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ABSTRACT

We design, implement, and evaluate a user-level ad hoc network routing protocol on the COTS (commercial
off-the-shelf) mobile devices. In situations such as disaster recovery, emergency communication between mobile devices
is necessary. For wide deployability and usability of such a system, we design and implement the networking protocols
on the user level instead of modifying the kernel of mobile devices. In order to support reliable data transfer in high
mobility scenarios, we selected to implement AODV (Ad Hoc On-Demand Distance Vector) as the routing protocol and
TCP as the transport layer protocol. With our implementation of ad hoc networking stack on COTS smartphones, we
conducted experiments in various networking environments. Our experimental results show that ad hoc networking is
possible in up to 12 hops in a line topology and 5 concurrent devices in a star topology.

FIHE =3 =Y, AODY, 2h9Y Z2 e, HElF 2oy

Keywords : Ad hoc network, AODV, routing protocol, multi-hop routing

Received 7 June 2019, Revised 20 June 2019, Accepted 23 June 2019

* Corresponding Author Sung-Ju Lee(E-mail:profsj@kaist.ac.kr, Tel:+82-42-350-7766)
Endowed Chair Professor, School of Computing, KAIST, Daejeon, 34141 Korea

http://doi.org/10.6109/jkiice.2019.23.7.845 print ISSN: 2234-4772 online ISSN: 2288-4165

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.

KAIST | IP:143.#%%.103.24 | Accessed 2021/04/28 10:34(KST)



I M B EAISHS|[=2X| Vol, 23, No, 7: 845~851, Jul, 2019

.M E

23 241 B4 7)ol Sk kel 7]7)) A4
7} oldol ujel, 24 BAlo] dat AlRkEe] et
2740] wjs) 7]akg4 0.2 Solu). Holtt 480
k7|29 7IHHEYA A](Infrastructure based
network) ©] 727} Z7Fsb, B W& AlghEo] HeHA
A FA 7S AR 4 A H ik

ojfgt 7|W|E = A9 A9, 7R EQ A7t
Al 7155 A Edh= Aol A= FAlo] oA ok
U= ot A3 52 Ato] 5 A9 WAL 5
Al Al d o] miH] & 7] &= gheh -2]uete] 792010 B
T LI, 20161 FFR 519 Ao WhAgste] Ui A
o o] Wi-Fi ¥ Cellular A 8] A7} ule]| =] Qo) A AR
Qo= AlgtEo] Wol Zel= A7, 294, Al
9l 5ol HH 7IHEA Al do] Z AFEsHA] S

AFRE B3 AR 4 olrk Ba 7 E91E A4
o] B4 AP 7R3 28 S s ote] Edu g

o] Wastme, AAe eAsls ZAEAe] Bt}
2o TRolN BEels 529 F¢ uHEY Y
=82 W fEt

ol2lgt Zluhi =g AAe) Bde sldalr] et
digko mutel of =% ylE¢|=7} 9lrk. mut of=
FEgas 54 Zeh e glo] Bl wE7]
o) A= W AIXE Aesto] EAIG 4 9l HEY o]
o} fisEe] A Se] 4X| 1 Qi AntEZE72 of
=3 YEQAE TEY 5 vk, A 5ol 354
oAz ojiete] EAlo] 7PsaA|A Hol Wad =
A2 2@ A7k Yol A1 BT 4 A Aotk w2
Zofo] B-S W] FE L& LEo] B2 28},
QRN B2 o8, el A A x| e g
=2 284 Y7ol 7ssit[1-3],

A =T YEY TS ANFEE 50| muke) 7]
71004 AFEal7] Slal Al mut 717)e] AY e 4
sllof Fhrhs £AI7} ok thAl Dl A 9e) 2t w
o ESA AFL S0t AR e AL T
234 9}, e Al AH o2 Thapat 7] 52] mHt
7717} 242} ThE AEALR S ATE A A
this g gekel, ol @ AU Al WAl
ulel = E e FHL vz ZRlo|q AL o

2 719 27k st uehA] HE F ol =& Y EH A9

—

BUHN AG-S S, AL 47 glo] ALgAHA
% 98] A 2x5o] AJA]ojof Fhet.

=

Tk A 2]l sgrbsto] AA| AR & ukgshA] ettt
1-15]. AA| 7oA = oheket Hap(FA g #at,
74 W3t 3)7F ek 4= glem, o] °
ojH dare]Eo] 7 AR o
s

2 ol A= AREAL ATl A HE F =S Y E
Y3 E FLE38E User-Level Mobile Ad-hoc Network
(UL-MANET) & A75}50 AHg: Aot 8 gato]
AA BN AL Fa AT S A5
Ak 71 A7t g AlE ol el AEE el e
Aol Hhef] & =moll A= 2o 1259 Ad &3S 5
stolon, A 9 Ae] 5 ekt st SLxzoA 4
= Bkt 53] AREARY] o] F /o] EATH= &
7ol = AS Faro 24, AA| Aol BL 7t
& 2o A Al2glo] 2 Agaly] ffet 240 2As)

=

ac

3]

=

-

G AR 444 here A% B4 UL-
MANET®] 452 B7}3lct.

rid

[¢)

7R EQ A AE(dZ2ho] gl Hutd o =
EYA (MANET) &M= S mEofA] =24
=7 A2E 2 = 2-EVE EAIEHA] 7] o
of 47k9) leE50] 2o qEE dialste] H=
gafioF ek TRk mud of =& 2he-g o £
=59 o g/do] A8, Al HIER oA A
7le AeAA BAEIR S B A AATH} BEel

846

KAIST | IP:143.#%%.103.24 | Accessed 2021/04/28 10:34(KST)



AREALAIE 2HIY == 2128 HIESZ MA|et AH| &doiMel 85 A

A =
Qltt. A A= Proactive 298 &

dlolg o] ot BAgle] F714 Eﬂicﬂ A

Z YE9me) 29 AR 4 pelshs Wolt,
7 sl Fyjuheh 9] =R WAAE B, o] %

wEo AuE ohyol Bhew HlojEg v,
Proactive 2F-9-8 &118]&-2 )2 S & Optimal Link
State Routing (OLSR) [4], Destination Sequence Distance
Vector (DSDV) [5], Temporally Ordered Routing Algorithm
(TORA) [6] 7} At

Proactive 2}-$8 &i1g]|&L FH =539 37
Al AR wehs Folf 2he-g HoleS BeElstER,
Aitell A WAs= W3 =rt EASHAITE F7]ntch
4l AEm AE7E fAETRE Aol ek shAuE
Proactive 2}-9-8 ¢418]&2 A Aol A1 &M
=912 Apso] 1HEE Aol APEE 2

S50 titkpolm, wheba A 2--g Hlojgo] &}
F v -H(elE ol =2 E'“ﬂﬁ)"ﬂ% BRI
e 9 Atk E3 Ee-d EHolE *3'5}71 THA] L.
He|=7F 23 i 2= 291 Hlo ]
JHtﬂ— g oh;].h /\]./Rlo] ?:].Z_E] 1;].[7 1.

= A= Reactive (On-demand) 28 &31g]
t}. Reactive 2} &118]=2 Proactive 28
2|5 2] 2 ol sAS 7Hgste] ajke dar
ojm, A& glofEl7} S ul Ao F=E =
otk Reactive 298 dare|52 A5 dlolg7t
Now 2y 24 HAAE Hujal, 544 =71 7t
A FE HOES Hestol AR Bul WA oR B
ZF3it}. Reactive 298 &a1g]&o] tjF ¢l o2
Ad Hoc On-demand Distance Vector (AODV) [9]9}
Dynamic Source Routing (DSR) [10]¢] 2]t}

Reactive 2+-9-8 galeg|&2 7] 02 HA|A] ngt
& 59 298 Hlo e YASHE WS A8 o
omz At SWSE7} A 31, Hlol 87} A4 A%
oﬂ ok 2|4 2f9-8] A2 E A2 2 Proactive 21-9-

TR ER & ol AolA] H BRIk
§01 Atk LU Reactive 2h9-8 Aale]52 H|o]
0] QA 2 0] A28 Zolof sk THgo] e
}EL2 Proactive 298 &aE|E R} X HA|7to] 2

ON
o

off

o]

F_R

(e

i

T

©

=
j=
oF
=
2]

of N K

1'Ez:r},io

O

0l

th ekl Siek

Ol A E = 71A] HHlY o= g}$E g g
=& x3sto] MANET A= 1970d )5 22 7]
Ao, A2 mate gRo] pRstel 4
g A= EEAL g AlE o] e S AR

oAl X0t} [4-10]. AnPEZO] HHFY o =5 Y E]
A5 sk 29| Al 201290 pAfof o] Fof
o [11], Proactive -8 L1g]& F 3RSl
OLSRE TFalsto] Adstalct. shAul o] etuelze
A AFT0) ol 5ol w2 ol F-Adsi, 3
T Aol M e ashd vt Y ek FHE Avp
EEZ ogsto] At ARtoll A9 mutd of == YE
943_ TASEF =R g3 3oz Agog 7«1]‘&5]
oul [12], B9] vt ToE He F ek
%13%4 AR AL A BT Aot Eﬂ
|£9] AUtEZES o] 8t 72 7d #4e as)

i

N

© 5 AA gEekE Bt 7)7]of A8 of# A
oItk whebA & =M= AA| vl g aLes)
o e 7H wubd 2k darels AAE A1
SHIL, A8 ANPEES of8-5to] A 1259] dA) 24
oA 2 45 B ATtk

I, UL-MANET A

H ol A UL-MANET?] A7 B aAa}, AAH
t]z}elof tf3fA] Argslct AnfEZ © & 7F0 o] 4]
o] &2 71715004 ALgAL A% e EE 8] oA
o Qs mEah AR FHE A ARe A

3.1, AF2AL A5 ol =& 2lREle| WM A overview

et tjupo| oA g TR B s EH
FARI S A Y ELA glofo]o] ehey BES

F7g8h= Aotk o] Wi AA| muped Agulo] 31%
g #d $240] LQRslal, AEE 7|Fulc) T2 7
g9 LﬂE%JEL S FE o R QEl, - 71 F vkt A

8 L5 Jidsfiof gteh SRR ARG} AlFoll Al

gkoE T2 eSS 13 AY S£Ao] Wasix] oF
L, 71 ate Zpdefof shi= of 2o Alztxith

22 AR} AZo]4] AODVE &3} UL-

MANET®] 222 2195 ot 12|58 798 54514

847

KAIST | IP:143. %%+

.103.24 | Accessed 2021/04/28 10:34(KST)



SR B ELSHS[=2X] Vol, 23, No. 7: 845~851, Jul, 2019

routing ¢! AODV% A3l

A7 A% AODV PelEe] FAL A8 A A%
TCP & o] —é—’,\—xﬂ, O]E} ODV 9] On-demand routing
WAL oy wi7lE HEd o e ' a3l
(RREQ)= #&-3haL Tj/‘r Eg %I‘EiL(RREP)g Koy
oF A& thd7HA| 2he-8 A4S ERIgt Fofl TloE s
Zl& Hlith 0|23t AODVo] 145} | $1eiA = 2h-
B ZEo] gloE izl Bl Aol gt5eo] 2h-1
7S Hufjof sh, 2198 5 Zlo] iﬂ-ﬂilb Fet ol
g 3j719] HE-2 7|5kl 2he-8 Al o] 5 ElolHE
AEsfjof gtk o] 2|3t M 355 Alofs7] flsiA] A
|2 ATl TCPE sk, 27 37t
AODV &} 54l 'SHH 2h-1 Alo] #ZIE(RREQ, RREP)
& gut=s) A4siert. oleiat tixjele) B o
= AH84 A% AODVE ALg3l3 4L ofZelAo]Al
& S22} A B AHEA A% TCP 2ol Eefel 2 A}
85}0] £418 sof Fheki= Aolch

(¢

1=

mlo

32 Al2H Tt

—— Data Packet [_] User Level
====5Control Flow (] Native C Module

1. Traffic Generator Application
(Test Application) A

2. AODV Service

\ 4
[ AODV Routing Moduleq, 3. User-level
TCP
Android Framework ] A
\ J
{ D
Kernel v

\. J

Fig. 1 System design overview

a9 1L 98] A AHY] Xiiﬂ —LZo]t}. 1H Traffic
Generator Application 52 2198 A|AE] Q] A A

g {3l W= o]& Aol A o]tk User level TCPOJ A

848

KAIST | IP:143. %%+

DN 2he-E e A

2H AODV ServiceE‘:2 Q-] Ao] 77l (RREP,
RREQ, RERR, Hello message) 5= F+H =53 41
sto] 2he-o Hlole delRith ARAL AlS-2] TCP 9
A F)71o] B 2|5 2 H5HH AODV Service2] 2h$-8
Hlole= SalM HAAE dHFA, 28 B2t
glom elod H2E 2o ¥ B2 ez

39 User level TCP= mTCP [16]2 7]4ko. & 18
a1k mTCPE 445to] dlofe] AL A% o o
AODV ServiceE £3)| 4] g+-9-8 B S vt} =7}
2 0 & A3 o] 3 o] AL 9|34} AODV Serviceol] Ignore
List 2H= 7]%-& 37} 51%ith Ignore Listol] 5-=%! IP
o) WE B4 FAI3k0] 1hop AL uIgke. o] AL
A1 & 1 topology A1 18141 Ag-aloicy. 2]
7 Dol AL5}to] data Tx rate S 24T 4= Q1A 51k

IV. UL-MANET &7} ¥ Zua}t

2 ol A= UL-MANET9] 298 A5}, A4 o
It EEEXE WHHLY = EE HiX| G o) A]AH o]
Auj} & 2Z=s)l=x] thoksl vy o 2 BASkc) -
L UL-MANET-Z Galaxy Nexus 20}EZo JL&5}o]
HAE o =5 A5 3ich

W 4 Tk i) A9 1020 2 4
S Agstgon, 2t
=EZF A= 02molaL *alﬂoﬂf\i Elo]& f]of] AntE
ZO =1 AFHS A }J’E‘:}Oﬂl‘% Hello interval:= 1%
Hello validity+=3 %2 AA3}c}. 18|31 Traffic Generator
Application &5 ©]-& OH EggS YA T
9 ol WA SNIRe] 4 157}
AFefol A HlolE] BAIS Hakek, 1 o] NS 2
% FRAA FES Brch o] 45 AAHE Ane
FEE A5 & Aol S-N2-Ro|g= A2 & FE
£ et o AgalAl EE dole E4lo] Zhsa

th o] MZE FEE FAJsk= Hl Zele ARbe BlaL

.103.24 | Accessed 2021/04/28 10:34(KST)



ARBALAIE ZHIY i == 298! HIEST MA|et AH| EFool 85 HE

3o 2h9-go] Anh} whe Bw A A gl

. ) ‘ .
S \ . R
N2

Fig. 2 Experiment to evaluate routing performance

A3 Al UL-MANETo||A] &
2 AZHEET} B 74 =] chA] 410 7Rl 171714
dels AZh2 532, o) 7de] % SPAN
framework ] OLSRJ 332 H} 53] g2 A|7tolth
—ra = Hello validity 327 2 E7} ZojH =4 &els}

0] 3% 0]% RREQ+RREPE Z43l0] A= FE
£ 4 o DAYStE 22| eH 3=, TCP A" 2H 3
E 4 Traffic Generator Application 52| 2 H3|= 5
o] g7 5.329] 24l A|7bo] AT

42, Citst EEZX|o|ML ds

S 08 ToFsl EZR A8 AntEZLS ul|z|gh
UL-MANET®] 438 praaheiet. 12) 33 o] Al
O AUPEES 20m AR WS A0jE

& o e ol o 10 Aoiston, e 8
%;g'oﬂ/“] AR % rate= 18MbpsZ 1= 7k
= ARESHATE 1111—1— lr:E—J =54 =97 F
o = hop7HA] S4lo] 7R 4 5H3AT

574 5 1 49 ZE AE Ak 7 hop7tAl=
OLSR¥} 3-ARH 4452 1.9 21, UL-MANET®] 7$-
2| 12 hop 7H4] dlo|El & #Eah=r] AFHct. 13
hop ] Elole] H4o] 2 57| gk gelo R TCP
2 5 5 9IT}. Hopol 01 94E mj7lo] H4sl 4%
Eo] WolA A ¥ 1, end-to-end A& A 7to| A& 27}
HA| Et}. o]= TCP 2] congestion window7} Z|4=2] S
=

-10 Moo 4

s eI, 2718 /)58 A4S 4 gl e
8 %J_Jii XH?*“611 FﬂOlEi d5= 013“11 ”}%
Oﬂ A

849

KAIST | IP:143. %%+

S

Fig. 3 Linear topology

oo O
R

Throughput of linear topology vs. number of hops

Throughput [Mbps]

Number of hops

——UL-MANET OLSR

Fig. 4 Throughput of linear topology based on the
number of hops

Fig. 5 Star topology

Throughput of child nodes in star topology

Throughput [Mbps]

Number of child nodes

Fig. 6 Throughput of child nodes in star topology

9 59} o] LEES Y o2 ujx3t F £

.103.24 | Accessed 2021/04/28 10:34(KST)



d

ok
[

SHA . t3|=&X| Vol, 23, No, 7: 845~851, Jul, 2019

al

0:
0|
P

o
)
T

N
-~

U= 8 B AES ol T ko] Ed
72 o) Aol 1 Bk Eeue Aeie 4
#) SfopagrT). =7k Aol 15 mojm, 2320
QI o] EAME WL s 48 %7}
, A4 ratet= 18 Mbps & ARt} &4 23 1
Fo] ShAkE throughput-> LASHA LFERES
M E7kA] HEBlal 1 o)|F R = EE FU}
2 A2e 7ol 719 HHEol A4 ok AL
[}

fr 2 |n
I

by ol
0Q
<

B
mN

-

Dol > Hoyo 8 K

>
A
W
==

%
by
e |

=

43. 0|34l A= &AM A

UL-MANET?®] o]-5/4d0] QL= 7gollA dA do] of
L A HAEEA] doly] Qs 19 73} o] ==
A= A 7L AR AR e E5S whet
S 2 A7k AES Agskeich == 1k A
0 mo|aL, o TS 2 4:315}7] fl8f 57l A
Z3Y3}H O A2 rate~= 18 Mbps= 1A 5}4
9 A3} 1 hopoll sfiFsh= FET AHo] H= A
Fshglom o|Hh A7t Hold Z-f-of g0l
= Zelskick

D
. ol 4=z

S

f
o
o,
@

= oo

oot
! o

o

L

Moge S rfr Mo

A
52
il
oy

Fig. 7 Experiment with mobile sender

2 A o)A multi-hop HF0] o]FZ]Z] oF= o
gt 21912 2 Hello message2} AA| g o€ 2] 5 H$]
Aol & 7Hd & AAsE 1AL o] & E1lsh] flal
7| 2]o|| u}-= Hello message2} g0 €] 2] A4 HYE =4
3}t Asl A3} Hello message?] 3% ol =dF A&
= 110 m ofo]gl oL, Hlo|E 9] 74-9-20 mk ) HolA|
H A 9] AE3HA] ZZct Driver level 4] BRZEIFRAE
3719 data rateE ZA|= | Mbps= 11745}17] wizof]
Hello message=""H A&|7}A] AgEo] H Ao rEw
1 Fo= QASIAEE HlolE 37l 18Mbps 2 7]
Elo] dloJg Ago] HA| gz Ao R B4 = Qioh 9 &
Alof| gt s 2-E SlsliAl= diolE] AEat BREANAE
7] &0 H|o|H rate S 5 Y5 o Hrt.

850

V.28 B

= AR A ATl 2sshe UE & =S
HIEQ A A28 QI UL-MANETS AAskal A4 27
oA AF3H: oI5 s Al AntEES o] 8-513l
o, ARGA}F AlF-o Al AODV L TCPE & sk3ith 4
Al S0l A ol &S s A Ay o 12
S NEE FAlo] 7o, B e Eof of 2 ARG
A7F Eele AeolE 5719 BTk A Yste A
gelstaich

23 ¢ o) A= 53] 2l BA| % Hello message <+ A1
Al dlole o] AE HelZt ohE A1 e AlL"E
AAstaL Hse o7 ol et

ACKNOWLEDGEMENT

The authors gratefully acknowledge the support
from Nano UAV Intelligence Systems Research
Laboratory at Kwangwoon University, originally
funded by Defense Acquisition Program Administration
(DAPA) and Agency for Defense Development
(ADD).

REFERENCES

[17 S. Rosati, K. Kruzelecki, G. Heitz, D. Floreano, and B.
Rimoldi, “Dynamic routing for flying ad hoc networks,”
IEEE Transactions on Vehicular Technology, 65(3), 1690-
700, (2015).

[2] M. H. Tareque, M. S. Hossain, and M. Atiquzzaman, “On
the routing in flying ad hoc networks,” 2015 Federated
Conference on Computer Science and Information Systems
(FedCSIS). IEEE, 2015.

[3] Z. Zheng, A. K. Sangaiah, and T. Wang, “Adaptive
communication protocols in flying ad hoc network,” IEEE
Communications Magazine, 56(1), 136-142, (2018).

[4] P. Jacquet, P. Muhlethaler, T. Clausen, A. Laouiti, A.
Qayyum, and L. Viennot, “Optimized link state routing
protocol for ad hoc networks,” in Multi Topic Conference,
2001. IEEE INMIC 2001. Technology for the 21st Century.
Proceedings. IEEE International, pp.62-68, 2001.

KAIST | IP:143.#%%.103.24 | Accessed 2021/04/28 10:34(KST)



AFRRE A BHt2l 0= BH2E USSR Ao ARl SZ0lMol 45 U5

[5] C. Perkins, and P. Bhagwat, “Highly Dynamic Destination-
Sequenced Distance-Vector Routing (DSDV) for Mobile
Computers,” Proceedings of ACM SIGCOMM 94, London,
UK, pp. 234-244, 1994.

[6] V.D.Park, and M. S. Corson, “A highly adaptive distributed

routing algorithm for mobile wireless networks,” Sixteenth

Annual Joint Conference of the IEEE Computer and

Communications Societies. Driving the Information Revolution.,

Proceedings IEEE, pp.1405-1413, vol. 3, 7-12, Apr. 1997.

S. J. Lee, M. Gerla, and C. K. Toh, “A simulation study of

table-driven and on-demand routing protocols for mobile ad

hoc networks,” in Network, IEEE, vol.13, no.4, pp.48-54,

Jul/Aug. 1999.

C. Perkins, and E. Royer, “Ad-hoc on-demand distance

—_
~
—

—_
]
fa—

vector routing,” in Mobile Computing Systems and
Applications, 1999. Proceedings. WMCSA '99. Second IEEE
Workshop, pp.90-100, 25-26, Feb. 1999.

[9] C.Perkins, E. Belding-Royer, and S. Das, Ad hoc on-demand
distance vector (AODV) routing. RFC 3561. 2003.

[10] D.B. Johnson, and D.A. Maltz, “Dynamic Source Routing in
Ad Hoc Wireless Networks,” In Mobile Computing, edited
by Tomasz Imielinski and Hank Korth, Chapter 5, pages
153-181, Kluwer Academic Publishers, 1996.

2 Z=ZA(Joon-Gyum Kim)
20154 28 HAM|CHERW 24 nfstat
201714 28 KAIST FAEHS A}
20174 33 ~ S4xH KAIST T Areh ShAtaby

A

o

=E4|(Taesik Gong)

20164 22 PAM|CHSH W Z4FE{ nfstnt St
2017 8% KAIST FAISHE A4}

2017 9% ~ SR KAIST FAKSHR A |al
HBIAHRO}: iR HEE, RHIREIA ZFE,

0|4 Z3(Sung-Ju Lee)

10964 22 SHUTHEL L XA ML} SHAL
19984 62 UCLA TAKSH A}

200014 92 UCLA FAt8H A}

2000 ~ 2013 HP $=A{01712)

2013 ~ 201414 Narus 34101712

20151 ~ F4RY KAIST FAkaHR Ajxfmzs

RO DHlel ZIFE, CIRIE T AR ot CIXIZ BT 57

[11] J. Thomas, J. Robble, and N. Modly. “Off Grid
communications with Android.” [EEE Conference on
Technologies for Homeland Security (HST). 2012.

[12] Z. Lu, G. Cao, T. L. Porta, “Networking smartphones for
disaster recovery,” 2016 IEEE International Conference on
Pervasive Computing and Communications (PerCom).
IEEE, 2016.

[13] E. Jeong, S. Wood, M. Jamshed, H. Jeong, S. Thm, D. Han,
and K. Park, “mTCP: a Highly Scalable User-level {TCP}
Stack for Multicore Systems,” In / /th {USENIX} Symposium
on Networked Systems Design and Implementation ({NSDI}
14) (pp. 489-502).

[14] M. Ahuja, and A. Shafiqul, “Performance Analysis of
Vehicular Ad-hoc Network.” International Journal of
Computer Applications, 151.7 (2016).

[15] R. R. Chandan, B. S. Kushwaha, and P. K. Mishra,
“Performance Evaluation of AODV, DSDV, OLSR Routing
Protocols using NS-3 Simulator,” International Journal of
Computer Network and Information Security 10.7 (2018):
59.

[16] A. Kaur, and A. K. Gupta. “Performance Evaluation of
AODV and DSDV using NS-3,” International Journal of
Innovations in Engineering and Technology, 6 (2016):
560-563.

at

=} (i}

ojAlzld

xEhAlE20ot : Wireless Networking, Mobile Computing

851

KAIST | IP:143.#%%.103.24 | Accessed 2021/04/28 10:34(KST)



	사용자 계층 모바일 애드혹 라우팅 네트워크 설계와 실제 환경에서의 성능 검증
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 기존연구 분석
	Ⅲ. UL-MANET 설계
	Ⅳ. UL-MANET 평가 및 결과
	Ⅴ. 결론
	REFERENCES


