayaifabledr Uunl SAPs

- 90, 91, 9 20 Referring to|lFigure 9, therje are two _
uni di rect i pyal™@5APs. ond for the routeFeature transmission  in

direction of Trail

Degraded supported | Degraded
Performa_nce', _ routeFeature Transmission'

in direction of Trail

sAFeature Unavailable nodeFeature Degraded

Performanée

associated vCTrail | Loss of input

associated vPTrail signal

far end | Loss of far end

sAPFeature signal |
Degraded _ . nodeFeature Degraded
Performance ) Performance

associated vCTrail Degraded  input

associated vPTrail .| signal

far end | Degradation of far

sAPFeature | end signal

Notes L _ .
1. The impact on the routeFeature will depend upon the severity of the

degradation and the service use of the routeFeature (i.e. voice, video, data etc).

TABLE 1. Broken Features and Their Effecté

5 ~The breaks and effects are in terms of the types of a_iarms_that would be
reported dn that feature. A broken feature may or may not result in a break of an
affected related feature. For exaniple_, if an ATM sAPFeature became unavailable
then the nodeFeature which it supports would suffer a degraded performance. (if

all the sAPFeatures on that node became unavailable the nodeFeature would be



transmt direction (sAPTxFeature) 90 and one-for the receive direction

(sAPRxFeature) 91. The bidirectional

of

The aTMsi gnal | i ngFeature represents the signalling functionality provided

by the

Profil es 30

identified fo
PCT/ GBOANB R4

SAP (sAPBi dFeature) 92 is a subcl ass

wW94/07281c uni di rectional SAP cl asses. 25 aTNSi pgEGBISgéat ur e

network for controll.ing sw tchgd connections.

adapt at iberdffeatdd since no. transmission 'EBUIQ dReEGH dnh# itc TRRSWEME PehAGicHRed bY%

adaptatlﬁn re3U|renents

carry
action

e
and de
10
15
20

25

30

ser{®

the characteristics of the service. ut es are,

Some services reqU|re a tlnlng rel ation betmeen source % -

stinati Bfbken Feature Agreements

A feature agreement will be broken if any required performance targets, as
defined in the profiles for that feature agreement, are not met. Note that, for
certain types of performance; -such as network performance and QOS, broken

targets will imply that the feature for that feature agreement is broken,- while for

other types of performance, such as maintenance and provisioning; broken-

thresholds will imply that there are problems with the manegement functions

responsible for meeting the targets in the profile. Broken feature agreements are -

potentially serlous because they may result in some form of compensation being
made to the customer.

In the case of FBS, the fBSFA feature agreement will be broken if the
availability figure is not achieved, that |s, if it’is not avallable for at least 99 85%
or more during any scheduled, on-demand or 24 Hour session. (There should be a
Service Credit: Scheme in operation for compensating the customer wheh the
availability is not achieved.) '

A route 'feature agreement will be broken if its"QOS targets are not met,
that is, if there are errored seconds for more than 0.5% of a session, if there are
severely errored seconds for more than 0.05% of the time or if the round trip delay

is greater than or equal to 24 ms.

A Framework For . Manoing Lanciiads

A generic language is required for specifying the behavioural relationships

between objects in feature agreement ‘models. The language must support the

passage of information across the management iayer interfaces, for' example, for the -

purposes of broken feature management, performance monitoring and testing. The

specification of behavioural relationships;-defined using the mapping language, will

ATM

This section describes the profiles that have been
h WD 96/ 07281
éle eAFr'\a/h (vC cpre\t/HPvrvhic erg)(r)okoe% sAPFeature terminatess ywould

etwork in order to successfully

"6%?'9?%8'%?“63@'0%@ Hpq)FAFEea‘ture atbeiatbe enseohtheagenent
S Trll WBulH i rebistdr Re F4I0EE ViBFENbSS ¥ far 968 slpﬁév i3, 5 attributes



ot her services do not. * Bit Rate 10 - Sonme servi ces have

a constant bit rate, others have a variable bit rate * Mbde

Servi ces o¥M94RI280Nnecti on ori ented or Connecti onl ess. PCT/GB95/02070 Ther e
are subcl asses for each of the AAL types. (i.e. AALO AAL1, AAL2, 15 AAL3/4
and AAL5), as follows, - aAL1#fBofile . * Ti m ng

Required 20 * Bit rate Const ant * Mode

Connect 00 QP o 3 g, moce. RERAR bl g9 rame 16, an Wi fr
Connecti on @pplgibatle language might be Béilk3htbPeitdrIthe management functions or the
management information.
The following concentrates on broken feature management.
5 Fahlts occurring in the network will result in alarms being reported on the
- affected network features. The availability profile for that feature will contain the
conditions under which the feature is deemed to be broken. If the feature is
broken, the reporting profile will define which entities need to be notified that the
feature is unavailable (that is, its capability is unavailable). The notified entities will
10 include the service FA that the network FA supports or a superior FA (i.e. the FA
of which the reporting FA is a subpart). An unavailability message will be passed
on from these notified FAs according to.  the conditions in their availability and
reporting profiles. |
For a network FA at the SML/NML interface, the break conditions will
15 define when the break is service affecting and when the FA itself has been broken
{for example, if the availability figure has been exceeded). In the case of a service
affecting message bein sent from the network FA to the affected feature
agreement, the break conditions for the affected service feature will determine the
impact on the service feature (that is, whether the feature is broken or just that
20 the performance is affected).
The general rules of the language for broken features are given below. (The
symbol " <--" means "implied by".)
(The following constraint is applied in the modelling: a FA may only have
relatedFeatures or relatedFAs, NOT both)
25 o " BrokenFeature{(FA) <-- breakConditions(relatedFeatures[FAl) = TRUE
This rule says that the feature(s) covered by the FA are broken if any of
the break conditions for the feature(s) are true.
e BrokenFeature(FA) <-- brékConditions(relatedFAs[FA]) = TRUE
‘Where the rules for the break conditions of the FA are written in terms of
30 BrokenFe_ature(FA). This enforces a recdrsive definition which terminates at the
feature level. '
. The- above rules are applicable to both service and network levels. In

- addition, for a service FA which is sdpported by a network FA, we have, -



WD 96/ 07281 .
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Tim ng WO 96/07281 Not required * Bit rate PCT/GB95/02630 | able 5
* Mode Connectionl ess (or connection oriented)
aAL5Profile Timng 10 = 44 Not required * Bit
rate Vari abl e * Mode Connection oriented
15 - aALOProfile This adaptation profile is used when

no adapt a® on i 8rokenfisaturg(serping FAIs<-- breakQeaditione/surnopiedBylsenyidedl) pur e ATM
cells to the netwpglyg The attributes val ues w1l be NULL.

10

15

20

25

30

This rule says that the feature of a service FA--that is supported by a
network FA will be broken if the bréak conditions for the service feature are true.
The conditions will be in terms of BrokenFeature(FA) where FA is the-supporting
network FA. This rule overrides the first two rules for service FAs which have a
supportedBy relationship. ' _

The following rule captures the concept of a broken feature agreement.
® BrokenFA(FA) <-- targetBréakConditions(FA) = TRUE

This rule says. that a_feture agreement is broken if any of the contracted

performance targets are not met. It may onily be neéessary to check for broken

FAs at a management interface because the FA at the interface represents the -

actual agreement. The sub-FAs exist only for modelling convenience.

The mapping language must allow for feature break and target break
conditions to be specified in terms of the states of component features and feature
agreements. The language must also enable the resuiting actions initiated when the
conditions are true to be specified.

The above rules are generic and specific instances defining the actuai_
break conditions will be used in the particular. application. Consider the earlier
divérsely routed connection example (repeated with more detail in Figure 14).

The routefFA is sup’pm:ted by a diversely routed conn‘éctivity FA-C fi.e.
feature agreerhent C) which consists of a main connectivity FA-A, and a stand-by
connectivity FA-B. )

The rule defining the break condition for FA-C would be,

o BrokenFeature(C) <-- BrokenFeature(A) AND BrokenFeature(B) -

That is, for the features of FA-C to be broken requires the features of both

FA-A and FA-B to be broken at the same time.

For FA-A, _ _
] BrokenFeature(A) <-- BrokenFeature(D) OR BrokenFeature(E) OR
BrokenFeature(F)

That is, the features of FA-A will be broken if one or more of the features

of FA-D, E or F are broken {i.e. either of the ac.cess points or the connection

between them). .



20 * Ti m ng - NULL * Bit rate NUL L

* Mode 25 NULL accessProf le This profile
speci fi esW@PpOBEess requi renents on a service access featROTEGBIS/I02070
agreenent. Attributes are, 30 * Resilience Di verse -or
si ngl e access routing. . * Capacdsy The maxi num

"~ bandwi dt h avai |l abl e. WO 96/ 07281

PCT/ GB95/ 02070 . 34 ' :
bandwi dt hPr of i | ¢¥sing FA-F as an example for ane of the qomnropents Af Aijescri bes t he

bandwi dt h ehar acBrkéskeatifie(ff <t-N@navailablélG] BRRSHNGilEbWIR] | ed by the service
and the managenent actions to be taken if 5 these requirenents are not
met. The attri buf @t ig,the SAP-F will be broken if either the transmit or receive SAPs are

unavailable.
5 .. At the service level, the break condition rule for the route | is,
- : ® BrokenFeature(l) <-- BrokenFeature(C)

That is, the route feature will be broken if the feature of the supporting
connectivity network FA-C is broken.

The above rules assume that a feature is either broken or not broken. This is

10 a simplified situation, and in general, the rules could be specific to the type of break

and the severity of the break.

Di .
“In fhe above, FA models have been specified for FBS and ATM in terms of
15 the feature, profile and feature agreement classes that are needed to capture the
pertinent information required for their management. These classes form the
beginnings of a catalogue of reusable qbiects for modelling networks and services.
A more detailed specification of the classes would of course still be required béfore
they can become registered in a catalogue. Also, a suitable cataloguing mechanism

20 should be identified |

MANAEEMENI_EUN.CIIQNAI.III_QES_GBIE[IQN

Faults occurring in the network will result in alarms being repoi'ted on the
25 affected network features. The availability profile for. that feature will con;cain the
conditions under which the feature is deemed to be broken. If the feature is
broken, the FA for that feature will indicate to the entities defined in the reporting
profile that it is unavailable (that is, its capability is unavailable}. The notified
entities will include the service FA that the network FA supports or -é superior FA
30 (ie the FA of which the reporting FA is a subpart). An unavailability message will
be passed on from these notified FAs according to the conditions in their
availability and reporting profiles. '



* Peak : This is the peak bandw dth required by t he

servi ce. * Mean This is the average bandw dth
requi r edwlyoglohssrservice. 10 * Bur sti ness PCT/GBO%M3050 - S 2@
measure of how qui ckly the bandw dth requirenent changes (i.e. how
"bursty' the data is). per formaggeProfile 15 The

performanceProfile class describes how the performance of a network

feature is measured and the standard required. The nmanagenent actions which |

occur if the pefPbanBetwork Finahithe SMIINMLe interéatearthe ibnedku dentitionBhedle ar e
subcl asse%eilﬁg wHeR tqé fbi' f](ngeWeta?féﬁftlnb QﬁdeMn E\’iﬂr ljlfSelfTIEe I.cheté'n(';hmlé% by the

per f ormance of eature at any tine vml :
per f or mandter mtmgbnﬁrthe 2agaitapility figunachag dxeen lekgeadeﬂ)er Ineutbetoasé)yf blzervigeof i | e.

Th f I fallo
AT yer peTEf Hheissaf, DU 'sERE Fom  they Betviof A e the. 4fsetash deatie ¢ e
virtuald pa‘gt&emntt the ihreakl carlditions fer the dlfectezt sEBvioé feature Will determiffé theel I or

rate insertion s ratio
Th e prof imeect o T Serk@E IhAbE Wb §. whettsethe, foatias, ioken prjstthrtes. 30
aALPer f or nseperfsrafankte is affected). Descri bes the performance of the

[ ' Cel | rror ratio
adapt at ton | ayehe*err]rir%ge{onﬁgl?r];’ 15, which shows an extendgd version of part of Figure

13, a scenario based on a network fault in an ATM virtual path is responded to as
10 follows: ' '

(i A cable fault in the network will cause an event report in the

management system and (in this example) will affect a virtual path feature ‘

"vPtrail” 140. _
(i)  Reference is made to the conditions in an"availability" profile 141 of

15 the feature agreement "ConBidSymFA" 142 to see how the availability of the virtual
path feature "vPtrail" 140 is affected.

{iii) Reference is made to the "Reportmg proflle 143 of "ConBidSymFA"
142 which indicates the correspondlng end-to-end feature agreement "e-
eConBidSymFA" 144 is to be notified.

20 {ivi Reference is made to the conditions in the "availability” profile 145
of "e-eConBidSymFA" 144 wh'ich imply that a feature of that feature agreement
"g-eConBidsymFA" 144 is broken. ' '

(v) Reference is made to the “"Reporting" profile 146 of "e-
eConBudSymFA" 144 which mdlcates that a supported service FA (i.e., "routeFA"

25 147) is to be notified.

(vil Reference is made to the conditions in the "performance” profile 148
of “routeFA" 147 which imply that the performance of the feature "routeF" 149
has-degraded. |

(vi) Reference is made to the "Reporting” profile 150 of "routeFA" 147

30 which indicates that the customer should be notified via an alarm on the relevant
service feature agreement "fBSFA" 151. _

(viii) The customer is consequently notified that performance on the

lpswich to Belfast route is currently degraded.
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Cel | i nsewo asiomst e * Short termbit error rate PCT/GB95/02070

Severely errored.cells * Cell transfer delay 5 * Cel |
del ay variation This profileamill be associated with the

sAPFeat ure cl ass. net wor kPer f or ranceProfil e

Descri bes the overaII erfor e network in nse of 10 *

nce of t
| nf or mat i on ‘er r orlNote that a faultnEﬁgm?ngﬁp%gocess m”t'dei’eg'ﬂ/@éﬁ@ﬁfaﬁr%t i on

transfer debrfyinal evert has been kédeRiedEitithé nEV K 184Al. | Fhik Kvery advantageous-m' S
profile contains the rules for transformng the performance of 15

sAPFeat ur esthahdhe péstomer san b fereyyarned gvely Q@,‘fqrwpacq Hidfigitias, Vth'%tciﬂéf'k

per f or manceytters théth r@efuT%nQEérﬁQ{tWﬁfb?ﬁaff&{‘ FATRO ra R S4rEBe Féairkld B8 s8R
i nformation to cal cul-at e when performance t hreshol ds have been

exceeded 5

-

10

15

20

25

30

as possiigiay] Feat ure Agreenents 20
A somewhat similar scenario can/will take place when the problem (i.e.,

route performance degradation) has been detected by the customer and is reported
to service management (i.e., via the feature agreement fBSFA 151). In this case,
the report propagation will be top-down.

Referring to Figure 19, embodiments of the present invention can a.lso be
used to provide test management, as described in the following scenario.

{i) A customer requests a test for high' resilience in access available to
the customer, identifying Ipswich as the access site.

(il Reference is made to the relevant feature agreement "nodeFA
(ipswich)" 191 and to the related "test” profile 192 which together identify the

 supporting network feature agreement "sAFA (lps)" 193.

(iiiy Reference is made to the supporting FA "sAFA (lps)" 193 and to the
related "test" profile 194 which together identify the sub-feature agreements
"sAPBidSymFA (Ips1)" and "sAPBidSymFA (Ips2)" 195, 196 which require testing.

(iv} Reference is made to "test" profile 194 of "sAFA (Ips)" 193 which
indicates the physical test (ie 2Mbit diverse eccess)' which is required of access to
the node. '

{v) Reference is made to the "test" profiles 197,198 which identify the |

network features which require-testing, "sAPRxF {lps1)" 199 and "sAPRxF (lps2)"
200. -

{vi) Reference is made to the network features 199, 200 to identify the
physical network elements which should be tested by applying the physical test
indicated at step 4 above. |

{viii The resuits of the test are reported back to the customer by means of
a reporting mechanism equivalent to that described above with reference to Figure
15.

_ It should be noted that in the scenario described above, there are test
profiles 194, 197, 198 associated with FAs 193, 195, 196 in the NML, where two

this



This section describes how the ATM features and profiles descri bed above
can be conbi ned using feature agreenents to formuseful network offerings.
* WOreesz2sivi t yBi dSynfFA 25 Figure 10i showCTIGB5/02070
connectivi tyBi dSynFA cl ass. This feature agreenent 100 conbi nes two
vPTrail instances to form a pernmanent 4gor sem - per manent) connection
bet ween two poi nts (simlar to.a Megastreamcircuit). Note that the

servi ce ac not, i ncl d because th| s FAis intended to
‘represent o c% abts’yalgﬁl E sé‘g(ri"gﬁ In- 1espeRt of, the thirdaFA 483- symntbe ri c.

Al the 3Cbarﬂitftﬁrldc€ﬁaribodes@ﬁueif adl dcck&iCredsEat Wokild Hgractice be the case that
aAL1Profil e has been used since AAL1 is the circurt enulation' type of

adapt at i orthe 1§88 fetasty saplied 19 dhe |PBysical ; natwarkyelements: assnaciated: avithoithe o

class. features "W3PROMFL’ 281199 and "SAPR (ips2)" 200 would be the salgg This is |
PCT/ GB95/ 02070
connect Pvikegmissby fcgess conditions are thﬁlsgmee!n Parh direasien fonthe Ipswich node,

connect i Vi ndheaking Edibdfgh or ilcing Beiabl. e w Where t@rﬁwggseljag deScritRgd where .

different data characteristics are requi re I n eac rectron.” Figure
10ii showghe mévec%@setsmémmat'werqfenem@t ftosten 4 sbaveatanchastbréskinuthedtest 5 for a

consi sts "EPTEye Lhlches at the siahtly Mol levTN IR dete shiShde ldmd 2% )
112 (i.e. with ESARA (lps)firi®@St |lmotl3§j|spm)'lps bowever, it may be that the sets of tests ’
10 to be applied to the physical network elements associated with the features "sAPR
(lps1)” 199 and "sAPR (ips2)" -200 would be different. In that case, the physical
test information reference at step 4 above instead would need to be located via tﬁe ‘-
two separate test profiles 197, 198 at the lower level in the data structure,
associated ‘with the FAs "sAPBid.' Sym FA (Ips2)" 196 and "sAPBidSymFA (lps1)”
15 195.
Referring to Figures 17 and 18, the above functionality can be expressed
more generally in flow diagrams 170, 186. These flows diagrams 170, 180 aré self-
explanatory in the light of the description above with respect to Figures 15 and. 19,
except perhaps with respedt- to the monitoring referred to in sfep 171. Ailthough a-
20 network fault may affect a feature and its related FA, the FA may not be
immediately broken. If it incorporates performance targets, for instance, these may
only apply after a specified interval. Hence, it is preferable to start monitoring an
unbroken FA as soon as a relevant feature is affected. If the FA subsequently
breaks, the management system may treat the break as a "new" event. This time,
25 the management process will clearly start at a higher level in the data structure than

the starting point of Figure 17. .



for each direction. Each connectivityUni FA instance will have its own

profiles 1 13, 1 14, 1 15 matching the requirenents for the data being

sent over WQ96/072p1 In Figure 10ii, the connecti vityURGTACRIO2H] t he

| eft would be for -the video data (high bandwi dth, variable bit rate,

timng required) and the endToEnd48nnecti vityUni FA 112 on the right

woul d be for user commands (I ow bandwi dt h, no tim ng required). 15

* o SAPFA Figure 10iii shows the sAPFA, a feature agreenent
. 116 whi ch provides t he service access capability. There are subcl asses

117, 118, 119 for transmt, receiCLAIMSd bi directional access points.

Each sAPFeature will have an associ ated aALProfile 1 15. 20

There are two subcl asses for unidirectional SAP FAs. The sAPTxFA 103 is

for a uni dilc e@t | wetaloriSAManagednientt rsgstem t folli me dontmuridationds netwerkat e
sAPTxFeat ur e 117. . Si rg'larl for a unidi rect"onal SAP in the receive
direction {FOPEeTENY §ygtem being Sured ACGRAIMg 'R layered mpde| of somepagadr o
118. The sABRi6erkAwhicS management Sistebh aGap@deshot h the uni directional SAP

cl asses. The sAPBi dSynFA 105 .inherits 25 the feﬁtures fromboth. This
means that it w 'l p&PY stgggqgfsq\aisAwgeathﬂfet e netwqrk anqdforaa SAMSEFeat ur e
118 wi t h apgsuidganthebyof profiles. The sAPBI dAsynfA 106 inherits the

transmt and recegive feature agreements. For clarity the inherited
cl asses are repellt edIP@RPEFSHG: MeARS forAccpsing god erocessipg information inaFA

Referring téspbhsBiiccsaldiriggef bighalkeaiqur € agreenment 107 aggregates a
coll ection or SAPFAs 116 to create a service access feature. Each sAPFA 116

woul d be associ afibd \WHERYtS Har issHiPapsigale i respert ok the metworkappd/ep Baisippor t s

a services . : ,_ .
| ‘wherein said data processing means comprises a data structure having a
hierarchy of feature agréemént_data stores, each for use in retrieving data defining
16 feature-specific requirements, at a layer of the network model, to support a set of
operational-related conditions such as those of a service level agreement or the
like.

2. A network management system according to Claim 1, wherein each feature

20 agreement data store has an associated set of profile data stores, and at least one

of: _ _
an associated set of feature data stores; and
an associated set of feature agreement data stores.
25 3. A network management system according to either one of the preceding

claims, wherein the signals issued comprise reports on conditions prevailing in the

managed network.

4, A network management system according to any one of the preceding
30 claims, wherein the signals issued comprise control signals in respect of elements

of the managed network.

LS
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nodeFeat uwe.96#¥p81 Nnuber of SAPFAs 116 aggregated will depsoticspospotde
particul ar servi ce. * endToEndConnectivityFA 5 Referring
to Figure 10v, the endToEndConnectivitygg classes 108 package toget her

the network features required to support a conplete end-to-end

comuni cation capability. The class includes the service access points 116
and t h&. connRchetwierk gapagemeniesystem according to B @ bHthewpcededingi | e
cl asses 10 WREA ' 8 . I h

pur poses o?lagﬁeﬁ nlnng t H(% %été%ﬁeﬁgeygm%ﬁ;%gg?ﬁﬁﬁéggg%ﬁ s?é}n%?ié%c%h[etg at end
connect i onan input by accessirgdath £ogtainedfin dheldat@rsi@cture @t a\plurglit) of 0ésefwoinl d be

et 1 1 B 457 it 5y R M SRR ABOO"RIATS ¢

These subcl'asses wo CONSTS e appro

16 and c®neecessed.t yFA 120. 15 MAPPI NG BETVEEN FBS FEATURES AND
ATM FEATURES Thi s section gives sone exanpl es of mapping FBS -
features onto ATM features and illustrates two possi bl e approaches to '

mappi ng whére the rerwatk orabhgemérl systemtaccomlinigoto @AQ.one of the precedinggur e
11i shows how one route o FBS coul d .be mapped onto an ATM net wor k.
A endronnfennde: Povids ael metagstenCon s sERReL IR n £ out oFA

10 7. A network management system according to Claims 5 and 6, wherein the
layered m_odel comprises at least a service management layer and a network
management layer, and a trigger signal received at an input comprises a fauit ‘
report in respect of an element of a managed network, the management system-
responding by first aécessing data contained in the data structure at a level in the

15 hierarchy corresponding to the network management layer of the network model.

8. A.network management system according to Claims 5 and 6, wherein the
layered model comprises at least a service management layer and a network
management layer, and a trigger signal received at an 'input comprises a fault
20 report in respect of a service provided by means of the managed network, the
management system respondihg by first accessing data contained in the data
structure at a level in the hierarchy corresponding to the service management layer

of the network model.

25 9. - A network management system according to any one of the preceding

claims, for providing test management of a managed network.

10- A network management system according to Claim 9, wherein the layered
model comprises at least a service management layer and a network management
30 layer, and a trigger signal received at an input com'pris_es a test request in respect of
a service provided by means of the ménaged network, the management system
responding by first accessing data contained in the data structure at a level in the

hierarchy cdrresponding to the service management layer of the network model.

A



122. In this case, there is a sinple one to one mappi ng. . In the
case of nultiple network feature agreenents supporting a single 25 service
feature agoes0TesIt, two approaches for mappi ng have been iREFGBIN02010

Consi der a diversely routed FBS connecti on. Approach 1

Referring to Fi gure 11i1, a n&w net wor k FA, t he 30

di ver sel yRout edEndToEndConnecti vi t yBi dSynFA 123, is defined which

aggr egat es two endToEndConnecti vi t yBi dSynFAs 121. _ Appr oach 2

WD 96/ 07281 : : '

PCT/ GB_95/ 0|2ﬂ70_ A network management system according to any one of the El%ceding-
Referring to Fi gure 11 iii, 1n a second approach, a relationship object 124

i's (RidiErst dorgepYidies Preoimange managspeidn ialationitne raanaged @etwriknet wor k
FAs. The rel ationship object 124 -woul d define how t he network
feature agreements 125 conbine to support the service feature
agreeneft 126 arfnptyverk menagemmed Rystem aecsrding to Glaimpul idwhereiihthedayerad bot h

di rect | 0NSmsdh dmohibes M- service mg%ﬁg% fayer"efd® b et B nBnddefent 1S
been proposed wthin the Feature Agreenent concept for thls purpose.
layer, and a trigger signal received at an input comprises a performance report in
- respect of an element of the managed nework, the management system responding
by first accessing data contained in the data structure at a level in the hierarchy

10 corresponding to the network management layer of the network model.

13. A network management system according to either one of Claims 11 and 12
wheréin the layered model comprises at least a service management layer and a
network managemént layer, and a trigger signal received at an input comprises a
15 performance report in respect of a servic'e. provided by means of the managed
network, the management system responding by first accessing data contained in
the data structure at a level in the hierarchy corresponding to the service

management layer of the network model.

20 14, A network management system according to any one of Claims 11, 12 and
13, together with Claim 2, wl;ue'rein the déta stores are used as the basis of
communicating to a customer of a service provided by the managed network the
status of a service offered, and its performance with respect to a service customer
contract and supporting customer interface mana"gerhent profiles and service feature

25 agreements.

AR



In both approaches, a nechanismis required for capturing behaviour rules
10 defining the rel ati onshi ps between the network features and the service
f eat ur eswo 96/07288A generi c rul e-based | anguage for addressiPCy/GR9sB0PESUE | S

di scussed further on. For the work described in the remai nder
of this docunent, approach 1 has bgen adopt ed. 15 A COVPLETE
MODELLI NG EXAMPLE Referring to Figure 12, consider a
custoner with sites 127 in swi ch Bel f ast and Edi nburgh, with the

fol | owi ng 'Pnter e‘dﬂmmﬁtF e faha GP@munications network,dpf ysa i@ G r cuit from
| pswi ch t ﬁwdﬁ&bﬁﬁ? bnd 8&1trollmg the pré&W&iBh of Sérvieas! by nidahs 6P 'tl?eerl%yv rl§
4 hours for

Private Circuit fromlpswi ch to Edi nburgh

dat a. wherein the mamw#v%mcmﬁﬁemnt is that the node at |pswich
must have a hig 15500k triRfaF Signd¥e coHRIAMER iR ity is
required. 25 b inpy esedag'raeqlglnrer?ent S cail;rl‘f ggﬁﬂf@hﬁﬁ%@% oviding a

Fl exi bl® Betyrrk @ng/or a ser\@aemfpwed theseb¥s 12 shows how this service could be

Fgure. 13- showe o Ty {sgbg means i cRlfitd Sifhorlelbily i formaron i
i npl enent eesponseate sERMriggensighals;Rndnts to note are, 30 * Not al l
b S LB Wbt s oo g R R 2t
network and/or said services - . :
10 whereln the management system is provided with a data structure
comprising sets of feature-describing data, each set identifying and describing a
manageable aspect of the communications network, management rule profiles to '
be associated with selected sets of feature-describing data, each management rule
profile containi'ng management-rule's'in respect of the feature described by the
15 relevant set of feature-describing data, and association data sets for associating
one or more management rule profiles with one or more selected sets of feature-
describing data,
said data procgssing means being adapted to respond to a trigger signal by
identifying a set of feature-describing data and accessing a management rule
20 profile, identified by an association data set in respect. of the set of feature-
describing data, and, if_ind_icated by the profile or by an association daté set or
otherwise by the data structure, in association-With information from the trigger |
signal, accessing at least one further association data set and a management rule
profile identified by said further association data set, such that the management

_ 25 system is enabled to respond appropriately to the trigger signal.

_ 16. . A management system according to Claim 15 wherein the association

data sets are arranged in a hierarchical structure.

30 17. A management system according to either one of Claims 15 or 16 wherein
different respective sets of feature-describing data identify network capabilities,

and ser\iices or service-supporting features, respectively.

*x C L M 5 *



WD 96/ 07281 - '

PCT/ GB95/ 02070 ' 39 *

Each rout wl®éleg28supported by an end to end connectivity FRCHFRINO207)
definition, includes the SAPs. This neans that the SAP Features are

cont ai ned in nore than one FA (theS8 are the sAFA and the connectivity
FA which it termnates). 5 * An access profile exists at both
t he service evel, an r k Iev The at.t utes are in

di fferent ﬁgrm nél '359893“1""@8\’/5 3PN 35 geg}?’etoraémﬁ'}se%'ms {é %&i?w’&ﬁﬁ‘éa aky

the servi ceedsemé of fhel mphagemenheclie profies dontaing, in bye,ateinsrelationaoit i ng t he
access part the route. Hi gh speed at the service level is

i-mpl ement e(‘]‘eB’f/‘”ﬁrc(?\'?Ftﬂ?‘ A§ a capacity of 2 MB/s on that node. 10 *
Routes at the service | evel do not include the nodes at t heir ends al t hough

t hey do havg p0| ers to them(via the aEnd and b%] fél b é see "FBS
Feat ures® dfove) Wﬁ@@ﬂﬁﬂb?‘(?‘%@ 3eePERinacto A RN 9f flainse t‘?ﬁ Mhgzeiang
points (i . @t least of\GF@RIHEREEmentle prlofilesidontahss, iNade, [data inGreliBibk toDdel does

not have to reflect the structure of the service nodel. Both nodels can
be devel opSEVIGERPEHABE: |y to 15 neet the requirenents of the different

managenent systens. ' * -~ The adaptation profile chosen by the network
for the voice circuit is of type 1. For the data circuit, type 3/4 has

been choser?O- A management BY%R@@WE@QR@SSW"S of Claims 15 torfi avhaeein jaon
descri b?? '?F?dbé: Bianalébrpridet aaHe Wk fadht unJ?éaQ and tﬁefrﬁ%dééﬁnent systemigi d to be

br oken i I's not functioning correctl such that thé service which it
supports i @nalplﬁdem easpded by eutputtingan mpmm @etfnrwroarfaqlmmﬁyg a n which

?hat | fseat lv.':"sﬁr ARG, %agh aé‘asBRicH SroVlabs oPusPoMRrrhihal,t 1S, unavailable,

21. A management system according to any one of Claims 15 to 19 wherein a
15 trigger signal comprises a service fault or fault-related indicator and the

management system is enabled tb respond by outputting an appropriate

performance or fault report to a.user terminal such as a éervice provider or

customer terminal.

20 22. A management system according to any one of Claims 15 to 19 wherein a
trigger signal comprises a test request and the management system is enabled to
to respond by outputting an appropriate test report to a user terminal such as a

service provider or customer terminal.

25 23. A method of managing a communic_:ations system, for use in monitoring
and controlling the provision of services by means of the network, which method |
comprises:

i . receiving a trigger signal at an input to a management system for service
provision over said network;

30 ii) accessing a data structure of said management system in response to
receipt of the trigger signal, to identify a set of feature-describing data for a

feature to which the trigger signal is potentially relevant ;

T



25 custoner is unable use it. The second way ts if the custonmer is able to
use the feature but only with a degraded performance. Degraded

per f or ntewo®6R8R softer form of break which will reqecresssentenance
but may not count against the avai lability figure for the service. The
performance/ QOS profiles will include ghe t hreshol ds over which the
feature is deened to be broken. Severely degraded 30 performnce may count
against the avajlability figure and, if so, these conditions will be
defined i)t he idenfifvingid mepagemant rge profile by referenceyoam pesosiativaslate es. ar e

due to fagld gontBinidgCadabyiatisiiatd Wbt felliting oRBSr more Hﬁgéé’ﬂw% rB%/%E@I%%mS of the
40

ATM networ k. The main synptons that occur. due to
PCT/ GB95/ t2eaid feature; and - t hese

faults argy |os Sy B SRl ' ss..of signal.
These pr OEI? ens %3%%?’?%ut e tg ggqéﬁ*ghgghé?i%{h}dgwogg %e%ﬁ?iﬂ%rﬁ 9°;9§qu5r nmance
par anetSer withdhforreatiomfromethe grigasr signale withoespest to Thecretevant setlné fedtums hol ds
above | Gh: A ' . e e act ual

t hr eshol dé@\/z\:ﬂﬁﬁnﬁ Efeat{'%gtg%e?%@qea#ﬁgn%uélﬁghemsqaég’é%ggﬁf‘g& J%tem' Table 1
summari ses how each ATM network feature can break, which ot her features

how  hese?Feat uf Sl doctfal REEIRA43 Rk R HR02 ook coBBnatsc " Luar cosea
si nce t heidentifyingssfesther bésobimvien thta seaeoribaihing iassuciation data for relating
10 one or more management rule profiles to one or more further features to which the
information from the trigger signal is relevant, and accessing the management rules
of said one or more profiles and applying them together with information from, or .‘
derived from, the trigger signal, with respect to a relevant set of feature-describing
data to determine further action by the management system.
15
25, A method according to Claim 24 wherein features to which infofmation
from, or derived from, the trigger signal is determined to be relevant include both

network related features and service related features.

20 26. A method according to either one of Claims 24 or 25 wherein the further
association data set is identified by a management rule of a management rule
profile. :

27. . A method according to either one of Claims 24 or 25 wherein the further
25 association data set is identified by links built into the data structure of the

management system.

A
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Degr aded Per f or mance rout eFeature -

Transm ssion[err] _ _ '
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far end Loss of far end .

sAPFeat ure si gnal Degr aded

nodeFeat uw® 96/07281 Degr aded Per f or maiaw:B95/02070

Per f or mance associ ated vCTrai l
Degr aded I nput _ associ at ed
vPTrail signal - 2/21 far end
Degradati on of far sAPFeat ur e
end si gnal Not es 1. The inpact on the routeFeature will depend
upon the severity of the degrﬁi ig and the service use of the

rout eFeature (i.e. voice, video, «C) . TABLE 1. Broken Features
and Their Effects 5 The breaks and effects are in ternms of the
t.ypes of alarnms that woul e reponited on that feature. A broken
feature may or may not regult in a bregk of an affected rel ated feature.
For exanple, if an ATM sAHFeat ure becarfe umdvail abl e then the

nodeFeature which it suppgrts woul d suffffer a degraded performance. (If
t he sAPFeatures on that node becang unavail abl e the nodeFeature woul d

al |
be

_C.u_stomer 11
AL .3.0 ...........................
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1:1 /
» Customer
relatedSCCs relatedProfiles M Interface
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L] ' O:m Profiles
om 11
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(VC or VP) which the broken sAPFe®CHGB/B207® nat es

woul d be affected since no transm ssion could occur over it. This
woul d be indicated by a "l oss of ég/n}i)ut signal' alarm Additionally,
the sAPFeature at the other end of th Trail would al so register the

failure via a

Feat ure Agreenents

"loss of far end signal' alarm 5

requi red performance targets, a F@ |4
feature agreenent, are not net. Note't * "for 10 certain types of

A feature agreement wl |

Br oken
be broken if any

ed in the profiles for that

per f or mance, -such as network perfor eapd QOS, broken targets wll
imply that the feature for that featur greénent is broken,- while for
ot her types of §:!‘é;'r-_f_qr_rr.qn_c.e_,_:syg:h.gs_.r_rqi.niqn_a_n_c_e and Er ovi si oni ng, broken
threshol ds wil Ipgjapp! y that there are propl'ems with the managenent’ functi
responsi ble for nmeeting the targets in the profile. Broken feature
agreenents are 15 potentially serious [DEqause tlemm my result in sone form
of conpensation being made tq the custone In the case of
FBS, the fBSFA feature agreenent will be broke f t%F availability
figure is not achieved, that fff it is not i[I'g EQIF%? at | east 99.85%
or nore during any schedul ed, on-demand or 24 session. (There should
be a 20 Service Credit Schene in |operation foff—apmpensati ng the custoner

when t he availability is not agl ) i -- A route
feature agreenent will be broken if-lijts QOS I'Arqets are not net, t hat
is, if there are errored sefonds for nore than 0.5% of a session, if there
are sever el air d sevonds for nore than 0.05% Dfltth(fpt%'lma or if the
round trip del af}'* epter than or equal to 24 ppeatedrroties
'm | 1:m
11 1
.47'/—. _ _—48

1:1 - One and only one
0O:m-Zero or more
1:m-One or more

Fig.5.
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Tcross-ConnectedId / / 52
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51—
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Private Circuit Bandwidth Private Circuit
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A Framewor k For a Mappi ng Language - A generic language is
required for specifying the behavioural relationships 30 between objects
i n featurewegsermsent nodel s. The | anguage nust support thepcrgppssmoe of
i nformati on across the managenent |ayer interfaces, for exanple, for the
pur poses of broken feature nanagenent, performance nonitoring and testing.
The speci fication of behavioural rdl&tionships, defined using the
mappi ng | anguage, w || WD 96/ 07281 '

PCT/ GB95/ 02070 bFI 43 exi st
in profiles of the nodel. Referring g@-to Figure 16, an interpreter
for appl ying the | anguage m 0 either the nanagenent

functions or the manageggent _if nf or mat i on. The foll ow ng
concentrates on broken featu@ na ﬁmblrcuﬁ Faults occurring in
the network will result in alar FQ U%Aéfggﬁ‘ Hazl on the affected
‘network features. The avail abili{y profi §M* I hat feature will contain

t he conditions under which the feature is dgened to be broken. If the

feature is br oken, the repor
need to be notified that the
capability is unavallab The n
service FA that theS@ qg%qéu

of which the reporting FA i
passed

ing profile wi]l define which entities

? vai | able (that is, its
ffied entifd reldtedRiefilesncl ude t he
pports or a superi i t heq FA

a subpart). An unayal y nesyage wi || be
privateCircuit
AvailabilityProfile

62

. privateCircuit
> MaintenanceProfile

61

privateCircuit
ReportingProfile

Fig.7.

.70
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relatedFeatures wﬁoﬁbs

availabilityProfile
-availabilityFigure
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-aEnd /'71
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-24Hour
-scheduled
-onDemand
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on fromthese notified FAs according to the conditions in their

availability and reporting profiles. For a network FA at

t he SM./ Nwb 961281 f ace, the break conditions will 15 defi peraBesm2tee break
is service affecting and when the FA itself has been broken (for
exanple, if the availability figure has been exceeded). In the case of a
service af fecting nessage being s&M81 fromthe network FA to the
affected feature agreenent, the break conditions for the affected
service feature will determ ne the i npact on the service feature (that
is, whether the feature is broken or just that 20 the performance is

af fect ed). The general ral.es t he | anguage for broken
features are given below (The £i|<--" means "inplied by".)

(The followi ng constraint is appl | ed i the nodel l'ing: a FA may only have
rel at edFeatures or rel atedFAs, Br okenFeat ure(FA) <--
br eakCondi ti ons(r el at edFeat ures[ FAl ) = TRUE This rul e says that
the feature(s) covered by the FA pre r;ga%ﬁn i fl any p t he break
conditions for the feature(s) are|true. Br okenFeat ure( FA) <-
breakCondi ti ons(rel at edFAs[ FA]) = Where the rules for the
break conditions of the FA are wr s of 30 BrokenFeature(FA).
This enforces a recursive definitjon which te m'nate‘s at the feature

| evel .  {etatedPeatarasy gelatedPrbfileser vi ce and
network levels. In addi ti gfi, for a service FAwhich is supported by a
network FA, we have, WD 96/ 07281
PCT/ GB95/ 02070 44 -

nodeFeature accessProfile

83

relatedFAs
11

relatedFe.aV wedProﬁles 82

serviceManagementFeature
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* Br okenFeat ure(service FA) <-- breakConditions(supportedBy[service

FA] ) = TRUE This rule says that the feature of a
servi ce PWadsav2sis supported by a network FA will| be poradsesozoiot he
break conditions for the service feature are true. 5 The conditions wl|
be in ternms of BrokenFeature(FA) where FA is the supporting net wor k
FA. This rule overrides the first two®21 es for service FAs which have a
supportedBy rel ati onship. The followi ng rule captures the
concept of a broken feature agreenent. * Br okenFA(FA) <--

t arget BreakCondi ti ons(FA) = TRUE 10 This rule says that a feature

agreenent is broken if any of the rlglagﬁf perf-ormance targets are
not nmet. It may only be necessary to br broken FAs at a
managenent interface because tHe terface represents t he
actual agreenent. The sub-FAs gxi st onI y for] nodel i ng conveni en

The mappi ng | anguage nustB4at+ow for feature preistedRrofilgsafget Break T5
conditions to be specified in t|é S ponent featurg¢s and
feature agreenents. The |3 ne resulting
actions initiated when the b speci fi ed.
The above rules are generic and specific instances defin{ng the actual
break conditions will be useq,ewe&ﬁ@s particul ar appli cat Lab-CansiderJt he
earlier 20 diversely routed connectipn exanple (repeat ed wrth nore detail

in Figure 1 FHre—routef? sel y routed
connectivity - - €. feature agr g of a main
connectivity FA ,E\i,—:rnd Tst an86by Fhe
rule defining the break dondition for

Br okenFeat ue(C)_<- BrokgnFeature(f) AND re(B That
is, for the featrﬂpgﬁbf -C to be broE@ﬂB'E’gqui Hét%f’%ﬂMﬁpége@Pnﬁﬁh
FA- A and FA; 5 FA- A, *
Br okenFeat uf Br pkenfFeature(E) OR 30

Br okenFeat ur e(f) .
relatedProfiles

relatedProfiles / | \

relatedFeatures relatedFeatures relatedFeatures .\ iorofiles

- Fig.10iv.

107

relatedFAs relatedProfiles

116
~ profiles
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That is, the features of FA-A will be broken if one or nore of the features
of FA-D, E or F are broken (i.e. either of the access points or the

connect i Ggg 96/072PEL Ween t her‘r) WD 96/ 07281 PCT/GB95/02070

PCT/ GB95/ 02070 45

Usi ng FA-F as an exarrpl e for one of the conponents of A, * :
Br okenFeat ure(F) <-- Unavai l abl e( G7/2R Unavai | abl e( H) That is,
the SAP-F will be broken if eiffer—tfe—tTamgnit or receive SAPs are

unavail able. 5 F| 9 At the service levgql, the break condition rule for
the route | is, g Bf ok®hPEeatluree(1}) <- BrokenFeat ure(C)

That is, the route feature wil| tsabbrdinateOff|l t he feature of the supporting
connectivity network FA-C i s bfoken. The above rul es assune
that a feature is either brokep or not brokgn. This is 10 a sinplified
situation,ggnd in general, the rules Lo.fhshe specific to the type of break

and the seveklty of;t-he—br-e&le——— In
the above, FA nodelg have been specified for FBS and ATW in terms of 15 the

feature, profile and featgre agreenent classes that are neededjto capture
t he pert| nent informatlion required for their |managenent. ese cl asses
formthe begi nni ngs off a catal ogue of reusablle objects for] nodelling
net wor ks and| servi ces. 91
{ subclass
92
/ _

Fig.10i.| ‘00

relatedProfiles

relatedFeatures
I.=T il 101
vPTrail 102 /
bandwidthProfile
vPTrail
-a-TP K
-z-TP | availabilityProfile

aTMLayerPerformanceProfile

aAL1Profile
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A nore detailed specification of the classes woul d of course still be

requi red before they can becone registered in a catal ogue. Al so, a

sui t abl e W@ &/@38% ng nechani sm 20 shoul d be identified. PCT/GB95/02070
MANAGEMENT FUNCTI ONALI TY DESCRI PTI ON Faul ts occurring in the
network will result in alarnms being reported on the 25 affected network
features. The availability profile B@&1 that feature will contain the
conditions under which the feature is deened to be broken. If the feature
is broken, the FA for that feature will indicate to the entities
defined in the reporting ~profile that it is urayaTable (that is, its
capability is unavail able). The notified ent | es w | ITTmeTooe T g
service FA that the network FA supports or a peri EA_30 (ie the FA of
which the reporting FA is a subpart). An ungvail abilj ty mgssage W | | be
passed on fromthese notified FAs accordi ng:t oftiregiongi t ifons ﬁn_t hei §
availability and reporting profiles. o. \/\D@/O?‘SSl

PCT/ GB95/ 02070 5o a 46= 0-

For a network FA at the SML/NML interface, %he @K c§ndit|on§ Wi | |

define when the break is service affecting @n & th-g-:I Fi itsel f has]been
br oken (for exanple, | f—tRo=arallapili @ g has ceeded). In
the case of a service nf f-ecti ng negss i“h@ gent fromthg network FA
to the affected featurey | S

>~

vPTrail
-a-TP
-2-TP

reIatedFeatur%

113

relatedFAs

bandwidth
Profile

aAL2Profile

\relatedProfiles
~ aTMLayer
PerformanceProfile

vPTrail
-a-TP
-z-TP

Fig.10

11 1}
relatedFeatuy
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5 agreenment, the break conditions for the affected service feature w |l
determ ne the i npact on the service feature (that is, whether the
feature iwolsokasn or just that t he performance is af PETIGRY}02070
Referring to Figure 15, which shows an extended version of part of Figure
13, a scenario based on a network fault in an ATMvirtual path is responded
to as 10 fol | ows: (i) 9R1cable fault in the network will cause
an event report in the managenent system and (in this exanple) wll
affect a virtual path feature E . PIQ”' 140. (ii)
Reference is nmade to the conditi availability" profile 141 of 15
the feature agreenent "ConBi dSy e how the availability of the
vi rtual path feature "vPtr 140 is affected (rii)

Ref erence is nade to the " 142,
whi ch indicates the correspondi :
eConBi dSynFA" 144 is to be notiffied. 20 i eference is rade to

the conditions in the "avail abi'| licteymep-aiil

145 of | e-ae\wgi"g Sy nfFA"

144 which inply that a feature of that|feature agr eement .
"e-eConBi dsynFA" 144 is broken. subclassv) Referende is nmade tol|the
"Reporting” profile 146 of "e- eConBi dSynFA" 144 whilch indicateslithat a

supported servge FA (| . notifi ed J
) to the conditions in the " peryor nance” g{é) ile 148
ur

(vi) Reference

of "routeFA" 147 hat the perfornanEe of the fe rout eF"
149 has degr dded. (vii) Reference is nade t

"Reporting" profill e 150 of "rquteFA" 147 30 whigh indicates
custonmer should Qe notified vija an al armon the| rel evant
feature agreenent] "f BSFA" 151. ' (vii}) The custo
consequent |y not ib= formance on the s

is currently degr

t he

hat t he

A ce

r is

Bel fast route

117 relatedFeatures relatedFeatures\, 118
subclass ?
A 4

subclass

105 _ | _-106

relatedFeatures relatedFAs
sAPTxFeature
sAPRxFeature SAPTxFA sAPRxFA
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Not e t hat WO 96TR81 di agnosi s and repair process woul d begi rPCRGBE®2078S t he
original event has been received at the network level. This is very

advant ageous in that the customer can.be forewarned over perfor mance
difficulties, which clearly of ferd 3“?em useful managenent information,
and the fault can be repaired as soon 5 as possible. A

somewhat simlar scenario can/will take place when the problem (i.e.,

route performance degradation) has been detected by the custoner and is
reported to service nmanagenent (i.e., via the feature agreenent fBSFA
151). In this case, the report propagation will be top-down. 10
Referring to Figure 19, enbodi rrents of the present invention‘can also. be
used to provide test managenent, Ijg 3 d in the follow ng scenario.

(i) A customer requests a test fo f Silience in access available to
the customer, identifying | pggich as the access site. (1)
Reference is nmade to the rel evant feature agreenent "nodeFA 15 (I psw ch)"
191 and to'the related "test|" profile 192 whijch together identify the
supporting network feature ggreenent "sAFA (Ijps)" 193. (i)

Ref erence is nmade to the sudporting FA "sAFA Klre@iedPreflleand to the

related "test” profile 194 ich together idgnth\fy t e sub Tealtur e
agreenents "sAPBi dSynFA (1 psl)" and "sAPHi dS % 195, 196 which
require testing. 20 is m ngtyvork erformanse] | ¢ 194 .
of "sSAFA (Ips)" 193 which i ndi cates the physi cal test Rrotle2\bi t | di ver se
access) which is required of access tp ePg,:the node. (v :
Reference is nade to the "test" profi relat 5198 whilch_identify the

116 -
I 116
120 | /
sAPFA connectivityFA sAPFA
relatedProfiles relatedProfiles relatedProfiles
109 ) 109 ) 1 09}
~aAL aTMLayer aAL
Performance Performance Performance
Profile Profile : Profile
relatedFeatures | relatedFeatures relatedFeatures
' connectivity
sAPFeature Feature sAPFeature
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network features which require testing, "SAPRXF-(Ipsl)" 199 and "sAPRxF

(1ps2)" 25 200. (vi) Reference is made to the network features
199, 200 WO %%MIPR1 fy t he physi cal network el ements whiRGT/GBISIPUCHe
tested by applying the physical test i ndi cated at step 4 above.

(vii) The results of the test are reported back to the custoner by neans of
30 a reporting nmechani sm equi val ent t 18at described above with regference
to Figure 15. It should be noted that in the sceng@io
descri bed above, there are test profiles 194, 18 ss@Ci &ed with
FAs 193, 195, 196 in the NM., - where two e
PCT/ GB95/ 02070 .

t he FAs 195, 196 are both sub:FAs

e
. N 48 £ of
in respect of_th 193.§n t he

particul ar scenari o described; anjaccess te acti ce be the
case that the set of tests applied to tjhe physj cal br k el ement s
associated with the featur&|" SaPR (I pq and " SARR (I p”§2) " 200
woul d be the same. This is@5 b&cguse the adcgss Ltions hrg tke sane in
each direction for the |psWgch noge, _ or

case, .as Jesgr : i cal

p 4 above cq‘%} pe stored in the tgst

gvel in the data stTucture,
193. In otjher!scenari os however, it may
e applied jto tthe physi cal networ

res "sAPR (I'psl)" 199 and "8APR

faci ng Bel f ast,. Wt Bs.the
test infornmatEon referendedgat st
profile 194 whi¢h |ies at %e.-sli
associ ated = |wit " SAH "
be that the é}; of %ests 10 :to
el enents ass hted Wi th Jt he feat

(1ps2)" 200 Mould be differen?,. Ip that casqg, the& physical riq. _
. . Eel
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test information reference at step 4 above instead would need to be | ocated
via the two separate test profiles 197, 198 at the lower level in the
dat a str ucvynger281 associated with the FAs "sAPBi d Sym Féct/cpesine70196 and
"SAPBi dSynFA (1 ps1)" 15 195. Referring to Figures 17 and 18,
t he above functionality can be expressed nore generally in flow

di agrans 170, 180. These flows di aghgms 170, 180 are self- expl anat ory
in the light of the description above with respect to Figures 15 and 19,
except perhaps with respect to the nonitoring referred to in step 171.

Al though a 20 network fault may affect a {eature and its related FA, the
FA may not be i medi ately brc’ﬁ'g_ﬂf il§].i ncor porates performance
targets, for instance, these may only apply after a specified interval.

Hence, ié E&'@ eferable to star n unbroken FA as soon as a
rel evant F tdre is affected. If the FA subsquently breaks, the
managenent system nay treat the br%tﬁte@?\a " 128yent. This time, 25 the
managenent process will clearly]start at a hggher level in the data

structure than - the starting| point of Figure 17. WO 96/ 07281
PCT/ GB95/ 02070 49
CLAI V5 1. A network nanagene tsuﬁ%értt&fﬁyfor a conmuni cati ons
net wor k, the
NETWORK |
125 125

[

[ [

latedFA
AmdFAs \ e / \

| relatedProfiles relatedProfiles
endToEndConnectivityBidSyr_nFA endToEndConnectivityBidSymFA

Fig.12.

EDINBURGH
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2 Mb/s
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5 management system being structured according-to a layered nodel of a

managed

net wor k, whi ch nanagenent system conpri ses:

)

i nputs fowagsiogeser signals in respect of the network and/ ®CTHGBE&N207CE

provi ded t hereby

processing information in 10 respon

i)

to said tri

S
iii) outputs for issuing signals i r‘?s?%%pect of th

servi ces
structure having

use in retrieving data defining
| ayer of the network nodel,
condi ti ons such as those of a service |evel
nt system according to Jarm I,

2.
20 agreenent dat
at | east one
and

. 3. A net wor k
cl ai ns, wherein

prevailing in the
syst em accor di ndFt/o any
| ssued conprise cpntrol

net wor k.

A networ k nmanageng

wherein said data processi ng nmeans conprises a da
hi erarchy of feature agreenent data stores,

a

re- speci
set of
agree

to

gger signals; and
e network and/or said

eac
fic requirenents, at

operational -rel ate
ment or the li ke.

f

man
D

S

nodeF
(Belfast)

SML

O hodeFA

anaEEnt

'| supportedBy

associ ated set of

pr af il r data stores,

_ an associ at ed s¢g
edpfset of feature agre
sygt\em_ according to e

t of J'te ure data sto
enefy %a st
i t hePSEIR of

aged net\wor K. 4

£ o PUTEP-N-
n ol ChiC Pr oot
i C

nal s8¢G®SEespe
-normal

ct of el

sOdB conpri se ‘reportsrom

i ng 30 rEl/ai ns,

or es.
[ he prec
oo
bt wor k

nsP
nagene

An

of the man
profiles

nts
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routeF
(lps-Bel)
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WD 96/ 07281

PCT/ GB95/ 02070 50 5. A
net wor k mWRHEITESKt system according to any one of the prechci/aBeso02070
cl aims, wherein the managenent systemresponds to a trigger signal received

at an input by accessing data contained in the data structure at a
plurality of |¢ thﬁ hi eygg2hy, the data accessed at each | evel
determjni ng what dgpgpas ne L5 _accessed. 6. A networ k nmanagement
systemljaccordi pmg to any one |of |{the preceding clainms, for providing
fault ranagenef nanagdd retMainienanceo | 7. A wor pagenent
systemlaccording to Clains 5 andro, wherei e I [ ﬁﬂ.el corrpﬁises
at | eagt ?Fiervi ce mapagenent lkayer tarriffing net ywor k agenent | ayer | and
a trigg A3 eeelvod—ai—s e orpttstg—afault report in
respect| of an el enent of a nanaged net wiiing thg nanagenept system
responding by firfst accessing ] perta-Red—-HA € dalta strucqure at
l.evel iln the 15 |i ernodeiA cor fespohdi E@’aifa%ilft e fét worduteBAagerfent Iay$r of
t he netiwor k nodel|  (lpswidh) elg -9@%}3 enmefp{ sysgipssBd)ccorjding to,
Clainms |5 and 6, v er ed "nodel cofises.at.leadt serii ce
managerfent | ayer an nagemnen ayer / and a tr ef" si gnal
receivgd at an inppyt congri ul t IF
access
-resilient profiles
nodeF “high routeF
(Ipswich) (lps-Ed) -
-aEnd=lps
supportedBy -bEnd=Ed supportedBy
sAFA P e-eConBidSymFA
(Ips) - \ access (lps-Ed1)
. -diverse P
FA -2 MB/s '
! )
'sAPBidSymFA SAPBidSymFA
(lps1) (lps2)
rP N
aAlLLayerPerf aAlLayerPerf ConBidSymFA
Ips-Ed1
T aAlL1 rF aAL3/4 (p ) 1
bandwidth bandwidth ™~
availability availability
SAPTxF
SAPTxF vPTrail
sAPRxF
" sAPRxF vPTrail '
(Ipst)
| -subordinateOf (IPS2) a-TP
| -subordinateOf L z-TP
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20 report in respect of a service provided by means of the nanaged
network, the management system responding by first accessing data

cont ai ned W%¢He8ldat a structure at a levelin the hier BcH§BIS02070
corresponding to the service nanagenent | ayer of the network nodel .

25 9. A networ k managenent systeg%/??cordi ng to any one of the

pr ecedi ng clains, for providing t managenent of a managed networ K.
10 A ne¢twork nmanagenent system according to Claim9, wherein the |ayered

nodel comprises at | east a service rranagerrent | ayer and a network
managenment 30 |ayer, and a trigger slg feived at an input conprises a
test requeést in respect of a servi=e prOV|ded by nmeans of the nanaged
net wor k, - nt system respondi ng by.first accessing data
contained|in the data structurefat a level in the hi er ar chy
correspongling to the servpree—metrageneni | ayer of the network nodel .
WD 96/ 07281 nodeFA
RCT/ GB95/ 02070 (Edinbur ' 51 11.
A networ k|managenent systiem accorg o any one of the preceding
clainms, for providing perfofmancd nman Eenh in relation to a managed
net wor k.
rF
-access
-normal
-high
nodeF
(Edinburgh)
supportedBy
sAFA P
(Ed) \ access
' -single
' -2 MB/s
rFA
SAPBidSymFA
networkPerf (Ed1)
N
aAlLayerPerf
' -
F . aAL3/4
\ bandwidth
availability
aTMLayerPert SAPTXF
. bandwidth SAPRXF
. (Ed1)
availability _| -subordinateOf
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-5 12. A net wor k managenment system according-to Caiml 1 wherein the

| ayer ed nodel conprises at |east a service managenent |ayer and a
net wor k mAYS0v2stt | ayer, and a trigger signal receiverCTGBBR20MpUt
conprises a performance report in respect of an elenent of the nanaged

-newor k, the managenent system respon by first accessing data

cont ai ng@q\ncthe data structure g)?ével LD the hi eramglm
el .

correspondi ng to the network maragemant | ayeq of the ne

13. A networ k managenent syst ingto either one of Clains 1 1
and 12 wher ei n relatedreatyres Ddeig‘éggrl sdg_miatedRrofiles service
managenent | @ ‘ r signal

recei ved at 15 perfor

service provi dafitérediBRNS 6t t he managgd nt system
responding b [ 51 ng -data confjained in ture at a
| evel in the|hierarchy cofresponding tbSUPROMESBY; ce manageme t layer of
the net wor k  Foehed e 4. A net wbr k nmanagemnent ding to
any one of Gaims 11, 12 and 13," tpget hef "wi i "A'di'm 2" Whet el h*theé
data st NMEFWORK used res—+he—basi-s—ot SO A-6at+-Rg—~t-q a custoner of a

servi ce provided by §he managed network the st at us off a service
offered, and its perfornmance with respect to a service cystoner

contract and supporting customer intedrAdte nanagenment pr difeladedriofileser vi ce
feature 25 agreenent$. WO 96/ 07281
PCT/ GB95/ 02070

. | relatedFAs
FA-A " FAB
relatedFAs \ | F \
relatedProfiles reledrhe relatedProfiles
connectivityBidSymFA
. _ . . APBi
SAPBIdFA connectivityBidSymFA | S DIdFA

: /]
FA-D A

FA-E : sAPBidFA

sAPBIdFA ' )
FA-F

\relat_edProfiles_

relatedFeatures

sAPTxFeature

FA-G

sAPRxFeature
FA-H
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52 15. A managenent system for a communi cations network, for use
in nmonitoring and controlling the provision of services by neans of

t he net woko 9607281 Wher ei n t he nanagenent system corrprl SEeS:PCT/GBY5/02070 i)
inputs for trigger signals containing information in respect of the 5
network and/or a service provided t by; ii) data
processi ng neans for accessing and1gﬁ%§essing information in response
to said trigger signals; and i) puts for issuing control
and/ or report S|?E§cj “gSrespect of—the 2§E€£rk and/ or said services
10 t Mmanagenent systemispprovided with a data
structure conprising sets of feature-despwlbi np data, each set
identifying and describing a manageabl e hspecC the conmuni cations
net wor k, managenent rule profileS 10 pDe assoqt | ected sets
of feature-describing data,rFAach managg¢nment rule “thai F%%@F%— t ai ni ng
managenent rules in r=spect of the feature descrilhef bytarmfing s el evant
set of featurerdes 3t 3.148nd associlati on d:

one or nore ma agenent rule erfI|es wi thlone or no}
feature-

r oaesitabildy me
ent pggoRY a
2 R il
bct of the set of feature-

nfl e or by an associ ation data

f eat ur e-descri BT ng
identified by an

set or ot her

from t he—tigger |, acce S|nq”@megeast one further association
data set| and a manage rule [ identified by said further
associ atli on (tpsBelyet , | such that the nanagenent 25 systemis enabled to
respond |apprafgnd-fosel y|t o tthe trigger signal. 16. A managenent
syst em gccosufimgBelo J ai m{15 wherein the association '
supportedBy
SML
\ Jas NML
/
(Ips.Be“) *
networkPerf /145
A —~— availability
~1  reportin
142 i =
(lps-Bel1) |

rF \
aTMLayerPerf
vPTrail bandwidth
) -a-TP . oge 141
| -z-TP availability | _—

reporting | _—143
140

EVENT
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data sets are arranged in a hierarchical structure. 30 17. A
managenent system according to either one of Clains 15 or 16 wherein
di fferentwomspesti ve sets of feature-describing data i denPCTAGBAS02000 k

capabilities, and services or service- supportlng feat ures,

respectively. MD 96/07281

PCT/ GB95/ 02070 g;xl 18/21 53 18. - A
managenent system accoRn g to any one Claims 15 to 17 wherein at | east

one of the managenent rftl & profilés cont@i As,”in use, dadta in relation to
net wor k constralnés% j S 19. A managenent system acqording to any one
of Clains 15 to 1. ein at_least one of the management rule profiles

contains, in use, datalifrelation to 20.
A managenent system acqorjding to any on ‘ {q 19 mherein a 10
trigger signal conprises la network faul { Jid and |t,he managenent
systemis enabl ed t'o |respond by out ' i A perfornmance
or fault report to_a | Juser termnal, [suchlas a servJG€ provider or
customer terninal 160—"]

Fig.17. Vs
1. Identify FAs directly affected by the network fault

!

e ——

‘2. For each affected FA _do:

2.1 Check the break conditions for its features
as defined in the availability profile

Y

2.2 If the conditions for a break are met 'then
notify upstream FAs and affected customers
according to the reporting profile

Y

7L — 23 Trigger monitoring of affected FA for broken
performance targets as defined in the performance
profile

3. Repeat step 2 for each upstream FA receiving a notification
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21. A managenent system according to any one of Clains 15 to 19 wherein a
15 trigger signal conprises a service fault or fault-related indicator and
t he naw@ageeTestt systemis enabled to respond by out put t PCEIGBIF/02070
appropriate performance or fault report to a user termnal such as a
service provider or custoner term pal . 20 22. A managenent system
according to any one of Clains 15 to 1@aﬁherein a trigger signal
conprises a-test request and the managenent systemis enabled to to
respond by outputting an appropriate test report to a user term nal such as
a service provider or custoner termnal. 25 23. A et hod of
managi ng a comruni cati ons system for use in nonitoring and controlling
t he provision of services by nmeans of the network, which nmethod

conpri ses: 1) . receiving a trigger signal at an input to a nmanagenent
system for service provi sion over said network; 30 i) accessing a
data structure of said managenent $ nﬂi response to recei pt of the
trigger signal, to identify a set of ature-describing dal8or a

feature to which the trigger signal is potentially rel eviant; WO

96/ 07281 : :
PCT/ GB95/ 0207 Receive customer request for service test 54

2. Determine service aspects requiring testing

!

3. Identify service feature agreements related to test request
as specified in the test profile and, from those, identify the
sub-feature agreements which are supported by network
feature agreements '

4. Identify supporting network feature agreements and
determine the sub-feature agreements which require testing,
as defined in the test profile

5. ldentify network features which require testing and the
test(s) required from the test profile

Y

6. Carry out test(s) on the network elements which correspond
to the network features to be tested

Y

7. Report result of test (via an event) back to customer
according to the reporting profiles
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Fil) i dentifying a managenent rule profile by reference to an

- associ ation data set, containing association data for relating one or
nmor e manayemsor2stul e profiles to said feature; and PCT/GB83/02070
accessi ng the managenent rules of that profile and applying themtogether
5 wth information fromthe trigger 7|gnal W th respect to the rel evant
set of feature- descri bi ng da?g o determine further action by the

managenent system 24. A nmet hod according to Caim23 wherein the
further action conprises identifying a further association data set,
cont ai ni ng assog ata for [relatTng I0 Jone or nore managenent rule

ich the information from

profiles to one or m)re ’further featyygpm t o
€ managenent rul es of

the trigger signal is relevant, |and accessin

said one or nore profiles and a ogethet with information from
or - derived fromFA he trigger sfgnal, with respect to a rel evant set of
f eat ure-describing data to determng Turtner acriom py tiemanagenent
system 1 5 25. A nmet hogllaccordidg tq Caim24 wherein features to
whi ch information from or derk,1 gFArom the trigger si%hal is
determ ned to 198,rel evantyF n gN h tywrk related features and
service rel ated fleat ures- 20 26 P )matro cordi fgtto erf her one of
Clains 24 or 7% f ur tMET asSoci at i ' =TS Tyentified
by a managenent anagenent rule A
met hod accor dijrig (lpswuchher one of Caifs 24 or 25 her 25
associ ation da ddntified by |inks built i sjructure
of the managenent system SML
194 NML
193 — .‘
~ tgst
access
FA -diverse
_ -2 MB/s
195) 196)

SE— /

\rP ' - \'P-
aALLayerPerf aAlLayerPerf
- aAll aAL3/4
rF bandwidth rF [ bandwidth
availgbility availability
test test
SAPTXF j | sAPTxF
SAPRxF 198 SAPRxF 197J
(Ips1) . (Ips2)
] -subordinateOf | -subordinateOf

)

g,
SUBSTITUTE SHEET (RULE 26)

199



WO 96/07281 PCT/GB95/02070

21/21

Fig.20.
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