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LOI CAM DOAN

T6i xin cam doan dé tai nghién ciru trong luan vin nay 1a cong trinh
nghién ctru cua to1 dya trén nhirng tai liéu, s6 liéu do chinh tdi ty tim hiéu
va nghién ctru. Chinh vi vay, cac két qua nghién ctru dam béo trung thuc va
khach quan nhat. Dong thoi, két qua nay chua ting xuét hién trong bt ctr
mot nghién ctru nao. Cac s6 liéu, két qua néu trong luan van la trung thuc

néu sai té1 hoan chiu trach nhiém.
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Vi su chi dan tan tinh va hd tro clia gido vién tai Khoa Cong nghé Thong tin
& Vién thong, Hoc vién Khoa hoc va Cong nghé cling nhu sy hd trg tir ban bé va
ddng nghiép, dic biét 1a sy huéng dan tan tinh cia TS. Ngd Hai Anh cong thém
nhirng nd luc, ¢b ging ban than, cho dén nay dé tai da duoc hoan thanh. Trong qué
trinh hoan thién 1am luan vin, hoc vién ciing di cb ging rat nhiéu, nhung do kién
thirc va kinh nghiém con han hep, kho tranh khéi nhiing sai sot, rat mong nhan dugc
nhing gop ¥ clia cac thay va cac ¢ dé luan vian hoan thién hon.

Toi1 xin chan thanh cam on.
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MO PAU

Vé6i su phat trién nhanh chong cua Internet va vién théng hién nay,
nhiing nim gan ddy mo hinh cung cép dich vu giai tri da phuong tién trén
khong gian mang di tré nén phd bién. Mot cong ty co thé dua ra rat nhiéu goi
dich vu ph hop véi ngudi dung tai mot qudc gia ma gan nhu khong can ¢
tru sé, ha tﬁng mang va luu trir dir li€u tai quéc gia do, vi du nhu cac dich vu:
nhin tin (instant message), goi dién (audio/video call), giai tri (xem phim,
nghe nhac, thu/phét truc tuyén) cta cac cong ty da qudc gia hién nay gan nhu
chi can nguoi dung c6 két ndi mang 1a c6 thé st dung dugc. Tinh hudng nay
dat ra nhiéu thach thirc trong viéc quan Iy ndi dung, phan phéi lo1 nhuan, chu

quyén trén mang... cia moi quoc gia.

Hién nay, cic cong nghé lién quan dén mang mdy tinh c6 toc do phat
trién nhanh chong, dic biét voi xu thé ngudi dung di dong hién nay, mang
khong day dong vai trd ngdy cang quan trong véi da sé nguoi dung va dan
chiém ty 1¢ 16n hon rat nhiéu so véi loai hinh mang cé day. Céc loai hinh thirc
truyén dir liéu ciing c6 sy da dang theo nhitng nhu cau khac nhau cta nguoi
dung. Truyén théng dit liu da phuong tién (multimedia data) 1a mot van dé
thoi sy vi cdc loai dit liéu nhu audio, video doi hoi céc tiéu chi da dang vé do
nén, chat luong hinh anh, yéu cau cht luong mang. .. nham thich nghi véi cac

dich vu dugc cung cap cling nhu nhu cau st dung khac nhau ctia nguoi dung

Cac dich vu dir li€u da phuong tién trén mang khong day can c6 céc
ti€u chi danh gia khac nhau vé chat luong dich vu, do vay dé tai chon tap
trung nghién ctru vé chdt lwong dich vu (Quality of Servie — QoS). Do viéc
danh gia hiéu ning va chat luong ciing nhu céc tiéu chi k§ thuat ciia mang
khong day 1a kha phirc tap do ban chit di dong cling nhu can nhiéu thiét bi
mai hinh thanh nén mot mang, luan van chon st dung phuong phap danh gia

thong qua bd cong cu phan mém mé phong mang (network simulator) nham



danh gia chat lugng dich vu trén mot sd cau hinh kich ban (topology) mang
khong day khac nhau.

Véi ndi dung khai quat vira néu, ciu trac luan van “NGHIEN CUU
GIAI PHAP PANH GIA CHAT LUQNG DICH VU PA PHUONG TIEN
TREN MANG KHONG DAY SU DUNG MO PHONG” gém: phan md
dau, chuong 1, 2 va 3, phan két luan va kién nghi, tai liéu tham khao.

Chirong 1 — Tong quan vé mang khong diy va chat lwong dich vu
mang khong day.

Chirong 2 — Nghién ciru vé chit lwong dich vu (QoS) véi dir liéu da
phuong tién trén mang khong day.

Chuong 3 - Panh gia QoS dir li€éu da phwong tién trén mang khong

day theo mét s6 kich ban mé phéng.



Chwong 1. TONG QUAN VE MANG KHONG DAY VA CHAT LUQNG
DICH VU

1.1. KHAI NIEM VE MANG KHONG DAY
Mang khong day hiéu don gian la mang may tinh, hodc mang dién thoai

st dung séng radio lam song truyén dan hay hoat dong & tang vat Iy (PHY)
trong mo hinh phan ting mang. Nhu vy, c6 thé hiéu mot mang khéng day 1a
bao gém nhiéu may tinh duoc két ndi v6i nhau thong qua cac két ndi dir liéu
khong day giira cac nut mang. Loai hinh mang nay dugc ding trong nhiéu
pham vi st dung khac nhau, tur cép ho gia dinh, dén cép doanh nghiép, hoac
cac co s¢ kinh doanh c& nho, hoac vira va cd 16n,... moi pham vi sit dung
déu can nbi mang Internet hodc mang ndi bd nhung khong muén s dung
nhiéu day cap mang dé két ndi. Nhin chung thi cac cip do mang khong day co
thé quan 1y theo nhiéu cach va qua nhiéu cép: v6i cic mang vién thong
3G/4G, chung dugc quan 1y boi ha ting ctia cac hing vién thong hodc nha
cung cap dich vu Internet (ISP), nhimg hé thdng nay thudong dugc dit tap
trung hoac ro1 rac tai nhitng co s¢ luu trit cia cac nha mang; con v41 mang
khong day Wi-Fi, chung vin can mot ha ting két ndi c6 diy (cap mang) dé
két ndi t6i cac diém sir dung dich vu (gia dinh, cong ty, van phong,...) va két
ndi khong day thuc sy mdi dugc trién khai tai cac dia diém d6 thong qua hai
cach trién khai chinh 1a ¢6 co s¢ ha tang (vi du ding cac diém truy cap — AP)
hodc khong c6 co sé ha tang — goi 1a mang ty hoc — Ad hoc, hoic mang
khong cdu trac. Phan tiép theo sé& trinh bay rd hon vé hai loai ndy ciing nhu
mo ta chi tiét ho tiéu chuan IEEE 802.11 vén dung rdng rdi trong cic mang

khong day cuc bo (Wireless LAN — WLAN).

1.2. MANG KHONG DAY THEO HQ TIEU CHUAN IEEE 802.11
IEEE 802.11 [1] 1a mot tap cac chuan cua to chic IEEE (Institute of

Electrical and Electronic Engineers) gdm nhiéu md ta ky thuét lién quan dén



hé théng mang khéng ddy. Chuan ndy mé ta mot giao tiép co thé truyén qua
méi truong khdng khi bang cach st dung song vo tuyén dé truyén va nhén tin
hiéu gitta cac thiét bi khéng day (kiéu phi cau trac — Ad hoc), hodc gitra mot
thiét bi khong day va diém truy cdp dich vu khong day (kiéu can co so ha

tang). Nhu vay, c6 thé thiy cac loai chinh ctia mang khong day 1a:

e Mang c6 sit dung ha tang, ha tang & day thuong duoc goi la cac diém truy
cap (AP). Cac niit mang khong day trong pham vi ctia AP s& giao tiép véi
nhau thong qua trung gian 1a thiét bi AP nay.

« Mang khéng sir dung ha tang, hay mang ty hoc, hay mang phi cdu tric,
hodc don gidn goi tdt la mang Ad hoc, gdm nhiéu nut mang khong day
nhung ludn di dong (chuyén dong lién tuc), cic nat ndy co thé tao thanh
mot mang tam thdi ma khong can thiét bi trung gian hodc ha tang mang
c6 san nhu AP. CAu tric mang nhu vay co thé hoat dong mdt cach doc
1ap, hodc mang nay co thé két ndi véi cac mang co ha ting khac dé tao
thanh mot mang méi ¢6 pham vi 16n hon, tham chi toan cau. M6 hinh Ad
hoc nay kha phu hop trong nhirng diéu kién khong c6 sin ha ting mang
nhu ving ndi xa, hai ddo hodc trong nhitng diéu kién han ché nhu vira
x4y ra thién tai, thadm hoa hodc trong nhiing linh vuc dac biét nhu quan
su. Viéc dam bao QoS hay chit lugng dich vu d6i vé6i loai hinh mang nay
cling duoc quan tdim nghién ctru nhiéu hon so véi loai hinh mang cé co

so ha tang.

1.3. CHAT LUQNG DICH VU MANG KHONG DAY
1.3.1. Mt s6 nghién ciru lién quan

Hiéu suét truyén dir liu da phuong tién qua cac hé thong truyén thong
khong day ma van dam bao cic tiéu chi chat luong dich vu (QoS) cia nd,
ludn 12 mot thach thirc 16n trong truyén thong gilta cac nut mang di dong. Rat

nhiéu van dé can giai quyét do ban than mang khong day khong thé dam bao



tinh 6n dinh ciing nhu chét luong dich vu tot nhu mang c6 ddy truyén thong,
yéu t6 khong ddy, va su di chuyén thay vi ¢d dinh cua cac nat mang khién rat
nhiéu yéu t6 bén ngoai nhu nhiét 4o, dd 4m, nhidu séng, suy giam tin hiéu anh
hudéng dén viéc truyén tin trong mang khong day. Véi loai hinh dir liéu da
phuong tién, néu QoS khong duoc dam bao nhu: dg #é (delay) phai nho, 1 ¢
mat géi tin (packet loss) phai thap, dg bién doéi tré (jitter) phai on dinh,... s&
gy ra cac hién twong méo hinh, v tiéng, chat luong dit liéu suy giam khi
thuc hién cac phién truyén dir li¢u audio, video. Do vay trén thé gio1 ¢co rat
nhiéu nghién ctiru vé vin dé dam bao QoS cho dir liéu da phuong tién trong
mang khong day. Vi du trong bai béo [2], tim quan trong cia truyén dit liéu
da phuong tién v6i viéc dam bao QoS cho nguoi dung thir cap di duoc nghién
ctru. Cac tham s QoS dugc phan tich ddi voi cac nit di dong qua mang
khéng day véi thudt toan dinh tuyén phu hop duoc xem xét. Céc thao ludn
trong nghién ctru nay bao gdm cung cap hd trg QoS hiéu qua cho viée truyén
da phuong tién véi cac chién luge chuyén giao (handoff) va hiéu qua tinh toan
cac thong s6 hiéu suét cling dugce danh gia véi cong cu md phong mang phod

bién 1a NS-2.

Ngoai yéu t6 chat luong dich vu thi mot yéu td nira ciing c6 thé duoc
xem xét v&i chit lugng dit liéu da phuong tién, d6 1a Chdt liong trdi nghiém
(Quality of Experience — QoE) duoc dinh nghia 14 kha niang chap nhan tong
thé cua mot ung dung hoac dich vu, theo nhan thirc chi quan cua ngudi dung
cudi, bao gdm ca cac hiéu tmg hé thong dau cudi hoan chinh. Piéu d6 co
nghia 12 QoE c6 thé bi anh huéng boi ky vong va bdi canh cta nguoi dung,
thém mot thanh phan chil quan vao cac phép do. Tuy nhién, nhiéu nghién ctru
cho r@ing mot sd chi sd vé chdr luwong dich vu (QoS), lién quan nhiéu hon dén
tmg dung va do d6 gan giii voi ngudi dung hon, c6 thé twong quan voi danh
gia ctia ngudi dung vé truyén da phuong tién. Do d6, trong nghién ctu [3],

nhom tac gid da xay dung mot framework dé nghién ciru moi quan hé gilia



cac s6 lidu QoS va QoE cho viéc truyén da phuong tién theo ciing cach phan
tang (layering) nhu cic ting trong mé hinh Internet. Framework duogc dé xuét
trong bai bao nay duoc goi 1a BoxingExperience, dua trén cac phan mém mo
phong mang nguén mé ns3 va VLC thiét 1ap trén hé diéu hanh Linux. Céc tac
gia di thir nghiém framework trong bdi canh truyén video tir camera mang t6i
mot s6 may khach (clients). Cac mo phong trong nghién ciru nay cho thay
rang giai phap dé xuat co thé dé dang mé phong trén mot may tinh dé ban
thong thuong, mot kich ban trong dé nhiéu may khach duogc két nbi vGi mot
may chu phét truc tuyén, do d6 rat dé dang thuc hién cic nghién ciru o lién

quan t61 QoS/QoE ctia mang dir liéu da phuong tién.

Nghién ctru [4] tip trung vao chuan IEEE 802.11e, tiéu chuan nay da
dugc phat hanh va tich hop vé6i ho tiéu chuan khong day IEEE 802.11 voi
muc tiéu dam bao chit luong dich vu, dac biét voi dir li€u da phuong tién.
Tuy nhién, tiéu chuan nay chi an dinh cic uu tién cho cac loai dit liéu khac
nhau nhung khong kiém soat viéc chia sé bang thong giira cac ludng dit liéu
khéc nhau. Do vay nghién ctru ndy da dé xuat mot phuong phép chia sé bang
thong theo ty 1& khac nhau cho cac ludng dir liéu da phuong tién thong qua
viéc diéu khién dong tham sd cita s6 twong tranh (Contention Window — CW)
ctia moi luéng dir liéu da phuong tién von ¢ uu tién khac nhau, nham dé dat

duogc ty 1€ khac nhau theo nhu cau str dung.

Mot vai tim hiéu ngan gon nhu trén cho thiy rang van dé dam bao QoS
cho dir liéu da phuong tién trén mang khong day 1a cha dé dugc cong dong
nghién ctru quan tdm, tim hiéu rat nhiéu, viéc sir dung phwong phap mé phong
mang (network simulation) cling thuong dugc st dung trong cac nghién cuu
vé linh vuc nay, trong d6 cac phan mém ma ngudn mé nhu NS-2, ns3 dugc st

dung kha nhiéu trong cac nghién ctru lién quan.



1.3.2. Cac van dé chinh ciia chit hrong dich vu mang

Khi Internet chua phat trién bung nd, dit liéu truyén trén d6 chu yéu 1a
truyén dit liéu thuan tay nhu van ban, t€p... thi viéc phan biét cac dich vu
truyén hoac tao uu tién cho cac dich vu khac nhau 1a khong can thiét do tai
nguyén mang (vi du bang thong) 1a dap tng du cho yéu cau cia cac tng dung
dang st dung mang, do d6 cac nha cung cép dich vu str dung co ché N6 luc
t6i da (BE — Best-Effort) nhu nhau cho moi nguoi dung. Céc gdi tin (packet)
s& dugc truyén di theo nguyén tic “vao trude ra trude” hodc “dén trude phuc
vu trude” (FIFO — First In First Out) ma khong can cha y dén dic diém luu
luong (traffic) ciia cac yéu cu dich vu. Cach truyén tin nhu vay s& khong phu
hop véi cac loai hinh dir liéu ma doi hoi do tré (delay) phai cang thap cang t6t
nhu céc dich vu thoi gian thuc (real-time) hay truyén phat video (streaming).
Céc dich vu tmg dung dé truyén va nhan cac loai dir liéu dong nhu am thanh
(audio) hodc video néi trén dugc goi la da phuong tién (multimedia data
application). Loai dit liéu da phuong tién nhu vay s& nhay cam véi yéu t6 dé
tré nhung nguoc lai, lai cho phép yéu t 2y 1é mdt goi tin xay ra & mot ngudng
nao dé cé thé chép nhan duoc. Tinh chat nhu vay lai nguoc lai so vdi cac ung
dung truyén tin vin ban, text,... truyén thong nén s& dan dén can yéu cau chét

luong dich vu khéc di.

Chdt lwong dich vu (Q0S) 1a cong nghé dé nham muc tiéu quan Iy va vu
tien mot sd loai luu luong dir licu nhét dinh trén mang voi muc ti€u giam mat
goi (packet loss), dé tré (latency) va do chdp chon (hodc con goi 1a bién doi
d6 tré — jitter) cho mot loai giao thirc hoic mét kiéu luu lwgng mang cu thé (vi
du nhu VoIP). QoS kiém soat va quan 1y tii nguyén mang bang cach dat cac
mic do wu tién (priority) cho cac loai dit liéu cu thé trén mang. QoS tdi uu
hoéa mang bang cach quan 1y bing thong, ciing nhu dat mic do wu tién 16n
hon cho céc tmg dung ma yéu cau nhiéu tai nguyén hon. QoS cho phép ngudi

quan tri cia h¢ théng diéu chinh cai dat mang, va chia nho bang thong kha



dung gitra cac ung dung.

Vi du nhu trong Hinh 1, ¢6 ba nhu cau sir dung mang voi1 cac dich vu
khac nhau: xem video truc tuyén, duyét web, va choi game truc tuyén, néu
khong ap dung cac quy tic QoS thi bang thong duoc chia déu cho ba nhu cau
ndy, dan dén viée st dung cac dich vu nay khong dat dugc nhu mong mudn,
khi ap dung cac quy tic QoS phu hop, thi cac dich vu nhu xem video truc
tuyén v6i Netflix doi hoi nhiéu tai nguyén hon nén s& duge cap ty 1é bang
thong nhiéu hon so v6i cac nhu ciu truy cip Internet thong thudng nhu duyét
web hodc choi game truc tuyén. Nhu vay viéc phan chia bang thong sé& hop 1y
hon va két qua 1a ca ba loai nhu cau st dung déu hoat dong dap tGmg t6t nhu

cau cua nguoi dung

Bandwith with no Quality of Service rules applied

Video Streaming Services (Netflix, ete.)

General Internet Use (Browsing, Updates, etc.)

Online Gaming Services (Xbox Live, etc.)

Bandwidth with Quality of Service rules applied

Video Streaming Services (Netflix, etc.)

General Internet Use (Browsing, Updates, etc.)

Online Gaming Services (Xbox Live, etc.)

Hinh 1. 1. Giéi thiéu vé QoS
Nhu vay QoS cho thdy kha ning cung cip dich vu mang khac nhau cho
mot loai luu lugng nhét dinh. Muc dich chinh 1a diéu khién mét sb yéu t6 nhu
bang théng (bandwidth), dg é (delay, hay latency) va bién doi do tré
(jitter),... Giam d¢ tré, giam ti 16 mat mat khi truyén cac gai tin trong cac tng
dung thoi gian thuc va cac Gmg dung can tuong tac, trong khi d6 van dam bao

phuc vu tdt cho nhirng kiéu dit liéu khac. Theo Lién minh vién thong quéc té



(International Telecommunication Union) tai cac tai liéu [5, 6], QoS duoc
dinh nghia 14 “Téng thé cdc ddc diém cia dich vu vién thong cé kha nang ddp
ung cdc nhu cau di dwoc cho biét va da dwoc néi ré cia nguoi su dung dich
vu.” Nhu vay co thé théy QoS dua nhiéu vao yéu tb ky thuat ctua dich vu do
cac hing cung cap toi khach hang dua trén thoa thuan (k¥ thuat) hai bén, cac
thoa thuan nay dé thay va dé duoc lugng hoa thong qua cac con sb ki thuat cu

thé.
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Chuwong 2. NGHIEN CUU VE CHAT LUQNG DICH VU DU LIEU PA
PHUONG TIEN TREN MANG KHONG DAY

2.1. PHAN TiCH MOQT SO KY THUAT TANG MAC CUA MANG
KHONG DAY

Trong thuc t&¢ mo hinh mang TCP/IP dbi véi cac loai hinh mang c6 day
(wired) va khong day (wireless) chu yéu khac nhau & céac ting Vat 1y (chu yéu
lién quan dén thiét bi) va phan ting MAC (lién quan dén truy cap duong
truyén), do vay phan nay cta ludn vin s& trinh bay mot s6 co ché hoat dong
tai phan tang MAC cua tiéu chuian mang khong day IEEE 802.11, dé tir do
thay duoc mot sé tham sé s& anh huong téi chat luong dich vu mang khong

day nhu thé nao.

Chuan 802.11 [1] dinh nghia hai ché d6 lam viéc chinh cho cic mang
cuc bo khong day (Wireless Local Area Networks — WLANS): dwa trén ha
tang co so (infrastructure based) va khdng cdn ha tang co sé (infrastructure-
less hay ad hoc) [7].

Kién trac dua trén ha ting co sé 13 ché do thuong dung dé xiy dung céc
diém truy cap khong day (Wi-Fi hostpot) dua trén mot diém truy cdp mang.
Diéu tro ngai voi kiéu kién tric nay 1a chi phi mua va cai dit co so ha tng, cac
chi phi loai nay c6 thé khong duoc chip nhan trong cic méi truong dong, & do
ngudi va/hodc cac phuong tién chi can két ndi tam thoi trong mot ving ma
khong can mot co sd ha tang truyén thong sin co, vi du nhu truong hop ctru ho
khi c6 tham hoa dong dat, song than, ltc do ha tﬁng mang gﬁn nhu bi pha huy
hoan toan, hodc truong hop céac sinh vién trong chuyén xe bus di du lich ¢6 nhu
cau muon chia sé tai liéu hodc choi game twong tac véi nhau trong lac di trén
xe. Trong nhiing trudng hop nhu vay, mot giai phap hiéu qua hon c6 thé duoc
cung cap, d6 1a ché d6 hoat dong khéng can ha tang co s& hay mang tiry bién

khong day (wireless ad-hoc network), hay goi tit 1a mang ad hoc.



11

/

& = v (7
_@T_& - ?k
WL-8316 ) WL-8316

Hinh 2. 1. M6 hinh mang Ad-hoc

Trong md hinh mang ad hoc nhu Hinh 2.1, két nbi dugc thiét lap cho
khoang thoi gian twong ing v6i mot phién lam viéc va khong can tram co s
(base station). Cac thiét bi s& kham pha nhiing thiét bi khac & trong cling mot
mién dé hinh thanh nén mang. Cac thiét bj c6 thé s& tim kiém cac tram trong
cing mién bang cach phat tran (flooding) cac thong diép quang ba ma duoc
chuyén tiép boi moi tram. Khi hoat dong & ché do nay, cac tram dugc xem
nhu déng vai trd mot tdp dich vu co so doc lap (Independent Basic Service
Set —IBSS). Bat ky tram nao & trong mién phdt (transmission range) ctia tram
khac, sau mot budc dong bo hoa, déu co thé bat dau truyén thong. Piém truy
cdp (Acess Point — AP) khong can thiét v6i ché dd mang nay, nhung néu mot
trong sb cac tram dang hoat dong & ché d6 ad hoc c6 két ndi voi mang co day,

cac tram trong mang ad hoc s& co truy cap khong day dén Internet.

Mang ad hoc da chang (multi-hop ad hoc networks) 1a cac mang ad hoc
ma cac két ndi ctia chiing c6 thé qua nhiéu tram. Céc giao thirc dinh tuyén do
d6 sé& cung cap cac két ndi 6n dinh cho du cac tram chuyén dong lién tuc. Mdi
tram sé& cb gang chuyén tiép dir liéu dén cac tram khac, va do d6 viéc xac dinh
tram nao chuyén tiép dir liéu dugc thyc hién ty dong dya trén két nbi mang.

Diéu nay nguoc lai voi cac cong nghé mang truyén thong & d6 mdt vai tram
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dugc thiét ké trudc, thong thudng véi cac thiét bi phan cing nhu router,

switch, hub va firewall, sé thuc hién nhiém vu chuyén tiép dir liéu.

Giao thuc MAC (Media Access Control) trong chuan IEEE 802.11 cho
viéc truy cdp duong truyén trong WLANS 1a mot chuan khéng chinh thuc (de
facto) cho cac mang khong day ad hoc. Cong nghé 802.11 1a mot nén tang tbt
dé cai dit cac mang ad hoc don chdng (single-hop) boi tinh don gian cua né.
Tinh don ching c6 nghia 14 cic tram phai ¢ trong cing mién phat (thudng tir
100-200 mét) dé c6 thé truyén thong truc tiép véi nhau. Su han ché d6 c6 thé
dugc khac phuc béi mang ad hoc da chdng, & 6 cac tram trung gian & giita

hai bén giri/nhan c6 thé chuyén tiép thong tin dé co thé dén dich.

Trong mdi trudng mang ad hoc, céc thiét bi di dong ctia nguoi ding hinh
thanh nén mang va chung phai cong tac véi nhau dé cung cdp chirc ning
thong thudong dugc cung cip bdi co sé ha ting mang (vi du routers, switches,
va servers). Cach tiép can nay doi hoi mat d6 nguoi dung phai da 16n dé dam
bao viéc chuyén tiép cac goi tin gitra bén giri va bén nhan. Néu mat 46 nguoi
dung thap, mang c6 thé trd nén khong hoat dong duoc. Tuy nhién, néu mat do
nguoi dung cao thi hiéu ning cua mang nhu do tré, tinh cong bang s& suy
giam nghiém trong. Trong cac mang ad hoc da chang, cac tram cdng tac dé
chuyén tiép cac goi tin tr cac tram khac qua mang. Do dd, mot tram phai
truyén di ca luong truc tiép (direct flow), sinh ra bdi chinh tram d6 va cac
luong chuyén tiép (forwarding flow), dugc sinh ra béi cac tram hang x6m, do
d6 no chia sé dung lugng kénh truyén voi cac tram hang xém cta né. Hiéu
g cua sy tranh chip tai ting MAC va tang lién két s& anh huéng dén chat

luong ciia mang.

Chirc nang cong tic phan tan (Distributed Coordination Function —
DCF) 1a mot ky thuat ting MAC co ban trong IEEE 802.11, n6 dugc thiét ké

dé cung cap co hoi cong bang cho moi tram dé truyén di cac frames trong ngir
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canh phan tan. DCF st dung giao thic da truy cap s dung song mang co
tranh xung dot (Carrier Sense Multiple Access with Collision Avoidance —
CSMA/CA) voi cach truy cap dua trén ky thuat quay lui ham mii nhi phdn
(Binary Exponential Back-off — BEB). K¥ thuat BEB diéu khién tan suat truy
cap kénh truyén ctia mdi tram bang cach chon ngiu nhién mot gia tri quay lui
tr mot dén CW dua trén phan phdi ngau nhién chuan, véi CW 1a kich thudc
cita s6 tranh chdp (Contention Window — CW). Do 6, duong nhu toan bo
cac tram dang tranh chip s& c6 cung co hdi dé truy cap kénh truyén dugc chia
s¢, tuy nhién, trong cdu hinh mang da chang, k¥ thuat BEB lai gap phai cac
van dé nhu khéng céng bang (unfairness) va lwu lwong thap (low throughput),
dic biét trong trudng hop tdi mang dwoc cung cdp (offered load) c6 luu luong

16m khi ¢6 qua nhiéu yéu cau st dung.

K¥ thuat BEB xéc dinh kich thudc ctra s6 tranh chip tuong tmg voi diéu
kién tic nghén (khi c6 nhiéu nit mang cung truy cap kénh truyén). Ky thuat
ndy s& nhan doi gia tri CW sau mdi 1an dung d6 cho dén khi dat ngudng
CWmax va dit lai (reset) gia tri CW thanh CWmin véi mdi 1an phat thanh
cong. Tuy nhién, ki thuat BEB khong xem xét cac diéu kién khac vé cac tram
hang x6m, thong tin ting trén,... s6 ludng trong kénh truyén hodc sb nguoi
dung trong hé théng. Do d6, gia tri CW sau vai lan tic nghén c6 thé s& khong
phai 12 gié tri toi wu cho tinh cong bang, dic biét trong cic mang da ching bat

doi xung.

Mang Ad-hoc tmg dung trong rat nhiéu linh vuc ciing nhu trong céc

truong hop thuc té nhu & khach san, truong hoc, san bays,...

2.2. CHUAN MANG KHONG DAY IEEE 802.11E CHO DU LIEU PA
PHUONG TIEN
Cong nghé giao tiép khong day dua trén chuan 802.11[1] da tré nén phd

bién trong nhiéu linh vuc, vi du cac diém truy cap Wi-Fi, mang d6 thi dién
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rong (Metropolitan Area Network — MAN), mang giao thong (vehicular),...
Tai cac linh vuc do, truyén thong khong day da chang (multi-hop) dong mot
vai trd quan trong. Tuy nhién, chat lugng dich vu (QoS) dugc cung cap trong
cac giao tiép nay van 1a mot van dé nghién ctru ¢6 nhiéu thach thirc. Chuan
IEEE 802.11€[8], duwa trén 802.11 duoc ra doi nham dua ra céac tiéu chuén tot
hon trong viéc dam bao chat lugng dich vu va da duoc chép nhan nhu mot
thanh phan md réng hé tro' da phwong tién (WiFi Multimedia — WMM hay
Wireless Multimedia Extensions — WME) cua IEEE 802.11[1].

Piém nbi bat cua IEEE 802.11e 1a ¢ chitc ndng céng tdc lai (Hybrid
Coordination Function — HCF) — 1a su két hop cua céc chitc ning DCF, DCF
da co tu 802.11, v6i nhitng co ché dam bao QoS nang cao nham hd tro dich
vu ¢ phan biét (DiffServ). HCF bao gdm hai co ché diéu khién 13 truy cdp
kénh truyén phdn tin ning cao (EDCA — Enhanced Distributed Channel
Access) dua trén co ché co tranh chip (contention-based) va diéu khién truy
cdp tdp trung khéng cé tranh chdp (HCCA — HCF Controlled Channel
Acesss) dua trén co ché hoi vong (poll-based). Trong hai co ché nay, ki thuét
EDCA duoc sir dung nhiéu hon vi phu hop véi dic tinh phan tan cua cac nat

trong mang khong day ad hoc.

Phuong phap EDCA dung phuong phap truy cip moi trudng truyén cd
phan biét, str dung nhitng muc vu tién khac nhau cho mdi loai ludng dir lidu.
EDCA dinh nghia bbn loai uu tién theo phdn loai truy cdp (AC — Access
Categories) cho cac kiéu dir liéu khac nhau va co cac dich vu phan bi¢t cho
tung loai AC nay. Viéc cac khung dir liéu khac nhau dugc dnh xa vao nhiing
AC s€ phu thudc vao sy doi hoi chat luong dich vu cua tﬁng trén. Moi khung
tin tir tAng trén chuyén xudng ting MAC dugc danh trong sb wu tién nguoi
dung (UP — User Priority) tuy thudc vao trng dung sinh ra khung do. Co 8 gia

tri trong s6 tu tién dugc mé ta nhu trong Bang 2.1.
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Bang 2. 1. B§ uu tién va cac muc truy cap

Do wu tién UP AC Kiéu dir li¢u
thap nhat 1 AC_BK Background
- 2 AC BK Background
- 0 AC BE Best effort
- 3 AC BE Best effort
- 4 AC VI Video
- 5 AC VI Video
- 6 AC VO Voice
cao nhat 7 AC VO Voice

K¥ thuat EDCA xir Iy viéc tranh chap truy cip dudng truyén duwa vao céc

tham sb sau day.

8o khodng cdch giita cdc frame xen ké (Arbitrary InterFrame Space
Number — AIFSN): 1a sb khe thoi gian (SlotTime) sau mdi thdi han SIFS
(Short Interframe Space — 1a khoang thoi gian ngan gitta cac frame, 1a luong
thoi gian tinh bang micro-gidy can thiét dé giao dién khong day xur 1y frame
d3 nhan va phan hoi v6i frame phan héi) ma mot tram phai chd trude khi di
vao pha quay lui hodc pha truyén dir liéu. Gid tri AIFSN s& anh hudéng dén
khoang thoi gian gitra cac khung (AIFS), 1a gia tri xac dinh khoang thoi gian
(tinh bang don vi thoi gian cu thé thay vi theo sb khe thoi gian) ma mot tram

phai cho trude khi truyén goi tin tiép theo hoic khai dong thuat toan quay lui:

AIFS = SIFS + AIFSN x SlotTime
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Theo d6 mot AC véi gia tri AIFSN thap hon s& c6 AIFS nho va do vay

co duogc do uu tién cao hon.

Cira sé twong tranh (Contention Window — CW): mdi tram tinh ra téng
gia tri thoi gian quay lui (backoff) tir mot gia tri ngdu nhién ldy trong khoang

gidi han cta caa sb tuong tranh:
Backoff = AIFS + random[1, CW]

Trong d6 CW duoc xac dinh trong khoang (CWmin, CWmax) phu thudc
s6 1an truyén thong. Mot AC véi gia tri CW cang thap s& co xac suét cang cao

dé nhan mdt s6 ngau nhién nhé hon, do vay s€ co6 dugc do uu tién cao hon.

Gidi han ciia TXOP (TXOP limit): khoang thdi gian truyén ti da cho
mdi tram sau khi gianh duoc mot co hdi truyén (Tranmission Opportunity).
Néu gia tri nay bang khong (0), nghia 1a khi kiéu truy cap (AC) c6 quyén truy
cap kénh truyén, khi d6 ndé duoc phép giri duy nhat mot khung tir hang doi
AC tuong Gng. Piéu nay nham gidi han luu lugng c6 do uu tién thip. Néu gia
tri 16n hon khong (> 0), nghia 1a mot AC c6 thé truyén nhiéu khung tir hang
doi AC cua n6 (luu y rﬁng gia tri TXOP limit dugc gan cho mot loai AC cu
thé chtr khong phai gan cho mot tram). Nhu vay trong khoang thoi gian
truyén khong vuot qua gia tri giéi han cia TXOP, tram s& dugc phép truyén
mét sb khung tir mét hang doi AC nao do. Do vay, mot AC véi gia tri TXOP

limit cao hon s€ ¢6 do wu tién cao hon.

Nhin chung AC c¢6 d0 wu tién cao hon s€ c6 AIFSN, CWmin, CWmax

nho6 hon va TXOP limit 16n hon so voi AC ¢6 d6 wu tién thap hon.

Nhitng tham s6 EDCA nay la khac nhau véi timg loai AC, va dugc thé
hién chi tiét trong Bang 2.2.
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Bang 2. 2. Cac tham s6 EDCA mic dinh.

Tham s6 BK BE VI VO
AIFSN 7 3 2 2
CWmin 15 15 7 3
CWmax 1023 1023 15 7

TXOPLimit
0 0 1.504 3.008
(ms)

Tuong img véi cac bo tham s6 cho cac d6 wu tién nay, cac thong sO chat
luong mang nhu dé tré truyén géi tin (delay), ty 1é mdt goi tin khi truyén
(packet loss) va dac biét 1a thong luong (throughput) cling c6 sy khac biét

gilta cac loai dir liéu da phuong ti¢n.
2.3. MOT SO LOAI MANG DI PONG CO SU DUNG CHUAN 802.11

2.3.1. Mang khong day di dong (MANET)

Mang khong day di dong (Mobile Ad-hoc Networking — MANET) duogc
t6 chirc IETF (Luc luong Chuyén trach vé Ky thuat Lién mang, Internet
Engineering Task Force) dinh nghia: “mang khong day di dong MANET la
mét Ving tw qudn (AS — Autonomous System) ciia cdc b dinh tuyén (router),
6 thé coi do la cdc mit mang (network nodes) dwoc gdin két véi nhau nho lién
két khéng dady, cdc mit mang c6 thé di chuyén theo cach khéng xdc dinh trude
(tw do), vi thé kién triic mang MANET sé lién tuc thay doi nén khé cé thé du

doan dwoc trudc cau hinh mang sé nhu thé nao”.
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Hinh 2. 2. M6 hinh co ban mang MANET

Pic diém mang khong day di dong MANET 1a tap hop cac mobile node
trong mot mang c6 tinh chat tam thoi khong c¢é su quan 1y ciia cac nha quan
tri. M6 hinh nay gdm hai hay nhiéu mit mang khéng day (wireless mobile
nodes) két ndi voi nhau theo md hinh mang ngang hang (peer-to-peer), tirc 1a
cac n(t mang c6 vai trdo nhu nhau, c6 thé két nbi véi nhau va khong can dén
co so ha ting ciia cac mang trudc d6. Cac ndt trong mang ndy con dong vai
tro nhu 13 cc router c¢6 kha ning tim kiém, duy tri va dinh tuyén cac géi dir
liéu cho cac ndt nim trong cung phat song ctia nd. Nhu vay, mang MANET I

mot mang tam thoi va khong co may chu trung tam (Central Server).

2.3.2. Mang khong day di dong trong xe ¢4 (VANET)

Vehicular Ad hoc NETwork (VANET) 1a mang tu to chuc, dugc tao
thanh tir cac phuong tién xe c¢d luu thong trén dudng. Mdi phuong tién tham
gia vao mang dugc trang bi thiét bi thu/phat dé co thé lién lac, chia sé va trao
d6i thong tin 1an nhau.

Thong tin trao d6i trong mang VANET bao gdm théng tin vé luu luong
xe ¢, tinh trang ket Xe, tai nan giao thong, nguy hiém can tranh va ca nhiing

dich vu thong thuong nhu dich vu da phuong tién, Internet.... dé cung cép lién
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lac gitra cac xe ¢Q O gf?m nhau va véi céc thiét bi ¢d dinh (hay cac thiét bi bén
duong). Tuy nhién viéc truyén thong tin trong mang VANET con rat nhiéu

thach thuaec.

-~
7Urgem event 8 7
-~
o) Zd # N
@ Road-side unit ; 5,8 S
(gateway) N .

Wireless
Internet:
>

On-board unit

Car-to-car ad hoc

communication Mobile

cellular
network

Road-side unit
(gateway)

Hinh 2. 3. M6 hinh mang VANET

Hai thiét bi chinh trong md hinh mang Vanet 1a OBU va RSU. OBU
(On-Board Unit) 1a thiét bj gin trén cac phuong tién di chuyén phu trach viéc
lién lac qua mang ad hoc ctia phuong tién. RSU (Road-Side Unit) 1a cac thiét
bi dat ¢ dinh trén duong, chiu trach nhiém lién lac véi phuong tién luu thong
qua mang ad hoc, lién hé véi tong dai qua mang di dong. Mot sd pha hoat
dong cuia mang VANET:

« Hai xe mudn lién lac (goi video, chat text, truyén file,...) trén dudng
qua mang ad-hoc.
« Mot xe ndo d6 muén anh chup duong tai vi tri ciia minh Ién server. Xe

nay sé& gui file qua mang ad hoc cac xe khac dé d¢én RSU. RSU s& dua

hinh anh nay lén server.
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« Mot xe mudn xem anh dudng phd ¢ vi tri cach né6 mot khoang cach nao
do, xe nay s€ tim cach lién lac véi mot xe bat ki trong khoang do, va 2

xe chia sé hinh anh cho nhau.

Céc chirc ning nay khi dwa vao mang giao thong cé thé gitp cac phuong
tién canh béo tic dudng, canh béo tai nan... Pé thuc hién dugc céc pha lién

lac ndy, diéu tat yéu phai cAn mét giao thirc dinh tuyén.

Vi du bai toan dit ra khi nguoi dung dbi mat truong hop sau. Ngudi
dung dang di trén dudng va nhin thiy phia trudc dudng cé vé dong. Ngudi
nay s& mubn biét & trén d6 tinh trang dang nhu thé nao: tic dudng hay co tai
nan hay la mdt sy viéc dic bi€t nao, mirc dJ ra sao. Thong tin nay s€ anh
huong dén hanh dong ciia nguoi tham gia giao thong: tiép tuc di tiép hay s&
chon mot giai phap khac. Néu nguoi tham gia giao thong co thé lién lac duoc
v6i mot ngudi dung khac dang ¢ vi tri d6 thi chic chin nguoi d6 s& c6 duoc

thong tin & d6 va dua ra quyét dinh chon dudng.

Hinh 2. 4. Nhu cau dinh tuyén theo vi tri
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Chwong 3. PANH GIA CHAT LUQNG DICH VU DU LIEU PA
PHUONG TIEN TREN MANG KHONG DAY

3.1. GIOI THIEU VE MO PHONG MANG

Dé di dén cong nhan chinh thirc mot tiéu chuén trong cac mang khong
day IEEE 802.11[1] can trai qua qua trinh danh gia thir nghiém nham chung
minh hiéu qua. Viéc danh gia cac thong sé mang noéi chung 1a kho khan, dic
biét v6i mang khong day do tinh da dang ctia phan cing, phan mém, thong s6
mang va kho c6 mot phuong phap tdi wu nao cho viéc danh gia tit ca cac
thong s6 mang. Mot s phuong phép chinh thuong duoc thuc hién nhu md
hinh héa (modeling), mé phong (simulation) va gid ldp (emulator). Phuong
phap mo hinh héa c6 wu diém 1a dé dua thém tham s6, két qua chinh xac do
c6 thé chimg minh bang toan hoc, mé hinh c6 tinh tong quat hoa rat cao; tuy
nhién nhugc diém 13 khoé trién khai do méi trudong thuc té mang thudng cé
nhiéu yéu t6 tac dong. Phuong phap mo phong c6 uu diém 1a chi phi thap, cac
thong s6 mang c6 thé d& dang thay d6i, quan sat nho viée thiét lap gia tri
trong phan mém mé phong; nhuoc diém ctia phuong phap nay 13 kho ching
minh chinh x4c nhu phuong phap mé hinh va cac yéu té danh gia du sao van
1a do phan mém mé phong thiét 1ap nén van khéng dat dugec muc do gidng
cac mang chay trong thuc té. Phuong phap gia lap hay noi cach khac 1a sir
dung thiét bi that dé gia 1ap mot moi truong mang gan gidng nhu thuc té dé
danh gia thir nghiém, phuong phap nay c6 uu diém hon han hai phuong phap
mo hinh va mo phong vé tinh chat giéng that, nhung ciing c6 khé khan do chi
phi dau tu thiét bi, chi gia 1ap mot phan ctia mang chir khong gidng toan bo
mot mang trong thuc té (do ¢ nhiéu thiét bi, nhiéu nguoi ding). Bé phu hop
v6i kha nang, trong khuon kho luan vin nay sé& tim hiéu phuong phap md
phéng va ap dung dé phan tich, danh gia chét luong dich vu théng qua mot sd

kich ban truyén dit liéu da phuong tién trong mang khong day.
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Theo mét s6 nghién ciru dénh gid, so sanh cac giai phap phan mém mo
phong mang nhu [9, 10] thi by cong cu m6 phéng ns-2[11] 1a mot trong
nhimg phan mém dugc st dung rong rai trong nhiéu nghién ctru thude linh
vuc danh gia hiéu ning va chét luong mang khong day, do tinh chat mién phi,
mi ngudn mo, duge dong dao cong ddng nghién ctru cing tham gia trao doi
chia sé. cong cu NS-2 12 mot phan mém mé phong mang da co tir lau va duoc
dung rat nhiéu trong linh virc nghién ctru vé mang may tinh, dic biét 1a cac
phan khoé thiét 14p moi trudong thuc nhu mang khong day (vi doi hoi nhiéu
thiét bi), do dugc cong déng st dung nhiéu nén it nhiéu viéc méd phong béng
NS-2 ¢6 tinh tin cdy cao va van duoc dung trong nhiéu nghién ctru lién quan
dé mang khéng day ciing nhu cac loai hinh dich vu dit liéu khac nhau trén

mang khong day.

Do vay phan nay cua luan vin sé tap trung 1am rd cac budc cai dit st
dung ns-2 ciing nhu xay dung mot s6 kich ban mo phong dé danh gia chat

luong dich vu mang khong day, dac biét véi loai dit liéu da phuong tién.

3.2. CAI PAT, THIET LAP, THUC THI VA XU LY KET QUA MO
PHONG TRONG NS-2

NS-2 [11] 12 phin mém mé phong mang diéu khién sy kién riéng ré
huéng ddi twong, duge phat trién tai UC Berkely, viét bang ngon ngit C++ va
OTecl. M6t s6 kha ning chinh ciia NS-2 bao gdm: kiém tra tinh 6n dinh cta
cac giao thirc mang dang ton tai; danh gid cac giao thitc méi trude khi dua
vao sir dung; thuc thi nhitng mo hinh mang 16n ma gan nhu ta khong thé thuc
thi trong thuc té; kha ning mo phong nhiéu loai mang khac nhau. NS-2 ¢6 thé
dung thém véi cong cu hién thi hinh anh dang dong 12 Network Aminator hay
NAM[12] — cho phép hién thi cdu hinh mang mo phong ctia nhu hoat dong
cua mang mdt cach dong va truc quan, rat thuén tién cho viée quan sat hoat

dong ciia mang.
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Vé co ban thi viéc cai dit NS-2 va ca NAM khong qué kho, nhat 1a trén
moi truong hé diéu hanh Linux. Phan nay cta luin vin trinh bay ngan gon

cach cai dit NS-2 trén hé diéu hanh Ubuntu Linux qua mot s6 bude sau day:

Vao hé diéu hanh Ubuntu, chon thu vién phﬁn mém Ubuntu Soffware

Center

k e ACC

u] Games

+B Graphics

& inter

System To

%) Universal Ac

“¥ Ubuntu Software Center
Hinh 3. 1. Ubuntu Software Center

Hién ra ctra s6 nhu hinh :

B Ty ) 1:05PM % dung 2%

Ubuntu Software Center

File Edit View

Help

& .

All Software Installed

Our star apps

Come and explore our favourites

Accessories Top Rated More
Books & Magazines == SpeedCrunch " Stellarium
Developer Tools Accessories Ll Astronomy
Education 8 =

Free f1z2
Fonts .
- Geany oll [7 Tzie
e (o1 iDEs g Accessories
Graphics = (544) (553)
Internet Free Free
EI @ [dung@Dzug: ~] i Ubuntu Software Center

Hinh 3. 2. Cira s6 tim kiém trong Software Center

Vao thanh cong cu tim kiém g tir khoa “ns2” va tim kiém:
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T )
Ubuntu Software Center
File Edit View Help

Installed

All software

."Iﬂ! Discrete event simulator targeted at networking research = =+ (2)
ns2

1:10PM R dung F

Show 2 technical items
@ [dung@Dzug: ~] & Ubuntu Software Center

Hinh 3. 3. Tim goi ns2 trén thu vién phan mém cta Ubuntu

Chon Install va doi cho tién trinh download va cai dat tu dong hoan tat.

Ubuntu Software Center
File Edit View Help

Hinh 3. 4. Tién trinh cai dit phan mém

Tuong tu cai dat NAM ciing giéng nhu NS2, sau khi cai dit xong vao

phan history chon muc Installations dé kiém tra cic goi phan mém cta NS2

va NAM da duogc cai dit trén hé théng hay chua.
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Ubuntu Software Center

File Edit View Help

All Changes ||n5tal 5| Updates  Removals

@ libtclcl1 (1.20-6, automatic) installed 01:20 PM

@ nam (1.15-1) installed 01:20 PM

@ openssh-server (5.9p1-5ubuntu1.10) installed 01:18 PM
@ ssh-impork-id (2.10-0ubuntu1, automatic) installed 01:18 PM
@ ns2 (2.35~rc10+dfsg-1) installed 01:13 PM

@ libxss1 (1.2.1-2, automatic) installed 01:13 PM

@ kcl8.5 (8.5.11-1ubunku1, automatic) installed 01:13 PM

@ tk8.5 (8.5.11-1, automatic) installed 01:13 PM

@ libotcl1 (1.14+dfsg-2, automatic) installed 01:13 PM

» 06 October
Hinh 3. 5. Kiém tra cac géi cai dat
Viéc thyuc thi két qua moé phong trong NS-2 s& cho két qua dau ra véi
dinh dang (format) theo hai kiéu 1a: dang .nam va dang .tr, trong d6 kiéu thi
nhat chii yéu dung dé chay véi NAM dé cho ra hinh anh cta kich ban mo
phong, con kiéu tht hai quan trong hon luu loai toan bd cac su kién da xay ra

v&1 mo phong da chay.

Viéc xay dung va thuc thi cac kich ban mé phdng mang trong NS-2
dugc thuc hién qua mot sb budc, dugc mo ta nhu trong Hinh 3.6. Vé co ban
thi chung ta mé ta kich ban mang s& chuyén dong nhu thé nao (hoic tham chi
dung yén véi mang c6 ddy) cling nhu viée truyén dit lidu gifta cac nat mang ra
sao, néu kich ban phirc tap vdi ma ngudn code dai thi co thé chia thanh nhiéu
file dé tién quan 1y, nhung cac file nay déu phai c6 dinh dang .tcl (dung ct
phap ngén ngit TCL). Sau khi thyc thi file kich ban dang .tcl nay thi két qua
s& thu dugc hai tép vét (trace file) dang .nam va .tr. Bé xem file .nam thi don
gian 1a sit dung NAM, con dé phan tich .tr thi chung ta bat budc phai tu 1ap
trinh dé boc tach dir lidu tir tép .tr ra thanh cac thong sb6 vé hiéu nang, chét
luong,... mang nhu do tré, do mat goi, thong luong,... dé c6 thé biéu dién

dudi dang bang biéu, biéu dd, ... cho tién phan tich, danh gia, so sanh...
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';!;: File.nam » M6 phong Nam
chuyé&n

dong

| Ns2
(File.tcl)

Kich

ban
truyén | Tach, béc, phan
di¥ liéu File.tr *|  tich div ligu

Hinh 3. 6. Ludng céc su kién khi chay mé phong trong NS-2
Duéi day 1a mé ta chi tiét tng budc thyc hién mo phong véi NS-2 vai
vi du don gian gébm bdn nat mang.
Cac buoc mo phong kich bdn trong NS-2.

Noi dung kich ban md phong duoc viét trong mot file “simple.tcl” (ndi
dung file dugc mé ta chi tiét bén dudi). Thyc thi mé phong kich ban nay bang

cach go 1énh “ns ns-simple.tcl” tai dau nhac hé thong.

O node —— link [ | sgent

top i traffic souce

pkt =size: 1 kBykte, rate: 1 mwhbps

chr

ftp

[EC

L

01 1.0 : 4.0 4.5 :
Hinh 3. 7. Kich ban mo6 phong mang don gian véi NS-2

Mang trén bao gom 4 node (n0, n1, n2, n3). Lién két giita c4c node n0

va n2, n1 va n2 1a loai song cong (duplex — 1a kiéu dong thoi truyén va nhan

dix liéu cung ldc) voi cac thong sé:
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e Bang thong (bandwidth): 2 Mbps

e Do tré truyén (delay): 10 ms.

e Lién két kiéu duplex gitra n2 va n3 c6 bandwidth 1a 1.7 Mbps, do
tré (delay) bang 20 ms.

e Céac nit mang dung hang doi dang DropTail, c6 gia tri 16n nhat

cua kich thude hang doi la 10.

Tac tir “tcp” duoc gin vao ndt n0 va tac tir “sink” dwge gin vao nat n3.
Tac tir “tcp” s& tao goi tin voi kich thudc 16n nhat 1a 1 (KB). Tac tir kiéu TCP
“sink” s& tao ra roi giri goi tin dang phan hoi (ACK) cho phia giri (sender) (1a
tac tir guri goi tin di), va sau d6 giai phong goi tin nhan duge. Tac tir kiéu UDP
“udp” ma gan v4i nit nl s& két ndi voi tac tir “null” vén duoc gin vao nit
n3. Tac t& “null” s& chi giai phong goi tin ma da nhan dugc. Cac bo sinh
traffic (luu luong mang) kiéu FPT 1a “ftp”, va kiéu bit-rate-c6 dinh (Constant
Bit Rate) 1a “cbr” twong tng s& dugc gin vao C4C tac tir “tcp” va “udp”. T4c
tr “cbr” s& duoc thiét 1ap dé tao ra cic goi tin kich thudc 1 (KB) véi toc do
gii 1 Mbps. Téc tir “cbr” dugc khoi chay (start) vao thoi diém bat dau 13 0.1
(s) va dugc dung chay (két thiic) vao thoi diém 4.5 (), con tac tir “ftp” khoi
chay vao 1.0 (s) va dirng chay vao 4.0 (5s).
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#Create a simulator object
set ns [new Simulator]

#Define different colors for data
Sns color 1 Blue
5ns color 2 Red

#O0pen the NAM trace file
set nf [open out.nam w]
Sns namtrace-all Snf

#Define a '"finish' procedure
proc finish {} {
global ns nf
Sns flush-trace
#Close the NAM trace file
close 5nf
#Execute NAM on the trace
exec nam out.nam &
exit 0

#Create four nodes
set n0 [5ns node]
set nl [$ns node]
set n2 [$ns node]
set n3 [$ns node]

#Create links between the nodes

$ns duplex-link $n0 $n2 2Mb 10ms DropTail
Sns duplex-link $nl $n2 2Mb 10ms DropTail
Sns duplex-link $n2 $n3 1.7Mb 20ms DropTail
#Set Queue Size of link (n2-n3) to 10

sns queue-limit 5n2 Sn3 10

#Give node position (for NAM)

sns duplex-link-op 5n0 5n2 orient right-down
sns duplex-link-op $nl 5Sn2 orient right-up
sns duplex-link-op 5nZ $n3 orient right

#Monitor the queue for link (n2-n3). (for NAM)
Sns duplex-link-op $n2 5n3 queuePos 0.5

#Setup a TCP connection
set tcp [new Agent/TCP]
Stcp set class_ 2

sns attach-agent $n0 Stcp
set sink [new Agent/TCPSink]
$ns attach-agent $n3 $sink
$ns connect Stcp $sink

Stcp set fid 1

flows

file

(for NAM)
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#Setup a FTP over TCP connection

set ftp [new Application/FTP]

Sftp attach-agent Stcp
> set type FTP

#Setup a UDP connection

set udp [new Agent/UDP]

5ns attach-agent Snl Sudp

set null [new Agent/Null]

Sns attach-agent 5n3 Snull

5ns connect Sudp Snull

Sudp set fid

#Setup a CBR cover UDP connection

set cbr [new Application/Traffic/CBR]
r attach-agent Sudp

set type_ CBR

- set packet size

set rate Imb
r set random false

#Schedule events for the CBR and FTP agents

$ns at "$cbr start"

Sns at "$ftp start”

Sns at "$ftp stop"

Sns at "Scbr stop”

#Detach tcp and sink agents (not really necessary)
Sns at "$ns detach-agent $n0 Stcp

$ns detach-agent $n3 $sink"

#Call the finish procedure after 5 seconds of simulation

Sns at "finish"

#Print CBR packet size and interval

puts "CBR packet size = [$cbr set packet size ]"

puts "CBR interval = [$cbr set interval 1"

#Run the simulation
5ns run

O phan trén cta luan van, ching tdi da trinh bay vé c4c cach st dung
don gian véi NS-2 dé tao nit mang (nodes), lién két gitra cac nut (links), cac

tac tur (agents), sinh luu lugng mang (traffic)...

M3 ngudn md phong dé: tao bd mo phong (di twong “Simulator”), 1ap
lich cho su kién mo phong (chay ns tai mét thoi diém <time>), va khoi chay

b mo phong (bang ham “run”) nhu sau:

set ns [new Simulator]
Sns at <time> <event>

Sns run

a. Khdi tao node

Péi tuong tao nit mo phong 1a “node” dung dé khéi tao mdt nit mang.
Vi du sau la tao rah ai n(t vai tén bién duoc dat 1a n0, va nl.

set n0 [Sns node]

time
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set nl [Sns node]

Néu tao sb luong nut nhiéu c6 thé dung vong lip for (cu phap tuong tur
trong ngén ngit C/C++):

set n0 [Sns node]

set nl [Sns node]

bé tién phan biét cac nut c6 thé gan mau cho cac nut bang doi tugng
“color” nhu sau:

Sn0 color <colour>

CAc gia tri mau c6 thé dung la BLUE (mau xanh duong), BLACK (mau
den), seaGreen (mau xanh 1), RED (mau do).

V&1 mang khong day, sau khi khéi tao node thi setup toa do trong mo

phong:
$node (0) set X 0
$node (0) set ¥ O
0.

snode (0) set Z 0

Va khoang chuyén dong tu do (random-motion):
set node (0) [$ns_ node]

snode (0) random-motion 0

O day ta cho khoang di dong tu do cia node béng 0 dé tién loi cho viéc
quan sat va phan tich.

Cubi cung trong viéc tao node 1a diéu chinh kich thudc ctia node, ding
1€nh 13p for dé t61 uvu :
for {set 1 0} {$i < Sval(nn)} {incr 1} {

$ns_ initial node pos $node ($1i) 30

b. Tao lién két (link) giira cac niit

Trong NS-2, khi chiing ta tao lién két bang cach st dung ham “duplex-
link” (song cong) thi s€ tao ra hai lién két hai chiéu simplex link (don cong).
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Mot output queue (hang doi dau ra) ctia ndt duoc thuc hién nhu mot
phan trong doi tuong “simplex link”. C&c goi tin khi di ra queue thi duoc
chuyén toi ddi tuong “delay”; con nhung packet bi bo di (drop) ra queue s¢&
duge gui dén tac tur “Agent/Null” roi bi huy tai do. Dbi tugng time-to-live
(TTL, hleu 1a thoi gian ton tai cua goi tin) s€ tinh gia tri thoi gian ton tai nay
cho moi gOi tin va cap nhat gia tri thoi gian ton tai moi.

@ @

i’ b
" b
’ k]

-

Nimplex Link

Cueue I——| Delay I—-| TTL |—+

Hinh 3. 8. Lién két (1ink) giita cac node trong NS2

Pé tao lién két “simplex” (don coéng, hay mot chiéu) giita hai n0t, sir
dung 1énh sau:

Sns simplex-1link Sn0 Snl <bandwidth> <delay>
<queue_ type>

Tao lién két “duplex” (song cong, hay hai chiéu) giita hai n(t thi str dung
1€nh sau day:

$ns duplex-link $n0 $nl <bandwidth> <delay> <queue type>

CAac gia tri nhu: bang théng (bandwidth) va sré (delay) twong tmg, dugc
dat bang 1 (Mbps) va 10 (ms). NS-2 hd tro nhiéu gia tri “queue_type” (kiéu
hang doi) pho bién nhu phat hién sém ngdu nhién (RED — Random Early
Detection), hay loai b6 phan cuéi (Drop Tail),...

Péi voi mang khong ddy (wireless) thi ta khong can tao lién két giita hai
nit vi chung hoat dong trong méi truong khdng day (vo tuyén), chi can hai
nat ndm trong pham vi phat (transmission range) ctia nhau 1 c6 thé gui nhan
dir liéu gitra hai bén.

c. Khéi tao cac tac tir mang (network agent)

Hai l6p Agent va Appllcatlon s€ tao ra luu lugng mang (traffic) trong
NS-2. Mbi n(t trong mang muo6n nhén va gui luu luong mang thi can c6 tac
tur (agent) tuong ung gan vao nd. Trén dinh ctia Cac tac tur s€ chay ung dung
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mang, va (mg dung mang s& quyét dinh loai luu luong nao, vi du truyén tép
(FTP), web (HTTP), hodc dir li¢u da phuong ti¢n,... s& dugc mo phong.

Trong NS-2 c6 hai loai tac tir chinh: TCP va UDP, cach tao mdi loai tac
tir nay dugc mo ta nhu bén dudi.

o Tac tr UDP

set udp0 [new Agent/UDP]
set null [new Agent/Null]
Sns attach-agent $n0 SudpO
Sns attach-agent $nl $null
Sns connect Sudp0 Snull

Poan mi trén tao agent UDP va gin vao node n0 bang thu tuc attach-
agent. Tao ra agent Null, hoat dong nhu mot traffic sink va gan vao node nl.
Hai agent dugc ndi lai bang phuong thirc connect.

o Tactw TCP

set tcp [new Agent/TCP]

set tcp sink [new Agent/TCPSink]
Sns attach-agent $n0 S$tcp

$ns attach-agent $nl Stcp sink
$ns connect S$tcp Stcp sink

Trong doan code trén thi NS-2 tao ra tac tir TCP va gan vao n(t “tcp”
nho phuong thie “attach-agent”. Tac tir “TCPSink” hoat dong nhu mét bo
chtra luu lugng TCP (TCP sink) va gin vao n(t “tcp_sink”. Hai tac tir nay
dugc ndi véi nhau théng qua thi tuc “connect”.

Mét s6 dich vu sinh dir liéu co ban trong NS-2
Hai tac tir tmg dung (Application) md phong giri luu luong trén dinh d6i
tuong TCP 1a “Application/FTP” va “Application/Telnet” sé sinh tuong ung

lru lugng theo cac giao thirc FPT va Telnet; con voi UDP la luu Iwgng co ty
1¢ khong doi (Constant Bit Rate — CBR).

Giao thirc truyén tép File Transfer Protocol (FTP)

Code dung cho giao thirc FTP trong NS-2 la:
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set ftp [new Application/FTP]
Sftp attach-agent S$Stcp

Sns at <time> “Sftp start”

d. Do déu vét (Tracing)

Trong NS-2, cac su kién xay ra (hay moi hoat dong mang) s€ duoc luu
ddu vét (tracing). Néu mo phong duge chi truc tiép dén cac hoat dong trace
(bang c4c 1énh “$ns trace-all tén_file” hay “$ns namtrace-all tén_file”) thi két
qua s€ co cac tép dinh dang .tr va .nam tuong ing dugc tao ra.

Tép vét (trace file) O ndi dung chira tit ca cac thong tin vé cac sy kién
(cac hoat dong) xay ra trong kich ban mé phong nhu: thoi gian géi tin dén
(packet arrival), thoi gian goi tin di (packet departure), thoi gian goi tin bi
huy (packet drop),..

Pé theo vét cac goi tin trén tat ca cac lién két thi dung doan mé sau:

set trace file [open out.tr w]
$ns trace-all Strace file
Sns flush-trace

close Strace file

Véi mang khong day thi mudn luu vét ra file .nam can bd sung thém
dong 1énh sau:
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set namtrace [open simple—udp.nam w]

$ns namtrace-all-wireless Snamtrace $val (x)} S$val(y)

f aet up topography cobject ( tao topo va khéng gian mang khéng
day)

set topoc [new Topocgraphy]

S5topo load flatgrid Swval(x) Sval(y)
f topo cd kich thudc x*y (vi dy: 300 x 300 hodc 400 = 500)

ftac =8 node xuit hidn trong topo

create—god S$val (nn)

# configure node (khdi tac node khéng diy véi céc chuln cho trudc)

¢$ns  node-config -adhocRouting $wval(rp) \
-11Type S$wval(ll} M
—macType Sval {mac)
-1fgqType $val (1fg)
—ifgLen Sval (1fglen)
—antType Sval (ant) M
—-propType Sval (prop) M
-phyType Sval (netif) A
—channelTyps Swval (chan)
—topoInstance Stopo b\
—agentTrace ON
—routerTrace ON
-macTrace ON %

—movementTrace OFFY

3.3. MO PHONG VA PANH GIA MOT SO KICH BAN MANG
KHONG DAY

Phan sau day cta luan vin s& xdy dung bdn kich ban mé phong cac
truong hop khac nhau ciia mang khong day:

Kich ban 1: mang khong day di dong (Mobile Adhoc NETwork) don
ching, kich ban ndy mé phong don gian viéc truyén nhén giira hai nat mang

khong day.
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Kich ban 2: mang khong day di dong (MANET) da chang, kich ban nay
mo phong viée truyén nhan giita hai nat ngudn va dich thong qua mot nat
trung gian, kich ban nay c6 y nghia thyc té vi mang khong day khong co co s
ha tﬁng (ad hoc) thi vi tri cap nat gi/nhan co thé & xa ngoai pham vi truyén
song cua nhau dan dén khéng truyén tin dwgc, nén viée ¢ thém nut trung
gian s& c6 ¥ nghia thuc té gitp cac nut & xa nhau van c6 thé giri nhan dit liéu
cho nhau.

Kich ban 3: mang khong day cho xe cd (VANET): kich ban nay mo ta
mang xe ¢0 (Vehicular Ad hoc NETwork), loai hinh mang nay méi hon mang
MANET va dung luon chuan khong day IEEE 802.11e cho mang dir liéu da
phuong tién dé gui nhan cac thong tin giita cac phuong tién tham gia giao
thong.

Kich ban 4: mang khong day véi dir liéu da phuong tién, gdom cac loai
dir li¢u voice, video, best-effort,... kich ban moé phong nham quan sat su khac
biét vé mirc d6 wu tién gilta cac loai dit liéu da phuong tién, twong Ung 12 tai
nguyén — cu thé 1a thong luong danh cho céc loai dit liéu 1a khac nhau, vaoi div
liéu c6 d6 wu tién cao hon s& c¢6 dugce nhiéu thong luong hon so véi dit lidu co
d6 uu tién thap.

Vi céac kich ban trén luan van st dung mot sb cach danh gia, phan tich
két qua nhu sau:

e Sir dung phan mém NAM dé xem tép vét dang .nam sinh ra sau khi
chay md phong, néu cac nat c6 thé guri/nhan dir liéu cho nhau thi hinh
anh chuyén dong trén NAM s& cho thay duong ndi lién tuc gitra cac
nGt mang, con néu khong co duong két néi thi c6 nghia cac nit dang
khong thé trao doi dir liéu vai nhau.

e Phan tich tép vét dang .tr sinh ra sau khi chay mé phong, code phan
tich tép vét dang nay duogc viét bang cac ngdn ngir théng dung trén

Linux nhu awk hodc Perl dé tir d6 biéu dién thanh cac tiéu chi chat
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lwgng mang vi du nhu throughput (théng lwong) nham thé hién viéc
truyén nhan dir liéu qua thoi gian nhu thé nao, ciing nhu muc do
thong luong danh cho céc loai dir liéu da phuong tién khac nhau ra

sa0. .., thong tin dugc biéu dién dudi dang do thi dé tién quan sat.

3.3.1. Kich bén thir 1: mang khong day ad hoc don ching

Kich ban nay sé thuc hién nhitng cong viéc sau:
Tao hai node, cai dit tham sb thich hop cho tirng node.
Thém agent TCP va TCP sink cho 2 node tuong ting 0 va 1.
Thém ung dung truyén tép tin FTP vao agent TCP.
Két ndi cac agent va chay mo phong trong 25s.

Goi NAM dé minh hoa cho hoat dong ctia topology nay.

Noi dung Tecl (mi nguén méd phong) cua kich ban 1 trén NS-2:

# testZnode.tcl
val (chan) Channel/WirelessChannel ; #channel type

set

set val(prop) Propagation/TwoRayGround ;#radio-propagation model
set val(netif) Phy/WirelessPhy ;# network interface type
set val (mac) Mac/ 11 1 # MAC type

set val(ifqg) Queue/DropTail/PriQueue ;# interface gqueue type
set val(ll) LL :# link layer type

set wval {(ant) Antenna/OmniAntenna +# antenna model

set val(ifglen) ;# max packet in ifqg

set wval {nn) ;¥ number of mobilenodes

set val (rp) AQDV ;# routing protocol

= ===

# Chuong trinh chinh

3=

# Khoi tao doi tuong

set n3 [new Simulator]

set tracefd [open testZnode.tr w]
trace-all Stracefd

# Open the NAM trace file

set nf [open testZnode.nam w]
namtrace-all-wireless Snf

&
23

5ns

# set up topography object
set topo [new Topographyl]

&

o load flatgrid

# tao so node ( 2 node )
create—god Sval (nn)
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# configure nodes - cai dat tham so khong day cho cac node
5ns node-config —-adhocRouting S$val (rp) \

-11Type Sval(ll) \
—-macType Sval (mac) \
—-ifgType Sval (ifg) \
—-ifglLen S$val (ifqglen) \
—antType Sval (ant) \
—propType sval(prop) \
—phyType Sval (netif) \
—channelType Sval {(chan) \
—topolInstance S$topo \
—agentTrace ON \
—-routerTrace ON \
-macTrace OFF \
-movementTrace OFF

set node (0) [5ns node]

Snode (0) random-motion 0

set node(l) [5n=s node]

Snode (1) random-motion 0O

# disable random motion - khong cho cac node di chuyen
# Provide initial (¥,Y, for now Z=0) co-ordinates for mobilenodes

Snode (0) set X_ 0O

Snode (0) set Y O

Snode (0) set Z2_ 0.0

Snode (1) set X_ 100

Snode (1) set Y 100

Snode(l) set Z2_ 0.0

for {set i 0} {51 < Sval(nn)} {inecr i}

{

$ns initial nede pos Snode(Si) 20

}

# Khoi tao kich thuoc cho moi node tren topo

# Tao ra mét vai di chuyén trong topo
# Node (1) b&t ddu di chuyén dén Node (0)

Sns at 5.0 "$node(l) setdest 30.0 30.0 15.0"
# Node (1) sau d6 lai di chuyén ra xa Node (0)
Sns at 10.0 "$node(l) setdest 199.0 199.0 20.0"

¥ Setup traffic flow between nodes

# TCP connections between node (0) and node (1)
# Ket noi TCP giua 2 node ( node (0) truyen node(l) nhan )

¥ Set up TCP connectiocn

set tcp [new Agent/TCP]

Stcp set class_ 2

set sink [new Agent/TCPSink]

Sns attach-agent Snode(0) Stcp

S5ns attach-agent Snode(l) S$sink
Sns connect Step $sink

# Set up a FTP over TCP connection
set ftp [new Application/FTP]

Sftp attach-agent Step

Sftp set type FTP

Sns at 0.1 "$ftp start"”

S5ns at 25.0 "$ftp stop" # Ket thuc mo

for {set i 0} {$i < Sval(nn) } {incr
Sns at 25.01 "$node($i) reset";

Sns at 25.01 "stop"
Sns at 25.01 "puts \"NS EXITING...\"
# Pinh nghia tién trinh “stop” - goi
proc stop {} {

global ns nf tracefd

Sns flush-trace

rhong

i} {

; Sns halt"
NAM dé& thuc hién mé phdéng
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# Close the NAM trace file
close 5Snf
close Stracefd

# Excute NAM on the trace file
exec nam test2node.nam &
exit

}

puts "Starting Simulation..."

Sns run

Két qua ciia kich ban trén:
« Sau khi 2 node dugc tao va dugc gan cac agent twrong ung, tiép tuc thuc

hién cac budc trong kich ban

« Node(1) di chuyén gan téi Node(0) , 2 node nhan dugc tdm phu song
ctia nhau va bat dau truyén va nhan tin hi¢u, sau do thuc hién giao thirc
FTP

« Node(1) lai tiép tuc di chuyén ra xa Node(0), cac goi tin van giri va
nhan, tuy nhién dén mot khoang cach nhat dinh, cac géi tin déu bi mat,

2 node khong thé nhan va giri cho nhau dugc nira.

Phan tich:

o Sir dyung file dinh .awk c6 chira cac 1énh trich xuét dit liéu tir file .tr
dugc sinh ra khi chay NS-2. Mot doan code trong file .awk, chu yéu s
dung céac cau 1énh va ham trong C:

if (packet=="AGT" && sendTime[pkt id]==0 && (event=="+" || event=="s")) {
if (time < sTime) {
sTime = time
sendTime[pkt_id] = time

this_flow = flow_type

if (packet=="AGT" && event == "r") {
if(time>spTime) {
spTime=time
}

recv_size = recv_size + packet_size

recvTime[pkt_id] = time
NumOfRecd = NumOfRecd + 1

Hinh 3.10: Mt doan code trong tap tin phan tich
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« St dung ct phép phén tich v&i awk: “awk —f <AWK_file> <tr file>
Két qua thu duogc:

adminer@adminer-virtual-machine: ~/Desktop A

File Edit View Search Terminal Help
adminer@adminer-virtual-machine:~/DesktopS awk -f AWKScriptsforNsz.awk
test2node.tr

Start Time @

Stop Time 19

Sent Packets in Time 3187

Received Packets in Time 3163

The throughput in kbps is 782.452410
adminer@adminer-virtual-machine:~/Desktop$ I

~ Hinh 3.9. Két qua phan tich
Vi cac thong so sau:

Start Time : Thoi gian bat dau chay

« Stop Time: Thoi gian 2 node dung chay
« Sent Packets in Time: Sé goi tin giri
« Received Packets in Time: S6 géi tin nhan

« The throughput in kbps is: Bang thong trung binh(kbit/s)

Str dung Xgraph dé xem xét do bién thién ctia throughput hinh thanh qua biéu
do sir dung tir cau 1€nh dé trace ra file “kqua.txt” :
“awk  -f  bienthienthp.awk test2node.tr > kqua.txt”  v&i
bienthienthp.awk 1a moét file phan tich khac cho phét in ra cac gia tri

throughput qua céc thoi diém duoc ghi lai trong file du vét .tr .

G0 1énh “xgraph kqua.txt™ :



40

[~1-10

xgraph

X Graph

Y

770.0000 koua txt
760.0000
750.0000 | l
7400000 |

730.0000 ﬁ h I\ (l
720.0000 ‘
710.0000 JL
700.0000 /\\J“
690.0000 E

[ |

660.0000 [ ]'
I 1
J

670.0000 \
660.0000 t !v \ \JI
650.0000 {
640.0000 UI

630.0000
620.0000
610.0000

Hinh 3. 10. D4 thi bién thién theo thoi gian cua throughput

Pdnh gia: Tur d6 thi ta thdy dugc su bién thién cta througput qua cac
thoi diém khac nhau, 1d rang ta thay tir gidy thi 19 tro di thi bang thong da
mat gitra 2 node mic du ta cho kich ban chay trong 25s, cho thiy dén khoang
cach vat 1y qua xa thi 2 node s& khong nhan thdy nhau va ding truyén dit liéu,
duong dd thi bién thién cudi cing di xudng cho thdy bang théng giam dan va
bién mat trong khoang 670-680, 2 node lién tiép giri cac goi tin dinh tuyén sau
19s nhung khong nhan dugc phan hdi va cham dat két ndi hinh thanh mang

ngay sau do.

Y nghia: M6 hinh trén thé hién mot mang MANET co ban nhét, 2 thiét bi
trong mang tu thiét 1ap mang dé trao doi dir liéu khi chiing trong ving song
cua nhau, cho té1 khi cdch nhau mot khoang cach nhét dinh thi mang nay s¢ bi

huy bo, day 1a tinh chét cia mang MANET don gian.
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nam: test2Znode.nam
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Hinh 3. 11. Két qua mo phong 1 qua NAM

3.3.2. Kich ban thir 2: mang khong day ad hoc da chiang
o Xuit phat tir kich ban sd 1, néu node s6 0 mudn dinh tuyén dé gui dix
liéu dén node s6 1 nhung khoang cach qua xa, vay phai lam thé nao,
bai toan dinh tuyén xuét hién, node 0 s& guri thong tin dén cac g61 lan
can dé tim duong gui dir ligu dén cho node 1, ta dit 1 node s6 2 & gifta
dé xem két qua.

o NOi dung code Tcl cua kich ban:
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#

# Simulation parameters setup

#

set wval (chan) Channel/WirelessChannel ;#channel type

set val (prop) |Propaqation/TwoRayGround ;#radio—propagation model

set val (netif) Phy/WirelessPhy
set val (mac) Mac/502 11

set val (ifq) Queue/DroETail/PriQueue

;#network interface type

; #MAC type
;#interface queue type

set val(ll) LL ;#link layer type
set wval (ant) Antenna/OmniAntenna ;#antenna model
set val(ifglen) 50 ;#max packet in ifqg
set val (nn) 3 ;fnumber of mobilenodes
set val(rp) AQDV ;#routing protocol

set val(x) 510 ;#¥ dimension of topography
set val(y) 309 ;#Y dimension of topography
set val(stop) 21.0 ;#time of simulation end

#

# Initialization

#

#Create a ns simulator

set n=s [new Simulator]

Sns use-newtrace

#Setup topography object

set topo [new Topographyl]

Stopo load flatgrid Sval(x) Sval(y)

create—-god Sval (nn)

#O0pen the NS trace file
set tracefile [open test.tr w]
Sns trace-all Stracefile

#Open the NAM trace file
set namfile [open test.nam w]
Sns namtrace-all Snamfile

Sns namtrace-all-wireless Snamfile Sval (x) Sval (y)
set chan [new S$val (chan)];#Create wireless channel

e

# Mobile node parameter setup

e

Sns node-config -adhocRouting $val(rp) \
-11Type Sval(11) \
-macType Sval (mac) \
-ifgType Sval(ifqg) \
-ifgLen Sval (ifglen) \
—antType Sval (ant) \
-propType Sval (prop) \
-phyType Sval(netif) \
-channel Schan \
-topoInstance S$topo \
-agentTrace ON \
-routerTrace ON \
-macTrace ON \
-movementTrace ON

e S —

# Nodes Definition

e ——

#Create 3 nodes
set n0 [$ns node]
Sn0 set X 103
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Sn0 set Y 209

Sn0 set Z_ 0.0

Sns initial node pos $Sn0 40
set nl [$ns node]

Snl set X 294

Snl set Y 209

snl set Z_ 0.0

Sns initial node pos Snl 40
set n2 [$ns node]

Sn2 set X 194

Sn2 set Y 101

Sn2 set Z_ 0.0

Sns initial node pos $Sn2 40

Sns at 0.1 " $nl setdest 410 201 10 "

#Setup a TCP connection

set tcp0 [new Agent/TCP]

Sns attach-agent $n0 $tcpO
set sinkl [new Agent/TCPSink]
Sns attach-agent $nl $sinkl
Sns connect S$tcp0 $sinkl
Stcp0 set packetSize 1500

#
# Applications Definition
#
#Setup a FTP Application owver TCP connection
set ftp0 [new Application/FTP]

Sftp0 attach-agent Stcp0

Sns at 0.1 "$ftp0 start"

Sns at 20.0 "$£tp0 stop"
#

# Termination

#

#Define a 'finish' procedure
proe finish {} {

global ns tracefile namfile

$ns flush-trace

close Stracefile

elose Snamfile

exec nam test.nam &

exit C

for {set i 0} {51 < Sval(nn) } { iner i } {
Sns at Sval(stop) "\$n$i reset"

}

Sns at Sval (stop) "$ns nam-end-wireless $val(stop)”
Sns at Sval (stop) "finish"

Sns at Sval(stop) "puts \"done\" ; Sns halt"

Sns run

Két qua: Hai node d3 giri va nhan dir liéu cho nhau dén ltc kich ban két
thdc trong 20s.
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e @ adminer@adminer-virtual-machine: ~/Desktop
File Edit View Search Terminal Help k

adminer@adminer-virtual-machine:~/Desktop$S awk -f AWKScriptsforNS2.awk test.tr
Start Time @

Stop Time 20

Sent Packets in Time 1597

Received Packets in Time 1577

The throughput in kbps is 488.538002
adminer@adminer-virtual-machine:~/DesktopS |

Hinh 3. 12. Két qua phan tich

Do thi bién thién theo thoi gian cua throughput:

i X Graph

¥y 103

throughput.txt
7.6000
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6.6000

8.0000;
5.5000;

5.0000

4.5000;
4.0000

3.6000

3.0000

2.5000
2.0000
15000
1.0000
0.5000 o el | e pi b

Vel Ui e v T aviNE VAT

0.0000

5.0000 10.0000 15.0000 20.0000

Hinh 3. 13. D4 thi bién thién cta throughput theo thoi gian

Padnh gia: Trong khoang thoi gian node 1 di chuyén tir 5s ->10s (cu thé
1a tir gidy tht 6) xuét hién thoi diém khi ma node 1 cach qua xa node 0
va khong thé giri nhan dir liéu, dinh tuyén giita 2 node bi gian doan va bi

drop goi tin.
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nam: test.nam
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Hinh 3. 14. Go6i tin bi drop

Thoi diém nay, throughput giam dan va bang 0 dé doi node 0 tim dudng
dinh tuyén tro lai, sau khi tim dugc duong dinh tuyén nho giri géi tin tim
duong qua node 2, node 0 tiép tuc giri dit lidu theo bang dinh tuyén qua node
2 dé dén dich 1a node 1, kich ban chay lién tuc cho dén khi két thiic, tuy nhién

tbc d bang thong s& giam sau khi qua node 2.

nam: test.nam
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3.3.3. Kich ban thir 3: mang khong day cho xe cd

Hinh 3. 15. Két qua mo phong 2 qua NAM

« V& noi dung kich ban mo phong co ban vé mang VANET, 2 xe mudn
giao tiép v6i nhau dé xem tinh trang dudng cta bén kia. Ta dung kich

ban cho céac xe di chuyén va tram RSU & giira lan dudng 2 xe nl va n4,
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néu mudn giao tiép dugc voi nhau thi 2 xe phai giao tiép qua cac xe
lan can va qua cac tram RSU bén duong bé'mg cach dinh tuyén, cu thé
la giao thic AODV dé dam bao dir liéu chuyén di nhanh va chinh xac

nhat.

o NOi dung kich ban trén NS-2:

i Simulation parameters setup

S

set val (chan) Channel/WirelessChannel ; # channel type

set val (prop) Propagation/TwoRayGround ;# radio-propagation model
set val(netif) Phy/WirelessPhy ;# network interface type
set val (mac) Mac/802 11 ;# MAC type

set val(ifq) Queue/DropTail/PriQueue ;# interface queue type

set val(ll) LL ;# link layer type

set val (ant) Antenna/OmniAntenna ;# antenna model

set val(ifglen) 50 ;# max packet in ifg

set val (nn) 7 ;# number of mobilenodes
set val (rp) AODV ;# routing protocol

set val (x) 1288 ;# X dimension of topography
set val(y) 550 ;# Y dimension of topography
set val (stop) 22.0 ;# time of simulation end
N

# Initialization

N

#Create a ns simulator
set ns [new Simulator]

#Setup topography object

set topo [new Topography]
Stopo load flatgrid Sval(x) Sval(y)
create-god S$Sval (nn)

#O0pen the NS trace file

Sns use-newtrace

set tracefile [open VANET.tr w]
Sns trace-all Stracefile

#0pen the NAM trace file

set namfile [open VANET.nam w]

Sns namtrace-all Snamfile

Sns namtrace-all-wireless Snamfile Sval (x) Sval (y)
set chan [new Sval(chan)];#Create wireless channel

e ——

i# Mobile node parameter setup

e ———

Sns node-config -adhocRouting S$val(rp) \
-11Type Sval(ll) \
-macType Sval (mac) \
-ifgType Sval (ifg) \
-ifgLen Sval(ifglen) \
-antType Sval (ant) \

-propType Sval (prop) \
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-phyType Sval (netif) \
-channel Schan \
-topoInstance S$topo \
-agentTrace ON \
-routerTrace ON \
-macTrace ON \

-movementTrace ON

#Create 7 nodes

set n0 [Sns node]

Sn0 set X 487

Sn0 set Y 287

Sn0 set Z2_ 0.0

Sns initial node pos $n0 20
set nl [$ns node]

Snl set X 260

Snl set Y 127

snl set z_ 0.0

Sns initial node pos Snl 20
set n2 [$ns node]

Sn2 set X 384

Sn2 set Y 184

Sn2 set z_ 0.0

Sns initial node pos Sn2 20
set n3 [$ns node]

Sn3 set X 534

Sn3 set Y 184

Sn3 set z_ 0.0

Sns initial node pos $Sn3 20
set n4d [$ns node]

Sn4 set X 488

$nd set Y 441

Snd set z_ 0.0

Sns initial node pos Sn4 20
set n7 [$ns node]

Sn7 set X 781

Sn7 set Y 313

sn7 set z_ 0.0

Sns initial node pos Sn7 20
set n8 [$ns node]

Sn8 set X 1004

$n8 set Y 450

Sn8 set z_ 0.0

Sns initial node pos $n8 20

Mo
# Generate movement
e —
Sns at 1 " $nl setdest 1046 135 20"
Sns at 1 " $n4 setdest 1004 450 10"
# speed in setdest ?
S —
# Agents Definition
Mo

#Setup a TCP connection
set tcp0 [new Agent/TCP]
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Sns attach-agent $nl $tcpl
set sinkl [new Agent/TCPSink]
$ns attach-agent $n4 $sinkl
$ns connect $tcpl0 $sinkl
Stcpl set packetSize

#Setup a FTP Application over TCP connection
set ftp0 [new Application/FTP]
Sftp0 attach-agent S$Stcpl

Sns at "$ftp0 start"

Sns at "$ftp0 stop"
——
# Termination
e

#Define a 'finish' procedure
proc finish {} {

global ns tracefile namfile

Sns flush-trace

close Stracefile

close Snamfile

exec nam VANET.nam &

exit

for {set i 0} {5i < } { incr i } {
Sns at Sval(stop) "\$n$i reset"

Sns at Sval(stop) "$ns nam-end-wireless $val(stop)"
Sns at S$val(stop) "finish"

Sns at Sval(stop) "puts \"done\" ; $ns halt"

Sns run

@ ®
0

Hinh 3. 16. M6 hinh VANET co ban trén NS2
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Hinh 3. 17. Chay mé phong véi 2 xe dang di chuyén trén NS2

« Str dung file phan tich “analyze.pl” v6i ham perl dé phan tich két qua
sinh ra tir kich ban.

analyze.pl %
lh!;‘usr,(hi.n,(perl
2 Stracefile=SARGV[O];
3 Sgranularity=SARGV[1];
4
5 Sofile="simulation_result.csv";
6 open OUT, "=%0ofile"” or die "$0 cannot open output file Sofile: §!";
7
8 open (DR,STDIN);
9 $gclock=0;
10
11 #Data Packet Information

12 SdataSent = 0;
13 SdataRecv = 0;
14 SrouterDrop = 8;

15

16 #AODV Packet Information
17 SaodvSent
18 SaodvRecv
19

= 0;
= 0;

20 $aodvsentRequest = 0;
21 $aodvRecvRequest = 0;
22 $aodvDropRequest = 0;

Hinh 3. 18. Mot doan code mau cua file perl

Go cau lénh: “perl <analyze.pl> <tracefile.tr>" ta thu dugc két qua:
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adminer@adminer-virtual-machine: ~/Desktop/NSG

File Edit View Search Terminal Help
adminer@adminer-virtual-machine:~/Desktop/NSGS perl analyze.pl VANET.tr

3l
: 24
: 795
: 775

: 0
Delivery Ratio 1 97.4842767295598
adminer@adminer-virtual-machine:~/Desktop/NSGS I

Hinh 3. 19. Két qua thu thap tir NS2 qua perl

« File .pl c6 nhiém vu doc va tong hop theo 1ap trinh cac thong sd thu
thap duoc trong tracefile cia NS2 nhu Data Sent, Data Receive, Router
Drop, Delivery Ratio,...

« St dung file delay.awk dé biét do tré trung binh ctia goi tin gui va

nhan.

analyze.pl 3 | |5 delay.awk ¥

14
15 #
16
17 #
18
19
20
21}
22
23 {
24
25
26
27
28
29
30 #
31
32 #
33
34 #
35
36 #

droppedPackets = 0;
receivedPackets = 0;

count = 0;

1f(54 == "AGT" && $1 == "s" && seqno < $6) {

seqno = %$6;

: else i1f(($4 == "AGT") && (51 == "r")) {
receivedPackets++;

} else if ($1 == "D" && $7 == "tcp" && $8 > 512){
droppedPackets++;

Hinh 3. 20. Mot doan code cua file awk
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. Két qua thu duoc:

@™ @ adminer@adminer-virtual-machine: ~/Desktop/NSG

File Edit View Search Terminal Help
adminer@adminer-virtual-machine:~/Desktop/NSGS awk -T delay.awk WVAMET.tr

GeneratedPackets 795
Packet Delivery Ratio
Average End-to-End Delay 449.159 ms

adminer@adminer-virtual-machine:~/Desktop/NSGS

Hinh 3. 21. Phén tich két qua tir NS2 qua awk

« D0 thi biéu dién sy bién thién cua throughput data nhan dir liéu(node s6 4):

e

xgraph

g X Graph
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Hinh 3. 22. Bién thién throughput data nhan

« Do thi biéu dién sy bién thién throughput clia xe giri tin:
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Hinh 3. 23. Bién thién throughput Data giri
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« St dung va thay doi gia tri thoi gian truyén goi tin, ta thu dugc két qua
phan tich, st dung Gnuplot dé hién thi:

Do tre goi tin theo thoi gian
4590
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Hinh 3. 24. D) tré goi tin theo thoi gian
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Hinh 3. 25. D6 tré goi tin theo toc do xe
« Két luan: Nhin d6 thi ta thiy dugc do tré géi tin, ty 1& phan phat goéi tin
dén dich va thong luong throughput giri va nhan phu thudc vao nhiéu
yéu t6 nhu tdc d6 xe di chuyén trén dudng, thoi gian phat goi tin, tuy

nhién su bién thién trén dugc coi la chap nhan duoc voi toc do xe di
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nhanh va dam bao duoc dir liéu duoc truyén di nhanh va chinh xac
nhit c6 thé.
3.3.4. Kich ban thir 4: mang khong day cho dir li¢u da phwong ti¢n

« Kich ban sau s& thuc hién mo phong va danh gia chat luong dich vu
truyén phat da phuong tién trong mang khong day cuc b6 WLAN v&i
chuan khong day 802.11e.

« Dé co thé chay duoc chuan da phuong tién ta phai tich hop giao thirc
chuin 802.11¢ vao trong NS-2, truy cdp file thu muc gbc chira tmng
dung NS-2 va thém mot vai théng s6 nhu sau:

o M¢ file Makefile.in trong thu muyc ./ns-2.35
- thém vao ddi twong INCLUDES:
= -I./mac/802 1lle

= thém vao OBJ CC:

* mac/802 lle/mac-802 lle.o mac/802 lle/prig.o
*mac/802 lle/d-tail.o mac/802 lle/mac-timers 802 11 e.o

- x0a trong d6i twong NS_TCL_LIB:
» tcl/lib/ns-mobilenode.tcl \

. thém vao NS_TCL LIB:
*» mac/802 1lle/ns-mobilenode EDCA.tcl \
*» mac/802 lle/priority.tcl \

o Thay dbi file ns-lib.tcl trong duong dan ./ns-2.35/tcl/lib/

= x0a dong sau tur source list:
* source ns-mobilenode.tcl
« sau do6 thém vao:
* source ../../mac/802 l1lle/ns-mobilenode EDCA.tcl
* source ../../mac/802 1lle/priority.tcl
o Thay dbi file ns-default.tcl trong dudng din ./ns-2.35/tcl/lib/

* Queue/DTail set drop front false
* Queue/DTail set summarystats false
* Queue/DTail set queue in bytes false

* Queue/DTail set mean pktsize 500
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Queue/DTail/PriQ set Prefer Routing Protocols 1
Queue/DTail/PriQ set Max Levels 4
Queue/DTail/PriQ set Levels 4

Mac/802 1lle set SlotTime 0.000020 ;# 20us
Mac/802 1le set SIFS 0.000010 ;# 10us

Mac/802 1lle set PreamblelLength
Mac/802 1lle set PLCPHeaderLength

Mac/802 1lle set PLCPDataRate  1.0e6

Mac/802 1le set RTSThreshold 3000

Mac/802 1lle set ShortRetryLimit
Mac/802 1lle set LongRetryLimit

4

7

id
id
144 ;# 144 bit
id
#

48 ;# 48 bits
;# 1Mbps
;# bytes

;#etransmittions

;# retransmissions

o Thay ddi file ns-mac.tcl trong duong dan ./ns-2.35/tcl/lan:

» if [TclObject is-class Mac/802 1le]

Mac/802 1lle set delay 64us
Mac/802 1le set ifs 1lé6us
Mac/802 1lle set slotTime 1l6us
Mac/802 1lle set cwmin 16
Mac/802 1lle set cwmax 1024
Mac/802 1lle set rtxLimit 16
Mac/802 1lle set bssId -1
Mac/802 1lle set sifs 8us
Mac/802 1le set pifs 12us
Mac/802 1le set difs 16us
Mac/802 1lle set rtxAckLimit 1
Mac/802 1lle set rtxRtsLimit 3
Mac/802 1lle set basicRate 1Mb ;
Mac/802 1lle set dataRate 1Mb ;

{

Mac/802 1lle set cfb 0 ;# disables CFB }

o Tai file wireless.phy.h trong dudng dan: ./ns-2.35/mac:

= d01 “enum ChannelStatus {IDLE, RECV, SEND};”

thanh “enum ChannelStatus {IDLE, RECVING, SENDING};”
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Noi dung kich ban viét bang ngon ngit Tcl trong NS-2:

# Define Node Configuration paramaters

set wval (chan)
set val (prop)
model

set val (netif)
set val (mac)
set val(ifqg)
set val{(ll)
set val (ant)
set val(ifglen)
set wval {nn)
set val(rp)
set wval (x)

set val(y)

set val(stop)
set val(stops)
set maxvi

set maxvo

set maxbe

set maxbk

Channel/WirelessChannel |;# channel type
Propagation/TwoRayGround; # radio-propagation

Phy/WirelessPhy :# network interface type

Mac/802 1le :# MAC type
Queue/DTail/PriQ :# interface queue type
LL ;# link layer type
Antenna/OmniAntenna :# antenna model
50 ;# max packet in ifqg

3 :# number of mobilenocdes

;# routing protocol

;# X dimension of the topography
:# Y dimension of the topography
50 ;#End simulation

50.1 :# End NS-2

1 +# Number of Voice flows

1 +# Number of Video flows

1 :# Number of BestEffort flows

1 ;# Number of Background flows

set dataRate “Mb
set BackoffDelay 20.0
set EstimationPeriocd 2.C

# Initialize trace file descriptions

# *** Throughput Trace ***
set fvi [open Voice.tr w]

set fvo [open Video.tr w]

set fbe [open BestEffort.tr w]
set fbk [open Background.tr w]

# *** Tnitialize Simulator ***
set ns [new Simulator]

¥ *** Initialize Trace file ***
set tracefd [open trace.tr w]

5ns use-newtrace

Sns_ trace-all $Stracefd

# *** Initialize Network Animator ***
set namtrace [open nam.nam w]
5ns namtrace-all-wireless Snamtrace Swval (x) Sval(y)

# *** set up topography object ***
set topo [new Topography]

00 500

Stopo load flatgrid 500
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# Create General Operations Director (GOD) object.
# It is used to store global information about the state of the
environment, network, or nodes that an
# omniscent observer would have, but that should not be made known to
any participant in the simulation.
create—god Swval (nn)
# configure nodes
$ns node-config -adhocRouting Sval{rp) \
-11Type Sval (11) \
-macType Sval (mac) \
-ifqType Sval(ifg) \
-ifgLen Sval (ifglen) \
—antType Sval (ant) \
-propType $val(prop) \
-phyType Sval({netif) \
—channelType Sval (chan) \
-topolInstance Stopo \
—agentTrace OFF \
—routerTrace OFF \
-macTrace ON \
-movementTrace OFF

# Create Nodes
for {set i 0} {51 < Sval{nn) } {iner i} {
set node (5i) [Sns node]
Snode (5i) random-motion 0; # disable random motion

}

# Initialize Node Coordinates
Snode (0) set X_ 5.0
Snode (0) set Y 5.0
Snode (0) set Z_ 0.0

Snode (1) set X 50.0
Snode (1) set Y 5.0
Snode (1) set Z2_ 0.0

Snode (2) set X_ 95.0
Snode (2) set Y 5.0
Snode (2) set Z_ 0.0

# Setup traffic flow between nodes
# Create Constant four Bit Rate Traffic sources
# Voice (VI) flows
for {set vi 0} {Svi < Smaxzvi } {incr vi} {
set agentvi(Svi) [new Agent/UDP]
Sagentvi ($vi) set pric 0O
set sinkvi(Svi) [new Agent/LossMonitor]
Sns_ attach-agent $node (0) Sagentvi(Svi)
$n3_ attach—-agent $node_(2) Ssinkvi (Svi)
Sagentvi(Svi) set fid Svi
$n3_ connect Sagentvi(Svi) Ssinkvi(Svi)
set appvi(5vi) [new Application/Traffic/CBR]
Sappvi(5vi) set packetSize 512
Sappvi(svi) set rate 2000Kb
Sappvi{Svi) attach-agent Sagentvi(Svi)
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# Video (VO) flows

for {set vo 0} {Svo < Smaxzvo } {iner vo} {
set agentvo(Svo) [new Agent/UDP]
Sagentvo($vo) set prio 1
set sinkvo(5vo) [new Agent/LossMonitor]
$n3_ attach—-agent $node_(0) Sagentvo (Svo)
$n3_ attach—-agent $node_(2) Ssinkvo(5vo)
Sagentvo(Svo) set fid [expr {Svo+Smaxvil]
$ns_ connect S$agentvo($vo) $sinkvo($vo)
set appvo(5vo) [new Application/Traffic/CBR]
Sappvo($veo) set packetSize 512
Sappvo (5vo) set rate Z000Kb
Sappvo(Svo) attach-agent Sagentvo(5vo)

}

# BestEffort (BE) flows

for {set be 0} {She < Smaxbe } {inecr be} {
set agentbe($be) [new Agent/UDP]
Sagentbe (Sbe) set prio 2
set sinkbe(5be) [new Agent/LossMonitor]
Sns attach-agent $node (0) Sagentbe ($be)
Sns attach-agent Snode (2) Ssinkbe(Sbhe)

Sagentbe (5be) set fid [expr {Sbhe+Smaxvo+Smaxvil]

Sns  connect $agentbe?$be) $sinkbe (She)
set appbe (Sbe) [new Application/Traffic/CBR]
Sappbe (Sbe) set packetSize 512

Sappbe (Sbe) set rate 2000Kb

Sappbe (5be) attach-agent Sagentbe (She)

if 0 {

# Background (BK) flows

for {set bk 0} {5bk < Smaxbk } {iner vi} {
set agentbk($bk) [new Agent/UDP]
Sagentbk (5bk) set prio 3
set sinkbk(S5bk) [new Agent/LossMonitor]
Sns attach-agent $node (0) Sagentbk($Sbk)
Sns_ attach-agent Snode (2) $sinkbk(5$bk)
Sagentbk ($bk) set fid sSbk+Sbe+Svo+svi
Sns_ connect Sagentbk(Sbk) S$sinkbk(Sbk)
set appbk(5bk) [new Application/Traffic/CBR]
Sappbk(Sbk) set packetSize 512
Sappbk(Sbk) set rate 2000Kb
Sappbk($bk) attach-agent Sagentbk (5bk)

# defines the node size in Network Animator
for {set i 0} {S1 < Sval(nn)} {incr i} {
Sns  initial node pos Snode (51i) 20

}

# Initialize Flags
set holdratevi 0
set holdratevo 0
set holdratebe 0

set throughputvi 0
set throughputvo 0
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N

set throughputbe 0

# Function To record Statistics (Bit Rate, Delay, Drop)
proc record {} {
global throughputvi throughputvo throughputbe
global fvi fvo fbe fbk
global holdratevi holdratevo holdratebe
global maxvi maxvo maxbe
global sinkvi sinkvo sinkbe

set ns [Simulator instance]
set time 0.9; # Set Sampling Time to 0.9 Sec
set now [Sns now]
# Calculate voice (VI) throughput
for {set vi 0} {Svi < Smaxvi } {incr vi} {
set thvi [Ssinkvi(Svi) set bytes 1
puts S$fvi "$now [expr
((S$thvi+S$Sholdratevi) *8) / (2*$time*1000000) 1"
set throughputvi [expr
{Sthroughputvi+ ((Sthvi+sSholdratevi)*8)/(2*Stime*1000000) }]
}

# Calculate video (VO) throughput
for {set vo 0} {Svo < Smaxvo } {incr vo} {
set thvo [Ssinkvo(Svo) set bytes ]
puts S$fvo "$now [expr
(($thvo+$Sholdratevo) *8) / (2*$time*1000000) 1"
set throughputvo [expr

}

# Calculate besteffort (BE) throughput
for {set be 0} {Sbe < Smaxbe } {incr be} {
set thbe [Ssinkbe(Sbe) set bytes 1]
puts Sfbe "$now [expr
((S$thbe+Sholdratebe) *8) / (2*$time*1000000) 1"
set throughputbe [expr
{Sthroughputbe+ ((Sthbe+sSholdratebe)*8) /(2*Stime*1000000) }]
}

# Reset Variables
for {set vi 0} {$vi < S$maxvi } {incr vi} {

Ssinkvi(Svi) set bytes 0
}

for {set vo 0} {Svo < S$maxvo } {incr vo} {
Ssinkvo(Svo) set bytes 0

for {set be 0} {Sbe < Smaxbe } {incr be} {
Ssinkbe (Sbe) set bytes 0

}

set holdratevi S$thvi
set holdratevo S$thvo
set holdratebe S$Sthbe

Sns at [expr Snow+Stime] "record"; # Schedule Record after Stime
interval sec

}
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# Start Recording at Time O
Sns_ at .0 "record"

# Start Voice (vi) flows
for {set vi U} {Svi < Smaxvi } {iner vi} {
$ns  at $vi "$appvi($vi) start"

}

# Start Video (vo) flows
for {set vo U} {Svo < Smaxvo } {iner vo} {
$ns_ at $vo "$appvo($vo) start"

}

# start BestEffort (be) flows

for {set be 0} {She < Smaxbe } {incr be} {
$ns_ at $be "$appbe ($be) start"

}

# Stop Simulation
sns_ at Sval(stop) "stop"

# Reset Nodes
for {set i 0} {5i < Sval(nn) } {iner i} {
Sns_ at Sval(stop) "$node_($i) reset";

}

# Exit Simulatoion at Time 80.01 sec
Sns at Sval(stops) "puts \"NS EXITING...\" ; $ns_ halt"

proc stop {} {
global throughputvi throughputvo throughputbe
global ns tracefd fvi fvo fbe fbk

# Close Trace Files
close S$fvo
close Sfvi
close S$fbe
close S$fbk

# Print flows traffic

puts "VI throughput: $throughputvi Kbps"
puts "VO throughput: $throughputvo Kbps"
puts "BE throughput: $throughputbe Kbps"

# Plot Recorded Statistics
exec /home/ns-allinone-2.35/xgraph-12.2/xgraph Voice.tr Video.tr
BestEffort.tr Background.tr -geometry 900x450 -t "Throughput" &

# Reset Trace File
sns  flush-trace
close Stracefd

exit 0O

}

#Ramdomize seed number
SdefaultRNG seed 0

puts "Starting Simulation..."
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Két qua chay kich ban m6 phong nhu ma ngudn & trén, do thi duoc biéu dién
bo1 phan mém veE do thi xgraph — duoc goi luoén trong doan code & trén ¢ doan
“exec /home/adminer/ns-allinone-2.35/xgraph-12.2/xgraph Voice.tr Video.tr

BestEffort.tr Background.tr -geometry 900x450 -t "Throughput"”.

@™ ® fhomefadminer/Dung/ns-allinone-2.35/xgraph-12.2/xgraph

Throughput
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Hinh 3. 26. Su bién thién thong luong theo thoi gian trong 802.11e

Pdnh gid: Tir két qua phan tich thu duoc cho thdy thong luong cua
Video va Voice luén duoc dam bao va déu nam trong khoang twong umg 13
0.3 Kbps va 1.1 Kbps tuy nhé nhiing luén 6n dinh, d6 thing giang luu lugng
theo thot gian 1a nhd, ddm bdo img dung. B§ uu tién khac nhau 10 rét voi tirng
loai thong luong, Voice ludn dugc uu ti€n cao nhat, sau do 1a chat luong hinh
anh Video va thong luong cua BestEffort(méi truong truyén tai) luén duoc

gi61 han dé tang cho cac phuong tién con lai ¢c6 do uvu tién cao hon.
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KET LUAN VA KIEN NGHI

Thong qua viée tim hiéu vé mang khong day dic biét 1a mang cuc bd
khong day WLAN va mo phong dugce ching qua NS2, hoc vién da cé duoc
cac kién thic co ban vé mang cuc b khong day, vé céac chuan, cu tric mang
va cac van dé vé bao mat cho mang Wifi. Viéc phat trién mang khong day
that sy dem lai hiéu qua véi sy thuan loi khi st dung céac thiét bi c6 tinh di
dong cao, va hon nita con c6 thé mod phong lai chung thuc té trén NS2 dé
kiém tra.

Luan van da hoan thanh cac ndi dung nghién ctru va di dat duge mot sd
két qua vé 1y thuyét va thuc nghiém nhu sau:

Vé Ly thuyét: Ba nghién ctru dugc 1y thuyét vé truyén thong da phuong
tién, nghién ctru va chat luong dich vu (Qo0S) trén mang khong dy, mot sb
phuong phap dam bao chat luong dich vu.

Vé thwe nghiém: Nghién ciru da phan tich va chon lua phuong phéap
danh gia chii quan dé danh gid chat luong trai nghiém trén mang khong
day.Tir d6 xac dinh dugce quan hé gitta cac tham sé QoS ciia mang khong day.
Cac gia tri nay dugc lam bo gia tri tham khao dé phuc vu viéc quan ly chat
lwong dich vu. Ludn van cling di khai quat chung vé dich vu mang khong day
nhu dic diém vé cu trac, cong nghé, dich vu va chat luong dich vu. Trén co
so cac dic diém cua dich vu mang khong day noi chung, tac gia da di sau
nghién ctru phan tich anh huéng cua cac tham $6 QoS dén chat luong dich vu
va dé xuat giai phap quan Iy chat lugng dich vu hiéu qua.

Viéc xay dung, thiét ké mot mang hét strc kho khan nhét 1a tinh thuc té.
Duya trén quy md thuc té cia hé thong mang can xay dung ciing nhu doi héi
vé tinh thuc t& ma chung ta thiét 1ap nhitng co s& va chinh khac nhau. Tuy
thudc vao 1a mang gia dinh, trudng hoc, diém truy cdp cong cong hay moi

truong doanh nghiép ma c6 nhimg phuong phap lap dit khac nhau.
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Mic du chi 14 trén 1y thuyét va trién khai trén mo hinh NS2 vé mang cuc
bo khong day, chwa di vao chi tiét nhung nd s& goép phan vao viéc lya chon
cac giai phap cho viéc xay dung va mo rong hé théng mang khong day.

Phan mé phong QoS di cho thiy sy can thiét cua cac giai phap QoS dé
dam bao chat lugng dich vu mang khong day. Giai phap QoS hiéu qua phai
duogc két hop nhidu co ché QoS phu hop dé dam bao chat luong dich vu.
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