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A Formal Modeling for Temporal and Active
Properties of Managed Object Behaviour

Eun-Bok Choi" - Hyung-Hyo Lee' - Bong-nam Noh'''

ABSTRACT

Network management system(NMS) provides not only effective menitoring 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 bebaviour of managed objects applicable to every managed object, and present a language
for specifying hehavioral aspects of managed objects hased on their temporal and active propertics.
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eventForwardingDiscriminatorBehaviour BEHAVICUR
DEFINED AS
EVENT: faultReportEvent
managedObjectClass: ObjectClass,
managedOhjectInstance: ObpectInstance,

eventType: EventTypelD,
severity: SecurityAlarmSeverity,
backedUpStatus: BackedUpstatus,
probableCause: ProbableCause;

EVENT! replacelhscriminator

inDiscriminatorConstruct: DiscriminatorConstruct;
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UpStatus’, ‘probableCause’ )& E#al2 91} ‘replace
Discriminator' & ##A Aoz e Agd At
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PRECONI: A de] s 4 sl g4 dedrn
administrativeState == unlocked AND
operationalState —= enabled AND 43 SRIMY 7%
avatlabilityStatus '= offDuty AND {’i-ﬁ] B S ] 2doA] A duE A
availabilityStatus - logFull; LoybeEto], Thelabel ofsl Musi: de) darg
(32 6) MBZA 7|29 ¢ éé,o}fil—} gL dgde 8 oldEe gt =
o Aabg FdgeLy a0 sl das 7)ve
(2 6)2] "administrativeState’, ‘operationalState’, AFch webd @Al 23048 41 4264
‘availabilityStatus'+= ‘log” @l W4 Fe i 4T dE ule} o] AN E Ay R gelidg
M A a A TRl Alge7} o5 Lo A, FAoluk #El A e 247 2R o]
FHAES vEdte v15e sddn Aok wey 9 Aol Egeld &L o8¢ ECA 7%g vwoz %
AR JEon FolA= oWES Ayslr) 9& Ak A B3 T Al 93 event-driven)
A de e @4 Fevt olg 2& Mazde WAL A el s IOH et AFZ(EVENT)o] iy
AA A Aok i, Ao Apdel HeloRE A (PRECONDIE At A}
evzdony geAAe Syl JE 4 gle Aol WE AR ZAACTIONE Fdsl 7128
W SAREd $48A) So] W @ e oftel s fafsh EAo dgiél Ao WAL
el Mol thek ofWE Hlay AF Wb ojud), w A Al A3k Fof wrEs ool dhx R7pAHe) =A
AT A LdE A gk srEA Aok §) (INVARIANTS) X 7] &3k}
oAl G BHlxde) ¥std 4 glow yig R el AAel e B2 #4e 4¥ddoz sie
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40 def Aol FaHEA v)se] TEHoE Hgd
INVARIANTS: T il%f ‘741011 29 ol cl My W EwzAL o
currentLogSize >=0 AND 8 22y do] £xE 2= WAl el
currentLogSize <= maxlogSize AND ] .gr‘-xy:ﬂ}xgg_, 71&87) fd Be YA SRYHE A
currentLogSize = numberOfRecords * logRecordSize; dab= A olEe] oWz By g &4
(28 7) 28xH 7]z o & sel vlaedit Jge) Agoiet gt ma pha)
%”Zﬂ Lol WA X 44y s 9A Ben
(18 T 27 delel g Adsts el ‘log’ A R4 E vigshs FaRRoit nalda Zy
v A g ZEE S0 2wzie Zuofl AR ) 71117} Aefsol de A% HdHA
TIEEtn v &4 ’LurrentLog‘ﬂ/e = 44 ‘log” ¥ g grbbgo| AR MY A9 TRl we gt
Al A4FE =21 ool A% ‘maxlogSize A7 EEJO#‘?-E L‘&SP Atkabzt Aol o
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Heol Huag L}L—}é}]" ATE H4 numberOfRe A WA lemin M7 AL B Ay B4 Fg
cords's= A log’ #elAHAo] HAFHe] gl m (abort}Al 7] &AL A QET PejAy Zzpe o
clolefe] imifalQl 7H-’ff’é~ olmjgic} of Ayl Bz g A daddy B4 tiw B4 Bwe I
2= we A} gk B FEd g So] Be] e L g0z 7Ed o8 9 oen g
248 R S i s B g i 23
A gl o] i wEol 7 AAEY. ua) PROCEDURE:
A A deA se Adgst g merYda) 7} if ( EXISTS durationPackage AND
wAAA e A HAe A FEsy 9o, currentTime VALID IN [ startTime, end
RS AU £ e ADE A HYToRM Time | ) then
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if { managedOhjectClass
Fault AND
eventType == powerFailure AND

cquipment

severity == critical ! then
emit cquipmentAlarm notifica-
tion;
endif:

endif.
(1) fanltReportEvent 915 .90 ulgh &ahatd of
PROCEDURE!
discriminatorConstruct = inDiscriminatorConstruct:
emit attributeValueChange notification.

(2) replaceDiscriminator 813 2.9l et 2233473 o

(O 8) s2ud = o
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He A7 delge $4es, feAAE A

Lo

Aelahm Azdold o e AT F

=
4
olf
rlo
g
U-..
e
&

B

o=l
2

ek, Zhze] ) A el ohE
Z Y7l WEe #H4A FH 54
2 7% g e dolr
Ay ITU-T EE:Aaete] 4o

E g uE As ’3 7o R

Tﬂ
2

jSul
4
X
ok

e
k<3

A

e
7
4r
o
=

Bk
-
i_“,
1o
o
S,

el
i<k
w
S
-
P~
-
2
o
¢
(o134

A -
i i
ri e ﬁ m'o .

E2EHdex I_ggl

2

r&

1";}_‘

o'l"

iy

gl ﬂl}
;C}
s
r.ti
=
=
e

qooap
o
zy
o
i)
irned
_TU
1
=

-

£

to

. R
on
ol
2
10

mooft E ac

o=
1,

o
2

BN

L o

L=

o

it
i
Sh

ol
had

Iy o2

‘\0 o
i)

2

=
_.if

-

I
=

13y
12

44 #alHel 5 S4 7= o
o] 7) 2= 201 #E 7]%(Log Control Function)ol
gt X735 Hmokdl 71Ee Clog’ TEAAL 54 5
4e B R Ackdl BDLE ol &3t vled o
= AR gt vl AME GRRYH Agyis of
e Bau 23 Aagdd g4l B9 A 7
=& Sgart 2y, @AY FAdaE Hehdl
“: ‘administrativeState’, 'operationalState’, “availabil-
ity Staus’ 4 gtolt} “discriminatorConstruct’ %73 &t
of o AYANZ ALdH FAY oWE HuE =
o) AaE A A4, wak 2o g
2 RAF JAHQ Ao HHE A finitelog
SizePackage', ‘logAlarmPackage’ 215 #714], 17
3 A7 EAS vERE ‘availabilityStatusPac-
kage’, 'duration’, ‘dailyScheduling’, ’wex:ldyScheduling'
‘externalScheduling’ £2%- 7|A&0] BF 221 3
gaAe B3 54& AAtE 89zt :eM
agtofi= ol el Batd = A F
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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 1o store
incoming event reports and local system notifications.
Additional details are defined in CCITT. X. TH|ISO
JIEC 10164-6.7;
ATTRIBUTES
loglD GET,
discriminatorConstruct GE'T-REPLACE,
administrativeState GET-REPLACE,
operationalState GET,
availabilityStatus PERMITTED VALUES Atmbute
ASNIModule Log Availability
REQUIRED VALUES Attribute-ASNL
Module. UnscheduledLog Availability
GET,
logFullAction GET-REPLACE;

(22l 9) X 73501 7|58 log T2I2A
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loglPackage PACKAGE
BEHAVIOUR
logBehaviour BEHAVIOUR
DEFINED AS

EVENT: intemalNotification = )%

notification: smi?Notificaiton
notificationl): Notiicationldentifier;

PRECOND: e AR Vs v
administrativeState == unlocked AND
operationatState == enabled AND
availabilityStatus ' uffDucv: AND
avalahihtvStatys 1=

PROCEDURE: /=
logRecordsize ©

togTull:
A e s
INTEGER:

"set the logRecordSize according to data logged”:
i ¢ NOT ¢« FILTER ¢
notification } ) )

abort: +i{¥ Al ol EA wlTakA Ha -

diseriminatorConstruct,

endif.

i ¢ NOT ¢ EXISTS durationlackage AND
currentTime VALID IN | startTime
endTime | ) ) then

abort;
endif;
i 1 EXISTS Onitelogsizelackage
Loge} =717F =14 »
"process  the

*Lﬁ*d)p}ﬂﬂQJJ!Hﬂ,

then
natification. =uitable 1o log
record structure, add modificd notification
information to log storage”™
numberOflecords = numberOtlecords - i
currentlogSize = currentlogSize + logRecord
Size
if { currenthoghize  »= maxlogSize ) then
AW log 2] FFA] =/
if ¢ JogFullAction -— halt 1 then
availabilitvStatus
endif,
if { loglullAction == wrap ) then
“delete the
allocate 1t to new log record”

fogfuil:

oldest log record and

endif;
cnd if;
endif:
EVENT: iz

replaceliscriminator = 2dE b S41d 7l

U sUCTInnGionU sl b DESCHD oM oastmoL
PRECOND:
adrmmstrativeState == unlecked AN
operationalState == enabled:
PROCEDURE:
discriminatorConstruct = inDiscriminatorConstruct:
ST AE R A

SRS A8k =

emiL attﬁhute’\’alue(. hange notification;

(LEl 10

¢ A

“internalNotification” 4 -8.]lof it A
FILTER® $hi= Folzl
tion'ol &4 dhS A= log’ Wl R A2 discriminator
YHAlE s E e d)his)e] Thef 4

ki
dol gd 5 ol BAAR yHee 7|—E‘% Al

HeEog 'notifica-

Construct' 7}

Sk refal gie] d Aol Afis Alb 8 4% ‘dura
tion” =7 sy 7ol WigE &R &l ssTe
Sed it ot o o bR AN aAn
el gt el 4F ‘}3 AR E=n

7}( O}L}

kage’

TogFullAction” 4432 finileLogSizePa{‘r

A W) 47 v ,3 uH Holy)t 4o
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Tog" el Aol o o4 2l ANE A48 £ gle
W H e A Aelgtar el logFullAction’ 24
ghol halt’sl H9-3: “log’ W} e] E3be] ‘availa-

bility: Status” 4GS logFull’ & A 43to 2y log’
whel el Fas AH A, Cwrap ol H $-olli= og’
fol gl Aael AR A edd 2 AR E R
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Diseriminator’ €391 & FAw 9] xpol
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2| S5 EM 7z (Behaviour Description
Language) 2% (EBNF &4!)

Behaviour-Description 5=
{ "EVENTY
Attribute-List " Type Name
Attribute- List ‘2 Type-Name { ) Attribute
~List i Type-Name } * '}
"PRECOND:’
f Condition-List 1 '
[ 'INVARIANTS ]
[ Condition-List } 'y’
'"PROCEDURE"
[ Attribute-List i Type-Name { °; Attribute
-List " Type-Name } * "} ]
Statement-List '}
box

Atiribute-List = Afteibute { 7, 7 Attribute } *
Staternent-List = Statemerst { ', © Statement } #
Condition—List ©= Condition-List Logical-Op Condition
{ Condition
| 'NOT’ ' Cendition ')’

Condition = Condition Relational-Op Primary-Exp
| Condition Set-Relational-Op Primary-Set Exp
| Primary-Exp
| Primary-Set-Exp

String-Exp

! Temporal-Exp

"EXISTS' Attribute

'FILTER' '(° Attribute ," Attribute ')’

Primary-Exp = Primary-Exp Numeric-Op Exp
Exp

Primary-Set-FExp = Primary-Set-Exp Set-Op Set-Exp
| Set-Exp

Set~Exp == Set-Exp Set-Op Primitive—Set-Exp
| PomitiveSet-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- ASN1 Module. defaultInterval sOfDay
| Attribute- ASN1Module.default WeekMask

Statement = Assignment-Statement



- Conditional - Statermen
| Notification-Statement
P Text Statement
| ‘abort’
Logical-Op = "ANIY | "OR’
TRelational Op o=

[ ’ ret } " s et | p=

Numeric-Op 1= "+ | ‘=" | "% 1 '/
= 'SUBSET OF’

| 'SUPERSET OF’

| ‘'NOT NULL SET INTERSECTION'

Set-Relational-Op =

set-Op = "UNION’
INTERSECTION’
| "DIFFERENCE’

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

'CHANGES'

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

2= 1 X [ X is attribute fype in Attribute-
ASNIModule !

Tvpe-Name

= Number
b Attribute
£ Primary-Exp )

Exp

ey N i ANY repe )
Attribute
(' Primary-Set-Exp '}

Primitive Sct-Exp

Primary-String-Exp == Atthibute- ASNIMoedule. Additionat
Text
| Attribute
[ '{" String-Fxp ¥

Number &= INTEGER
| REAL

Time-Point == Attribute- ASNIModule Generalized Time

Artribute = Identificr
Asgignment-Statement = Attribute '=’ Primary-Exp
| Aftribute "=" Primary-Sct-Exp
i Attribute "=’ String-Exp
Conditional-Statement = “if’ '(" Condition ')’ "then’
Statement-List “endif’ ')’

r

Netification Statement = ‘emit’ Attribute 'notification’ ’;

vy

Text Statement =
Attribute~ ASNIModule Additionad Text "'
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150 International Standard 7498 Information Pro
cossing Svstems  Open Svstemns  Interconnection
- Basic Reference Model Part 4 Management
Framework 1991,

150 International Standard 8824 Information Pro-
cessing Svstems - Open Systems Interconnection
- Specification of ASN.1(Abstract Syntax Nota-
tion One) 1987,

ITU-T X 711180 DIS 9539 "Information Pro-
cessing Svstems - Open Systems Interconnection
- Common Management Information Service De-
finition,” Greneva, 1990

ITU-T X71205Q DIS 959 “Information Pro

cessing Svstems - Open Svstems Interconnection
Management  Information  Protocol,”
Geneva, 1991,

ITU-T X701ISO DIS 10040: “information Pro-

cessing Systems - Open Systems Interconnection

- Common

System Management Overview,” Geneva, 1991
I'TU-T XT20IS0 DIS 10165-1: "Information Pro-
cessing Systems - Open Systems Interconnection
- System Management,” Geneva.

ITU T X72UIS0 DIS 10160-2: "Information Pro-

cessing Systems - Open Systems Interconnection

- Management Information Services - Structurc
of Management Information Part 2@ Definition of
Management Information,” Geneva.

ITU-T X.7221S0 DIS 101654 “Information Pro
cessing Systems — Open Systemns Interconnection
— Management Information Services - Structure
of Management Information Part 4 Guidelines
for the Bescription of Managed Objects,” Geneva,
ITU-T X 7231150 DIS 10165-5: "Information Pro-
cessing Systems - Open Systems Interconnection
= Management Information Services - Structure
of Management [nformation Part 5 Generic Man-
agement Information.”

ITU-T X725 "Information Processing Svstems
- Open Systems Interconnection - Structure of
Information: General Relationship Model.”
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[ ITU-T X.7310 DIS 10164-20 information
Technology - Oen Systems Interconnection - Sys-
tem Management - State Management Function.”

(12} ITU-T X.J734HS0 DIS 10164-5 "Information
Technology -Open  Systemns  Interconnection-
Systemn Management - Event Report Management
Function.”

(13] James Rumbaugh, Michael Blaha, William Pre
merlani, Frederick Eddy, William Lorensen,
Object-Oriented Modeling and Design, Prentice-
Hall, 1991

[14] J. Demrick, P. F. Linington, S. J. Thompson, "For-
mal Description Techniques for Object Manage-
ment,” Proceedings of the 4" International Sym-
posium on Integrated Network Management,
1995,

[15] Masum X Hasan, “An Active Temporal Model
for Network Management Databases,” Proceed-
ings of the 4 International Symposium on Inte-
grated Network Management, 1995.

[16] Ofiver Festor, Georg Zomntlein, "Formal Descrip-
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3™ International Symposium on Integrated Net-
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[17] Yechiam Yemini, Alex Dupuy, Shmuel Kliger,
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