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ABSTRACT

Network management system{NMS) provides not only effective monitoring and controlling of network which consists
of heterogeneous network elements but prompt response to users’ need for high-level communication services.
Recommendations of ITU-T and ISO stipulate the managerial abstraction of static and dynamic characteristics of
network elements, management functions as well as management communication protocol. But the current description
method does not provide the formal mechanism for the behavioral characteristics of managed objects in clear manner
but in natural language form, the complete specification of managed objects is not fully described. In this paper, we
describe determinants for the behaviour of managed objects applicable to every managed object, and present a language
for specifying behavioral aspects of managed objects based on their temporal and active properties.
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* ACTION
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* NOTIFICATION
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A St FE%E s EE 2 ool A9F
H2g AAA o] AEAWE o e PACK-
AGE #E3E 88 4 Urh 4443 PACKAGE
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AE HRAd. 29 2= ITU-T X734[12]9) ®eg o
HE B3 #Yrl5E 71$38E eventForwardingDis-
criminator’ #2|4A] Fej2el 1 FFRA9 dis-
criminator’ #2243 Fe#2o) ¥ GDMO Ed L o
230 Rl =

discriminator MANAGED OBJECT CLASS
DERIVED FROM top:
CHARACTERIZED BY
discriminatorPackage PACKAGE
BEHAVIOUR
discriminatorBehaviour BEHAVIOUR
DEFINED AS "This managed objects is used to re-
present the criteria for controlling management services.”;;
ATTRIBUTES
discriminatorID GET,
discriminatorConstruct
REPLACE-WITH-DEFAULT
DEFAULT-VALUE Attribute-ASN1Module.default Dis-
criminator Construct GET-REPLACE,

CONDITIONAL PACKAGES
availabiliyStatusPackage PRESENT IF “any of the
scheduling packages, (duration, weekly scheduling, ex-
ternal) are present”,
duration PRESENT IF "the discriminator function is
scheduled to start at a specified time and stop at either
a specified time or function continuously”,

REGISTERED AS { smi2MObjectClass 3 };

eventForwardingDiscriminator MANAGED OBJECT CLASS

DERIVED FROM discriminator;

CHARACTERIZED BY

efdPackage PACKAGE
BEHAVIOUR
eventForwardingDiscriminatorBehaviour BEHAVIOUR
DEFINED AS "This managed object is used to
represent the criteria that shall be satisfied by potential
event reports before the event report is forwarded to a
particular destination.”;;
ATTRIBUTES
destination GET-REPLACE;::

CONDITIONAL PACKAGES
backUpDestinationListPackage PACKAGE

el Aol AIZIKIH 58 S0 S BEXN 2@ 2483

ATTRIBUTES
activeDestination GET;
backupDestinationList GET-REPLACE;

REGISTERED AS { smi2MObjectClass 4 };
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H 2%=z). % B F37 o] Fod EF
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g AA e o3 Fosluw HAHE FAE 49y
oz gAAvt d& # glod, #AAHE HE
He 22 £& oWEE 2 BeAAe Add &g
AAEZEE A= Agad. 2 BelAA
A AbA) F2Hdel W, ZJE B (alarm report),
Bol AREn F oRE #A) HEH= FFY
x50 Al2g BT BTN A= YT
BYAN2 A$P FAU oHE, a2l3 A Hg
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4gL e 5 ok & Eof, (29 2)9) 'eventFor-
wardingDiscriminator’ @& A2} 73S #AM X
gl 243 'discriminatorConstruct’el 2l Fx9
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Ao o8l AgHE e FYUAAY EA g
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A Ae] EAEAHLE oA R A,
A ke oWESd 2 R 949 oo #HIHA
o sl AP Aol £Aou g ANz RE
FEWE &4, 281 Y5 B 242 #@7]x0 9
a8 A9k geAAe A" yaglel wat 1
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ol g HeAH L BelAA] FHYHE Yeh
£ golvt =AY 7R {7 wel g}
A 5 ot ojxd felAAe 294 ECA(Event-
Condition-Action) T3 ©W2E 55 H(active) E4
& 7t

BAA e B E BASEH o)gHE 45
o & £, BeAA AMulx ojfe diFt 3 rtd
5& vehll=d A$5E ‘administrativeState’ 44
o] At} w4 ‘administrativeState’ 34 gto) ‘locked’
Ql ZA%ol ‘discriminator’ #IAHA ] HE AW
e ditely 2R &= g B
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#Be A FH EHLE TEH B4 9o AL
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= Atk diE 50|, 1Y 29 'discriminator’ ¥
Z#)29 3% ‘discriminator’ B2 AAd] HEd olw
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2| A9 AIZKH 55 S0 NS JHEN 292! 2485

g 23A% A711 24, 'eventForwardingDiscriminator’
fAAAT GAd A zA gt FAYE £ JE=
Aodte 7% AF§r). ‘availabilityStatusPackage’
#7120 @A @AM A FRE AT,
‘duration’ WA BEAA7 FRASRE Az ¢ F
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d #eAM7 FHes AFRS EFRAGE 48 9
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A= YFAFS At TR 29€H
a2 294 g & elide] ANz}, 2R AIZHE XF
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AR EFH o] FAHA AzbAlge] old A4 9%
2A%3y BAAAMZHE discriminator’ 2] A <
T2 FRo g AHRE ¥ "o},

oA Agd uist gol, AF7HA] ARE BelA
Aol T2 AFE uAe TFH B ANAL &
A3 A ¢ 1o BE §4 24 S AYE
o] BEHAVIOUR ®&3 ol B&3] 7|&Hojof 3,
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g3 2@ 29 FAELE A2 A 484N =
GDMO #¥%lA @dAe] BEHAVIOUR AER 7%
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AAA B4 SA4L dYse THLLES Ve
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& AYH 7idHe AL B =M E B
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Ao FEGANA R HH e F8 V)5 YF Z=2
ade A 24E + e FHE AFEg

41 S Wite| gHe4 Jle

€ =EdMe #A §4 549 71&g 9%
FA ARP_42AN #AAY FAE JFAIE 9
FROEVENT), BEHA F2AE A% d¥gxA
(PRECOND), #2427} 33 BZA|A} sk @
ZZ2(INVARIANTS) 522 748 9yaglozs:
e AAe dE BHAAH e FeAN2YE A
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eventForwardingDiscriminatorBehaviour BEHAVIOUR
DEFINED AS
EVENT: faultReportEvent
managedObjectClass: ObjectClass,
managedObjectInstance: ObjectInstance,

eventType: EventTypelD,
severity: Security AlarmSeverity,
backedUpStatus: BackedUpStatus,
probableCause: ProbableCause;

EVENT: replaceDiscriminator
inDiscriminatorConstruct: DiscriminatorConstruct;
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PRECOND:
administrativeState == unlocked AND
operationalState == enabled AND
availabilityStatus != offDuty AND
availabilityStatus != logFull;
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INVARIANTS:
currentLogSize >= 0 AND
currentLogSize <= maxLogSize AND
currentLogSize = numberOfRecords * logRecordSize;
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PROCEDURE:
if ( EXISTS durationPackage AND
currentTime VALID IN [ startTime, end
Time ] ) then
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if ( managedObjectClass == equipment
Fault AND
eventType == powerFailure AND
severity == critical ) then
emit equipmentAlarm notifica-
tion;
endif;
endif;
(1) faultRepartEvent &1% 2ol i@ 233 o

PROCEDURE:
discriminatorConstruct = inDiscriminatorConstruct;
emit attributeValueChange notification;
(2) replaceDiscriminator 2% .%o th¥ F3#4 o
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log MANAGED OBJECT CLASS
DERIVED FROM top;
CHARACTERIZED BY
logPackage PACKAGE
BEHAVIOUR
logBehaviour BEHAVIOUR
DEFINED AS “This managed object is used to store
incoming event reports and local system notifications.
Additional details are defined in CCITT. X. T35|ISO
/IEC 10164-6.";;
ATTRIBUTES
logIlD GET,
discriminatorConstruct GET-REPLACE,
administrativeState GET-REPLACE,
operationalState GET,
availabilityStatus PERMITTED VALUES Attribute-
ASNI1Module. Log Availability
REQUIRED VALUES Attribute-ASN1
Module.UnscheduledLog Availability
GET,
logFullAction GET-REPLACE;
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logPackage PACKAGE

BEHAVIOUR

logBehaviour BEHAVIOUR

DEFINED AS

EVENT: intemalNotification /+ W% §3 o/¥lE
7lE «/

notification: smi2Notificaiton
notificationID: Notificationldentifier;

PRECOND: /* AYP2H T)E
administrativeState == unlocked AND
operationalState == enabled AND
availabilityStatus != offDuty AND
availabilityStatus != logFull;

PROCEDURE: /* 3383 7|& +/
logRecordSize : INTEGER:

"set the logRecordSize according to data logged”
if ( NOT ( FILTER ( discriminatorConstruct,
notification ) ) )
abort;, /eXAlTzel FA B EHA A «/
endif;
if ( NOT ( EXISTS durationPackage AND
currentTime VALID IN [ startTime,
endTime ] ) ) then
abort: /x ~3&3 A2 o|9o] FA] A3 +/
endif;
if ( EXISTS finiteLogSizePackage ) then /*
Logd 7|7t AR +/
"process the notification suitable to log
record structure, add modified notification
information to log storage”;
numberOfRecords = numberOfRecords + 1;
currentLogSize = currentLogSize + logRecord
Size;
if ( currentLogSize >= maxLogSize ) then
/* A log 27] ZTA] #/
if ( logFullAction == halt ) then
availabilityStatus = logFull;
endif;
if ( logFullAction == wrap ) then
"delete the oldest log record and
allocate it to new log record”
endif;
end if;
endif;

EVENT: replaceDiscriminator /* '8z} £4¥73
|YE 7|& +/

a2 A AMZEY 55 S40| S P 22 2489

inDiscriminatorConstruct: DiscriminatorConstruct;
PRECOND:
administrativeState == unlocked AND
operationalState == enabled;
PROCEDURE:
discriminatorConstruct = inDiscriminatorConstruct:
[+ A2E 48 AEATZE XE +/
emit attributeValueChange notification;
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Ha|AH S5 SA 7|£A0{(Behaviour Description
Language) &% (EBNF &4))

Behaviour-Description ::=
{ 'EVENTY
Attribute-List ">’ Type-Name
Attribute-List ':" Type-Name { ‘," Attribute
-List ' Type-Name } = '}’
‘PRECOND:’
[ Condition-List 1 *;’
[ 'INVARIANTS:' ]
[ Condition-List ] ';’
'PROCEDURE"’
[ Attribute-List ‘' Type-Name { ‘, Attribute
-List ':* Type-Name } * '}’ ]

Statement-List ';’
} *
Attribute-List = Attribute { ‘, * Attribute ) *
Statement-List ©:= Statement { ', ' Statement } *
Condition-List ::= Condition-List Logical-Op Condition
| Condition

| '"NOT’ '(" Condition ')’

Condition = Condition Relational-Op Primary-Exp
| Condition Set-Relational-Op Primary-Set-Exp
| Primary-Exp
| Primary-Set-Exp
| Stnng-Exp
| Temporal-Exp
| 'EXISTS’ Attribute
| '"FILTER’ ‘(" Attribute ’," Attribute ')’

Primary-Exp ::= Primary-Exp Numeric-Op Exp
| Exp

Primary-Set-Exp ::= Primary-Set-Exp Set-Op Set-Exp
| Set-Exp

Set-Exp ::= Set-Exp Set-Op Primitive-Set-Exp
| Primitive-Set-Exp
String-Exp := Primary-String-Exp String-Op Primary .
-String-Exp

Temporal-Exp ::= Attribute Temporal-Op Temporal-Interval
| 'currentTime’ Temporal-Op Temporal-
Interval

Temporal-Interval ::= ‘[’ Time-Point ‘," Time-Point ']’
| Attribute- ASN1Module.defauttIntervalsOfDay
| Attribute- ASNIModule.default WeekMask

Statement = Assignment-Statement



| Conditional-Statement
| Notification-Statement

| Text-Statement

| ‘abort’
Logical-Op = ‘AND’ | "OR’
Relational-Op = '==" | '<" | "> | '<=" | '>=" | "=’
Numeric-Op = "+ | '=" | &' [ '/

Set-Relational-Op = 'SUBSET OF’
| 'SUPERSET OF’
| 'NOT NULL SET INTERSECTION’

Set-Op ::= 'UNION'
| 'INTERSECTION’
'DIFFERENCE’

String-Op ::= "EQUAL’
‘STARTS WITH'
'ENDS WITH'
'INCLUDES’

'CHANGES’

Temporal-Op ::= 'VALID IN’
| 'NOT VALID IN'

Type-Name = { x | x is attribute type in Attribute-
ASNI1Module }

Exp = Number
| Attribute
| "¢" Primary-Exp ')’
Primitive-Set-Exp == { x | x is ANY type }
| Attribute
| *(" Primary-Set-Exp ')’
Primary-String-Exp = Attribute-ASN1Module. Additional
Text

| Attribute
| *(* String-Exp ')’

Number ::= INTEGER
| REAL
Time-Point = Attribute- ASN1Module.GeneralizedTime
Attribute = Identifier
Assignment-Statement = Attribute ‘=’ Primary-Exp
| Attribute ‘=’ Primary-Set-Exp
| Attribute ‘=’ String-Exp
Conditional-Statement ::= 'if’ '(’ Condition ')’ ‘then’
Statement-List ‘endif’ '3’
Notification-Statement = ‘emit’ Attribute 'notification’ ’;’

Text-Statement 1= "’
Attribute- ASN1Module. Additional Text ‘™
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