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A System to Automatically Generate Configuration Instructions for

Network Elements from Network Configuration Models
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Abstract: In preparation for constructing or changing an information network, network engineers create
configuration instructions for network elements based on the specifications of the network configuration
and its changes. However, engineers usually create configuration instructions manually, and thus configu-
ration instructions often deviate from the specifications. To improve this situation, this paper proposes a
method to automatically generate configuration instructions consisting of configuration commands for net-
work elements based on the specification of the network configuration and its changes. In this study, we
applied the object-oriented modeling language UML (Unified Modeling Language) to realize a notation for
modeling network configurations so that the specification should be both rigorous and easy to extend. Fur-
thermore, to obtain configuration instructions consistent with the specifications, we have implemented a
method to automatically generate configuration instructions based on network configuration models. As an
evaluation experiment, we applied the proposed method to a configuration change case in which the con-
figuration of multiple network elements is changed, and all configuration instructions were obtained as ex-
pected.
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Fig. 3 Overview of the proposed method to generate configuration commands for network elements
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Fig. 6 Asls network configuration model (campusl in Fig. 4)
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e FIEA ER T A0 I~ Y FIZEE L. 207
B, BEEZICBWTINUIPfEENTWE LTHIE
MILb0ET L. 2oL ZREHMEIE, HEZETFIHEO
HEWRTVT) ALAREGREI~Y Y FT 7L —MIXY
WL OBENT 0D ET 5.
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NEIER TE % & 912, Config @ deviceModel D &,
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Spec. Item Group \ZFLH#RA % WALERIEH 7 v — 7 (fi ¢
Link % Client) (&, HE&REE MO LI IR L 7%
Wy,

Z O, ACL (AccessList) 7 &, NEJE O Hll#7 A58
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Cf1_AL1 : AccessList

accessListNumber = 100
permitOrDeny = deny

Cf1 VI2 : Vlan Cf1 VI3 : Vlan Cf1_VS3 : VlanSetting
num =20 num = 30 vlanNum = 30

name = vlan20

name = vlan30

ipAddress = 10.0.3.1

accesslListInfo = tcp any any range 137 139
I
Cf1_AL2 : AccessList

accessListNumber = 100

permitOrDeny = deny

accesslListInfo = tcp any range 137 139 any
I

Cf1_AL3 : AccessList

accessListNumber = 100
permitOrDeny = deny
accessListinfo = udp any any range netbios-ns netbios-ss

subnetMask = 255.255.255.0
accessListNumber = 100
accessListName
accessListinOrOut = in
inNatinside

ipTcpAdjustMss
ipVirtualReassembly
ipAccessGroup

shutdown = false

Cf1_AL4 : AccessList

Cf onfig

Cf1 VS2 : VlanS Ie}

vlanNum = 20

ipAddress = 10.0.2.2
subnetMask = 255.255.255.0
accessListNumber = 100
accessListName
accessListinOrOut = in
inNatInside
ipTcpAdjustMss
ipVirtualReassembly
ipAccessGroup
shutdown = false

accessListNumber = 100
permitOrDeny = deny
accessListIinfo = udp any range netbios-ns netbios-ss any

deviceModel = cisco1812j

Cf1_Hn : Hostname

I
Cf1_AL5 : AccessList

accessListNumber = 100
permitOrDeny = deny
accessListInfo = tcp any any eq 445
I
Cf1_ALG6 : AccessList

accessListNumber = 100
permitOrDeny = deny
accessListInfo = tcp any eq 445 any
I
Cf1_AL7 : AccessList

accessListNumber = 100
permitOrDeny = deny
accessListinfo = udp any any eq 445
I
Cf1_ALS8 : AccessList

accessListNumber = 100

permitOrDeny = deny

accessListInfo = udp any eq 445 any
I

Cf1_AL9 : AccessList

accessListNumber = 100
permitOrDeny = deny

accessListInfo = tcp any any eq telnet
I

Cf1_AL10 : AccessList

Cf1 _ES2 : EthernetSetting

ipAddress
subnetMask
accessVlan = 20
nativeVlan

mode = access
accessListNumber
accessListName
accessListinOrOut
speed

duplex
ipVirtualReassembly
ipAccessGroup
switchportTrunkEncapsulation
shutdown = false

Cf1_ES3 : EthernetSetting

name = campus1

Cf1_OS : OspfSettin:

processld = 1

Cf1_OIS1 : OspfinterfaceSetting

ipAddress = 10.0.2.0
wildcardMask = 0.0.0.255
areald = 1

routerld = 3.3.3.3

Cf1_OIS2 : OspfinterfaceSetting

ipAddress
subnetMask
accessVlan = 30
nativeVian
mode = access

ipAddress = 10.0.3.0
wildcardMask = 0.0.0.255
areald = 2

accessListNumber
accessListName
accessListinOrOut
speed

duplex

ipVirtualReassembly
ipAccessGroup
switchportTrunkEncapsulation
shutdown = false

areald = 2
routerld = 4.4.4.4

Cf1_OV1 : OspfVirtualLink

Cf1_OV2 : OspfVirtualLink

areald = 1
routerld =2.2.2.2

accessListNumber = 100
permitOrDeny = permit

< Link

< Link

accessListInfo = ip any any

description = dc port3 and campus port3

description = campus1 port4 and campus2 port4

7 Tobe & v 77— 7 HEKETIV

)

5campusi |

Fig. 7 ToBe network configuration model (campusl in Fig. 5)

Cmd. Type Spec. Item Group Spec. ltem Proc. Type |D Command

header 1 enable

header 2 configure terminal

template Hostname name set 3 hostname <name>

template Hostname name unset 4 no hostname

template AccessList accessListNumber/permitOrDeny/accessListinfe set 5 access-list <accessListNumber> <permitOrDeny> <accessListinfo
template Vian num set 6 vlan <num:>

template Vlan name set 7 name <name

template Vlan num unset 8 novlan <num>

template VlanSetting vlanNum set 9 interface vlan <vianNum

template VlanSetting ipAddress/subnetMask set 10 ip address <ipAddress> <subnetMask>

template VlanSetting accessListNumber/accessListinOrOut set 11 ip access-group <accessListNumber> <accessListinOrQut:
template VlanSetting vlanNum unset 12 default interface vlan <vlanNum:

template VlanSetting vlanNum unset 13 no interface vian <vlanNum®

template IpRoute network,/addressPrefix/ipAddress set 14 ip route <network> <addressPrefix> <ipAddress=>
template IpRoute network,/addressPrefix/ipAddress unset 15 no ip route <network> <addressPrefix> <ipAddress=>
template EthernetSetting N set/unset | 16 interface fastethernet <port>

template EthernetSetting ipAddress/subnetMask set 17 ip address <ipAddress> <subnetMask

template  EthernetSetting port/speed set 18 speed <speed>

template EthernetSetting port/duplex set 19 duplex <duplex:

template EthernetSetting port/shutdown set 20 no shutdown

template EthernetSetting port/shutdown set 21 shutdown

template EthernetSetting ipAddress unset 22 no ip address <ipAddress.

template EthernetSetting mode set 23 switchport mode <mode:

template EthernetSetting accessVlan set 24 switchport access vlan <accessVlan:

template EthernetSetting port unset 25 default interface fastethernet <port:

template OspfSetting processld set 26 router ospf <processld>

template OspfSetting routerld set 27 router-id <routerld>

template OspfinterfaceSetting  ipAddress/wildcardMask/areald set 28 network <ipAddress> <wildcardMask> area <areald>
template OspfVirtualLink areald/routerld set 29 area <areald> virtual-link <routerld>

mode_after 30 exit

footer 31 exit

footer 32 copy running-config startup-config

8 i

Stz

REIAXY FTr7L—1h

(Cisco 1812-J, Cisco 892 IZxtiih)

Modal

TRUE

TRUE

TRUE

TRUE

Dep. ID Condition

shutdown= == false
shutdown> == true

Fig. 8 Template of configuration commands for network elements (based on Cisco 1812-J and Cisco 892)
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K1 BEZEIYY FTFr7L— FOkES

Table 1 Notation elements of the template of configuration commands.

HEA

)

Cmd. Type

MR Ea~ Y RO ERT. BRI ROERDH 5.

template JHEME®D 7 ~UUVIZIG U TRHESNIRE 28R Ea~Y RERT.

header HEMEDRYNCFEITT 2NENH MR Ea~Y NERT.

footer MMM EDRBICFITT Z2LEND ZEMMHAEa~Y FERT.

mode-before E— FVEBEINZBEFNCETT IHED D MM EA~YY RERT. ZZTE-F
LIX, UERTRERECEHBM P EDIRERIEL, £z, T— FEHE L IIRETRER S EHEH B Z E
D7REER B DIREBICYI D B 2 21TA%TET.

mode-after IIEDE— FTRELREBRREI~YY FELTRITLKEARERICETT 2 LELD 554
WREa~ N ERT.

FEREOEHIIHT LD ETEMES LEITEL, HlZIEX 8 Tld mode-before IXFLiA LTV,

Spec. Item Group

ERIEH NV — 7% KT, T TOMBEHIZ V-7, YOBEREa~ Yy FBBEPEHET 515
HMo—o212k B, HlZIE, ZDOHEED Hostname ¥ WHEE ¥ 3354, Hostname OREDHHIEE DIE
BECRED TN H 2 512, FACTOMBREI~Y ROPBREICK S I 2EKRT 5. RKERIL,
template 2 FIZH L TOAERME 5.

Spec. Item

EREEZ £ T. 2 2 TOMRRERIR, COMMRREI~ Y RRRELZHIKT 2 BRO—2122 5. fi
ZE, TDEZEMN port/shutdown & WHEE ¥ 2354, “port H» shutdown DWW OIEEEICRE
DIRVBH 2L EIL, FUITORBREITY FRABBEICKRZ I ERT. 2B, *1X “Spec. Item
Group H T 22 THOMARIEHOWITND” ZRIMELIETH 3. AEZEIFE, template I FIZHL
TOHHEME72%5.

Proc. Type

BHHHE set, ERRXTEMIR unset F21XZ2 DTV Nd (set/unset) ZEKT 2 7L %KT.
X, ZOEEN set LWVWOEE L 255G, HEMED I set TH S & FiZ, [ UITOMKERRE2
<Y RRREICKR D Z e BT 5. AERIE, template IV Y RN L TOAEME K5,

ID

BERREaA~ Y Nl 272 D0H T2 RT.

Command

HIREEa~ Y FERT. I TOMBEREa~Y FIX, 9% X XTI LVOMAEBATHRILTE 2
(ff] : hostname <name>). <&>IZEEFEN=2XFF] (fi : <name>) IZMAAREEHAEZRT. W Ea <>
FaBERbah s e 213, <EREES> (B <name>) HTEEE (B : Routerl) ICEEZ 5N 5. &
FEHR1Z, template I~ FIZRHLTOABER 5.

Modal

BB E A~ Y FORE— FEFRE L 20E0%2RT. T— FEEIELZSEIX TRUE ©Rid L, £U
BRWIGEIEZHE Y 725, KEHEIZ, template A< Y RIZHLTOAER L2 5.

Dep. 1ID

FIZET L TBLDERD 2R TEa~y F (Ba~>r ) 2IDTHRYT. Zhida~r FETIER
ORI 725, HlziE, TOE— FEESREREEREa~ Y FNiE, Y%T— NEEERAEU 2 BEHRE
A< RO ID 2523, Ba~y FAEFELEVWESIZZEL T5.

Condition

o Ea~ Y FOEG 2T 2IHBMEO&KFZERT. ZHEOHLER, HELART. REMLHL
Ve &, MEREREIT Y FETREL ART. FEREEEMEEET (== oiazAY, flxid(t
FRIEE%> == JHHfE (] : <shutdown> == true) &3 . AEHKIX, template 2~ FITXWLTDA
Bxheins.

E RO IEREGHMIERD@ED TH 3. Cmd. Type = Command Type; Spec. Item Group = Specification Item Group;

Spec. Item = Specification Item; Proc. Type = Process Type; Dep. ID = Dependent ID.

DAVAY VAN, BOoHFERUEOL VA5 v A %S DFHEDH L EEZ NS,
W22 L2, HAFMYZANEEHLTWS, 2 1. BIED ACL 2#RET 2 AF ACL IZEPN-5M4L

X0, Ay VI —IRERETIVHNTEY;$ 5 AccessList i, #NEFNY—Fr v AZEEFNRGE 26N TWA,
OWZRRETIEIL, BED ST B IIEED & HRikE V= v AFEF LI, ACLINTERLZEMXENE
FIEASERENLTIVT) AL e TS, T2 % TUIHNRIZEI D B ToNFTTH D, V= VD FET
N — 2 FEMT AE, ACL IZBMRHIRZ EDLEE ENDNEFERLTWL. #lE, v—7r v A%KTI13dE
MR BEEND L. —HEIIZ, ACL DZEEIZIZKD 2D EVENIRY . SR (B 10 5430 A 20 &1 B
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L) G A6, ZoFFEHVAE I ETHED ACL
WCEHZMR A ENTESL. ACL ZBINT 554
i, SEMBICRESINY =T Y AFTORIZANS
LAY =T AFEEMNG LT, e 2 id,
= AEFI0E ) BTONEMELA L 20H°
H) B TOENLEMLB OMIZEHL C ZBML 2w
BER, &M Coy—ryAFSE 111519 O
TNDE5ZTHEINTAZ LT, LUECEDOMIZHEE
XBIMTHIENTEL. —HTHIBRT 2581200
TlE, HIBRL7zwRicgEl) BCconzy—7r v A
HFEXIMET AL THRMBXLEHKBETLILNTE
Lo Fl = v AFHEFIIERBICHTIENTE
5720, HEZETORELT).

F7-ICACL 21ER ¥ 3 HE BEfFO ACL 2#5%L 72
FEHIHOACL 2ERR L, KEEHEE T 5 4k
Wb 1ONEERLZY, = v AFFTEERT
LWENR L, WHED ACL D& &0, il
BN L 72 % 8 C ACL 27212V T 5.

AFETIE, "2 #7212 ACL 215K $ 2 i #HH
LTBY, ACLICZHENH > 724, BED ACL I2%

ElLP=aY

3RS, #72lZ ACL =L, @A LE$ I & TRE
BHEToTVD,
KIKEBRETIHOEE T VT XL %2FHWT 5. £F

JVIZ Config 7V — T EEEY T 5 61%, Tid

(1)—(7) OMHZ Config 7NV —TETLITHI DD ET

5.

(1)a~ > FeRMETREST L) X (LU, list)
&, Dep. ID IZHD RO~ Y FERZ B EHERE
LCTHRETSZ Y1) — (LLF, tree) ®220% HET
%, (F9FED1list & tree DA A —T &7 b))

(2) 92”9 X912, header I~ ~ F% 1list IZ AN,
bLlist BRHNO IV F G IcEfRa~ >y F o, #
HL, C, bt l, G, Mt dsa~r N
&% tree IS A, RIEIZE o Tld, 1list BEHEN

FLBI| ID: Bfp I N/cBRBREaI~Y K

ML Fav Yy Ry 7L — FORRIEFIZA>T
Biffbanzza<x>v K

1: enable
header - -
|| 2: configure terminal
Cf1_vS1 JL 9: interface vlan 10
[l 16: interface fastethernet 2 i
Cf1_ES1 7 17: switchport mode access
[l 31: exit
footer 7 32: copy running-config startup-config

index
0

B~ W N e

TFTIRINTZU7T 14X Vold No.3 33-47 (Oct. 2023)

DAY R G ITHBOBRIX Y F Cp, Cp (7272
L, ind(Cp)<ind(Cp)) DHEIET 2B ENH L. Z
ZTind(0) I 1list O I~ ¥ F C D index & HFT
ZEMET S Zok X index DK E W (HE
D) AR P CpullK LT, Gz tlhfiikl, G %
The35a~r g% tree IS 5.

(B)VREMEI~ Y FEAENT L7720, Asls ET VD
Config KD L H |ZHLT 5.

(a) Config MR/ — F& L7oAMEE LTETVEIRZ,
ITE TN S BRI FE 2179 (F10). 72721,
DEZENOREIER TH 5 Link ICFE L2 & &1,
Link (JALHE 9125 258 L THRERIDR 5.

(b) BEFHUFIE L 72/ — 8 (fHREEE 70— 7 1) 1ok
L, BEBREI~YYFT 7 L— MIBITL4ET
WV — TEIZAIED £ unset 73EH P Command % 75
JEWZE S 2 (K11). 2 EDLE S 2055
L72& %12, Command % JH HH CHEARILL T 1ist ~
EBINL, #Bha~y RS tree (BT 5.

&1

e Spec. Item |ZfftD CHHEHIZ 12T unset 7NN
Wb, 1P,

o fEARIEHHAIIKIST 2HEMEA T RTIFERETH S
(HEHEHEAP 1 OO FEL 2V EIIEEART),
o,

e Condition Ziii7~ 3 (Condition NSZE(EDHFAITE &

f1 : Config

Configk/l—hk & LT
TED IR ELERR

Link# o
FIRBERRLAEL

Cf1_CI1: Client

X 10 MAREH 7V — T ORER

Fig. 10 Overview of traversal algorithm for specification item

[W VlanSetting ]

l Cfl_Hn - Flostname ]

groups
B\Bav kR
list (DependentID) tree
IFERICES LT L—FEE EBEavr FoEN
boicegs (e ARV FNEFEDDIZHDHD
R
R
 — A
9 v, 8% 2~ >~ F(Dependent ID) DES{%
16 é’\ ID2DOEFTENICIDIDETAME
mk
31
- | 32

9 header,template,footer I~ >~ K DR

Fig. 9 Processing of header, template, and footer commands
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TEHETTIIL (—I)
XRlTunset T L

ZEHE T Tliunset
Cf1_VS1 : VlanSetting SNEED a7 v KAREBES

vlanNum =10
ipAddress = 10.0.1.1

subnetMask = 255.255.255.0 Spec. Item Group[Spec. IteP Proc. Type ID |Command Modal ICondition
ListNumb VlanSetting vlanNum N\ set jinterface vlan <vlanNum> true

access !S umber VlanSetting ipAddress/subn k|set 10jip address -

accessListName VlanSetting accessListNum- \_ Jset 11fip access-group -+

accessListinOrOut VlanSetting vlanNum unset 12/default interface vlan <vlanNum>

inNatinside VlanSetting vlanNum Unset 13no interface vlan <vlanNum> <shutdown> == false

ipTcpAdjustMss nle - . .

ipVirtualReassembly

ipAccessGroup

shutdown = false

11 ABEHE 7V =T OEHTIE L5 T~ v FOEE

Fig. 11 Selection of commands according to changes in specification item groups

ALER Z it
R0 &> HTEAModal 27> K% B s Ay -
+ set/unsetd N ZSpec. ltemEE AL, HD Modal 2~ > F DFEIEE Y I mgjzl—jftver/z l\voj/{%%%%ﬁé\cﬁé
o Tuawr FA—D2HEN mode-beforea~> K%&EAT 3
XABTlFTTRAModala~ > RN XA Tldmode-beforea v > R iF &L

12 Modal 2~ ¥ FO#H L mode-before & mode-after I~ N A

Fig. 12 Processing of modal commands and insertion of mode-before and mode-after commands

AT, tree list
Zf 2. Modal 2Strue THhH5. (LI~ Y FOEDLE 0
PR THET 5.) 5
(4)FBFEI~ Y F2ERT 572012, ToBe EF LD (1 > 15
Config |2 L, EMEI~ ¥ FEFEkZ FIHT 2 ’?ﬁj@>3 26
Command % ALFR4 2% . 7272L, ZOFIETIL, HidBED 4 127
RAERB I Y FOTMT O “umset’ O A% s 5 [28
‘set ICHABRRLHLDET S,
(5)footer 77 > F% header 7 > F & il B2 LI R BRBRTlisth 45K L
. GRlisth'HEIRBREFIE — ] 32
(6 )mode-before I ¥ » N & modeafter I~ FZ KD 13 BRErse FIRO A
Loy s (X12). Fig. 13 Generation of configuration commands for network ele-
(a) Modal 7* true 2 H¥ZFXETI~Y Y F (Modal I~ F) ments
12DV T, Spec. Item (ZHED < THH Al 1lset B L O
unset DI NI)VPMEL . D, tree LTI~ v N (B #EINTA. Z0O& X, modebefore X mode
FA1 OB NS DZILR% Modal I~¥ >~ FELT -after DAY Y R ENENEHBHET 5561,
tree P HHIBRY 5. e 3Rt eI~ v N7 v 7L — MIERSNZIE
(b) tree AT E AT NHIE S FEILETIHEEK L T, Modal I £ 5.
 FOHIBE D |2 mode-before D I~ >~ K (H) % BN (7)tree IZxF L, 13 (RS & ) ITAT E ST NEEE S R
L, Modala < ¥ FO%AEED 12 node-atter DI Rz LCHERELZ —F (&g a~ > F) JH
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list ZHEMRT 5 2 & T, w2 ERRETIHZ
AR 5.

3. RSN FHBFREFIBICDONT

222 TH TR L7z, AW SNz e FIRIC O\ T
AT A, MEOHE L, BRI NFE LT, —HDAk
LTS, WHAESO L ICEH L, HEREkETIE
HERLTADLE, H14 TRT LI, BHEEGTORD
ERENTWDL ZEWgns. F72, REHKRE T L7290
DAY RPERINTWEENS L, REIZR - 721
RESDOHBHTETWS I EPHRTE L. AR EN:
Wik ETFIEIE, KAy by —oR0aryy —VE—-FK
MPHIFFIT (IE—LTR—AF) §5Z LT, ToBe # v
NI = B R FBREITOILS.

4. VM
M4 s TRLIAY b —7 2@EHERE L, B

SNDWERBETIHZ LW TE 508 ) »OBLED» HIRE
THOEMEZFHM L 72, RFFETIE, RETEZFETT

enable

configure terminal

default interface vlan 10

no interface vlan 10

no ip route 192.168.40.0 255.255.255.0 192.168.30.2
no ip route 192.168.50.0 255.255.255.0 192.168.40.1
interface fastethernet 2

exit

default interface fastethernet 2
no vlan 10

router ospf 1

router-id 3.3.3.3

area 2 virtual-link 4.4.4.4
network 10.0.2.0 0.0.0.255 area 1
network 10.0.3.0 0.0.0.255 area 2
area 1 virtual-link 2.2.2.2

exit

interface vlan 30

ip address 10.0.3.1 255.255.255.0
exit

interface vlan 20

ip address 10.0.2.2 255.255.255.0
exit

exit

copy running-config startup-config

14 FEEIER S NEERRETIHO—E (Cf1 12742%)
Fig. 14 Generated configuration commands (for Cf1; partially)
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4.2 HHRFZTEFIEOFHE

BB & 7z 8s ik 2 TIHO G 12 D W TR 5.
— MO TR L CLE,DZR R a~ v N
IIHEBIRETE 525, REE<ix (1) &y b7 —23#H
BHOLXZN—= I PZHETE, D (2) FEhv MT—
IHEBREHWTHEE LS Asls®) * v T —27 ~NEHH
L7 CHIFF SNICBEN &) ke, V=T A VT T—7
& RRIAERRIC X VAT 4. RIS (2) OBERERRICD
WL, ICMP 7’0 a3V 15 2R L2k Y MU — 2
R OB OMERR 21T\, WIfrE B0 IZEES 2 02 R
L7z, SCCTOfFEBY OBfEL 1L, SHEHEH (X5 T
RL72A Y T — 2R O3y FREZEIZBWTRK
oL L&, BEERSMER ELNL 2 (K5 T
ALy T — 7 R ORI TER) O 2 D05 %
7230 THA.

4.3 Zf

REHICHWZ BN AT T— 5, HHIEUToL B
D TH5.

e Asls ET IV (X 6)

e ToBe 7V (X7)

o WEHEIYY FTF 7L —F (KS8)

e Cisco 1812-J * 715 (Version 12.4(15)T11)

e Cisco 892 * 2 & (Version 15.1(4)M5)

72, Asls ET )V & ToBe ETNVIE, T 7V —
Jastah IZX DAERL, #&RekEa~ >y P77 L— g
cSV R L ) FH L 72,

WU, EBFNEEZ DT IORT.

(1) FEBRED, RNDT—58 ZiR_EY —VIZAT] L Tk
EFME % ER T %
(2) F v N7 — 2 EAEBEOIE Z5— N, ER SN
W E TS RTEN B 5 00 L) & HERT 5
(3)FEBRF DS, ToBe kv T — 27 T 5720, AR
SN E TR T ERRICHITT 5

(4) EBED, 2y N T—7OEAEEDO X 28— hD
EMOIC, V=T 1 Y 7T =T, iR ORE %
BIHILT, HIFFEBY ORBEND LD a2 D
bopr

4.4 &R

RS N E TR A ERRICRITL, V=T v
T — 7 IVOREFR L traceroute IV ¥ N2 & A BH O,
SHI2E, BERMICHMEELRIL, HYOX Y T —
7 BB OB L CEREN D0 E ) hOWEREIT-
e A, EWIZAY M= PEEL TV D Z & RED
W7z, —HTHRGERETFIEOERIZB VT, Config # 1R
J—=RELMIEE 7V — T OHETIX, Config O
J — P27 A HHHHE 7V — FERNARZRIER O fl{ A
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HronTwiznizd, FTICLo IR s nzav >y
F%) (Bl : vlan & hostname) FIASAIED BHFHERITES
NDLZEDNH o720, RENZBWTIE, FEREAIZIZHEDS
HNWZ E ERERR L.
441 ToBe Xy NT—UDI—F1>TF7—TI
Asls * v b T =27 D&% 4y N7 — 7R H L B
L7zt y M7 — 7RISR L, FEBRICHT) S o iReE
FIHEZFAT L7z, ZOED, campusi 2272V —T 1 »
JT—=7NVe) AP2IIRY. ZDOLE, 01, LSA
Typel, Type2 12 & > THEOLN/-RBRERE XL TEBD,
0;AI 1%, LSA Type3 2L > THEOLNBEHEHRELRL T
Wi, vy, OSPF 7o Fa vs#f s Tni 7z
O, Bpprr) THTY, MLz CERERELNL T
LI EDGDD.
4.42 WHREEICLDN—T 1 > T T—TILOKTF
OSPF 7't b a V7% CEH EN TV L) %
W b7, BERMICHREEZRE L, SRERE
FERE L 7. campus4 7*5 top (Z[MIF T, traceroute I¥ >
FEFITLIHETZ)APZIIRT. ZOLE, §TO
FEMEIZE LT, campus4 A°5 top T THOIV— b % & THIEE
LTWwaZens, BfEICHBED W EDMHERTE 5.
K12, (campus4) %° 5 campuss ] ® % v F T — 7
(10.0.6.0/24) Z Wil S 72 E OO T 2 1) A T 4
WARY. Zorx HHMInZAy FT -2
(10.0.6.0/24) % fEHE T, THFEEEZHM L, top T
ORFEBERLTNSLZ 0D, HfFEBYOIRAEEVE L
TWBZENTMroTe.

4.5 ER

MRS RICEDE, RSB Oy b — 7 HEERRE
FNEAGEENZ L, REFEIC—EOHEN D - 72
CLEERLTWAEEZR A, THNIZEY, BEFETII,
EFNVEEGHIEIDIE SN, ZIh O LB RN E D
<V KRR EI~Y Y RF UL — b RE L TR YIS
b7z,

Mz T, WEHEFHELZABERT LI LORRL L
T, LY I=T7I2 L BRBORITF IO IR ENDR
DERLY IV ZTHOGRMBAR) ¥ —0FNDFER, LT
RRTBIR I B DR ETIEOAK I L Ay V=T D
BHEERIC b RO RaAAR Rz, — 5T, AFEEEH
FTHEHIYVLBEELRLETVEERT AT V2T AD
BHIIZOWTIEEE L T i, JRICBEEEOEBRIC
IoT, A=y NI—=2DIP7 FLA%ZOEER, #
BT W Z AL L 728 TV OAMEIZ & B AS#EY) 2 ids
MEFMDOERNE DLV RRENEZONL. 2
T, INHOREE LT, oV TBRETVEER LR
FTWEHIZ, ETIVERER CTETIVF = v 7 A3 RE A i
WIRERE [16] Y — VORFER, tv b7 =2 32l —%
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C 192.168.30.0/24 is directly connected, Vlan30
C 192.168.10.0/24 is directly connected, Vlanl®
S 192.168.40.0/24 [1/0] via 192.168.30.2
C 192.168.20.0/24 is directly connected, Vlan20
S 192.168.50.0/24 [1/0] via 192.168.40.1
JZ M1 campusl 252NV —T 14 ¥ 7T —=7) (Asls)
List 1 Routing table of campusl in the Asls network
0 IA 10.0.8.0 [110/3] via 10.0.2.1, 01:52:25, Vlan20
0 IA 10.0.9.0 [110/2] via 10.0.2.1, 01:52:25, Vlan20
C 10.0.2.0 is directly connected, Vl1an20
C 10.0.3.0 is directly connected, Vl1an30
0 10.0.1.0 [110/2] via 10.0.2.1, 01:52:25, Vlan20
0 IA 10.0.6.0 [110/4] via 10.0.3.2, 01:52:45, Vlan30
0 IA 10.0.7.0 [110/4] via 10.0.2.1, 01:52:25, Vlan20
0 IA 10.0.4.0 [110/2] via 10.0.3.2, 01:52:45, Vlan30
0 IA 10.0.5.0 [110/3] via 10.0.3.2, 01:52:46, Vlan30
JZ k2 campusl 25372V —F 414 » 757 —7) (ToBe)

List 2 Routing table of campusl in the ToBe network

campus4#traceroute 10.0.1.2

1 10.0.6.1 0 msec
2 10.0.7.1 0 msec
3 10.0.8.1 0 msec
4 10.0.9.1 0 msec
5 10.0.1.2 0 msec ® msec *

1JZ b3 campusd 75 top T TOREEEIEHR (ToBe)

List 3 Routing information from campus4 to top in the ToBe network

campus4#traceroute 10.0.1.2

1 10.0.5.1 ® msec 0 msec 0 msec
2 10.0.4.1 0 msec O msec O msec
3 10.0.3.1 0 msec ® msec 0 msec
4 10.0.2.1 ® msec 0 msec O msec
5 10.0.1.2 4 msec O msec *

JZ k4 WiFRFEAERED campusd 205 top  TOREKIER (ToBe)

List 4 Routing information from campus4 to top in the ToBe network when the link failure

W72 T IVER R OBIREE [17) Y — VOREE T
LIENEFLWEEZLND.

F 72, RFHlio#HERNIL, ACL % OSPF 7O b 2L,
VLAN DO REREIZ NI LTV 275, i b Ak 4 2 BBk
Jakhan, FLTMANYSHEIHFICEAME 7T b avik
EWHAET S, TD70, |MEFELSHIHFTL, 20
) ZTHWMZEMNT A Z ENSBROBEE L L. $72,
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Config D ¥/ — FOREKIEFOHIFLL, =2 =7D
R ¥ =126 U7 B85 7% 8 FIEO A B SR T3 Fe ik 1
XIGT & B DEPEEFHMETE TW i,

ZOfh, ACL OFEEATIZB W TIHEREDOETVIZ
KT B7280, O ACLIZEHEZIZ AHEI12OWT
FEBLTWARWI EXFHLPICR o7 REETHW
ACL O EZEEZ1TH %121, BEAFEO ACL ICEFE I
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29, BT TV ACL ISR A5z itk L, %
R ETHEE AR TS, 2 LT, HLLIEKRSN ACL
*WHTHZ L TACL ORELEFEET)OMHMAL 25T
Wh LaL, S5O ACLOZEEICE L TiE, ZHME
EORMIIIG L TEIRE T2 WY THY), o=
TOR)Y—IZXoTRRDLEEZOND. ZD720, B
HFOACLICERZMZ SN L ERHREFIHOER Y AT
NEFEEL, TV TOR) Ik o THEBT
WTELIENPLEFLWEEZOLND.

5. b V)I(C

KETIE, Ay M7= 7HERETVICED R ET
NED BB T ERE L2 BRETHEEL, 22004 b
T — 7 HERE TNV OESDS, HiEREIY Y TS
L— bxill U CHRRETIH BRSEI~ Y FY) %4&
BT HODTHDH, FEAAY bT—7 ZEAFEGE LT
RETFLEOFRMEZ M L 74ER, WS B ) ofdxE
FIHZREFRICLVERT LI ENTE, REFENIE
MTHolzZ & wiER L7z,

SHOBELE LT, TYyVZTOR) =I5 UEKk
RS ETIEE AR CTE 2 L) ICRETERLL, <
DEMEZ EER - EMMICETMT A 2 BT oN 5.
T/, TV TFXRUFTEEiRE LSRR EI~ v FAERIC
3 A RETFLEOPHMERHGR, RIGOk~c %270 b3
WEBEHLFEER Ay T — 27 CORETFEOHERE
MAZFTF NG, S5, (EETIEEO BB LRI
TRETFEOWFACHERTHE L M TR LT 5
N5, FFERETHEOLS L KB OM EEARTHIC
B2 BB OBRAORTE, TR EFIHOMER AR
VY —IZOWTHA LG LY YV TANOREEIToTWET
VY,

F72, ASEIRE L7270 OFERE R 2 S ORI
DVWTLEBOMEE 50, Ay b7 —27 HEbTFE: &
LCZIF 515, Ansible ¥ NETCONF % fl A& b7
Ay M7 =7 OHBARTEICE L TOEBE R TEIZOWT
LEEZ L TWELW

BE OAWIEEZERTL12H720, BINKELY b7 —
7 DR - SEIZ M7 5 T A NTT KHAKO Z ) %
BELZOT, ZZEHoOEEELEY. 2 AW
13 JSPS BHif#E JP17KT0043 OB % %\ 72 b DT

SEVH

1] Ya=/8—%v b7 —27 A& ipa @ IT FHEHRAE
Thwolcty M — 7 EHEREPR > TV T L.
(https://www.juniper.net/assets/jp/jp/local/pdf/
additional-resources/atmarkit-junos-survey-jp.pdf) (%
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DDAy b T =7 FM & BETAM =NV AT A%

© 2023 Information Processing Society of Japan

3]

[4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]
(15]

(16]

(17]

FURINT575 1% Vol4 No.3 33-47 (Oct.2023)

ZBAHY PT—271EZH)LTTECNS, SBY 7 PN
> 7 A& (2020).

W ESE, HITEM - Ay b T — 7 BEGEOREICH S
VEETNEEE IR Y AT L OFHM, 17 —% v h &
EHE A R T AR CE, Vol.2020, pp.49-55
(2020).

HEEECE, MPHIE, FEHORER, FHE R
PO =BT 2 CEERE BT 0y M T — 7
VAT A OFEF B X OREM, 1 L 4 G SRS,
Vol.52, No.3, pp.1334-1347 (2011).

Huang, H., Ruan, Y., Shaikh, A., Routray, R., Tan, C.
and Gopisetty, S.: Building end-to-end management ana-
lytics for enterprise data centers, 2009 IFIP/IEEE Inter-
national Symposium on Integrated Network Manage-
ment(IM), pp.661-675 (online), DOI: 10.1109/
INM.2009.5188875 (2009).

Harel, D. and Rumpe, B.: Meaningful modeling: what's
the semantics of " semantics” ?, Computer, Vol.37,
No.10, pp.64-72 (online), DOI: 10.1109/MC.2004.172
(2004).

Graaf, B. and Deursen, A. V.: Visualisation of Domain-
Specific Modelling Languages Using UML, 14th Annual
IEEE International Conference and Workshops on the
Engineering of Computer-Based Systems (ECBS 07),
pp-586-595 (online), DOI: 10.1109/ECBS.2007.77 (2007).
Deursen, A. V., Klint, P. and Visser, J.: Domain-Specific
Languages: An Annotated Bibliography, SIGPLAN Not.,
Vol.35, No.6, pp.26-36 (online), DOI:
10.1145/352029.352035 (2000).

Schmidt, D. C.: Guest Editor's Introduction: Model-Driv-
en Engineering, Computer, Vol.39, No.2, pp.25-31 (on-
line), DOI: 10.1109/MC.2006.58 (2006).

Lopes, F. A., Santos, M., Fidalgo, R. and Fernandes, S.:
Model-driven networking: A novel approach for SDN ap-
plications development, 2015 IFIP/IEEE International
Symposium on Integrated Network Management (IM),
pp.770-773 (online), DOI: 10.1109/INM.2015.7140372
(2015).

Rumbaugh, J., Jacobson, 1. and Booch, G.: The Unified
Modeling Language Reference Manual, Addison-Wesley
Professional (1998).

~—F 7797 — UMLETY) YT DLyt A3
R FHTREL (2020).

BREZE, FHEM, T AN, BER TR R
M, EINEL, JkI—5R, BRI iy — v AR
RETCIRIZ & B BB O FEN G & UTM ORGEIZB T %%
22 AT EALERRTZE, Vol.21, No.1, pp.21-28 (2017).
Change Vision: Astah. (https://astah.net/) (% Hf 2022-
11-21).

PrrBEs, MIatR, I & HEHE v As Y~
7 TCP/IP AMifss 5 L, +— 2%k (2019).

KW UML BT 5 EFIVESERGEE Y AT
L, EFHHGEEFSWOGE. D-1, 1B Y AT AL 1,
Vol.84, No.6, pp.671-681 (2001).

il SeREL, NBESE, #dE l, B =
) Y BEEICKT A%y T — 7 ETO HEIRGETEO
ME WM A vy — Ay b EEAEMN 0D,
Vol.2022-10T-58, pp.1-8 (2022).

46



IBRAIBF R/ TV 2NT T 71X Vold4 No.3 33-47 (Oct. 2023)

I

2021 FAEINRFAFZE. A4 R F R F B
BEELREAY. Ay FT—27ET) V72
B9 2 WF7EL s HES.

W B¥ (E=A)

2007 420 L3R EE. 2009 7K
KEFEBBLREGT. 2012 FRKFKE
el LERAEE T, L (05, 2012 418
MARFBI#, 2020 4F & 0 FAEHEZ. €7
WEREY T2, 4+ 7Y = 7 MBS L SR T2 5
HWFZEICHES. IEEE, ACM, THRLHEY %, EIEHE
B4, ARV 7 b7 = TR SESE.

gk BN (ExA)

1992 4E 5 MK 2 T 515 ok T2 BF 2 2.
1994 4F [/ K K Be 4 mr i B A2 15 T
1997 4[] K2 K 27 i 1 7 0 R AR B AT I
faREE Bt (T5). 1997 4RI TS
HHMERE TR TEAB T 2003 £ ETKFEKFER
ProE s Al BRI e R R R R B T, 2005 4EE M
RERAETERILIL £ & — %, 2009 SE£ENKFERE
B v ¥ —Elv v ¥ —REHIZ, 2023 4E L 0 BN K
BHEELy ¥y —BlL ¥y —RBilEHREE, X207 1,
v b7 =2, Ad-Hoc v N7 —2, IEHEEOMIEIC
PEF. EILE S ETEHREEYSR, HE VAT AN

T EEB = (FRB)

1990 4F KBRS LA T2 3E. 1993 4F
FRFRF B LR R, FARERIR
‘ EWF. MRS, WEds, #HIESE
FET 2020 AEEMNRF T FEHIZ. 2002 4
7 v NREEMIFER, 2003 F8— 3 V4 A KK BB
2023 4 T8 DS/AT HBEZE L v ¥ — K. i+ (T
) (KBKE). v 7 b o 7ERRLl, E 7 VA, B
WEBFOWMITICIEHE. ETIHIEREES, HHLEY
=, V7 b7 TH¥%, IEEE CS 28,
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