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B6 cong cu mé phéng mang NS-2, thwong dwgec (hng dung trong nghién clru cac bai toan

danh gia hiéu nang truyén di liéu trén mang IP. Bai bao nay gidi thiéu mot phwong phép
m&i 1a st dung cong cu moé phéng NS-3 dé nghién clru danh gia cac cong nghé mang tién

NS-2 network simulation toolkit is often applied in research on performance evaluation of

data transmission on IP networks. This paper introduces a new method using NS-3
simulation tool to analyze and evaluate advanced networking technologies, especially on IP
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1. DAT VAN BE

Phuong phap mé phong da duoc sir dung
rong rai trong nghién ctu cac hé théng mang
IP. M6 phong mang thong thuong thich hop
khi: Trinh m6 phong 13 mot thanh phan thiét
yéu dé thir nghiém va xéac nhan cac md hinh
va kién tric moi cua bat ky hé théng nao.
Do viéc thtr nghiém cac mé hinh méi thuong
rat tén chi phi dé thir nghiém trén cac mang
va thiét bi thuc, nén céc cong cu md phong
da duoc nghién ciu phat trién. Bén canh Ns-3
¢6 nhiéu cong cu md phong mang dién hinh
nhu ho NS (NS-2, NS3), OMNeT++,... xem
bang 1.

Trong truong hgp cac mang phuc tap co su
tham gia cua nhiéu thiét bi mang chang han
nhu mang 10T cho tng dung tim xa loraWAN
[3,4,5], viéc chon lya cdng cu m6 phong phu

hop van 1a mot cau hoi can giai quyét. Do da
nging phét trién kha lau, tir 2015 dén nay nén
NS-2 ngay cang bac 16 han ché khi thuc hién
nghién ctu cac cong nghé mang thé hé mai.
Do d6, bai bao nay gidi thiéu dén mot phuong
phap tng dung cong cu md phong khac, do la
md phong NS-3, phuong phap nay cho két
qua mé phong twong duong vdi phuong phap
sir dung cong cu NS-2, ngoai ra théng qua hé
sb xac dinh hiéu chinh, s& dua ra mot sy so
sanh dé co lya chon tot hon trong cac mé hinh
phu hop [2].

Bang 1. Bang mdt sé cong cu md phédng mang
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Céu trac bai bao duoc trinh bay & céc phan
tiép theo nhu sau: Phan 2 gisi thiéu vé
phuong phap mé phong NS; Cong cu mo
phong NS-2, NS-3. Phan 3 gigi thiéu mot s6
d6 do thong dung trong xu ly tinh toan tham
s6 hiéu nang mang. Phan 4 trinh bay tng dung
cua NS-3 trong md phong mang IP trong cac
moi truong két ndi co day va khong day. Két
luan va mot s6 van dé ung dung sé duoc dua
ra trong phan 5.

2. PHUONG PHAP MO PHONG NS
2.1. Phwong phap mdé phéng NS-2

NS Ia phan mém md phong mang diéu khién
su kién roi rac huéng ddi tuong, duoc phét
trién tai UC Berkely tir 1995, viét bang ngon
ngit C++ va OTcl. NS c6 thé tng dung cho
viéc md phong mang dién rong (WAN) va
mang local (LAN). Chitc nang cta NS-2 bao
gom:

= Kha niang kiém tra tinh 6n dinh cia cac
giao thirc mang dang ton tai;

= Kha nang danh gia cac giao thirc mang mai
trudce khi dua vao sir dung;

» Kha nang mé phong nhitng mé hinh mang
I6n ma gan nhu khéng thé thuc thi dugc trong
thuc té;

= Kha ning mo6 phong nhiéu loai mang khéc
nhau.

Xem minh hoa giao dién caa mé phong NS-2
(hinh 1).
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Hinh 1. Giao dién md6 phéng NS-2

Tuy nhién, cac md phong NS-2 khéng thuc
hién trong thoi gian thyc, ngoai ra dy 4n NS-2
da dung lai ¢ phién ban NS-2 2.35 va 1 s
bién thé khac tir nam 2015[2]. Do vy cac nha
nghién cau 1am viéc trén NS-2 gap nhiéu kho
khin khi mé phong cac mang thé hé méi, doi
hoi irng dung thoi gian thuc.

2.2. Phuwong phap mdé phéng NS-3

Du an NS-3 [2, 3, 4] duoc bit dau vao giira
nam 2006 va dén nay van dang tiép tuc phét
trién manh mé. Phién ban méi nhét caa NS-3
& NS-3 3.35 phéat hanh thang 10 nam 2021.
Hién nay phién ban NS3, 3.36 da c6 ké hoach
phét trién va phat hanh vao qui 1 niam 2022.
NS3 Ia trinh md phong ngudn mé duoc thiét
ké dé sir dung cho muc dich nghién ctu nham
thir nghiém céc giao thirc mai va khic phuc
mot s6 ton tai cua NS-2. NS3 da dugc phat
trién tich cuc bai cong doéng va cac modun
méi tiép tuc dugc cong dong tich cuc phét
trién va duy tri. NS3 hd trg hau hét cac giao
thac mang va cling hd trg hau hét cac loai
thiét bi mang. Cac giao thic khac nhau
thuong duoc st dung bai cac thiét bj IoT nhu
Bluetooth, LTE, Zigbee, 6LOWPAN [2,3,6]...
N6 ciing hd tro cic modun khiac nhau cho
phép mé phong song song, mé phong phéan
tan... N6 c6 thé dugc mo rong dé dang dé hd
trg va kiém tra cac ung dung khac nhau. Céc
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chuong trinh md phong mang ns-3 ¢ thé
duoc viét hoan toan trén ngdn ngit C++, ngoai
ra mot sé6 md phong wng dung NS-3 ciing c6
thé duoc viét bang ngdn ngit  Python.

Xem minh hoa hinh 2: Giao dién m6 phong
NS-3 truc quan hoéa bang Python trén
PygraphViz.
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Hinh 2. Giao dién m6 phéng NS-3

NS-3 hd tro md phong va st dung co ché 6
cim (sockets) dé gia lap, c¢éng cu ciing sir
dung cac file bam vét CAP, Ascii dé g& 16i.
NS-3 sir dung c6ng cu phéan tich mang tiéu
chuan Wireshark dé doc cac file bam vét
(tracing). Sau cung NS-3 cung cip mot moi
truong thuc té va ma ngudn duoc to chic rat
t6t [2].

Mot sb dic diém ciia NS-3:

» NS3 khong twong thich nguoc véi NS2; nd
duoc xay dung tir dau dé thay thé NS2;

= NS3 dugc viét bang C++, Ngon ngit lap
trinh Python c6 thé dugc tiy chon sir dung
lam giao dién;

= NS3 dang ¢6 gang giai quyét cac van dé co
trong NS2;

= S luong ma déng gop duoc thuc hién
bang NS3 rat han ché so véi NS2;

= Trong NS2, hé théng song ngit lam cho
viéc go 16i trg nén phuc tap (C ++/Tcl), nhung

dbi vai NS3 chi can kién thac vé C ++ 1a du
(kién trac don ngdn ngir s& manh mé hon vé
lau dai);

= NS3 c6 mot ché do gia lap, cho phép tich
hop véi cadc mang thuc.

2.3. Tinh toan do do hiéu nang mang

Mot trong cac van dé xir ly sé lieu khi tién
hanh md phong mang 1a lva chon cac tham s6
tac dong dén hiéu ning, chat luong dich vu
mang. Mang dé& cip dén cac thude do chat
lwong cua dich vu nhu bang théng, thong
luong, do tré, chap chon, 16i... NS3 ¢6 co ché
phan tich bam vét (tracing file) cho phép xem
xét cac thong sd hiéu suat nhu: bang thong
(bandwwith), thong luong (throughput), do tré
(delay), do bién thién (jitter),...

Pé thyc hién tinh toan cac do do hiéu ning,
ching toi trinh bay ma gia mot s6 ham xir ly
file bam vét (tracing) ciia NS-3 nhu sau:

Packet Sent : tinh s6 goi tin truyén tir mot nut.

int Pksent () {

//Ps la sb géi tin da gui.

Ps=0;

event — Gets ($1l) from tr file .tr

//+ tham chiéu dén cdc géi tin endqueue in
//(trace file format in Ascii of NS3)

if (event == ' +')

Ps+=Ps

return Ps}

Packet Received: tinh s g6i tin nhan duoc tai
mot nat.

int PkReceived () {

//Pr 1la sé gdéi tin di nhén.

Pr=0;

event — Gets ($1l) from tr file .tr

//r tham chiéu dén cdc gdéi tin nhdn dugc in
//(.tr trace file format in Ascii of NS3)
if (event == 'r')

Pr+=Pr

return Pr}

Packet Dropped: tra v& sb géi tin bi rét khi
chay mo phong.

int PkDropped() {
//Pd 1a sé gbéi tin bi rot.
Pd=0;

event - Gets($1l) from tr file .tr
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//d tham chiéu dén cdc gdéi bj dropped in
//(trace file format in Ascii of NS3)

if (event == 'd')

Pd+=Pd

return Pd}

Packet Delivery Ratio: tra vé ty suat phan
phdi goi tin gitta s6 tin da truyén cir mot nat
trén s gai tin nhan duoc

float PdfRatio() {

//Ps la sbé géi tin di phat.
//Pr la sbé goéi tin da nhan duoc
Pdf = (Pr/Ps)*100

return Pdf}

Throughput: S6 goi tin da truyén thanh céng
tir NGt giri dén nat nhan trong mot don vi thoi
gian. Throughput dugc do bang bit trén giay
(bps). Sau day la ham tinh théng Iuong
Throughput():

float Throughput () {

float Thr; /Thr is a throughput
Thr = (Pr*100)/time;

return Thr;

}

Trong phan tiép theo trinh bay mot s két qua
va thao luan khi tng dung cong cu NS-3 dé
xur ly s6 liéu khi tién hanh mé phong mang 1P
thuc té.

3. KET QUA VA THAO LUAN
3.1. Két qua md phéng mang IP

Kich ban 1: Md phong mang gém c¢6 5 node:
NO, N1, N2, N3, N4. Node NO két néi véi N2
bang thong 10 Mb/s, d6 tré 1 ms. Node N1 két
ndi véi N2 bang thong 10 Mb/s, do tré 2 ms.
N2 két ndi voi N3 bang thong 1.5 Mb/s, d tré
2 ms. Node N3 két néi voi N4 véi bang thong
10 Mb, do tré 2 ms. Trong md phong Node
NO, N1 thyc hién guri cac goi tin ¢o6 kich thudc
2Mb toi N4 thdng qua kénh truyén N2-N3.
Kénh truyén N2-N3 sir dung thuat toan quan
ly hang doi tich cuc RED voi théng sé dau
vao thong s dau vao: ming = 5, maxy, = 15,
wq= 0.0027 [1].

Két qua khi thuc hién md phong trén Ns3,

vesion 3.34, hé diéu hanh Ubuntu 18.04Lts
(xem hinh 4).

NO
Q__Q 10.1.1.1

N4
10 Mb,
2ms < [a

10.1.4.2

% 1.5 Mb, 2m

poin-to-point
10.1.2.2 10.1.5.1
Nl_

10.1.2.1

Hinh 3. Cau hinh m6 phéng kich ban 1

Packets/Bytes received:

15102 / 15152284
Packets/Bytes enqueued: 14852 / 14959338
Packets/Bytes dequeued: 14852 / 14959338
Packets/Bytes requeued: 0 / 0O
Packets/Bytes dropped: 250 / 192946
Packets/Bytes dropped before enqueue: 250 / 192946
Forced drop: 192 / 142232
Unforced drop: 58 / 50714
Packets/Bytes dropped after dequeue: © / ©
Packets/Bytes sent: 14852 / 14959338
Packets/Bytes marked: 0 / ©

Hinh 4. Két qua chay mé phéng kich ban 1

S6 goi tin bi loai bo caa RED 1a 250 véi ti 16
la 1,65%. Dua trén kich ban nay chdng ta cé
thé tinh toan dwgc su bién dong mat goi tin
khi cai dat cac thuat toan quan 1y hang doi tai
cac cong gateway, tir d6 du doan va kiém soét
duoc téc do tic nghén cua mang dé co céac
chién luoc khac phuc hop 1y.

Tiép theo ching tdi thuc hién md phong NS-3
trén mot mang wifi co ban 802.11b két ndi véi
mot mang LAN , xem kich ban 2.

Kich ban 2: Trong m6 hinh kich ban mé
phong mot mang wiffi két néi voi 1 mang
LAN qua két ndi point-to-point, ching toi sir
dung mot node 1am Access Point (AP) - cu thé
la node NO. Tiép d6, ching ta s& cai dat mot
kénh WifiChannel (dugc tich hop trong ns-3)
cho cac nat tir N6-N12, cac nut N1, N2 dén
N5 thuoc mang LAN 192.168.2.0. (Xem hinh
6). Kich ban mdé phong 2 duoc chay trén
phién ban Ns-3, version 3.25, Ubuntu 18.04
LTS.
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Hinh 5. Cau hinh md phéng kich ban 2

Trén hinh 6, thé hién truc quan khi truyén
dixr lieu CBR tir nut N7 trong mang wifi
192.168.3.x dén nat N4 trong mang LAN
192.168.2.y. Tir nit N7 192.168.3.2 dén nat
N4 192.168.2.4

@® python

Hinh 6. M6 phéng két ndi gitra nit N7 va N4

Str dung cong cu phan tich file bam vét két
qua mo phong dinh dang (.pcap) bang cong
cu phan tich Whiresark dé quan séat dir liéu
truyén giira hai mang (hinh 7).

No. Time Source Destination Protocol  Length Info
10.000000 192.168.3.6 192.168.2.4 542 49153 - 9
2 0.003316 192.168.3.6 542 49153 - 9 L
8.3.6 .2, 542 49153 - 9 L
6 ior]

192 3.3.6
192.168.2.4

9 0.027316 192.168.3.6

+ Frame 1: 542 bytes on wire (4336 bits), 542 bytes captured (4336 bits)
+ Point-te-Point Protocol

+ Internet Protocol Version 4, Src: 192.168.3.6, Dst: 192.168.2.4

7 User Datagram Protocol, Src Port: 49153, Dst Port: 9

+ Data (512 bytes)

Hinh 7. Phan tich bam vét trén Wireshark

DPé danh gia kha nang truyén tai caa mang
wifi 192.168.3.0, tac gia tinh toan thong lugng
trung binh ctia mang twong Gng véi sé nlt cac
may khach (clients) tham gia trong mang.
Thyuc hién md phong twong ung voi s6 nit
mang gia tang tir 1 dén 18, két qua tinh toan

duoc thé hién trong bang 2.

Bang 2. Thong lwong trung binh (kbs)

Sé nat clients (n) | Théng hrong trung binh
(kbps)
1 512.695
2 1025.12
4 2049.22
5 2560.94
6 3073.88
7 3585.24
8 4098.06
9 4470.15
10 4551.97
11 4687.76
12 4551.97
14 4588.50
15 4432.62
16 4660.11
17 4476.64
18 4081.71

Két qua thuc hién mé phong: thuc hién tinh
toan thong lugng trung binh trong trueong hop
cac nt mang trong mang wifi bién dong véi
s6 nit may khach tir 2 dén 14. Két qua thé
hién trén hinh 8 cho thiy thong luong trung
binh ting twong tng voi mat d6 nat tham gia
mang wifi, tuy nhién khi s ndt trong mang
vuot qua 10, mang c6 hién tuwong bdo hoa va
thong luong dao dong xap xi & muc 4,5 Kbps,
sau d6 suy giam dan.

Instantneous Av_Throughput
5000 T T T T

T T
Av_throughput

4500 -

4000 -

3500 -

3000 -

2500 -

2000

Average Throughput (kbys)

1500 -~

1000 ~

500

L L 1 L
] 2 4 6 8 10 12 14 16 18
Number of clients

Hinh 8. Thong Iwong trung binh mang wifi
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3.2. Thao luan

Qua cac két qua md phong & kich ban 1, 2
chding ta thay cong cu md phong NS-3 ¢6 kha
ning hd tro cac bai todan mé phong mang IP
trén moi treong mang cé day va mang khéng
day. Két hop vai cac cong cu phan tich mang
dé xir Iy s6 liéu md phong (tracing) nham dap
g su phat trién manh mé cua cac cong nghé
mang, su phét trién cua cong nghé khong day,
trong d6 bao gébm hd tro tinh di dong va
multihoming. Ns-3 cho phép x@y dung céac
ham tinh toén cac tham sé tac dong dén hiéu
nang mang dé c6 thé dua ra cac hudng thiét ké,
diéu chinh va nghién ciru danh gia cac hoat
dong va tng dung trén nén mang IP.

4. KET LUAN

Trong bai bao da str dung cong cu md phong
mang NS-3 phién ban 3.25 va 3.34 dé xu ly s6

lieu md phong trén cadc mang IP cé day va
khong day, bai bao di giéi thiéu dén mot
phuong phap ung dung mo phong méi hon so
véi phuong phap str dung cong cu NS-2.
Phuong phap st dung NS-3 wu diém hon
trong tinh huéng mang thuc ¢6 nhiéu thiét bi
tham gia mang nhu trong cac mang IoT,
(loraWAN)[4,5]. V6i phuong phap ung dung
cdng cu md phong ndy, bai bao di bd sung
thém mot phuong phap mai trong bai toan
danh gia mang IP bing phuong phap mé
phong. Phuong phép niy c6 thé tng dung,
giang day cho hoc vién nganh céng nghé
théng tin, cdng nghé mang truyén thdng. Qua
do, giup hoc vién c6 thém cdng cu xir ly céc
tinh hung gap phai trong qua trinh hoc tap
chuyén nganh, ciing nhu khi lam ludn van va
dé tai nghién ctiu khoa hoc lién quan téi tinh
toan so ligu md phong.
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