MODE : TMN Al ATM & 2f2!

11}
10
rot
1=
u
N
=
~J
p= =4
ne
Tt
oY
B
(6]

MODE : TMN AjAle] ATM % &2 & AT
e AA A A

Z oo MY oYy e

2 o

g A2 FAY TR ¢ JEYIE 887 AAME olEE AAY2Z FAY F e FAY #
71€0] "Holth Fawel AAAA BEE A48 I1SO ¥ ITU-TelME CMIP7I¥el TMN Angg ARtz sk
TMNe A= Bl 4ME Aost7] 948l GDMO(Guidelines for the Definition of Managed Objects)& AHg3in], i}
GDMO dlo|AE EREL AL GDMO Audezt 9adtA gk £ w=2ojA GUI 7[ute] GDMO #e| A /jd&
7490 MODEE A Agcl. MODE: #2iAA TdE& 4A 3] 914 BeAA 228 A2dd 5H3HA 72609 A2
ol F44¢ I=SDOE Wrx 7 329 AdE 59 Foh 4YdH2 MODEE o £38ta] ATMAYA 9] #a] A
£ 7¥s »x MODE9 &AL B}

MODE : Managed Objects(MOs) Development Environment for
TMN-based ATM Network Management

Won-Seok Kang' - Ki-Hyung Kim'" - Young-Tak Kim*''"

ABSTRACT

Systematic telecommunication network management is essential for operating large-scale integrated networks which
consist of various network components manufactured by different vendors. ISO and ITU-T recommend the CMIP-based
TMN architecture for this purpose. TMN uses GDMO for the definition of managed objects, and various GDMO
compilers have been developed. However, the development of managed objects by using these compilers is still a
difficult task.

In this paper, we present a GUI-based managed objects development environment, MODE. MODE divides managed
object codes by system independent code(SIC) and system dependent code(SDC). By providing development environments
for SIC and SDC, MODE can ease the development of managed objects. To show the efficiency of MODE, we develop
the managed objects of an ATM switch in MODE.
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2. GDMO
2.1 GDMO 2
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g AAMOZ Bt A Aoz gL B
AAe] [ @7 AN do]~(Management Infor-
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22 GDMO Template
GDMO®= (29 D3 o] el AM s} 3 9
EREDDIRT 1Y

Managed Object
Template(MOCT)

Package Template(PT)
__Parameter Template(PAT)

. Attribute Templata(AT)

Attribute Group Template(AGT)
.Behavior Template(BT)
Action Template(ACT)

.. Notification Template(NT)

Name Binding Template(NBT)

(32 ) #2) HH =
(Fig. 1) Managed Object hierarchy

MOCTE oW @] HA FUd2 A9 “coreHH)
2 Fosed, NBTE Al&d unla 4239 An
€ 7L At MOCTY ul¥el& 44 MOCS}
MOCTol 4% PT Conditional PTES 3 & +
At PTE HERE9 2539 i A3 §4&
vebdth AT, NT, ACT, PAT7} 9719 &8 PT
¥ MOC9 BT, AT, AGT, ACT, NTE& X3 & 5
2t} PATE Syntaxe] #HE AR7 ¥FEG. PAT
£ AT, BT9} o4 Attribute®] Syntax TypeE ¥ #
@ 4 stk ATE= Attribute Type®}t Behaviorg A9
at=dl AMSEh ATE: 44 AT, BT, PATY At-
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tribute®] Syntax TypeE ¥ & @& + Ut} AGTE 3
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BT @2 AA e PFoht F4849 5L A9
@l ACTE Getolt Replacest 2 9% Hejo o
Nz FEY £ e de A tio 93 A
@9 ACTE BT, PATE X% & 4 glen In-
formation Syntax$®} Reply Syntax Type2 ¥% & +
Ak NTE= #el 2309 resourceste] #AG) $lo)A
eventE Fr =@t NTE BT, PATE A9 & + glo
9 Information Syntax$} Reply Syntax Type® ¥3%
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3. MODE(Managed Objects Development Environment)

MODEE (29 2)9} o] 24 GDMO Compiler,
SIC(System Independent Code), SDC(System Depen-
dent Code), User Interface, DataBase(DB)Z TA®
o #E] AAQE Ngse B3PS A F dA= o
Folzxth A WA DAl GDMO Source® YHC
2 ol GDMO Compilerg ©]&3std SICe SDCE
AAdsd. 5 WA dAol= MODE® User Interface
€ ol &3t AHgA7} Hddte @E AME 44sAE
4 e 449 tHasrde 54 9 75 g 49
=g

GOMO Source

SDC

QADMO Complier .
(translate GDMO Source Interface
into C++ Classa)

DateBase(DB)

[ C++ Code(SIC. SDC) of MO

(33 2) MODE M=
(Fig. 2) MODE composition diagram

3.1 DataBase(DB)
DB Attribute, MO, Syntax DBZ +4 €t At-

tribute DBE GDMO Source?lX A|F5:= Attribute
Y258 H2ER d2EHY2 APEh. MO DB
& GDMO Sourcedl X Hojg MOSt 44 MOS&
g3t Aoz d2E U2 AH3@r) Syntax DBE
ASN.I syntaxE& g ~E2 AHGHrh

3.2 SDC2} SIC

SICE GDMO Sourcett 3 Fujo} #AIgle] A
AY= 5 HBEog C++3EZ WY 9 ;e o
Aol g 712HQ Class 27|35 2E2olch <& 1>
2 SICel E¥gHE 71# dixseln), SICe AAFHA
€ 3438004 My,

(E 1) SICOIM WM pj2=
{Table 1> The Methods of SIC

% F 1 %

#e AN AN oo xid
EE AttributeE& 44 @t}

Constructor

Destructor | @3 A7 248 o A9t
- @7 AAd T8Y 2F templated]

InitialiseClass | o 271518 9@,

Create a9 ANE 44

SDCE GDMO Sourcett 574 guld] wz} o} A
29 353 =24 GDMO Sourced YErd 3
Al dste] AL8A7E B8 4X) FH A AF A
3 MA=EE 443 e, 3349 49Y¢ MODE
9| User Interfaced AH8-3tc] A7 £33 A8
o2l AAE g4Y SDCo| XYEHE 7R Wi
£ <E 2>9 2} SDCAAAAL 34N dHd
o <E 2> Yehd &9 7L offs 2

(E 2) SDCOIM RIBSI= AP
(Table 2> The AP of SDC

CMIP Requestsof] dl@& #4
createRR()
deleteRR()

get()
set()
action()

buildReport()
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e createRR()
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Polling& % AMAE=E& AT

e deleteRR()

deleteRR()& CMIP¢] M-DELETE-Requestoll ™3
4ol o #4t ofu el AMst AHE W A
g AL HAS = WA= I

s get()

get()& CMIPY M-GET-Requestol gk WA=
th o] gaT od #weH M £ AtributeEE
Wy 223 SNMP MIBS 4458 4% v2=g
& AFd

® set()

set()2 CMIP2] M-SET-Requestel]l Wl dl4=
o} o] @ oW @A Ao £ AttributeES
W 29 SNMP MBS 9458 4§ acg
£ A F#h

nt olssslevel,volds actlonArg. vig

e action()

action()& CMIP$] M-ACTION-Requestol @@ mj
Agolt) of ¥4t oW Fa Ao £¢ actionE
g Wese REE X

® buildReport()

buildReport()+ CMIP9] M-Event-Reportel t%t
Hisolt), o] P4 ol" A AAA &£F Noti-
ficationEg W5 3het &3 Event A9 A @2 A
A3 7] Y 2ARE AT

3.3 MODE2| User Interface

MODEY] User Interfaces 34394 4¥9¥ GDMO
Compilerl 4l A€ SDCE o838 AL&A7 3 #
gl oM oH §A 71%g F7skr] A ATH
T WEEoth

MODES®] User Interfaces= (71® 3)3 zt} ofa)
(2 oA o] & HTML Helel F4E B
F AE HolZ AHEat [ 3¥g B3 SICs SDC
=g BY. [ SDCE Treed"E Yehlls &
2 GDMO Sourceol “ted @l AAEd oisid
MOName.cc, MONameh, MOName.inc.cc, MOName.inc.h
€ Jerdth 219 @ A4ME 29€3id Qo Jed

N will de nething bt for cerrect 00 style
- Level ]

retum Tepc:ecen{sctionid. cisaslovet 3
trasFlag, orr, §

(32! 3) MODES! User Interface
(Fig. 3) The User Interface of MODE
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. B} GDMO Sourceol “}Ebd MOEE Tree¥ el
Hehdok. 319 @ANE s (Do GDMO
Source® Uehdn). A= AHgAL 29L& 4 9de
Edit Foltt. AH8Abe= (I, 2] B ol 43te] SDCE &
AP Yel2 APs}e] dte) B ANE YU

34 GDMO Compiler

GDMO Compilere 27iu ¢ M2 FAHG 2
AdE oH 247124 FYsEA gL 99 2a9
ERY 92 AES)E 718UE compilerd #
Aoltt. GDMO Compilerd]lXE 2U2 UNIXol A
ATAE flexd ALSPFOIL]. AME 22 2472
A BNF3El9] 82 94¢ Yace Specifications ¢
Yo}, 4 HolEA youtput®} =elolB 2EQ
yyparse()& 44t} GDMO Compilerdl M A2
UNIXAN AFHE byaccE® AHEEcHILL GDMO
Compiler= GDMO Sourceo} 4] Managed Objecte] ¥
%€ conditional package?] JHE 52 ¢ gL
& AY9FH15). GDMO Comgilersl A= GDMO Source
oA dide 271 &8 3x=s1 449t} SICY SDCAH
29 3=o|g,

SIC ¢ SDCe == AL (a9 49 Zo] GDMO

Compilero] A AFH &= 5719 23 ¢E YL o] &3
O 3 AAdAE 6HAZ o)FoAt A WA ¢
A2 23YES) AP & A% 299 A7E MY
o ¥ ¥UA A2 StartgenHdL ¢jo] B @} o]
23YE 9de] 93 SIC, SDC, Makefile, Oidtable
Z23HE HYEo] ALY A WA GHZ C++
Classg 97] $18] Headershgels A3AYEE HA
o a2 HHASIC&SDC)S AP v WA
@Az C++ it Hd& U7 98 Methods.cegl
= £3YEE v4c FA(SICESDC)E BA ). o
A dA dAz P48 SICY SDC FAAsr) §)8
Makefileg 97| $13 Makefilegen®ls A3 HEE 3
28] MakefileS A4 g}

g} oA WA @A FdAd dg DE YA
37l $18 Oidiablegendts 23YEES A sq
Oidtabled A%},

3 A4 Fele 919 #4571 AH8En a1 g5s
& &3 2

« EXISTFILE(file name)
* LISTCOUNT (variable)

* EXBCUTE(script file name, output file name,

Interpreter Agg;ﬁ}:gg
=& oo LRl &
Execute Start.gen IS &l
Parsing
S IR0l 24 St
e S — | 4 Headers.hg#k OI S50
| -~ | » / Execute &l 8
| . r Header It&l a4t
| —
| i T TSRO S W
. i Methods.ccoilk OI=®
! Mo s Execute &8
| : e—f4>| Meothod M M4 =
I
| ! SIC M& «———» SOC 88| rHaks Y OT W& Wl )
| | L.{ makefile.geni®@ OIS
| | N Makefile Uigl 441 Execute &8l
I : Rl
| SIEE s I OT S
! Pl -! l @ otlgta?:ole geni# OI=
- . Oidtable IR & & Execute 4l 8

(38! 4) 3= MM g2
(Fig. 4) Code generation flow
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MO Class)
« DISPLAY (expressions...)
« PRINT(expressions....}
« INCLUDE(file name)
* STRCMP(str], str2)
+ SPC(MO Name, output file)
* SPC2(root MO, output file)

EXISTFILEE 484 ol EAle AYE B3
o] True®} False® ¥W@@th LISTCOUNTE od
Objecto] W@ ZH2EFo] EA Al 21 g2Ed k&
E9 AFE AMstd Nl EXECUTE: 539
B2 Ao N Class M2 HY3} Header HYE
AYs7] A% 44 A4E 44t DISPLAYE H
ojdo] ojw ExdE &3 PRINTE: &€ o
do] YHY @& AFPh. INCLUDEE 234
48 #HYL BAG STRCMP: F 248 v 23}
o gom 02 WgFch SPCE # AAY UF A4
£71%2 AT A Az =5 @] A of
@ Parent ClassE9] AAAE 29 ol A
SPC2E ©5 A&elA H4H 2d29 JRE AP
gl

4. MODER O| 88 ATM 29X 2| AN <
T

g ATANE TMNH ATMS] 958 s
SNMP 7|ute] ATM MIBS} GDMOE Q&3+ 3y
& A& YTHI6L

41 22| =2 Real Resourced] ¢l 7|5 A2l A
H 78

Agent process?t 3§ AP W x7le] &l s}
Aok & @) AMEL 239 o 2r|HE
#e AMESL system, managedElements 3 Zo] #
2 W N2 2l Hod ME2AHY de AN
7 Z7|e] #eld 927t AT Real Resource® =
93 § @2 AMFold o v #Y AMEL
Agentx713P7F Byx #eld] 929 wel M-CREATE,
M-ACTIONS e o3 A4t

Agent %7|3t Alol managedElement #2 A7}
SNMP agent$} F4dted Z4lo] 7l Attribute?

e ¥3s7] Y8ME createRROFFE ol &4
createRROE & A9l Real Resourceste] #AE
Aes= 52 shte] Al A instance’t A
ot} 559}

managedElement @2 Ag TS AMME
managedElement 2] A A7} 7lAl= Attributesd 2
7150l 4Xs= SNMPY OIDE oo} @) <X
3>2 managedElement #&] HAA7t 74X 4749
Attribute$} FORE ATM 2£937F 7}X= SNMP
MIBS| OIDE M2 vi¥ 3 RE dehdch

{E 3> managedElement MO2| Attribute2}
SNMP MIB OHZ! 24A|

(Table 3> Mapping managedElement MO's
Attributes to SNMP MIB

Attributes SNMP OID
userLabel 136.1.21.1.20
venderName 136121110

. 136.1413262221.1.10
version
1.36.1.4.1.326.22.2.1.1.20
locationName 136121160

(29 5)2 Zo] managedElement Bl A7} 7}
e AttributeZ 9 839! userLabel®) & ¥3s}
£ #3e A4 SNMP-GETE %8l userLabelol i3
¥ system.sysObjectiD.0g Y1 o] & 53l userLabel
o] Attributezt€ AAFG. (29 10)2 manager
7} managedElementR1 #& Axo) oistd M-
GET 834 A# g% vebdt). managedElementR1
2 managedBlement Z2HE} fES 0|7 Ba] A elc)

int managedElement:.createRR(AVA*& e, voids, int)
{

HTEE B’ = NOTK)
ottt NOTORE

// for the userLabe] attribute
chars user_Jabel = snmp_get(S_userLabel);
if('strlen(user_jabel)) {
err = new AVA(m_processingFailure, "Can’t find userLabel
attribute”);
retumn NOTOK;
}

else RSO~
// for the vendorName attribute
char* vendor_name = snmp_get(S_vendorName);
if('strien(vendor_name)) (
err = new AVA(m_processingFailure, "Can’t find vendorName
attribute”);
return NOTOK:
}
else vaiikuiNamet)->satCvindr Yiuns)
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// for the version attribute
char ver{512}, ver_hw{20), ver_sw{20];:
char+ version_hw = snmp_get(S_version_hw),
strepy(ver_hw, version_hw);
chars version_sw = snmp_get(S_version_sw);
strepy(ver_sw, version_sw);
if(M(strlen(version_hw) && strien(version_sw))) {
err = new AVA(m_processingFailure, "Can‘t find version
attribute”);
retum NOTOK;
}
else {
sprintf(ver, "[H/W : %s, /W © %s)".ver_hw, ver_sw)
, versioa0->set(ver);

// for the locationName attribute
char* location_name = snmp_get(S_locationName);
if{!strlen(location_name)) {

ar = new AVA{m_processingFailure, "Can’t find
locationNamne attribute”);
return NOTOK:
)
else locationName()->set(location_nseme);

if{iciasalnitiolised) classlnitialissd = Troe:
retaih O

(22! 5) managedElement MO} SDC
(Fig. 5) The SDC of managedElement MO

42 PVC MH 2] Ax 7

ATM FAZd glold Fd VP/VC d4de
signalingS §% A4 dAd ¢ @ 75 %
a2z Jerh % #@8 7isE % VPAVC 44
SVC(Switched Virtual Connection)®} PVC(Permanent
Virtual Connection)® W&H], SVCHES B-ISDN
signaling®l @4 Ao} 7)5o s Aol 44 2 3§
A He, PVCE A& M9 Adez % #g 7%
od AT 4 9 HAEc)

FORE ATM 29Xl sie] PVCAEE 4337
HAlX= 9 F ¥ SNMP-SET 2302 PVC7H 4
d A4Ed <E 422 99 VPRl 0, 948 VCIgtel

managedElementR1

300, 9 VPIgte] 0, 238 VCIZeol 500, )&8 VCo
ggd dgEe] 1000 cells/sec, Y& VCe 4 =4
HEo] 250 msecq] PVC3IE HA37] 3l "ad
Aol (29 6)2 EntryStatus®] Syntaxolc},

(E 4§ PVC 4F B8
{Table 4> The Information of PVC initialization

[8.00) Type Value
.1.36.141.36.2.22.1.42.1 chanrStatus.1 0.300.20.500 1 EntryStatus : 2
1.36.1.41.326.2221.42.1 chanrStatus 2.0.500.1.0.300 I EntryStatus : 2
.1.36.1.41.3262.22142.1 chanStatus.10.300 I EntryStatus : 2
.136.1.41.3262221 42,1 chanStatus. 20500 1 EntryStatus : 2
.1.36.141.3%6.2221.42.1 chanllocBandwidth 1.0300 | | INTEGER : 1000
.136.1.41.3%6.222142.1 chanAllocBandwidth 1.0.500 I INTEGER : 1000
.136.1.41.3262221.42.1.chanCDV.10.300 1 INTEGER : 250
1.36.1.41.3%6.222142.1.chanCDV 20500 1 INTEGER : 290
1.36.1.41.3%6.222142.1 chanrStatus.1.0.300.2.0.500 1 EntryStatus : 1
1.36.1.41.326.22.2142.] chanrStatus 2.0.500.1.0.300 [ EntryStatus : 1
1361413262221 421.chanStatus1.0.300 1 EntryStatus : 1
1361413262221 421 chanStatus.2.0.500 I EntryStatus © 1

PnuyStams = INTEGER

valid(1),
createRequest(2),
underCreation(3),
invalid(4)

)

(22! 6) EntryStatusel Syntax
(Fig. 6) The Syntax of EntryStatus

ofgfdll Yeldt HE EntryStatus?] syntax typeolth
chanrStatus, chanStatus OIDe] 3|4 EntryStatus
€ 2o ‘I'f W7 ¥l manager’lt chanrStatus,
chanStatus& A& createRequest2 A &'d agents

uni vcaTTP vca4TTP uni
Bidirectional 8idirectional
tcAdaptorTTP vpTTP vpTTP tcAdaptorTTP
Bidirectional Bidirectional atmFabric Bidirectional Bidirectional
vpCTP vcCTP atmCross veCTP vpCTP
Bidirectionat Bidirectional L Connection Bidiractionat Bidirectional

(3% 7) ATM o4 22|of ARRElE MOs
(Fig. 7) Managed Objects being used ATM connection management
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channelEntry, channelRout-eEntry® Aelg ‘Joz
WY W A4 shte PVCHH g48EE AL ofY
tt. 2# B2 SNMP-SETE %3 ©] EntryStatus&
‘oA 1’2 Hpzolo} PVC7 @3] 4444 €k

ATM €20 #dg @ AANEL LBl 48
atmFabric, tcAdaptorTTPBidirectional, vpTTPBidirectional
So] AcHI4l o5 #a HAEe] ¥ #Ae (a4
el Uehdt), agent 2713} A FORE ATM &%
ol 7Fs# porte] /N2 tcAdaptor TTPBidirectional &
ARgsn o] #al AAs AHL o uni B A
Ao AAddd. & vyeA 2] JHSL M-
CREATES 3l oa) AAHAY 3vte} VP/VC 42
& AA&7] 984 M-ACTION(connect)} 23
o AAgc) o] 2EE SDCAM @t

{ fromTermination: {
(interfaceld=networkld=YNUATM®@, dEl ld=ASX200@unild=1A1)
(vpi =0)(vei=300KingressCDV TolerancePCR=500)ingressPeakCellRate=1000)}
toTermination:{(interfaceld=networkld= YNUATM@managedElementId=ASX
200@unild=1A2)vpi=0)vci=300)(egressCDV TolerancePCR=400)(ingressPeak
CellRate=1000}

(22! 8) M-ACTION(connect)S} mt2t0|E
(Fig. 8) A parameter of M-ACTION(connect)

(29 8)3 o] M-ACTIONS YAl agent= H#dH
B g ANE AYs3n, gatewayE ¥ FORE
ATM 28i2]d] 44 PVCE A%t 2 AAHL of
#e} 2t
@ Manager?} action®) Heh|E|2 2\ fromTermination

# toTermination? interfaceld(uni)®& %3

tcAdaptorTTPBidirectional #2 A& %z ZZ%

2 g ¥E9 %8 XEE AP
@ P trail®] ¥ %92 vehlE vpTTPBidirectional

#Hg ANE 27 P&k
@ VP comnection?] % #9& Yehll= crossConnection-

ObjectPointer attribute”7t #&€ VP trail(vpTTPB-

idirectional #2| AA)E 77| =8 A4t
@ vpTTPBidirectional #2] A7} 7t = attribute

¢l upstreamConnectivityPointer$} downstream-

ConnectivityPointerg vpCTPBidirectional #2] 7

AE 7t ARE Ao
® Manager7t B setvule] FolA vpi, vci, traffic

parameter, QoS class% ©]83] vcCTPBidirectional

#al AHE A A8t

® 972 F¢g& Yehle #e AAE0] R A4A4H
doeng o] PIHEL o|4 3 SNMP-SETE ¥
& PVC 92 83 %h

@ &itel PVCHH Aoz AAEYE FET ATM
VP/VC crossconnection® WENHE  atmCross-
Connection &2 AAE sh} 4@t

Manager2 B reply syntax® TET

5. Ad

£ =2 X GDMO Source® Fore ATM GDMO
Source(X.721, M.3100, 1751)[12,13,1418 <183td
GDMO Compiler& d33tdn zZ+ze dz AN
thsle] WindowEol A AMgzt7t 4A 298 &
# EE &+ MODEE ol&3ld (2@ 9)8 ol

int atmFabric::action(int actionld, int classlevel, void* actionArg. void+&
actionReply, Bool& freeFlag, AVA*& err. Bool checkOnly, int)

if (classLevel != _level)
return Top'action(actionkd, classLevel, actionArg,
actionReply. frecFlag, err, checkOnly):

if (checkOnly) return OK:
switch (actionld) {
case |_connect :
infoStr =
_classInfo->getActioninfoTemplate(]_connect)->print(actionArg):
replyStr = veConnect (infoStr);

actionReply =
_classInfo- >getActionReply Template(I_connect)->
parse(replyStr);
break:
default
)
return 0K

(32! 9) atmFabric MO2| action SDC
(Fig. 9) The SDC for atmFabric’s action

Get Result - id 0x00000], class managedElementR], instance{networkld=
YNUATM@managedElementld=ASX2004, time = 1998725220047
objectClass : managedElementR1

nameBinding : managedElement-network

managedElementld : ASX200

systemTitle : FORE ATM Switch in Ynu univ.

administrativeState : unlocked

operationalState : enabled

usageState : idle

userLabel : .iso.org.% internet. private.enterprises.fore.systems.atmSwitch
vendorName : FORE Systems ASX-200

version © [H/W : 0, S/W : 262400]

JocationName : Computing - Services - Wiring-Plant

1 replies received

(2% 10) managedElementR12l M-GET& 2}
(Fig. 10) A Result of managedElementR1’'s M-GET

atmFabric #2 Al diste) M-ACTION(connect)
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Action Result - id 0x000001, class atmFabric instance { networkld=
YNUATM@managedElementld=ASX200@atmFabricld=ATMFabric} time
1998072504409

Result : { PVC setting ok! IPORT = 1Al : OPORT=1A2 : [VPI=0 : IVC]
=300:0VP1 = 0: OVCI = 500 : ICDV = 250msec : OCDV = 250msec :
IPCR = 1000 cells/sec © OPCR = 1000 cells/sec }

1 succesful actions

(22! 11) M-ACTION(connect) &}
(Fig. 11) A Result of M-ACTION(connect)
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