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Abstract

In large-scale network environments, primarily autonomous systems (AS), au-
tomation is achieved using IGPs such as OSPF. In recent years, management has
become increasingly complex, requiring high reliability in its operation.

By default, OSPF link costs are calculated based on the bandwidth of each in-
terface. However, in real networks, there are many situations where operators need
to reflect their own intentions, such as ”bypassing a specific node for maintenance”
or ”prioritizing a specific link,” from a traffic engineering perspective.

Currently, achieving these intentions relies on trial and error based on operator
experience, requiring significant effort. Furthermore, changing a single link cost
can affect the traffic distribution ratio across the entire network, carrying a sig-
nificant risk of unintended traffic concentrations or communication outages. It is
also difficult to analyze the cause of problems when they occur or to reproduce
past conditions for verification. Network simulators and emulators are commonly
used as existing verification methods. However, these often rely on fixed config-
uration information. As a result, there are limitations to faithfully reproducing
and predicting real-time, large-scale traffic distribution flowing within an actual
network.

To address these challenges, this study proposes the creation of a ”digital twin”
environment that faithfully recreates an identical network in a virtual space based
on dynamic operational data from the actual network. This method enables ”what-

)

if analysis,” which allows for proactive and quantitative verification of the impact
of configuration changes on the entire network without affecting the physical envi-
ronment. It also accepts abstract operator intent as input and converts it into link
costs, aiming to enable verification and prediction of their impact in the digital
twin.

The proposed system consists of four independent modules, each with its own
function, to reflect the dynamic changes of the real network and realize simulations
that reflect operational intent.

The first module, the ” Collector Module,” uses SNMP to obtain OSPF link state
databases (LSDBs) from actual routers. The obtained data is used to generate
a network topology based on graph theory. Other methods estimate neighbor
relationships by collecting interface information (iftables) and ARP tables from
each router. However, our method reconstructs a detailed L3 topology, including
neighbor relationships, metrics, and multi-access segments, which these methods
cannot capture.

The second module, the ”Processor Module,” normalizes traffic data obtained
from NetFlow/sFlow. Destination and source addresses in the flow information



are mapped to nodes within the topology. If an address is not within the topology,
it is determined that the communication is with an AS outside the AS, and that
address is mapped to an ASBR.

The third module, the ”Simulator Module,” performs shortest path calculations
(SPF) based on NetrkX to reproduce OSPF behavior. It supports traffic superpo-
sition and ECMP modeling, calculating the load on each link and recreating the
current network state in a virtual space.

The fourth module, the ”Visualizer Module,” visualizes the results of the calcu-
lations made so far as a heat map using logarithmic normalization. This intuitively
presents network congestion, potential bottlenecks, and changes in traffic flow over
time.

The core result of this research is the implementation of an ”intent resolver”
that allows operators to achieve their goals without complex cost calculations,
and injects threads into the digital twin. Operators only need to declaratively
describe abstract threads, such as "what state they want to achieve,” rather than
"how to configure it.”

This system defines six types of operational intents to be resolved. First, as
intents related to structural constraints, we implemented ”Node Drain” for hosting
and " Link Blocking” for physical disconnection. Next, as intents related to route
guidance, we implemented ”Low Latency Guidance,” which prioritizes specific
paths while minimizing side effects, and ”Load Balancing,” which automatically
adjusts cumulative costs to establish ECMP. Furthermore, we implemented ” Flow
Reduction,” which gradually adjusts flow rates, and ”Safety Range Analysis,”
which calculates the boundary value below which configuration changes do not
affect other routes. These algorithms apply the theory of sensitivity analysis in
shortest path problems, enabling the calculation of configuration values XX based
on mathematical evidence.

We also focused on the order in which the derived link costs are set to ensure
the safety of network operations. If cost changes are applied in the wrong order,
temporary routing loops, black holes, and other failures may occur during OSPF
convergence. This research proposes the automatic generation of ”safe sequences”
to minimize these risks. First, a route to which traffic can escape is established
by performing a cost-decreasing operation. After that, traffic is removed from
the original route by performing a cost-increasing operation. In this way, the
sequence is determined automatically. This maximizes availability during large-
scale configuration change processes and reduces the risk of service interruptions
caused by human error.

To verify the effectiveness of the proposed method, we evaluated it using actual
data from the WIDE project’s backbone network. In verifying the comprehen-



siveness of topology construction, the proposed LSDB analysis method identified
45 routers and 116 links. This was a significantly higher detection rate than con-
ventional CLI-based and config-based methods. This demonstrated the proposed
method’s ability to accurately capture configuration errors and dynamic segment
changes. The traffic estimation accuracy was compared with actual measurements
from the Zabbix operations monitoring system. We confirmed extremely high
reproducibility, with an error of 0.08 % at edge nodes. For backbone links, we
observed an underestimation of approximately 30 % due to sampling bias in flow
information and L2 overhead. However, the relative load relationships were con-
sistent with actual measurements, demonstrating their usefulness for the practical
purpose of identifying congestion points.

Furthermore, we confirmed the usefulness of the intent resolver using multiple
intents created using data from the WIDE project. In the ”load balancing” sce-
nario, we successfully split approximately 963.5 Mbps of traffic concentrated on a
specific path equally between two paths, each at 481.76 Mbps, through automatic
cost adjustment. In the ”flow reduction” scenario, we also identified an optimal in-
termediate cost value through sensitivity analysis that diverted only bursty traffic
while maintaining nearby reachability. These results demonstrate that the pro-
posed method abstracts complex metric calculations and dramatically improves
operational efficiency and safety.

This research has demonstrated that intent-based control using digital twins
will be an extremely effective foundation for next-generation network operation
automation. In the future, we plan to introduce a statistical complementary model
for traffic sampling, integrate it with other routing protocols, and expand it to
multi-area OSPF.
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Ty b7 — 27 OEIERGEEICIE, ns-3[11]| DX 5T 4 A7 V= b4 RV F¥Ia
L — &%, Containerlab[3] ® & 5122 ¥ 7 FHRAE(LEM Z W/ I 2 L —& A
IR FHER TV,

ns-313. R baNREy 7 OFMBRETAMEICED ., MIEE»rST TV r—
avEETONRT Yy FOEFERBEICS I 2L — 1T 5, —F. Containerlab &
Docker F D a > 7 F i ziEH LT, EED A v b7 —2 OS image Z KX + |
TED»T, Zuckb, EHEEFEREFE U »ZNCET 2a~ Y FIEESP T B
b VBB R LKL - BIRTE 3,

NS DERENCIE, DINICET 2 HRED D

e 7ORINDEERLEIR: OSPFRBCGPEHEDNL—FT 4 7 7ua balLizE
R D 7 — X HEERE T L TEHIEX 5,

o RABY VU DIEM: FIE, HIIRE, 7 v b o RFEOYHERE:E R 72 4
VER—7 2 — A ET B,

o R —FEYT 1 ORER: WEINBZN—FY =27 2H/Z 5% B0
Y= N R~ BEORIE ) — N2 EHT 2 e TE 5,

2.2.2 KEBRBICEITZXT—FE YT+ DHIR

LL. SN EFEFDOFTIRZRLY AL e LTERT 212, SHTEEFROH
TRELRFENP DS, I 2L —X ETHERBELPHET I, ) 07X
N7z 70 —IEFHRLENICZ{L T 5 OSPF LSDB 2V 7 L& 4 LA X 8 2 3
MBHBED, Ty PP OS DL I 2L — a YARIIX/ — FETH LT
BN KT 3,



ZOfER, WIDE 70> =27 bD K5 RET 7 —BEFEIIZHRN S Ny 7 KR—
VFw NT—D%, RXT Y FLARNALDY I 2L —XTRERM L THBE LT 2
ZEWHHFERNTIE RV, 2D, RIIRTIIEELR Ay b2Ialb—Ya Yy
TR, o 7HRIcE I 7e—1L Ny Ial—ya Yy EHWT, A7 —
FE¥ VT 4 BHERT 5,

2.3 FrSTawOIIUS=TFYITERYRNT—D «F
SR Y
KA Yy b7 —212B0WTE, i3 b5 74 v 2220 X5 IZHIENT 20

DEEY 25, AEITIE. KD OSPF EAFREILTEYL., HFOTIZALY A
VEHWET S u—F BT 2,

2.3.1 RERDEHZBELFE

Fortz & Thorup WL [5] Tid. OSPF OEAREMEI NP KN#THL %
RU. B=ANERT VT AL X2 REEZIRE L, 0%, Bzl 7L
Y X4 (GA) ZHWE7Z 7a—F 4, 1], 2y b7 =27 OEFHRIIIG T T
BN R M 2T 5 CA-OSPF[16] R EDPREINTE R, LLL, ZhBD
PERFEIX, MR T7 =< AKX EEHNE LTED, ITOFED
BT\,

e 75w IRy IR mEL7 LTV XLADNEH L3 X MEDERILY, &
FHEIZE > TEEKFTIE R,

o BITTOERDRIN: BAMZBEMEIXIRR SN 205, RERAMEFIC L %
AR EE U 2 7 BRI ATV,

2.3.2 FIORIWYAOEBVWREIOER

W, Sy VU —ZERAITFYZ LY 4 Y (NDT) 28 AT 2502081 E R
LTW3, Poorzare & [13]1&. DY —_RARLZBVWTINF T4 v 70 I=7
VYN BIT S NDT OEEEZHEH L TV 5, BRIARIERBE LT, Polverini
51213, REZEDFF 7 4 v 75250 EZ2HANCHHMET 5 [What-If 77
W) @7 V=V —=2 %R LTz, $£/2. Zalat 5 [15]1F. FExy b7 -7 28
L. PEREIEREAR 2 /M T 2 EHARE = BEREA 3 2 AR NDT OREAL
R L TWab,



2.4 BIEFAEOREBCAXHAROAMUBTIT

RETIHENT@ED . BHFFRICIIFEAREADOHEHICB W TR o H@siE
DEET %,

PR IHERIIBWTIE, a7 4 ZIRTEFEOEINERICIKTE S 2 FIETIE. A
A FVLNLD LSDB M2 2 2 THEDOAEDBIIKEE) ZHEHTZRW,

F/h VI T4 vy =7 ) Y OEITIE, BHFOREIL T L) X L4 [7, 6,
16] iR F 2 BT 2HE D, HEHEOEMAKN A EX (Intent) | [2, 9]
Z B D SA T BRI R Tz,

TSN L. ARHFEILL O BE 2D, HF—IZ. LSDB ¢ FE7n—7—%
DENFEEICE D, MENIBREEDAR LT T F 7 4 v 7EBBOMERA ZHZ 5
THIFTREME (Predictability) ZEMR T2/ TH 5, 12, RIEREKREEICEBYT
2 M OBEEG [14] Z )0 L7z Tntent Resolver ] ZEA L. BEDOMEDOH 25
BIEHD B/ N 72 2R EZ mEANCEET 2R TH S, THIT, RELFEDFELT
JIifF (Safe Sequence) FT% HREINIHKT 5 Z & T, EHKREDOAL ST [HH
H7rtzx) 208 D0RENZERT 2 FICKEYDH 5,

1)



B3IE EBEFE g7 —2WNEIC
HOKTFORILYA EFED
AT L

ARETIX, Exy b —2Xb, BRBERBLUO 77 4 v ZEREEINCIL
EL, [TV YA V) ZHRET B-DOREBFIEICOWVTIHAT 3,

3.1 JATLEMFHEE

KRR T LIEFEry V=7 OB ZE KL, EHERZ KL 2 2
L—a Y RERTEEDIC, BEZLITHILEADDY 7 Y27 EY a—
MZ X > THEREN S,

K 3.1 RATLDLEERE T — XN ERT, FEY 2—LD%EB X
OARBEIZBT BEHIILLRO@ED TH %,

1. Collector Module (F—#XUINEER) : — 3.2 HEH L —% (SNMP) n
73 (Elasticsearch) o4 T—XZINEL. P M Ru> oo 7{b%
1T9EY 22—,

2. Preprocessor Module (BifLIE - ¥ v EVJEE) : — 33EHINEX N T
774 v277—=& (Flow) OIERER, IP7 FLRE bRrY LD/ —F
ID Z#fHT 5 /7 — FIEIRZITS EY 2 — )b,

3. Simulator Module (X al—>3Y - EX#ERER) : — 3.4 87, 3.5 8
OSPF OV—7 4 ¥ 7% BT 2 7. D ORMEFERETHE (SPF) 1< X 25K
Mricinz., FEHEZEDOEX (Intent) ZERL T M Ru P 2RENICEE X4,
WHHED Flow iR LBOREE 2> I 21— a3 v T 5,

4. Visualizer Module (RIfRft + LA R—F 1 >V JER) : —» 368> I 2L —
SaviEREPb— by IRERV T =X —Ta vy LTRRIL L., EHH
Wiz DEELR—NeHNITREI 22—,

RELETIE. 2RO DREY 2 —VDOFMAREE T LT Y X AIZDOWTIEIZ
AT %,



External Resources

[Collector Module (7— % {R£E)

Network Digital Twin System

\Visualizer Module (EJ#{t)

Simulator Module (¥ X 2L —3Y)

E—hYy 7 - BRIIZZA— 32

3.1 BRI 2T L DMERET Y 2 — UK & &8 ¥ OXH SRR

3.2 FT—2IEL RO ETIVE (Collector Mod-
ule)

AETIE, AT LANDEE L 725 Collector Module DFEMIIC DWW THL
B3 %, KEY 2—iE. SNMP ZHWT OSPF VY > 27 25— b (LSA: Link
State Advertisement) HEHEEIG L. 77 7HEHICEOWTRyY hU—2 FRnA
DERENRT b,

3.2.1 OSPF LSDBf#thickd FAROJHEE

RKIZATLDFYy bV —27 bR Y OB, SNMPIZX > TEEL—Z05
HUf& L 7= OSPF @ Link State Database (LSDB) Df##Tic & » THEHXNTW3,
BL—&DA & —7 x—ZEWR (ftable) % ARPtable %IV U CRE%ERIR 2 HE
ETBZ2FEDIDDD, 70— FF v A b F A4 VOERMERIEES, @wENZa R
FMEHEOHBDPHL {85, —FT. R TIZ OSPF 71 b a L3NG TR
TAINAF VT —RETA—FITE377u—F2FHALE, Zhuckb, 1—%
MOV RBHERRZZ TR, 3732y bR 72807 FLy > v
TIEREBUS TSR TETWS, /2. OSPF ORHEE, Fl—=) 72
N—ZEF—D LSDB ZR&$ 5720, KRZAT LTIy P77 —27HNOEED
N—Z 1B, bLLBAEEE2EZEBLHEDS SNMPRETT —X 2B T 5
ZeT, V7ROV Rue el T 2 2 L 2A[REICLTWS,
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LSDB OBYG & /NTrw bEEDTI— K

FRODEROE R Y LT, MR ASHOEEDL—XIZHR LT, SNMP %
FIWWT OSPF LSDB (OID : 1.3.6.1.2.1.14.4.1.8) #HE 3 %, BB L =75 — X%
16 EZL DAL FVFITH 57280, Python D7 v MNMEttZ 4 75V TH5 Scapy
ZHWT OSPF N v FEEIE-> CTT a— N EZITS, KR T A TIEEICT
0O LSA &z,

e Router LSA (Type 1): EL—X2HED ) V 7IREZILET 2D D,

e Network LSA (Type 2): £ =% %y FMEDILF T 7L A Xy b U—2
IZBW T, Designated Router (DR) 23k 27 X ¥ MEWMZILET 5B D,

JZ7EmICED FAROPERT7ILIVI L

AT L7 LSA T 79 =2 b ED, %y hV—2 %257 G(V,E) £ LTEFL
7 %RT,

IW—=2/)—Re)OERDFER Type 1: Router LSA Of#NTTIE. Advertising
Router ID #2727 LD —& 7 —F o, E LTEET D, R, LSAHNTICEE
NzVIEdRERT, VIR ISR EIT S,

1. Type 1 (Point-to-Point ¥&#t): V > 2 ID H3#E L — & D Router ID D
B BENL—ZRNCEAT Y Y e(Vge, Vast) BHERT 50 T v Y DEAITIE,
LSAIZEEN S A MY v 27 (OSPF Cost) 2T %,

2. Type 2 (Transit Network ##t): V> 27 ID2DRDA ¥ X —7 = — X [P
ZRLTWAHE, ZOEMAREIREDL—X TR HExy by -2
LIRXY T THB, AZATLTIE, ZDEITRXY M2/ — Fop &
L =R efif8/ — Ry %3RS Z T, L2 A4 v F 2 aUZ IR
Rt H—DRE/, — F TR L 72,

3. Type 3 (Stub Network ##t): V27BNV —KXTH 72Ty Py
=27 THROVKIE AV N (b= Ny 77 RL AP —H —IE
VLANZY) TH2HE. 2hbldbRudr7 7 Lol — e LT
Wb, LaL, Bk 29 7%y b~y 7O4ERY -2 LTHHT 3,
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Network LSA IC&BZHBEEI XY FO#HFT Router LSA/ZWJ T, 7Py
Ay N —ZDIEERY T2y bRATR, ZOR X MR L T\ A1t
DN — R —BERER2IIMETE RN, FDD, Network LSA Z BT, MIFD
EREIT S,

o Ut I AV MIEHTEIIRTOL—X%E2 757 FTHEICZ Yy D%IES,

o UL TR U M PHZINL—XADIA MiE, OSPFOARRICED 0 2 LT
ET 5,

o ISAIZEENE Ay P ARVIEREIIF L, /XY DML UTHE
ERAE

3.2.2 +ST74vIRHDI=HODTTy bw TERK

2w b= RIS, FI T4 v 7T —RIZETNTWVWBIEELR -
JTEIP 7 RLADIRE T 2NV —RERET 272DV 73y b~y T2ERT %,
FRBEKOMHE EIEZFN, P T T4 v I T—RIZEENBZIP T RFLAN XD
N—RIIFET 20 BIERT212DDF—ZRX—R LT 7%y b~y 7]
BHERT %, RiRD Router LSA Type 3 V ¥ 2738 X U Network LSA 720 & i &
NEFRY b —27 RFLREY TRy bR TZDORT %2, LUIROTF — XS #H
2 Json ZIERK - IRTES 5,

{
"network": "192.168.10.0", // link.id
"mask": "255.255.255.0", // link.data
"owner": "10.0.0.1", // Router ID
||type n : IlStubll

}

OV Ty b A2k, MRaY RICZ/ — Fe L THALROWERD IP
7 RLVRATHH->TH, ZOINENL—Z (Owner) Z—EIZFRET 5 Z L DAJHE
25,

3.2.3 BGP NextHop f#thic &k 33ERIL—42 (ASBR) O¥FE

HIRE TOERT. ASHDO 7 FLRIRBIRT AN TELZ XDtz —
Ji. TN TIEASHDIP 7 R L RFBRTE RV, OSPFIZBWT ASHL Y
DiEfElE. ASBR (Autonomous System Boundary Router) 2@ L T D HD X h

11



%, ZDIH, ASBR%Z +F 7 4 v 7 DAHIEE UTIEREIZRE - Al ks 2
WEDH B,

ASBR ZREET 2%, &L —&X D BGP A N—THEIREE (bgpPeerTable) % B
BRI BT TERTDTHS, ¥R S, BGPRy Y a YD HZILTWTH, £
DIV — ZHBRT L DI R BRI L T2 I3RS v, Iz, iBGP %
FIWT ASBR 7 5 #B8IEHRZ Z T HL > TWA T ONERL — &, K% k3
%7217 D Route Reflector 722 d BGP ¥ 7 Z2Fio7/28, T4 5% ASBR & 432
ZRNDD B,

Z TR R T LTI, BGP OREIEIRICE £ 5 NextHop BIEICEH L7,
KRFV— &5 5 BGP4-MIB @ bgpdPathAttrNextHop (OID: 1.3.6.1.2.1.15.6.1.6)
ZEUS T %, BGP Ok E, A AS 20 5238 U 72888 D NextHop BHEIX. ASH
BB I N AR EEE R o T, [ 2O Z BRI AS~NFEA L7z ASBR
DIP 7 FL R DRI 250D %, NextHop 7 KL A& OSPF hRu Y |k
DNV—RIDZMET ST, BRI —ZZHFR L., HEFIHERE DR
DAZFELTWDS, HEINTZ/ —RIZiZ b Rad 5 —& T isasbr=True ®
75 0% 52 %,

3.3 F374vIFBDERLETYE>Y (Prepro-

cessor Module)

AREITE, NESINET 2% I 21— a VAJRERBRIERICTERT % Pre-
processor Module (IZDWTCEEHT %, NetFlow/sFlow 7 — R4 > 7V
rahi TR OFRICREE 0w, Zhz bRy ko T ofafme LT
Jalb—yaYiIRMEELD, T—XOIERLL@wEY FL2Z2YHE ) —
ANES T 2 B T2 B,

3.3.1 70—7—X2DYNE  IEFRLALIE

WIDE vy =7 MIT7 v —F— &% Elasticsearch IZINE L T\, %
NZHH L7z, Elasticsearch 22 H5HUS L7z 7 v — 7 — &I U CHIWE 21T 5, JT
T — ZIZIFIR(ETT /50 TP, Bk N A MR 7 v —#ERRFENICINZ. BGPIZ K-
TH#E L7z bgpnext_hop [ERBEZENS, R ZAT LTI FOFET, ¥ a2
L—>a YO N7 4903 U2 RBANT %,

1. BEREOEE: 70 -0 A4 ML B LR T () 226, FEEE
HE R (bps) Z XX TEHT %,

B x38
max(7,0.001)

12



TIZT. fHHEREIC X2 T =0 &3 70— L TlE. ¥alREEZ<
72912 0.001 BOF/ MEZREH T 2 fIEZT>o T\ 5,

2. BGPEBMOFRF: IP7 RLADT v F U VTR TERVINEB 77 4 v
7 BT 5720, 7r—La— FIZE&ENS bgpnext_hop F 7 L% /KRIE
W (77 4V MHE 0.0.0.0 ) L7z ETHREL, RO Tt 25| %
i

3.3.2 J—FER7ILIUVIL

7a—7—X EDIP 7 RLA (FRCHESIP R IPv6) 25, rRuP 757 Loy
D/ — RIZHIET 2028 ET 5720, AT TIEN 3.2 IRTFIETEEL /-,

1. Alias Map BB& (DNS UYILN) : IPv6 7 FL A &> 71 —iZxf L. DNS
5% (PTRLa2—FK) BXUESFIE (Ava—1F) 2EHNICITS, Zh
W&, RAMEERELTIPvAR—ZAD)NL—& ID ANDZEH (F]: IPv6 —
Hostname — IPv4 Router ID) #2175 T\ 5,

2. Core Router D BEIH#TE (Degree Centrality) : DNS R AAIHET,
PO MRy FITHEELROVRIADIP 7 FLRIZDOWTIE, v b
7 =27 DHIL ) — RANEH IR 2 7 5 — Ny ZIUBEIT S, BRI,
FRBY T T GB35 — ROXEL (Degree) ZEMHE L. i d
BHZ wL— 2% [Core Router] ¥ L THEREHNT 5,

Veore = AIgMAX deg(v)
v

zoudy kb, FiEBARHLZ N 97 4 v 7 THoTHBEHNRD SR
TR, RODWENEZTZaT7 A, v FERETZ2DDEIREL T
Sal—YarE#HEREEL LTW3,

3. BGP NextHop Check: Hifii CfRE L 7z bgp_next_hop 25 b K ua IHITFHF
fE5 285G, 5k IP B ARHTHoTH, ZOXT A bky FL—&%HO
(Bxit) AR LTIy Y7 21T, ASHDRLDEETH o THRBKITIE
BICIP 2R § 5,

4. Subnet Mapping: 473 v b~y TZHEKRL, NRIPVBEIT 2V 71
FEIREHELTWAIL—& (Owner) ZRET %,

13



Start: Flow Data(IP, BGP

NextHop)
T
In Alias Map? Yes—~ Return Mapped ID
No
' v
IP in Topology? Yes— Return Node 1D
No

Valid BGP NH
in Top/Map?

Yes— |  Return ASBR Node

No

IP in Known

Subnet? Yes——~  Return Owner Router
ubnet?

Assign Default Gateway

Resolved Node ID

32: Vo7 4w 7u—D) — FRER7ZLITY XA

14



34 BEAEAIZaL—SayvIyvoy

REIB X ORHTIE, AR T L2DOHF & 7% Simulator Module DNE 0
Vv ZIOWTHHT A2ARMITIE, BiffiEFCIEonzrRued b 7497
Matrix, / — Ff@ka oy 7 2HWTHIRO N7 74 v 77— BT 25K
REREIC O WCEIHS 5,

AR AT L TlE, Python D77 7HEGZ 4 77 1V NetworkX %W T, OSPF
Y EIEROENER T 2 REREKETE (SPF: Shortest Path First) {7\, &V v 7
NDAMEEMNT 5,

3.4.1 RBEHABRrafmoEEOEX

RKIZATLE. LUFROFIETN T 74 v 7 7a—2YERRY > 7 ARIANLEE
L., 2y b= 2KDIREZEHIET %,

1. Ry MID—=00ZT7DBE: [EEL- Rud 20T, v1—&%/—F V,
VYo% TvY E 2356777 GV, E) 2WET 5, £ v I,
ERD Ay b7 —ZREI S L7z OSPF 2 2 s ##EA (Weight) £ LT
53 %,

2. 7O0—D&ENE /—FREER: 70— FHIE. EETT - /&8 L BGP NextHop
TEROMAEDOE T ICENT 2, wENRIP 7 FLR%E T T 7 EDOIRRA
J— R s BXUOKE/ —RdA~wvy V755,

3. REREHE: v PV IINERTERXA A FEEH VTR MR
INE T2 BRRE P(s,d) ZEHET %, ZHUTK > T, OSPFICX 35RO 71—
DEH Z FHIT 5,

4. BfDOESE (Traffic Superposition): FHH XN P(s,d) WIS %
BELyYee Ps,d) WAL, %70 —DlER fq ZNET 2, £270—
WAL CRIBRDEEZ R DIEL, BV Y2 e DT 7 4 v 7B Lo = fu
ZEHT 2,

BHEERICEII38EMRETIV

RERRFTEORRE, BROBREREERNL RO o758, FaX b LF R
(ECMP) OX#xHIRT 37012, 7a—0@ERZ2EME n THn L TERK
WZBET 9 %,

BARRNCIE, &V V7 e IZBIF 2N 740 v &M L, 3. UMTFoRc k-
THH N5,

15



. 56,P(8,d)
L= ¥ (fux Erea) (3.)
fsdeF
CIT BEBOERIZLLPDOEY TH %,
o I Xy MUY= NEHRNIZET7u—DEE
o fo EEIT s DOFELE d ND 7 —DiEER (bps)
o n(s,d): s 5 d NDERFGIEEE DFRE

® bepisa) LYY e s 0o d \DRERBESIZEENZHEIT 1. &Fh
BRWIGEIT 0 72 2 HE B

3.5 EASKICED < BENZRHEHOS v

AEICE, TV A Y ETHEHAEDOEX (Intent) 2% v bV — 2712 K3
2729012, BEREY Y7 aXMNEEBL, ZOREERTH| - MEES 2 ko
WTCEIHT %,

3.5.1 ERERODESE L FFMERET

K AT LBV TEK X, EHEN A Y b7 — 27 OERN R ZAEE (OSPF
O MDOEFREEE) 2EH#TL IR, FELEVWAY N —JRERES
SRR L7z DTH L, TNOHHMBILRERZ PR IERBEEIINT 7 4 v
7 F—ReftEEDE, ®EL OSPEF X MY v IANL B ETRoTWS, K
AT LRI RE T 5 6 MEOHEHAERIZOWT, Z0ER. HEIN2EH
SFVF, BIXUHER7Z LI Y X LDHHHZ T 5,

BIENHIKICE T 3 EH

v b7 =20 MRAIEREAETE LT, X V7 F Y ARMEADMEZ FD
57-0DENTH %,

1. /—F#F (Node Drain)

BRSFTUF L—ROESFEE ISV, BEMEERNT 272912, NRAL—RERE
HLTWAR NI 7 4 v 7 ZEINMBORBREATR X I3LELDH 5,
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BERTZILIAVXL SR — FIZBHET 22 TDY Y7 a X % OSPF ORAME
TH5 65535 ITRET %o ZAUTE D, BREREKETBREICBVWTYZ/ — %
BT 2 a2 b E, vy bY—7 2K 545 — R
PEBR XN 3,

2. U2 ZEH# (Link Close)

BRI FTUF FREDEKROYEA VIR ESE S, IRPEFRARF D22 % A HERR
L=WGEIEHT 2, T L2 Yo7tz 0 ERME T30 &
WS What-if 7HEITH72DDHDTH 5,

BRTINIVIL TIOXLVYA Y EDMRaY 75 71605 ¥ 7 ZhidE
WERBEANICHIBR L. 25 7 14 v 247500 U TRIBDOBEEIRE 21T 5,

RRFAEICEHTZIEN

ReE DlfEME (QoS) ZiitL, VY — XD E HIF 5 7= Dl
MTH %,

3. (KEXEFHEE (Smart Low Latency)

BRSFIA FED/ — Fll%E Ty hU— 22 NTRED SR NI HEE
Lf;b\b% &\-@ﬁﬁj—%

BERTILOV XL FFEDARR BT 28, Hick/hax b M) 2%ET 3 L.
BHLBRWI7e—%THRAL, FiREBEZIA BN H L, £ 2T, MR
TS Pcxt L, BURORBREEORE 2 R b Crpy ZHAEL LT, HE+
DIEMNEEEERT 222 w, EEHT 3,

Z w; = rwal (32)

e;,€EP

THCED, BEEDEY VAR N RERET BT, 2y VT —2
/i%@x MU 7BEW R L DD, NR T v — 2 EFICREEANFET

2 x.O)iﬁbi ‘fﬂ 1Z'§@}\77]‘ V/X%E%FELKE& ﬁ@%glﬁﬁ%nﬁ
W7z Fortz &5 DHIE 5] IZEEDWTW 5,

4. Bf7981 (Load Balancing)

BRESFTUF FFEDORRANEHL., WIT3 2TEENEZNVTWEGE, 2052
ODDNRARHFEAR < LF %A (ECMP) & LT 50:50 THZEICHHT 5 7=
OIS %,
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BRRTILIV XL )RR Py %R Py ORBaX M2 HEEL. LTFOER %2
T EIWCTRNFHERITS,

C(Pa) =Y we= Y w.=C(Pp) (3.3)

e€Py e€Pp

—/DaX b TFFERLRY (FRIE w, =113ET %) HEE. 35—/
Da R rEHBANCTIE EIFS Z 2T OSPEF OftAk (RFC 2328 [10]) &
P 7255 a X MR HEHRICIE LS %,

5. mEHE (Traffic Thinning)

BRYFUA REDY 7 oamE, BIEE T BHIEER r ITEOWTHFHEL 20
LAl fEHT %,

BERTILVIAVXL VY 7ax bz | BT OBRFBENCEMESERB 6. V57 4 v
1T ORI ER 2D IR LA T 5, TR MREBEEICH T 2 E D
#r (Sensitivity Analysis) OMEw [14] ZISH L7z DTH %, HIFZDIE
Lrew H3, HEHHE Lrew < (1 — )L %37z LB oR/ha X M Aw
ZRET 52 2T, BELRERIC X MY 7o XiEE EIFEH) Z2&/D
RIS %

6. ZLEHE A (Safe Range Analysis)

BERAS TV RELHEICEL S MO EEZMEEORMZ(L (Side-effect) | % A
T 570, BIEAARLE LR WK ERERELEEDRFUEZ FIE L 72\WE5EIZ
T %,

BRTZILIVZL SRV Y7 e DX+ w, ZEHE L, £70—DOREREA
DA% (Invariant) TH BHEFHMEZEIMN T 5, Tarjan 12 X 2 EETHD 7L
3V R4 [14] AW N0 Z MRS 28 [winin, W) ZFE © TR
35,

Vf€F, Piportest(s,d) is constant (3.4)

T E DY, BHEFIIZITIEZALY A Y ETORBIFERICE S W TEEENIC
RAF X N7= 2B O CERRIEZITS Z e A[REL 12 5,

3.5.2 BITURIZZRLIERELGRTIERRET7ILIV XL

EEOAR Yy P —ZIZBWTaRA NEHOERAIEFZIRS &, v bV —Z IR
=B —T 4 YN —TRT v ZTR—IADBRETZVRIRH 5, &
AT AT, BEE 3SRFEICHEL CEITTIEZEHL /-,
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1. Phase 1: [Z2E | &]
AR MBAD RS BRMEERBEHRICT S, Ay PN FITT7 497D
ZIFMy 27622 D Xy PHEES NS Y R 2T 5,

2. Phase 2: [R2E . #]
B T HGE DA 21T 5 F, ZTMDPHEERSINIKET, FF7 7497
DIt EX 2,

3. Phase 3: [R2E . {§]

3 R MERREWT 2 IR ERICAT 5 o RETERRERS AL 7RIS, PR IE
Fir o b2 7 4 v 7 2 ZEIHRT %,

3.6 +Z7a0vIRKEBORENRIAFE

K ZATF LATHERINLTFIZNAY 4 > OIRFER E A S E KIS 3 7-
», UTD20DHRBMFEZIRRET %,

3.6.1 NWHXT—IzZzRAV-ARETFEDOATRILFE

3y b= T 740 2F V7T DAMEDPBHTIINRZENXL D
%, I T, BUBERT —nATd7% <, MEEFLZHWEA S —~y ¥V 7FE
RO, &V Y7 e Ot C, B XUREIIE W, 1&, Hi%V > 7 DM L, 12
HEox, IFo@hERT %,

C, = Colormap(log(L.)) (3.5)
B log(Le)
We - szn +a- m (36)

ZAuc kb, BEBEERRCEARTEFO/NX T E 2 [AHES [l —XIH LTI =
5 X917,

3.6.2 KR T7O-BReLAV—9EFE

g b7 7 4 v JEEERERNCERT 272912, RERF 4 212 & 2 IKEE
ODERZITR o720 BEIAT Y 7 At Z812. UTROEHRM-T 7774 772
70 —8E Fuiwe ZHHT 2,

Factive - {f | T S fend A fstart < T + At} (37)
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F4E RRCEIRRIRE

ARETIE, BIBTEHRLETIVAAVA VEEBICED XS ICHEEL =D H
 BARANCEHAT 2, £/ A AT AREHAL CEHMEZLT S 720 D EIFERER
BIzoWTihiR 3,

4.1 FRRBEY I b 7HERK

P RAT LIFFEI Python 3.9 ZHWTHRE L TWS, £/ *y FV—=270 b
VDT, 77 7HEMICEDCEHE, B U bEDEHIC, £ 4.1 ITRTZ
A7 VEEFEHL,

4.1 EEICHWEFERY 72787477

Category ‘ Name ‘ Description
Runtime Docker a ¥ 7 HRIEURIZ & 2 EITREOH—
Language Python 3.9+ FEELFGE
Collection PySNMP SNMP 2 & % MIB 158D BT
Scapy OSPF LSA O %7 v MaEfEtre 72— R
Elasticsearch-Py | NetFlow /sFlow 1 277 — 2 DR & Bif%
Simulation NetworkX MRBRI TS T O, RFEREEERER . Fuh
65700
Pandas KWL ™5 7 4 v 77— XDIERHL, FEE.
e AP
Visualization | Matplotlib b=t~y TBIUORRIIRAF Yy T ay b
D FH]
Pillow 7 L — AHBDOFEICK S GIF 7 =X —> 3
NN

4.2 —RUNEE - GIIBES 20— L D&

AEITIE., PRI HERTEEZERTLIEZODOY 7 by 2 7EEIZOWTHH
T 5,
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4.2.1 SNMP&E

ARFELETIZ, SNMP 12X 27 —&INER, PySNMP 74 77V ZHWT Bulk
Walk 2475 Z & T, HTATICMILSDB #HE X #TWA3,

4.2.2 Scapy ZF\U\7= OSPF LSDB DOf#tf

P73y b AZEHRP T E— FF v 2 b R XL CNOEGBEGREME T 572
B, T MEZ A 75 Scapy ZEH L7ze SNMP THE L7z N4 F V5%
NA PRIV =28 LTHAAATH S, LSA Type Z I8R5 7 4 —)b FiiE
ZoR=RAXHETW5B,

4.2.3 NetworkX IIC&BT T 7FT U FDEE

MR Bu IIERORIITIE, Python D7 Z 7#EZ 4 75 1) NetworkX ZfiEH L
72o Router LSA B X Of Network LSA 2 5D H X 7Bz BIfAIE. nx.Graph 7
S (JEEZST7) DA VAR AL LTHSEXH S,

FRueYKZEA LT 2BOLA 7Y b 73y X A&, NetworkX 255 4
7' ) TR L TV b Kamada-Kawai i£28H L7z, PRI 7—&13, hoE
Ya— L THHLRTVESIZ, JSONERIZSNTRFEL TV 5,

424 +FS7aq0voiFiToid0 TRy FMEHES 2 -

AREY 2 —iF, OSPF LSDB 225 —F 4 > ZTEHRZ M@ L, b5
7 4 v ZEMRED TIP 7 FL ANV —4% | OffFRICHERE NS,

LSADSOTL 70 v AHO v o

FEIZBWTIE, Router LSA D Stub Network] V > 77tk Network LSA
DAY b7 =T AVIERENT LIze SNMPIC KX DEUSEINERE D, v
NI —2 7 RLARAEY T Ay hRRATZDRT7ETa—FL, ZDLSA Z4ERKLT
JL—&% Owner £ LTy 735,

EEHRERR—BORE

FEFED OSPF LSDB (21, Fl—DH 7% v MEBPIEHD L — X SIEEI N
52, BNL—MeFMA—IDRETZ2IEDRDE, TNOHEZZDEFIZ
LTLES &, NI 74 v 7 0RICRROBEDHELTLE S, ZDkH, K
FEETIIDL T OBIRNEMICEE D 7 4 V&) VI %1772 - 72,
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1. EEHRR: 2y VY =27 RLRESRIZEDRTZR—HT A2 MY I,
Router ID 23/hX W (F/z3KEV) FEREFL LTERL, ERLZdD%
HIFR S %,

2. L7414 vV RARDY —b: ipaddress 74 77V EHWT Ay b =T F
Tz VERL, 73y b RAZENPREVIHIZY R EY — M LTR
75 %,

COWNFIZED, DBDT I 2L —XPIP 7 RLARBAET R, VA MEL
D6 B2 T TiRE—8U ISEWBIR)I T &, 3R Tob— XD T 2B <
it %, ARENTT — &% subnet_map.json & UL TRIFE N, DEY 2 —
ADBHBREND,

4.2.5 BGP NextHop f#iTIC & % ASBR FEDRE
3T TR TASBREFERY v 7] OFEIBEICOWTIHAT 3,

NextHop BHED/NILIINE

ASBR DR 725 1P 7 K LAY X F ZHUF T 5 72012, bgp4PathAttrNextHop
(OID: 1.3.6.1.2.1.15.6.1.6) Z2&—%" v b & L7z SNMP Walk ZE{T5 %, Ny 7
A== ZHMREET 5 BGP BRI K TH o /=720, #HED getCmd Tl
72 <. PySNMP @ bulkCmd Z#HHLT—ED) 7 T X N TEEDZY + V) ZEH
B2 E2ICFEE L,

OSPF kRO roBEEOY vy

S &7z NextHop 7 N L AW Z, RIClG Lz bR dHD ./ —F Y A b
YHEEER Y oz, ZHUT XD, NextHop ICHN B — X Z2RE L7z,
eSS/ — PRI LTI 77 77— D@L LT node['is_asbr’] = True
522, 207570, oY Ial—Ya VI TRANEREOHIT] 2 LT
HAMITIEITS 72D DiAlF LTHHZI N S,

4.3 +FI3T7a4v o Zal—20DEE

REY 2 =)L T, BB CAR X 117z Traffic Matrix, DNS#5[ & (Alias Map).
FReY, 7%y b~y T2ZHWTOSPF IZBIFE 774 v 7 OFEBZAT
7;07130
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4.3.1 B/ —FEROS Y I DRE

EIETIRELE/ — FBER7 LTV X LE, I 2L —XNOBEKE LTHE
U AREBZ. ANTSAEARHZIP 7 FL R L, LUROERE TR % 2R
BB T F—Ny ZHEE RO,

1. Alias Map BB&: HH#1I1Z DNS #5| = T4 L 7 Alias Map % Hash Map &
LTHEE L, 78—HNDIPv6 7 RL 255 OSPF _FdL—& 1D (IPv4)
DEWEIT S,

2. BGP NextHop B%: 7u—1 a— FIZE#72 BGP NextHop 238 4.
MOFDIL—ZP R IPNITEET 256, 586 1P OfFRE Ax v 7L
T NextHop /v — & ZilifillfNIcH 0 & UTERHA T 3 IR 2 538 LU 7=,

3. Subnet Mapping: HiRDO L BD, KTV 7 4 v 7 Z—=BUT X DINAEL—
RERET %o

4. Core Router Fallback: FitWFNDOTFETHRIE T E WA, NetworkX
D degree_centrality B ZHWTHEE E 7 TR X OE LV —X ] 2T
AN DL LTEDYTEZE T, ¥ alb—yaryoikithzER
L7

TR E D, FESEIP DRI ARER 70— N7 RLATH-oTdD, D5 LWL
ASBRANNT 74 w 7 2AE T3 A[REL 72D, Inter-AS b5 7 4 v 7 DH
HEZAREEL LTV 3,

&% ASBR RR L AFTHRORE

BGP BB RIEBLTOWBHNE N7 7 4 v 712 L Tk, NetworkX @ short-
est_path_ length ZJGH L TASBR Z&|D YTk, Y—X/ = 2oEMER5E
ASBR ¥ TORa A M EEEL, /NI A MDD/ — NEEIRT 5, /2. Fa
A N DRI DERTFLE T 5555 121%. random.seed Z[EH7E L 7= _E T random.choice
EHWT N 74 v 7 20BZETW5,

4.3.2 9L AR— MEREEDRLEE

PIal—Ya ko TN ARY VI ERT — X2 EHAMRANLZE
a3 278, Pandas ZR— R U200 EY 2 — L2 EHEL /-,
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oo amnEstE RETEFRONE

BV RBBETE 774 v 8%, Hath/k Peak Load &€ LTHH L, V
VT DARIRRERD B, RS RT LTI, VB RIALBREICB W T
KB BAR MY VERET 2720, VIO 77 4v7@m%EY—FL
T, MERRE RS EWY ¥ 7% TBERNZEEERNT ) ¢ LTl 325
U7zo WAEIIZRAGERIE CSV 7 7 A izt s, ERHEPEREOEFRAR v 7
CHOLADE S Z T, HM,SHER X ZBEICHRITE 2 X511 L TWwa,

4.4 EBEREBEHRERI>DVOREE
ARETTIX, B3BETERLEEND 2 A PADOERNZE T 2 FEIEMIZOWT

MY %, ALY Vi3 NetworkX 22 L L, Traffic Matrix & b AR m I 1E#R,
F7 %y bey TRV Z L CERIOMRETS .,

4.4.1 TEBETIERC 7 z—IHHOERE

ANEINEBOBERICH LT, 2y MY —ZINKHFED Y 227 2RI T 5 (%
BI—HF VR BERTEED, BRIOY—taYy 2 RFEELE, FHEIZBN
TiE, BLHEEED 2 2 MEJR (ACost) B X UHEHER G-I L. LUROELE %
fF5LTW3,

e Priority 1 [Z2E | &]: Costyew < Costyy & 7% 2 11E,
e Priority 2 [R2E : f]: @H D a X MEFAE (1~60000 DHEIFH),
e Priority 3 [R2E . B]: Costye, > 65535 72 2 HEBRIRLE,

Python @ sorted BIEIC X D, VR MbEI - 2E B 1EZ BEIEICFHEY
Ly NARNZRZHERLRITTORB 2L S & WO KRR — 7 v 2D HEFAK
%‘?’??7; D f:o

4.4.2 BERNYKRSOERE
BEXZaRX MENE TR0, I 2L —aryR—ADEPINY Fo%
%% I./ff:o

o REHI (handle traffic thinning): MRV > 7 Z@iET 5 7 u—H£E
WAL, IR 2 L HRASTOME LM SREEAREZITS . BREDH 2T
2 olz, BIFAIE (bps) Zili/z L7z ZDEZ mEEfREE UTHRHT %,
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o {EEMESEE (handle low latency smart): NRINDFFREIED X b Crival
ZHEHHL. MRAROFEH IR I Cripa — 1 ERD IRV VI ANTR
FEESRLY . TAUS KD MERME T1) IS RWEBEHO WL
ill{#l 2 ATAELC U 72,

e Efif98X (handle load balancing bidirectional): 2 SX[HdDa X + %5}
ZHD DL ZIZ MRAZRDAR M ZRIT BT TR, SIME 1) 13ZEL
7S A HEBNSHAEASRDa X 5| E BIF5 K51 L, HEER ECMP
RERB LT,

4.5 FARBRIRREEIVT—XDIERIL
Ko 27 1B FERBEAE L. 2 ORUIEEMIET 570 OEBERITH 5,

451 WRAYRIT—=OC LT T4 vIT—2DETT

SLEEFERRE. WIDE ey =27 FOEHT 2Ny 7 R—2 %y P U= Z20R L
LT o7 WRLE NI 74 v 77 =R, TELV—XP5X[ESNRS Flow
B THD, INHEN 1/1024 ~ 1/2048 QEIGTH Y TV v 7EInTW3,

4.6 WRRXw NI —IRIR

ARELE TR, Ll REEL W RIEEBROSLFITOWTIAR S, FHiEFEER
¥, WIDE 7uy =7 bERT 2Ny 7R =22y VU =7 EWRIA T T2, K
v M=%, BROWMENSZ2HER S5 ASTHD, BHISProE 7Y v
REFUVy MERER->TWS, T/, FERMSHZFBREE LAY 7K —
VIERR Y. BHSEAD T 7 AEFRC K o> TR XN TE D, OSPFv2iZ & 3 IGP
B X iBGP/eBGP 1T & 2 R Hl#EI1THI TV S

4.7 EERT—XDFETT

PIal—yaYiANTETFT—& LT, UTNDHME - & TIE I =5
BRorZ 74 v ruaZBERHL,

o WHRHAR: 2026 £ 1 H 16 H 04:42 ~ 04:57 (¥ 15 57F8)

o T—RY—=R: Xy NV —IHDOEBEN— XD HAFEENS NetFlow v) B
X U sFlow 7— &, Elastic Common Schema (ECS) JE3\ T Elasticsearch %
BICEHSI a7 o, 15 0MOLa— FEERGLTRHHAL .
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o W TUTL—bk: N —XDOEREREICEDZ, 1/1024 ~ 1/2048 DHiPH
THY TV r7EhATWS,

4.8 EBIRAIRAER

TIORNY A K BMERMBOZYMERAET 27-DI12, A—=T2 V=D
HEEMHRY V2 —>a > TH3B Zabbix ZFIH L 7=,

EAxry b —27 LORNL—ZBEIURL2 A4 v FIiE SNMP B—V 2@ T
WICHHINTEY, A VX —T2—AD T 74 v 7 h TR 170
A TT — X R—RIEmRINT VDS, AREERTIE, Zabbix APIZfEHLT7a—
HREFAEOHOL A M) T =X 2SR L., Y IaLb—&BEHLE TV o
B OHEEM] YREEDbEZ LT, ¥Ial—Ya VEBEOERNFHMEZIT
2ol
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E5E FHMACER

RETIE, MEELET YRV A VS RT AOEINER BT 372012 1T > 72
FAFROFEIICOWCTHIT 5, FHEE I [ FF 0 SHEOERNE .,
KifE ML), DB LB OBLES 51T 57,

5.1 FHMEBRRCFE
FAEFEEZ, WIDE 70y =2 bHEHT Ny 7 R—V 2w b7 — 27 B 05

AT o720 R RDIEfET — & & LT, EHABEHRS X7 L TH S Zabbix IZIVE
XNZSNMP A4 VR —T 2 —RAAh Y ROMEZ W,

o XIERHEARS: 2026 4F 1 A 16 H 04:42 ~ 04:57 (§9 15 53R

o EZ 71w U FT—4: Elasticsearch & h Bf% L 7z NetFlow/sFlow L 2 — K
BTV L — b [1/1024 ~ 1/2048]

o IREEEIR:

1. FROHESEOHEBYE: (kD FRueIHEROFETH B [CLIENT
B Tary o4 7 X3/ —FBXURY v 7o % g
L7

2. /J—FEFOHERE: > I2L—XH»EM L bpsfEL. Zabbix ®
KAMEDOMBE B & SRR,

3. BRMREE: EHENOTA L KMLE Z X7,

5.2 MROSERFEOHEREMN B

WRE L7 WIDE DNy 7 R—> %y hU—27 TRRES, BEENEINETRTIN
TELHT., ZOMICHZ TRELFESLHEIBD ANZEZIDND o 1272012, ELRIE
fRT — RE182 e W TERP oI, ZD72D, AFETIE CLI R— X DfFEMT &
2V 7 4 IR=ADfEITZNETRE, IBEFERLR L, EREINz b RrePo
NEEEMERL K RED WM % MiFES 5
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5.2.1 LHBXRFE
W5 LT, MRD 2 00FEE A L,

FiE1: CLIN—XDfEr &L —XIZSSH/Telnet TR A > L. show ip ospf
neighbor 8D 2~ > N ) 2 I - it LU CREHEBIMR 2 RE 5 2 Tk, FEBEIR
EEZHISTZ 2K, &2 —2 \0u 74 VHRPBEL RS,

FiE2: AV T4 IR—ADFEF  Oxidized HEDY — L% FHWTIUE - EH XN T
WEBNL—RDAY T 4 7774 V%, 2v MY —ZHEBMREEY — /L Batfish % H
WTIRY X —ZB MG L BRI E XA TLS bR 24K T 2FE K
I fRATDSAIRESSS, a > 7 4 ZBH YRS PV ICEEN TRV, )
B2V v 7 27— MIREBIX R i,

5.2.2 BREZRORHMLLEE

LD 2o00F ke, EEFEFINZFNC I TERIN Ry T — 7R
BEHEE 5.1 1TR”T,

K 5.1 (ERTER L IRRTIRIC L 2 B ERB O

=% ENEE
Active Routers 35 33 45
Links 23 72 116

5.2.3 /— Ri#pEEDE 895 M

AWML bRaY Eo/ — F2—RIZRE T % Router ID DFERAIFEEE %2 RBEE S
570, IBEFETHHEIN45 /) — F2EHEr L, EFEO—BREEX 521
GRS

7% 5.2: Router ID DAIEE B X S —BR D g
&E?i\ﬁ&/—F&\%i?Et@—ﬁ&\—ﬁ%

Fik1 35 33 73.3%
FikE2 33 20 44.4%
REFZE 45 45
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5.2.4 EE: REFEOE(UME

FRdofER LD, %%%Emmﬁ@t%ﬁwﬂﬁ’ﬁmfﬁ%iﬁ%k%<i
[ 2 Z e BRI Nz, ZNEFROERICOWTELE

e CLIFXED) Y IBREEDODERTE: CLIFEDY ¥ 7 HEHS 23 74 & Ml
WAV DITH L, IBEFEIT 116 KM U, CLIFETIE, EERFEE
TEL—RLDEBMT DN TERY, koT, L—ZXBICL2 A4 vF
BREBA>TWIEGE, ZOREEBS ZeNTERV, —FH., IBEL{FTETIE
Z 5 L72FE3 Network LSA & LT 2 e TE %, /2. SSHEDN
REZINTOVRWVEEERD WD L ZDRDEIREED TN TERVD DR
THb,

e Batfish OFEFBEDES : 2> 7 4 ZEMHTICEWT, Router ID O—3#E
WEL KL o T ERJFRIE. OSPF &K EII2E T % Router ID DHH/R
IR ERERIUCD B, Z L DRV X —DHEES Tl Router ID BARRED E %
T% OSPF 245 Z e W TE 2%, ZOHAE., T 7 4L FTREL—RITHKE
INFA VR =T 2 —ADIPv4 7 LA SHETEHRINS, L.
Batfish i3¥ DA ¥ X —7 2 — XD 7 KL APEE I NzDO0RTEF, 1K
B LTRRAMNEE ) —ROBHI T LTRSS T —ADBZHELTLE -7,
—7. BEBFIETIE LSA 2FEBICIAE XN TW 5 Router ID 235D
T, REDNMEPR Y XD ERICEE L2 T 8D o7,

UEDHER I D, IBRTFREERET 7 A VOB ERPR Y X — T OFEFHDE
WERPIEGEINT., BEOX Y P — 7R ZHED BEIr OMENICHERTE
LFETHBLEZ B,

5.2.5 J—FRARHEDHEERIE

AETIE, BIBETRERELL 7 —HRZHVWAEIN I 74 v 7> Ial—Ya
COFEERFHES 5, 7u—lFMEITIITObNY I a2l —a itk bR S
N=%7 — Foffe., EMHEBEHRS X7 4 Zabbix 7 & 85 U 7= I € 15 O HLBgET
%17 > 7=,

OZal—=oarEoBRARCYIRL V2 —T7 T —ADMHIT

KHFFEDS I al—ar T, 70 —EREAER L b Re Y FTREETAEL
T, HERAEDLETWL, —J. Zabbix DEEHT— R, L —ZDEA v R—T = —
xbtk%M@#ﬁﬁéme
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AT RAF LD AT DZ OSPF _ETOD Router ID L4723, —J7 T Zabbix IZ
OSPF D&M EFE=72 0, ZDD, TIXLY A4 N &k B HEEM L ERIED L
BE2IT51CHD, 23T bR LR/ — R ¥ Zabbix EOYFF N4 2 D%
I T 2T bRITNER S ot 7R —DEHIEL o TWS ) — FEIFIE
Zabbix LD YD/ — FhbhroTnWizlzh, ZD/ — FTOMREEDH Lz, &
BRI ForBYTH 3,

3£ 5.3: FBIH — R8BI 2 HEEH &AM & Zabbix SEHEIE D g

J— R4 A— MK RZEF1E (Mbps)  FEHIE (Mbps) R
Router_6000-7 20 1649.27 2503.59 34.12%
Router_1800.0 9 899.34 1321.13  31.93%
Router_6000.6 5 231.55 231.73  0.08%
Router 64006 3 0.002 0.00 -

Error: 34.1% [ Digital Twin (Estimated Mbps)

3 Zabbix (Actual Mbps)

2500 -

2000 -

1500 4

Error: 31.9%

1000 4

Total Traffic Load (Mbps)

500 -

Error: 0.1%

Router_6000_7 Router_1800_0 Router_6000_6
(ASBR) (Core) (Edge)

X 51: VY ZHEMDY I 2L —3 3 YEE Zabbix FEHME
#£ 53 kb, U RoEAEDHERTE

ZIal—2arvOdyIDEHYE Router_6000_6 1I2BWT, HEEMHE 231.55Mbps
W0t U CHEAIME 231.73Mbps 235 H 41, 72723 0.08% WO WD TEWW—HD R
LNTze T/ —FREMREY ETREZY Y/ —FThHDH, AR TLTHAL
FRERKIEBI O 7o —2HWE N 7 4 v 7EEN, HEOXY P Y-
DTy VREDOEFEHEL TWS2EZON5, £/220D/ — RIZBWTHE
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EEHB XUORMED S Z 7 4 v 78D, ARBZIF7T7 49 7D b
Aoy EIZBENATEL S, BEFREIETICEINTWw e EZ 6N %,

KRR/ — RICEITZREDER Router_6000_7 (ASBR) B X Uf Router_1800_0
(Core) 1IZBWT, HEEFHEDSEZHNIEZ KT 30%LLE RO 2 el RNz, ZDE
KZRET 272D, 70 —T7—2BLURERe 7OEBNHEZIT o7z, ZODH
B, DUTNO2m0”ERTH 2 Z & HHEAL 7=,

o IA)7 ABRFBEBNEIPV6 571w : R X7 21X OSPFv2 F KRR
DEFEBETED, 7r—T—XANDIPv6 7 KL X% router_alias.json %
FAWTA—ZID (IPv4) ~NAHFIFTW3, LA L, SMES R TH 5 ASBR
BEIBT 2BEDSZ BN D 7 — " )LIPv6 7 RLATHH, Zhbd
T A Y7 RV R MIFE LRV, RFEREGTEORR SR XN 5,

o UOTV)VINATRALERIRE:1/1024 ~ 1/2048 LW HEHWH Y T > 7
L— b FTIE EFH% 70— 3MIERIREZ D, i a DO~ A 7 moN—
R MR mR 7 v —2iE L ghd. BNl DR AL D B,

—EDTHEIRA SN2 D DD, /7 — FAFR O R A/ NEFRIZFERNE E —2
LTW%, £oT, v bV =2 NOBERNRIEEM SN2 THIT 2 205 HIIZ
BOWTIIEMHMREREHFHIEE X 5, /2. 70 —0ffllSey > 7y v 8%
WLlzb, %OV I %EEBLEN I 749 27D Ialb—aryEiTAR
FEED ER2D TRV EEZ HND,

MREDEENSheOS Yy IDIESEYE BEEOREKD 7 — X ICER T 2 Z
CERAEHT 5729, &7 — RIZBIF 5 THHIERTEERIPV6 b2 7 4 v 71 DLt
RrEH L%,

FHEDHER. BT 7 4 v 7D 38.05%D3IPv6 TH D, ZD S5 %5 ASBR (Router_6000_7)
PHEBTZ M7 74 v 7D 3024% BT A V) 7 A RRABELAHRRAVEE TH - 72,
ZHUE. [l — FCHEXINEE (34.12%) LM TIIWMEE 2o TW3, Nt
R, =y Y7 —F (Router-6000_6) TlX, IPv6 DLFEREIKIX 11.89%TFET 5
HDD, TDIFLALHHBA, — R UTHIRATEETH H | FRIRTEEZERE 1
0.23%ICBE > TWiz, ZTD/ — KT 0.08% & W5 D TR WFEENE H 7z
HEZF, ANT—& (24 V)7 R) BEMINLTOIUE, BEBERIES X AR
HEO7NLITY X LBARIIMED CTIEMICEHELTWAE Z e 2EMNIT TS, ME
DT ED, AR T LAOHEREEIZOY v Z7ORMETIEZHRL, BT 24V
7 ZEROMFEIEITHRFE L TE D, SBDIPv6 T4 U 7 REHDILTIC X o TK
IEICSGERRETH 2 L D RE L 2157,
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5.3 ATV UVJILNICEBERSF) A O
ARETTIE, FABETEELZEHERBERZ DO (AT UV AN) D
B2 REAFS %2, ERICA VTR s UYAAPEEL TWSEKE 320D
F U AICHEUTHERBD ISR T X 2 0FEBREIT- 72,

5.3.1 AFOdUVA: ST v OB ECEEREN

KHETFTVTIE ATV F - UVAANDKRESHICE > T, HEDY 2712
ErhL7-AamER/IMED A NEBETHETE 208 5 2 MGEEL 72,

{
"policies": [
{

"id": "scenario_Al_thinning",

"type": "thinning",

"description": " [HHEEFEMI] 8->0 V> 7 D7 u—IZXf L., 10%DRE%E
FHxE2aX b2ERT 5, ",

"target_link": ["203.178.136.8", "203.178.136.0"],

"reduction_ratio": 0.1

+,
{

"id": "scenario_A2_ecmp_balance",

"type": "load_balancing",

"description": " [BAf7H] 27V 2 (0-8) & XA, (1-50-8)
DaX bz, BGHHFHAEDY y 7 (vt DR ICX D ERIC—HEE, + 7714y
7 H350:50 IZTERE NS Z & RS %5, ",

"path_a": ["203.178.136.1", "203.178.136.50", "203.178.136.8"],

"path_b": ["203.178.136.1", "net_203.178.136.102", "203.178.136.10", "203.17¢
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