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ABSTRACT

Software Defined Networking (SDN) divides the network functions into control and data planes so that a
controller in the control plane can dynamically control the operations of switches in the data plane. Efforts to
adopt the SDN structure for tactical networks composed of heterogeneous and complex devices and systems
are being made. Since tactical networks have multi-layered complex structures, it is not easy to construct
Modeling and Simulation (M&S) environments supporting SDN structure. This paper proposes an M&S
framework for multi-layered future tactical networks employing intelligent SDN control architectures. As an
M&S tool, we utilize Riverbed Modeler, which is widely used and proven for tactical network performance
analysis. The proposed M&S framework is implemented, and the experimental results show its effectiveness.
P AT WA STl sk PlARAA VENZI1E SSliTAE Age] dstow sl

t}.(UD190033ED)

+ First Author : Dept. of Al Convergence Network, Ajou University, cjfdnd369@ajou.ac.kr, SH:33]<]

° Corresponding Author: Dept. of AI Convergence Network and Dept. of Computer Engineering, Ajou University,
bhroh@ajou.ac.kr, £413]<1

* Dept. of Computer Engineering, Ajou University, mybrand@ajou.ac.kr, &33]%]

** Dept. of Al Convergence Network, Ajou University, hj2913 @ajou.ac.kr
Tl E 1 202205-083-0-SE, Received April 29, 2022; Revised June 22, 2022; Accepted June 27, 2022

1195

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '22-08 Vol.47 No.08

I.M 2

g AsvEa= vEYm SAH (NCW:
Network Centric Warfare)-2- #|3kglt}, AU ESH =
= 2 ) S9AE SA2A o7|F tule
B2 A A, 3 9 ks sl v
o devlEgas 2e A
TS YT =S
F A Q5 At S I
& Zk5ofof gt

AzxeEde] Ao YEHZ] (SDN: Software
Defined Networking)-> W E$ZE Aloi2} dlo]e]
g o R Fejsle] odshe A WENT] o)
gzt Alo] Hwie] AEE2E= OpenFlow ZEES
= 7RO R g o2 HlofE RS A9)A5e] F4F
< Aefste], Fedstr AAHow e Ae)E = gl

=2 g

TE5 AYshs tHlF 21=E2 74 SDN o]
A7} Ak e, el Balkel vESm 72
o] B -85 91 A AL Sl Al
% SDN Al x5 83k sick

A% SDN 7152 A6 #4 2 F7kE Slsix =
AlE#H oA (M&S:  Modeling  and
Simulation) 7|&°] ZR3lc) &3], M&S E7-+= t}
A% SDN ZlEgz|e}e] 52 #|dsllof &cl. SDN
7|2 M&SE $13F 3222l =2+ Mininete] $)
ti2 MininetS- 743} 714F HES = o BlolE =,
LE 4T JNE ) sk 2 E WA 9] OpenFlow
ZREZS #|ste] tlefgl SDN 71 EEeefe] <%
o] 7¥sslch spA|RL, HAkekar §AA 2l SDN £
ek M&SE 33b7] ofeld whdo] EAfgie Bl
Riverbed Modeler (- OPNET Modeler)+= Discrete
Event Simulation (DES) 7]4ke] A|E#o|e]&ld B
o} EAtetar Al $elA mejAge] rhssict
U718 Riverbed Modeler2] SDN =92 Mininet3} v}
AR 57 o) AA) AEFedole] Q1go] Doz}
o}, webdl, AL A SDN 7142 4 88l] $la]
£ s S P ool U] Sl ik

o] a3k}l 53], OpenFlow 1.3 HAS ALE3l=

1196

OpenDayLight!'” Z1EZ2]e}e] 5ol whal 2+]3}=|
o], 241 SDN 7)<l gt A% ¥4 2 7} ofgich

F <, He| THQl o]71F UEYZE 918 SDN A
Eole] s Aol SDN ZEE ] F8
7les RdEE, A4 RAEEE dsds W)
ARE A AFE A8 F USS HAck ol &
=4 Riverbed Modeler®} thH4l% SDN #AEE
2] AFE Adelar, FF gy mds HEsle] 1
295 A 9 U1 RS S tHAIS ZEE
o] 2 "] el SDN ®HlA~EW| o] 125 Aot}
W, Zheek Ad AE Belch £ =ollA] Alsksl=
ZH9)=e] B4 2 RS ot 2ok

Riverbed Modeler 7|9k 2 -=3kv}. Riverbed
Modeler+= F-541 BA4loll o3 PAHLAES wdl
gato] okt Hew Algete, Bl Hasla 94
el AvE]eE A8 5 gl

%] SDN 71EZe]e} Al tlekilh wxle
OpenFlow 2 EF 4 SDN 7]&o] tisl] 2dag&
sl 7 AZRE @5 4 olrk

9] SDN ZAEE# 9} g3k VES = A3 +

o LN
9 Ae] S8} A7ke] R Tgle] H9we], 14
5 Aol ASEE A5l ol AZHE 5

gl kel slE meol el vk
9% = slrk

=] TS o A 234 B =]
Aok mels A4517] 918 2043 =7l Riverbed
Modeler 2 RiverbedA}ollA] A|3-351= SDN =dle]| oj
3l A3} ar, 37} )| 4] Riverbed Modeler 7|4} THA1=
Z1%53 SDN ZIEEe A% RS Akt 47l4
AR mdle] & g A AE Ko, 5l A
=

2.1 Riverbed Modeler

Riverbed Modeler=""" OPNETA}7} RiverbedAloll
IE7] oANE] Al=AdS Ao}, v Sk WA
ASrolld AREsl= M&S =7¢l Joint Commu-
nication Simulation System (JCSS)2| 7]1te] =i}
21 o7 & Riverbed Modeler 7]HFe] Network
Simulstor and Planer for INteroperability (NetSPIN)
<+ ARt Se] vhaee] 7| 3tel| A= Riverbed
ModelerE YEH = 7]|& Aol AR8gc)

Riverbed Modeler= W E 72| A5 24 & 7}
2 93 M&S TFE, k&, 83 5 554 Al

N

iy

¢

www.dbpia.co.kr



=5/ 2%3 SDN Alo] 22 A48 A= v|HgAS| EY IS 93 Riverbed Modeler M&S Z#H31¢= A 2 &

a3 vESm FASAES ZdlEsle] noild
2 93t 7]ule g2 ARS3It) RiverbedA = 8 I =2
EZES A 2dEE, A9 AR Ay =
TFol| EFAA wzghcl. dF Ao 22 3
Nalr] 7] wisiell, ¢ 2lelneizie] R
gk

3k Riverbed Modeler= DES 7|Hke] A]E#|o|E]
ot} =] A Ado] o[WIEE oulE HhAY X|7h
AlEHe]A A17he] A= AHEste] i) o
5 o[WIEZ} A 27} © A9, AlEdelA A7t
o] Ak AelHl A oRE WAEY, S o|E WA
Alef] FAE7| = ookl 2helE gtk

O

2.2 Riverbed Modeler2| SDN Z2&!

Riverbed Modeler= 18.6 WA 3-E] OpenFlow!"
1.3 ¥A 7uke] SDN 2l g3}, SDN =sl-&
AR QA Sl 3aEele] AFE A sk
System-In-The-Loop (SITL) =wlo] & Q3}r}. SITL
2HS 7ule g o3 T AEo] A% SDN 7AEEZ
2]7} Riverbed Modeler2} 57| wjto|c}

SDN 7% M&SE 918 713t 7k o84~
o] E#|o]E]¢l Mininet-2> 2 ¥32] OpenFlow T2
EZL t}ekgl OpenFlow 7|8l &E4~ole] oE8
2|5k, W2 AFellA] AREEICE BFA|RE, whegt
SDN 3¢l tigt M&S+E G337 el A3t o=
7} wr=cP3 wbd Riverbed Modelers thefsh
2dl g 75 7ake] oAy AlFsted, Bl BAds)
3 @A AL 23 M&ST) st nje}
4], A% SDN H|AEH|=E F535)a dqfe A% &
259 A% 2 F2E aEske vl AsvES]

e X [}
= AYe] s ukedshr| £)sll4+= Riverbed Modeler
= 9

hal

2.3 Riverbed Modeler2| SDN ZEo| 5t

Riverbed Modeler2] SDN 292 Mininet3} w3t
7R B o A ZEEE| 9] odFe] Hasltt
3}#|RE, SDN =.dlo] OpenFlow Z2EZ 1.3 WA=
< AYslv, 53] OpenDayLight™ ZHEZ=]
0.6.4-Carbonell #%3}=]e] OpenDayLight ©]¢]¢] v}
E AEEEE AR 9, 2olAde] qAde] |
oz}, wlehad, 2418 A2] OpenFlow 7|8} A EZe]
o}e] QA5 flaiMe mlls Ao gl Aol
SDN 7]4-& 7Ribslai4] OpenFlow Z2 &L 7|4
A oAl AHosllof & A, o ZAEEE ] gt
A w3t BrEith o) AA 388 AR A

o]7] wlitel, AAlA TREF wly)s FYsh=
AR ] & Ygog e 4 9lth Riverbed
Modeler®] SDN 2el2- A}7] A2 <lsf, #4]1 SDN
7|l gk s A 2 Sy ojich

2.4 Riverbed Modeler 7|2t SDN A|Z20|E
U HAEHE

#]T-5-€] Riverbed Modeler= SDN X295 2|13}
o BAIRE Alve] &5 diho R JiikE] = SDN 7142
B 7Fs3HA gk SIRIRE [L3olA Agst &
AEE Q3] SDN 7]l gk gAA4Je] Hojxlc

SDN #]¢] Wireless Sensor and Actuator Networks
(WSAN)S 18t oA 1#] 298 2 71EZe|e}
izl ole]do] s ZReFPX o SDN A|Y
Wireless Body Area Network (WBAN)2- ¢]3} <lE]
Holx~ 2 e 35 SDN A% Cognitive Radio
(CR) YIES]Z]| i3k o}7]elA A%, 2] 5 SDN
214 5G 225l digh F=om 7% o=l Algk
el AeirE 98, I EEEE 23sh vES =
TAE S8 BE x5S mdEsle] AlEH[H Y
Yol 313t} Cloud Mobile Media®l| 48] v]t]e. ~
Ef1s 913k QoE "W EF 714k %33 SDN ¢}7|H|
2] Aol AsZe) S 3R} Service Provider
(SP) Z=hy-= el ZHES AlEelE Wi 73
ek olul, AEZ w2 ARl digh &S
Fa3tar, 1 Aol wet A EHole] 2o EAst
= vt]e] SEh-=E Alejgit). thE Zv]l SDN H
2EWEE 53 Q=™ 9led, F 7ie] pCell
Riverbed Modelerg A*|3le] 242} =w|Qls 7443}
a1, 5 2|l Ale]E glkzuE]ale] 7|uke] Ale| B4
o]z At o] el i =wll - SDN 2
ANHe] T2 2F =eilF) A% £]4%-¢] OpenFlow
1.3 A% OpenDayLight AEZz]o|| ]3] A|e{=c)

2}7] ed9-52] Riverbed Modeler 7|8} SDN A]&
#lole] 2 Hl~EM| =52 RiverbedA7} SDN Rel-&
A|3l7] ARERE o] Fof| WhizE|ic) 31A]RE Riverbed
Modeler7} #|93= SDN ®e& AMgsh= 7, 4l
7+ SDN 7|5 4-851#] e¥9ke}. Wb, A5 SDN 7]
<o A4S Ja=wshes Afele AEEH 758
AlEolE Wiiell Relege. AEFE ] 75S 2
d5)shH 2ol £ 8F= ARS dETE 5 A
wh e xie] sisle] Bagt FAA~HE AL
o5t

HE| 2]l o]7]F VIESZE $13F SDN A&7
oe] 7 QdFlx+=*! SDN ZEE=|e] F8 7%

1197

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '22-08 Vol.47 No.08

oo Hyrh ukls, B =Fox]+= Riverbed
ModelerE 7|Hke 2 T o] t}A|% SDN A EEZ#]
o} AAgsla 5 g mdls H83ly] $1g AEH
ole] F2E Algkkc}. B =79] Agt 25 A-43
74, v} =494 ookt wAe] OpenFlow 2 A=
+ SDN 7]&=& 483 ¢ glrk =3k, HAEm =
Sk 7aF 253 o] PAAAES g U ES
2 A3 w2 Fejate] 7] mojAl el vkeddd
= stk

2

.

. Riverbed Modeler 7|8t CHiE XISE
ZES2 oiF oY

3.1 Riverbed Modeler 7|gt ojzff M=HESZ

BIAEHE 1=

Riverbed Modelerol4] ReolAldlS Alsishd, &
e AAE ko, ZEA~ B3 g Edy 2l 5
o] Alujz] e A A el A] AREALel| 23l A efH W8
Zro] v mejo]] FAlE] w|Reo] Al x= 9 =
ZA2~ 2dE-2 Riverbed Modelerd] 74 <lE]do]
2Rk R = AR wmE] oo HI3pr] otk
o]lE FEslr] 93, Aot HAEHZe] Riverbed
Modelers $13 -frvilxe] Qlejsl|o]~s™ 73 3
Ag3c}, B =Fofx] Agksl= Riverbed Modeler2]
TR 7EE gAS B AEEY AF TEE
a3 13 ek

SDN EHI~E#|Zol4 doJe] HH (DP: Data
Plane)- Riverbed Modelerol|4] SDN ~$]%] 7|52
FEls kr RdER AL 2E g kT Wiy
9] ZRA RAEE FRvRe QlE]Ho]E o] 8-
slo] e ddely FelEw s F7k] o
gt ZQJElE Zreth o] ZIEES oY B AEE
2ol A5 Ro)dy ARE 7|53l7] 918 A-8ch

Riverbed Modeler+= DP 34 o]z} Ale] s
(CP: Control Plane)2 %3k} CPE A 84
2 shel AEZe] BZA ndle A EHoE] &3]
o] Z1EET]d R)AY HRE HE3la, 1 EEE
EHE HEHS Al 7 e ] 2R A 2El

g3t} B2 wde SDN A9% 7158 S35}

Control Plane

I .
External 1+ Learning
i
Controllers Routing Algorithms 1 Agent i
e g
P | Routing aP1 i} supervised
' Lo
Controller % Controller Application it
i
Sockets i1
‘ i
0
Domain-1 Domain-2 Do - 1
8 Conwoller  “© Conoller """ & Conroller o
H
Sockets
Shared Memory Controller
e PSR || BrokerModels
Source | ToSfor | Dest. |Next-hop e Neighbor
Info. | TrafPath | Info. | Info. NodeID | ' gt ®
Broker
T e for Domain-1
Routing Table | cnnectvity Node Memory ®
e Dointer List
Pointes Pointer List § i
G . I - E || for Domain-2
Network Infor. Network Info, - Network Info. <
for Domain-1 for Domain-2 for Domain-N
.3 7. 3 x
A
i Pointers [\
1 1
- z -
=
= = s I
2 L o i °
) \? o Bt \\' Broker
Domain-1  : Domain2 _ ° Domain-N__ for Domain-N
SDN Switch Maodels Riverbed Modele:
Data Plane 2

a8 1. v AsdEa Haewze] FheEe] sk
tHAZ we] FEEe] AF 72

Fig. 1. Shared  Memory-based  External  Simulation
Controller Interlocking Structure of Future Tactical Network
Testbed

RN
7 mnldl AEgelE ey AR 57

s
ofy
A
L
%
FIF
b
a3
st
i)
H
¢ o
in)
e, o

2 u ol w=w<l
AEZeEE Bas] wder] $Ag Hus neke
2, Apale} 445 DP Wi ]l =gl gl Al
ol & gt =3k He wrdl A= =9l
Aegelgrre 2oy ARs Ad ek ek
shte] mviql AEZe ke Ry A = gl A
7b RAsh, wE mejql AEZert =edl HAEE

H APl 13 19 THel AESRY 94 £z
72| "B 2galsirt. 9A dFgt vkel 2
o], Riverbed Modeler= DES 7|4} A]&#o|E]o]c).
gl 7] SDN Rdlofx] 9% 71 EZe]e] 52
S8l SITL-S AME3sle Ads =], A’ FxolA+=
2AE o]43l7] wlitel, o] AEZI} ARE A
glsla Mg AAsk] AL me)ddls o
AAA A = ik wEkA, 2 oflo]dEL} A}

o, Akl L&l Az7ke] 28EE dElEES T3

N

www.dbpia.co.kr



=%/ A%3 SDN Alo] F2&5 &3 A= v|dhAEv| EY S 93 Riverbed Modeler M&S =)= AA 2 78

3.2 CHHIZ Xsd ZHEEZ | ¢s2 flst &
H wEk o™

ZAEZY BE7] vdE5S woAy ANE 7ES
eloll AFsta, Algels o2 AEZe S 41
AHE Azl BRA melle] AE WS A
t} 28 2+ oleldt ey mdE wHel AEZe Y
e Zdl AEEE Alele] X wEk 23S vt

ek

0]5-& Transmission Control Protocol (TCP)E <1
A=} ]l ZEEes BEA 2 g He Ty
Ql AEE= <} 94317 S, 2=z He] gl A
EEY= oy =l AEEE S AZs] 8 ~
Herpe} she] M-S wsith 29 26014 Ty,
Toi, Toz, Twpt, LB TupgenZF -2 A2} AL
Hr} ol 3l HlAEHE o 940 E WA &
Aot ZEEEAE Vgl Ted L
Riverbed ModelerollX] 298, Tpid T 224
wolel AEZele] 3 MA 2 F oA e &
=85 ovigch 183 Tupi ™ Twpe e A2 2E
rel AEZE ] 3 WA 2 i+ )HA El=elA
=S ovigith

zdq]l AEZe] 9} 4% & Riverbed Modeler9]
BeA mEle 2pile] wdshe wrglel] el 27
AHE (PKT_INIT)E TA3te] Adstd, H5st Hu
ol 3] 4418 (ACK_TYPE_OK) &alglt}l Zrjgl

) -
Multi-domain
Controller

Domain-i
1/ Controller

Controller
] Broker Model
T Ty connect
—

—

Ty : send (ACK_TYPE_OK)

Ty send
= (PKT _SDN_INFO)

Ty send
(ACK_TYPE OK)
LTYPEOR

TinstrType —
DOM_INSTR]

Ty send
(PKT_INSTR)

[instrType ==

Tpy: send Tzt send (MDOM_INSTR,
MDOM_INSTR] | (ACK_TYPE_WAIT) __|

T_SDN_INFO)
— 1

Tu i+1): send
(PKT_INSTR) I

Tyy: send (PKT_INSTR) |
b 2___)&

-

Tic: send (SIM_FIN)
I Tpa - send (SIM_FIN)

Ty di

— T dis P
_ isconnec
Ty disconnect

e

38 2 vl ASVED HAEE W P S5
AES AT AR wd A

Fig. 2. Information Exchange Process for Interlocking
Internal Components of Future Tactical Network Testbed

Hel AEZ
= Salely] e, A4 vEslzel v Ans v
4 5 9wk

27| AR AL AHo] FREW, HEA vl 1
oJAls] A6l Wshk= H X (PKT_SDN_INFO)E
R 3 2 AEgch o] & fAlg =
]l ZAEE = oA A AHe) vlasle], EEEA
(compGraphs(Gi™', G*). E%
22| Wz} g A B AEEE = BHEA
% (ACK_TYPE_OK)S =], ¥
g el ZAEEFH® W] glvke A
(NO_INSTR)®} 3] HE7] malgye] 418k A
£ Adgitl. EEExe] W} ole A5, Trlal
EEuE ARle] Aedt = ol EAIQA] o el

u}

2} vhe Ae) e SR Aple] Aeja 4 ol
Q ;‘ﬁ

3

A frfe

At BEA mdd sodE g &
(ACK_TYPE_WAIT)3F 3 s
(calcNewPath(G™', G™") 2 43t} oluf, He] =
el AEEZ = ARile] WA A= A
(DOM_INSTR)¢} 3 B2 walzne] =435 A
HE Al wh, 2pPile] XE|d 4 ¢l Al

o= Alol7} Z 83 (MDOM_INSTR)3} 37 B 27
Rl g RE] $A3 A RS Adsic) ol e wr
. HAEEE Al HARE AAE
(caleNewPath(G{®, G™)) =vQl AEZe]d| 43}
3, T}l AEER = o|& BEA mdd g
ool  FgEw HZH mde olF
(SIM_FIN) =#3] AEEe]d| o3l Fof dZ2& =
tl &vel FAEEY A RojAFle] TS

Zr|el AEZE ] 4R Fol| 2SS Btk

>
M

3.3 SDN ZIEEZ{9| 4l FE J|gh Hy MY
d2|E

3204 ZIEEY HEA 2, =l AEEH,
a=]a HE =HQl AEZR Afole] AHH w3 A
Ardgicl & Aolli= AR Wt ZA Alo]ol] =w
ZEZe]oA A ARE 7HEe R wHS A
dare]Fel o3l A=l
e A daeEse] s 9le), w3 A
AR FRE 913 2 i3l A el sl Al
2 20)4]¢] PKT_INIT, PKT_SDN_INFO
PKT_INSTRell w3t +x&= 13 33 %

o e

1199

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '22-08 Vol.47 No.08

s | - |

nodeID ‘ connCnt ‘ connList ‘

PKT_INIT
PKT_SDN_INFO

nodeType ‘ nodeID ‘ nodeName

PKT_INSTR
r - ]
‘ targetID. oldNxtHopID newNxtHopID |

:LE' 3 nle] AU EA gAE =
QAEL 913 A A B4

Fig. 3. Format of Exchanged Information for Interlocking
Internal Components of Future Tactical Network Testbed

W Y Rage)

PKT_INIT-S Trel 4 rese] AR s oda) &
Alell, ©]% #1438 PKT_SDN_INFO 2 PKT_INSTR
2 275 & sl Aol mHel A =2
T} A = el == ID ¥ o]Fel| w3l 2lE
5 xRt} k= elgle dld 2ev) A, T
AR F o= Aol EAs=A] veRick szl 5
Fol| AEZHELS Lt IDE xtE A
PKT_SDN_INFOX »t5¢] o172 ARrE z3kek
AEZHES v F7Ivic} o] FAI8] wiiel, o
Aol =418 W83} v|aste] BEE2 Ao Hﬂﬁ}i 218
E]»Sr’«F/l A2 WAL "\?sﬂo]]o]: 3]__1] oJRE Foisk
% 9lth. PKT_INSTRL 7|% 2}$-E] HIO]E e

W7sl7| S8l 2B dA BeA ndle AE KP
Aoy sfizle] Alolck F k= Ao]e] dAe] T
Aok P, targetlDE= A B0 DR,
oldNxtHopID+= 54 x=°| [D®, 2|3
newNxtHop IDE 54 »t=2 EzljgE AEsr] ¢

NE

>,

1

¢

n,J )
!r_?{_l‘
EE

—

3 Agsl= =9 IDZ AAFH])
THgl EZEXE I = G=(V.E)E vehd
O]E]— V= 2= uf] A3 E= 9 e=(u,v)e A t}'—%

vlghe} 29 4= 23] 26f vheERd 23} 3R], kv

Ql AEFH A EEZA] 78k #E] elg] 2w g
2~ES A daEEs vepd

Zel AEEE7} P S A% BERA] A
B (G2 G A AR BERA] AR (G E
7o 2 wES AT sleA] orE s
2]8 compGraphs() 35 ARSI} (1914 2. 43
Aol B8 gle Aol % ERslS NO_INSTR
= AAg oAl £). 2= Ale]e] oA A} A
2zl 7 @iA B, 45 7Y F 2t 2l
o] Alejah= mdle] Eaiglctd wWE ElE
DOM_INSTRZ A A3} (5~6WA Z). shlel= o}
2 =rlglell Faisicha W3 els& MDOM_INSTR
2 AHgc} (7-89A 2.

17 42] calcNewPath() 3<rt 7 =2] ¢1Zo]

=

1200

Algorithm 1 Get Instruction Type and New Routing Path

1: Procedure compGraphs (6%, G{*")
2 instrType = NO_INSTR:

while every e € EI*" do

3
! ile & E{"" then

5 iFfu e V" and v e ¥{"" then
6 instrType = DOM_INSTR:
T else then

8 instrType = MDOM_INSTR;
9 end if

100 end if

11: end while

12 return instiType:

13: Procedure caleNewPath (61", 6{*)

14: while every e € EI*' do

15 ife € E"" then

16: targetlD = uyp:

17 oldNxtHoplD = vip:

18: while every x € Ny (u) do
19: if x € N,(v) then

20 newNxtHopID = x;p:
21 break;

22: end ir

23: end while

24 end if

25: createAndInsertInstr (instrs, targetID, oldNxtHopID, newNxtHoplD):
26 end while

270 return instis;

a8 4, medl BEEA] 7pE wHE el 2 g eleE
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Fig. 4. Domain Topology-based Command Type and
Command List Generation Algorithm
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