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LOI NOI PAU

Ngay nay nhd c6 nhitng tién bd nhanh chong trong khoa hoc va cong
nghé sy phat trién cta nhitng mang bao gdm cac cam bién gia thanh ré, tiéu thu
it nang luong va da chirc nang da nhan duoc nhitng sy chi y dang ké. Hién nay
ngudi ta dang tap trung trién khai cdc mang cam bién dé 4p dung vao trong cudc
séng hang ngay. Do 1a cac linh vuc vé y té, quan su, moi trudng, giao thong...
Trong mot tuong lai khong xa, cac Gmg dung ctia mang cam bién s& trd thanh
mot phan khong thé thiéu trong cudc séng con ngudi néu chung ta phat huy
duogc hét cac diém manh ma khong phai mang nao ciing c¢6 duoc nhu mang cam
bién.

Tuy nhién mang cam tng dang phai d6i mat véi rat nhiéu thach thirc, mot
trong nhiing thach thirc 10n nhat d6 12 ngudn nang lugng bi gidi han kha nang xir
ly thap, gia thanh thap, giai thong bé, tin hiéu yéu va hoat dong dudi tan sb chia
sé. Hién nay rat nhiéu nha nghién ciru dang tap trung vao viéc cai thién kha ning
str dung hiéu qua ning luong ctia mang cam bién trong timg linh vue khac nhau.

Trong qué trinh tim hiéu va nghién ctru vé mang cam bién, em da luya
chon dé tai danh gia hiéu qua ning luong mot sé giao thire diéu khién xam nhap
moi trudng trong mang cam bién khong day lam do an t6t nghiép

D6 4n ndy gom 4 chuong:

Chuong I: Tong quan vé mang cam bién khong day.

Chuong II: Mot sb giao thitc MAC trong mang cam bién khong day.

Chuong III: Phan mém md phong mang OMNET-++.

Chuong IV: M6 phong va danh gid hiéu qua nang lugng cua CSMA,
SMAC, TMAC.
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LOI CAM ON

Pé ¢6 thé hoan thanh duoc dd an tdt nghiép nay, em da duogc hoc héi
nhig kién thirc qui bau tir cac thay, co gido ciia Truong Pai Hoc Dan Lap Hai
Phong trong subt bén nam dai hoc. Em vo cung biét on su day do, chi bao tan
tinh cua cac thay, cac co trong thoi gian hoc tap nay.

Em xin bay to 1ong biét on t6i thdy Nguyén Trong Thé - Khoa cong nghé thong
tin — Truong Pai Hoc Dan Lap Hai Phong da tan tinh chi bao va dinh hudng cho em
nghién ctru dé tai nay. Thiy d cho em nhimg 10i khuyén quan trong trong sudt qua
trinh hoan thanh d6 an. Cudi cling, em xin cam on gia dinh va ban bé ludn tao diéu kién
thuan loi, dong vién va gitp d& em trong sudt thoi gian hoc tip, cling nhur qua trinh
nghién ctru, hoan thanh d 4n nay.

Do han ché vé thoi gian thuc tap, tai liéu va trinh d6 ban than, bai d6 4n ctia em
khong thé tranh khoi nhitng thiéu sot, rat mong cc thay co gop ¥ va sira chita dé bai do

an tot nghiép cta em duoc hoan thién hon. Em xin chan thanh cam on!
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CHUONG I: TONG QUAN VE MANG CAM BIEN KHONG DAY
1. Pinh nghia:

Mang cam bién khong day (WSN) c6 thé hiéu don gian 1a mang lién két
cac node v6i nhau bang két ndi séng vo tuyén, trong d6 cac node mang thuong
1a cac thiét bi don gian, nhé gon, gia thanh thép... va ¢o $b luong 16n, dugc
phan bd mot cach khong c6 hé théng trén mot dién tich rong, s dung nguén
nang lugng han ché va c6 thé hoat dong trong moi trudng khic nghiét (chét doc,
6 nhiém, nhiét do cao...).

2. CAu trac cia WSN:

Node cam bién.
Mot node cam bién duge ciu tao bai 3 thanh phﬁn co ban sau: Vi diéu
khién,
Sensor, bd phét radio. Ngoai ra con c¢6 cac cong két ndi may tinh.
2.1.1 Vi diéu khién.
Bao gém: CPU; bd nhd ROM, RAM; bd phan chuyén ddi tin hiéu tuong
tu thanh tin hiéu s va nguoc lai.
2.1.2 Sensor.
Chirc ning: cam nhan thé gidi bén ngoai, sau d6 chuyén dir liéu qua bod
phan chuyén doi dé xu 1y.
2.1.3 Bo phat radio.
Node cam bién 1a thanh phan quan trong nhat trong WSN, do vy viéc
thiét ké cac node cam bién sao cho c6 thé tiét kiém duoc téi da ngudn ning
luong 14 van dé quan trong hang dau.

Mang cam nhan.
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Hinh 1.1 Phdn bé node cam bién trong truong hop cam bién.

Hinh 1.1 ching ta thdy, mang cdm nhéan bao gom rat nhi€u cac node cdm bién

dugc phan b trong mot truong cam bién. Cac node nay c6 kha ning thu thap di

lidu thuc té, sau d6 chon duong (theo phuong phap da budc nhay ) dé chuyén

nhitng dit liéu nay vé node gboc. Node goc lién lac vdi node quan Iy nhiém vu

thong qua Internet hodc v¢ tinh. Viéc thiét ké mang cam nhan nhu trong mo hinh

1.1 phy thudc vao nhiéu yéu td nhu:

Kha ning chiu 16i: Mot s6 cac node cam bién co kha nang
khéng hoat dong nita do thiéu nang luong, do nhimg hu hong
vat 1y hodc do anh huéng ctia méi trudng. Kha niang chiu 16i thé
hién & viéc mang van hoat dong binh thudng, duy tri nhiing
chtrc ning cta né ngay ca khi mot sé node mang khong hoat
dong.

Kha nang mé rong: Khi nghién ctru mdt hién tuong, $6 luong
cac node cam bién dugc trién khai c6 thé dén hang trim nghin
node, phu thudc vao timg tng dung ma con sb nay co thé vuot
qua hang trim nghin node. Do cdu tric mang c6 kha ning mo
rong dé phu hop véi timg tng dung cu thé.

Gia thanh san xuat: Vi mang cam nhan bao gdm mét sd luong

16n cac node cam bién nén chi phi moi node 1a rat quan trong
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trong viéc diéu chinh chi phi mang. Do vay chi phi & mdi node
cam bién phai giit & muc thap.

e Tich hop phan cing: Vi s6 lugng node cam bién trong mang 1a
nhiéu nén node cam bién can phai c6 cac ring budc phan clng
sau: Kich thudc nho, tiéu thu ning luong it, chi phi san xuat it,
thich hop v6i moi trudng, c6 kha nang tu cau hinh va hoat dong
khong cén giam sat.

e MOoi truong hoat dong: Cac node cam bién thudng kha day dic
va phan bd truc tiép trong mdi truong (ké ca mdi truong 6
nhiém, doc hai hay duéi nudc...). Node cam bién phai thich
{rmg v6i nhiéu loai méi truong va su thay d6i cia moi trudng.

e Céac phuongg tién truyén dan: O mang cam nhan, cac node dugc
két nbéi voi nhau trong méi truong khong day, moi trudng
truyén dan c6 thé 13 song vo tuyén, hong ngoai hoic nhiing
phuong tién quang hoc. Dé thiét 1ap dugc su hoat dong théng
nhat chung cho cdc mang nay thi cac phuong tién truyén dan
phai duoc chon phu hop trén toan thé gidi.

e Céu hinh mang cam nhan: Mang cam nhan bao gém mot sb
lugng 16n cac node cam bién, do d6 phai thiét 1ap mot cau hinh
6n dinh.

e Su tiéu thu ning luong: Mdi node cam bién dugc trang bi
nguon nang luong gidi han. Trong modt sé ung dung, viéc bod
sung nguon niang lugng 13 khong thé thyc hién duge. Vi vay
thoi gian song ctia mang phu thudc vao thoi gian séng cua node
cam bién, thoi gian séng ctia node cam bién lai phu thudc vao
thot gian séng ctua pin. Do vay, hién nay cac nha khoa hoc dang
nd lyc tim ra cac giai thuat va giao thirc thiét ké cho cac node
mang nham tiét kiém ngudn ning luong han ché nay.

e Kién trac giao thirc mang cam nhan:
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Hinh 1.2. Kién triic giao thirc mang cdm bién.

Kién tric giao thirc 4p dung cho mang cam nhén dugc trinh bay trong hinh
1.2. Kién triic ndy bao gém cac 16p va cac mit phang quan 1y. Cac mit phang
quan 1y ndy lam cho cac node c6 thé 1am viéc cung nhau theo cach c6 hiéu qua
nhat, dinh tuyén dit liéu trong mang cam nhén di dong va chia sé tai nguyén giira
cac node cam bién.

+L&p vat 1y: ¢6 nhiém vu lya chon tan sb, tao ra tan sd song
mang,phat hién tin hiéu, diéu ché va m3 hoa tin hiéu.

+ Lép lién két s6 liéu: C6 nhiém vu ghép cac ludng dit liéu, phat
hién cac khung dir liéu, cach truy cap dudng truyén va diéu khién 16i. Vi moi
truong c6 tap Am va cac node cam bién c6 thé di dong, giao thirc diéu khién truy
nhap moi truong (MAC) phai xét dén van dé cong suét va phai co kha ning tdi
uu hod viéc va cham véi thong tin quang ba cua cac node lan can.

+ Lép mang: Quan tam dén viéc chon duong s6 liéu duge cung cép
bai 10p truyén tai.

+ Lop truyén tai: gitip duy tri ludng sé lidu nétu ing dung mang
cam nhan yéu ciu. Lop truyén tai chi can thiét khi hé thdng c6 ké hoach duoc

truy cap thong qua mang Internet va cac mang bén ngoai khac.
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+ L&p ung dung: tuy theo nhiém vu cam bién, cac loai phdn mém
tmg dung khac nhau c6 thé dugc xdy dung va sir dung & 16p tng dung.

+ Mit phang quan 1y cong suat: Piéu khién viéc sir dung cong suét
ctia node cam bién. Vi du:

e Node cam bién c¢6 thé tit bo thu sau khi n6 nhan mot ban tin dé
tranh tao ra cc ban tin gidng nhau.

e Khi mirc cong suat ciia node cam bién thap, no s& phat quang ba
sang cac node cam bién bén canh thong bao rang mic ning
luong ctia né thap va nd khong thé tham gia vao qua trinh dinh
tuyén. Cong suat con lai duoc gianh cho nhiém vu cam bién.

+ Mt phang quan 1y di chuyén: C6 nhiém vu phat hién va dang ky su

chuyén dong cta cac node. Tir d6 c6 thé xac dinh xem ai 13 hang x6m

cuia minh.

+ Mit phang quan Iy nhiém vu: C6 nhiém vu cén bang va sap xép nhiém
vu cam bién giira cic node trong ving d6 déu thuc hién nhiém vy cam bién tai
cung mot thoi diém.

3. Ung dung cua WSN.

WSN bao gdém cac node cam bién nhd. Thich tmg dugc mdi trudng khic
nghiét. Nhitng node cam bién nay, cam nhan duoc mdi trudng xung quanh, sau
d6 gui nhitng thong tin thu duoc dén trung tim dé xtr 1y theo tng dung. Cac
node khong nhimg c6 thé lién lac v6i cac node xung quanh nd, ma con co thé xir
ly dir liéu thu duge trude khi gui dén cac node khac. WSN cung cép rat nhiéu
cac ung dung hiru ich ¢ nhiéu linh vuc trong cudc sdng.

e (Cac tng dung trong bao vé moi truong
+ Phat hién min, chat doc trong méi trudng.
+ Giam sat 1a lut, bao, gio, mua...
+ Phat hién 6 nhiém, chat thai.
+ Phat hién hoat dong nui Itra.

+ Phat hién donh dat.
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+ Gidm sat chay rung.
e Cic tmg dung trong y té.
+ Dinh vi theo doi1 bénh nhan.
+ Hé théng bao dong khan cap.
+ Cam bién gin truc tiép 1én co thé con nguoi.
+ phan tich ndng do cac chét.
+ Cham soc suc khoé.

+ HO trg cham s6c bénh nhan.

Motes attached to patients

collect vital signs (pulse ox, heart rate, etc.)
pivemeg Ambulance system makes

triage decisions, relays to EMTs

0

K

(Y

. PDAs carried by EMTs
O ))) \ - receive vital signs and enter
] | into field report

Correlate with patient records
at hospital

Hinh 1.3. Ung dung trong y té.
e (Cac ung dung trong gia dinh.
+ Hé thong giao tiép va diéu khién tir xa céc thiét bi.

+ Heé thdng canh béo an ninh...
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Service
Provider

Carrier Node or
Cabia Operator Node

_&"'\
02

Field Service

Hinh 1.4. Ung dung diéu khién trong gia dinh.
e He¢ thong giao thong thong minh
+ Giao tiép giita bién bao va phuong tién giao thong.
+ Heé thong diéu tiét luu luong cong cong.
+ Hé théng bao hiéu tai nan, ket xe...
+ Hé théng dinh vi phuong, tro gitp diéu khién tu dong phuong

tién giao thong.

(=] @ (] D O o D (&= (o (&
___— Sensors
O 3 O D (e

q Police
@ © P o @ © ©

Criminmal Sensors

D@ D (<> (=] () [l @

Sensors il
e o 2 gEceere ©

Police

o <{\’t>— - e >3 o © o

Location Tracking Center

jase |

Hinh 1.5. Ung dung dinh vi phwong tién giao théng.
e Ung dung trong quan su, an ninh
+ Pinh vi, theo do1 di chuyén clia cac thiét bi quan suy.
+ Piéu khién tu dong céc thiét bi quan sy, robot..
+ Kich hoat thiét bi, vii khi quan su.
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+ theo ddi bién gidi kéyt hop véi vé tinh.

Condition Based
| ' B |

Hinh 1.6. Ung dunh cam bién trong qudn su.
e Ung dung trong thuong mai

+ Quan ly kién trac va xay dung.

+ Quan 1y san xuat.

+ Hé thong xtr 1y vat liéu.

+ Quan ly tai trong ti€u thu dién nang.

+ Diéu khién nhiét do.

+ Hé théng tu dong.

+ Thu thap dir li¢u thoi gian thuc.

Service
Provider
- Databand <=

Gatevay ey Temperature
- = ‘ a2 Wl ﬁ Sensor
~. _Gateway -~ g -

/‘\ . - LT e . _.
| ’ &w"“wﬁ: & HVAC

Security

Carrier Node or Process Sensor

Cable Operator Node Field Service Control
and/or Mobg Worker

B85

Hinh 1.7. Cadc ung dung trong cong nghiép.
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4. Nhiing thach thirc cuia WSN.

Pé WSN thuyc su tré 1én rong khap trong cac tng dung, mot s thach thirc va

tré ngai can vuot qua:

Van dé vé ning luong.

Nang lyc xur ly, tinh toan.

B6 nhé luu triv

Thich (mg tt véi moi truong

Ngoai ra con ¢ mot sb thach thirc trd ngai thir yéu nhu: Van dé mo

rong mang, gid thanh cac node, quyén s¢ hitu...

5. Su khac nhau giita WSN va mang truyén théng

Dua vao trinh bay & trén, ta dé dang nhan thay sy khac nhau giita WSN va

cac mang truyén thong:

e S6 luong node cam bién trong mot mang cam nhan 16n hon
nhiéu 1an so voi node khac trong cac mang truyén théng.

e Cac node cam bién thuong dugc trién khai véi mat do day
hon.

e Nhiing node cam bién d& hong, ngimg hoat dong hon.

e Cau tric mang cam nhan thay d6i kha thuong xuyén.

e Mang cam nhan chu yéu sir dung truyén thong quang ba,
trong khi d6 da s6 cac mang truyén théng 1a diém — diém.

e Nhiing node cam bién c6 giéi han vé nang luong, kha ning
tinh toan, bo nho.

e Nhimg node cam bién c6 thé khong c6 sé dinh dang toan
cau(global identification) (ID).

e Truyén ning lugng hiéu qua qua cac phuong tién khong day.

e Chia sé nhi€ém vu gita cac node lang giéng.
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CHUONG II: MOT SO GIAO THUC MAC TRONG MANG

CAM BIEN KHONG DAY
l. Giao Thuc Mac

Mang cam bién khong day 1a loai mang dac biét voi s6 lugng 16n nat cam
bién dugc trang bi bo vi xir 1y, thanh phan cam bién va thanh phan quan 1y séng
vO tuyén. Cac nat cam bién cong tac voi nhau dé hoan thanh mot nhiém vu
chung. Trong nhiéu tmg dung, cac nut cam bién s& dugc trién khai phi cau tric
nhu mang ad hoc. Chiing phai tu t6 chirc dé hinh thanh mot mang khong day da
budc nhay. Thach thirc chung trong mang khong day 14 van dé xung dot do hai
nut giri dir liéu cung lac trén cing kénh truyén.

Giao thirc diéu khién truy nhap duong truyén (MAC) da dugc phat trién dé
gitip d& mdi nut quyét dinh khi ndo va lam sao dé truy nhap kénh. Van dé nay
cling duoc biét nhu sy dinh vi kénh hodc da truy nhap. Lop MAC duogc xem xét
binh thudng nhu mdt 16p con cua 16p lién két dir liéu trong giao thirc mang.
Nhiing giao thirc MAC da nghién ctru rong rai trén nhiing linh vyc truyén thong
ctia truyén thong tiéng noi va dir liéu khong day. Pa truy nhap phéan chia theo
thotl gian (Time Division multiple Access - TDMA), Da truy nhap phan chia
theo tan sd (Frequency Division Multiple Access - FDMA) va da truy nhap phan
chia theo ma (Code Division Multiple Access - CDMA) la nhiing giao thirc
MAC duoc str dung rong rii trong nhimg hé thong truyén thong té bao hién dai.

Y tudng co ban cia cac phuong phap trén truy nhap trén mot kénh dung
chung, két qua trong su phdi hop xac suit co diéu kién, khong can cap phat san
kénh truyén.

Xung ddt co thé xay ra trong thoi gian tha tuc canh tranh trong nhiing hé
théng nhu vay.

Mang cam bién khac v6i mang dit liéu khong day truyén thong trén mot
vai khia canh. Trudc hét, da s cac nut trong nhitng mang cam bién hoat dong
dira trén ngudn dién pin, va rat kho dé nap dién cho nhitng ngudn pin cta tit ca

cac nat. Thir hai, nhitng ntt thuong duoc trién khai trong mQt kiéu cach dic biét
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phi ciu trac; ching phai tu t6 chirc hinh thanh mot mang truyén thong. Ba 13,
nhiéu ung dung can phai st dung ) lugng 16n nhitng nat, va mat do nut s€ thay
d6i tai nhitng dia diém va thoi gian khac nhau, véi ca nhitng mang mat d6 thua
1an nhitng nGt véi nhiéu 1an can. Cudi cing, da sb cac luu thong trong mang
dugc thuc diy boi nhimg su kién cam tng, phan bd khong déu va rat co cum.
Tat ca nhitng dic trung nay cho thy nhimng giao thitc MAC truyén théng khong
thich hop cho nhimg mang cam bién khong day néu khong c6 nhitng sy cai bién.
1.Yéu cdu thiét ké giao thirc MAC cho mang cim bién khong day
Tranh xung dot

Tinh tranh xung dot (Collision Advoidance) 1a mdt yéu cau co ban cua
tat ca cac giao thire MAC, nd x4c dinh khi ndo mot nut co thé truy nhap dudng
truyén va thuc hién trao ddi dit liéu.

Hiéu quad nang lugng

Tinh hiéu nang (Energy Efficiency) 1a mdt trong nhitng thudc tinh quan
trong nhat nhiing giao thirc MAC mang cam bién. Nhu di dé cap o trén, da sd
cac nat cam bién hoat dong béng pin, rat kho dé thay ddi hodc nap dién lai cho
pin cta nhimg nat nay. Thyc té, nhiéu muc dich thiét ké ciia nhitng mang cam
bién duoc xdy dung bing nhitng nit d ré dé virt bé hon 1 nap lai. Trong tat ca
cac truong hop, viée kéo dai ca cudc doi ciia mdi nat 1a mot van dé then chét.
Du v6i nén tang phan cing nio, ning luong cho thu phat séng vo tuyén 1a ngudn
tiéu thu ning lugng chinh. Lép MAC tryc tiép diéu khién hoat dong thu phat
song voO tuyén, va su tiéu thu ning lugng cua nd nhu thé nao anh hudng dang ké
td1 ca cudc doi cua nut.
Kha ning thich irng va bién déi dwoc

Tinh bién doi dwoc va kha ndng thich g (Scalability and Adaptivity) 13
nhimg thudc tinh lién quan ciia mot giao thire MAC diéu tiét nhimg sy thay ddi
trong kich thudc mang, mat do va topo mang. Nhiéu nit c6 thé khong hoic
ngimg hoat dong trong thdi gian dai; vai nat méi c6 thé tham gia vé sau; mot vai

nut khac c6 thé di chuyén téi nhimng vi tri khac. Mot giao thirc MAC tét can phai
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diéu tiét nhimg su thay d6i nhu vay mét cach hop 1y. Tinh bién d6i dugc va kha
nang thich tng dé thay d6i trong kich thuéc, mat do va topo mang 1a nhiing
thudc tinh quan trong, bdi vi nhitng mang cam bién dugc trién khai phi cau tric
va thuong hoat dong trong nhitng moi trudng khéng chic chian.

Kha nang sur dung kénh

Va d6 fairness déi voi timg nat hodc timg ngudi dung tré nén it quan
trong hon.

Tom lai, cic van dé néu & trén 13 nhimg thudc tinh thé Sir sir dung kénh
(Channel utilization) phan chiéu toan bd bang thong cua kénh duoc dung trong
truyén thong ra sao, no cling duoc dé cap nhu su sir dung bang théng hodc dung
luong kénh truyén. D6 1a mot van dé quan trong ddi v6i hé thong dién thoai té
bao hodc mang cuc by khong ddy (WLANSs), khi bang thong 1a tai nguyén quy
gia nht trong nhitng hé théng nhu vy va cac nha cung cip dich vu déu muén
cang nhiéu ngudi dung cang tot. Mat khac, s6 nhitng nut hoat dong trong mang
cam bién cha yéu vé dugc xac dinh boi loai ing dung. Sy sir dung kénh thudng
12 mot muc tiéu tha nhi trong nhitng mang cam bién.

Dé tré

D¢ tré (Latency) dé 1a su tri hodn mot nat gui c6 mot goi tin dé gui cho
dén khi g61 tin duoc nhan thanh cong bdi nat nhan. Trong mang cam bién, su
quan trong ctia do tré phu thudc vao tng dung. Trong nhitng g dung nhu giam
sat hodc theo ddi, cac nat cam bién khong hoat dong phﬁn 16m thoi gian cho dén
khi mét su kién ndo d6 dugc phat hién. Nhitng ing dung ndy c6 thé thudng bod
qua sy tré thong diép bo sung nao do, boi vi tdc do mang nhanh hon tde do cua
mot dbi tuong vat 1y. Tbc dd cam bién ddi tuong dat mot ranh gidi trén vé tbe do
phan tmg ma mang phai dat dugc. Trong khoang thoi gian khong c6 su kién cam
ung, co rat it dit liéu trao doi trong mang. Su tré & mirc nhd hon mot gidy cho
mot khoi tao mot thong bao sau thoi ky nhan rdi thi khong quan trong bang su

tiét kiém nang luong va thoi gian hoat dong cta thiét bi. Nhung nguoc lai, sau
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khi cam bién xac dinh duoc sy kién, hoat dong véi do tré thép thanh quan muc
ti€u quan trong.
Thong lugng

Théng heong (Throughput) dé cap t6i sé luong cua dit liéu chuyén thanh
cong tir mot noi giri dén mot noi nhan trong mot khoang thoi gian cho trude.
Nhiéu nhén t6 anh hudng dén thong luong, bao gdm hiéu qua cua sy tranh xung
dot, su sir dung kénh, do tré, va xir Iy thong tin diéu khién. Giéng voi d6 tré, su
quan trong cua thong luong phu thudc vao loai rng dung. Nhitng img dung cam
bién ma yéu cau vong doi 1au thudng chap nhan do tré nhiéu hon va thong luong
thap hon.
Céng bang

Fairness thé hién kha niang nhimg ngudi dung, nhitng nit hoic nhimng tng
dung khac nhau cung nhau chia sé kénh truyén mot cach cong bang. N6 1a mot
thudc tinh quan trong trong mang tiéng noéi hodc nhimg mang dit liéu truyén
thong, mot khi mdi nguoi ding mong mubén moét co hdi nhu nhau dé gii hoic
nhan dir liéu cho nhitng tng dung cua chinh minh. Tuy nhién, trong nhitng mang
cam bién, tit ca cac nut hop tac cho mdt nhiém vu chung don 1¢. O tai thoi diém
dic biét, mot nut co thé co nhidu dit liéu hon dé gl so voi cac nat khac, nhu vay,
hon 13 dbi xtr v6i mdi nut cong bang, thanh cong duge do béi su thuc hién cua
tmg dyung, hién nhitng dic trung ctia mot giao thirc MAC. D6i voi mang cam bién
khong day, nhiing yéu td quan trong nhét 1a sy tranh xung dot c6 hi¢u qua, hi¢u

qua nang lugng, tinh bién do6i va thich ing dugc vdi mat do va so lugng ntt.

2. Cac nguyén nhan gay nén lang phi nang lwgng
Xung dot

Sw xung dgt (Collision) 1a nguyén nhan dau tién gay tiéu phi nang lugng.
Khi hai gbi duge truyén cing thoi diém s& xay ra xung dot, ching bi hong va phai
duogc loai bo. Yéu cau truyén lai goi tin sau d6 s& lam phét sinh sy tiéu hao ning

lwong. Do d6 tat ca cac giao thirc MAC cd gang tranh xung dot bang moi cach.
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Nghe khi roi

Nguyén nhan tht hai gdy tiéu hao ning luong 14 van dé nghe khi réi (1dle
Listening). N6 xay ra khi thanh phan song vo tuyén thuc hién “nghe” kénh xem
c6 dir liu khong dé nhan. Sy tiéu hao nay dic biét cao trong nhimg tmg dung
mang cam bién, noi khong c6 dit liéu trao do6i trong thoi gian khong co sy kién
duoc cam bién.

Nhiéu giao thitc MAC (nhu CSMA va CDMA) ludn ludn nghe kénh khi
hoat dong du khong c6 dir liéu dé guri. Chi phi chinh x4c ctia van dé nghe khi rdi
phu thudc vao phan ctmg va ché d6 hoat dong thanh phan song vo tuyén. Pa sb
cac mang cam bién duoc thiét ké dé hoat dong trong thoi gian dai va cac nut
cam bién ciling s& trong & trang thai nghe khi rdi mot thoi gian dai. Trong nhiing
truong hop nhu vy, nghe khi i 1a mot yéu t6 chinh trong van dé tiéu thy ning luong
cta thanh phan song vo tuyén.

Nghe thura

Nguyén nhan tht ba 1a van dé nghe thira (overhearing) xuét hién khi mot
nut nhan dugc nhitng goi tin ma dugc danh cho nhiing nat khac. Phai nghe thira
nhiing luu théng khong can thiét, khong gianh cho minh c6 thé 1a mot nhan t6
chinh gay tiéu hao nang luong khi luu luong, tai truyén ting va mat dé phan bd
nat cao.

Nguyén nhan cudi cung ma chung ta xem xét 1a su xu 1y goi tin diéu
khién. Su gui, nhan, va nghe nhiing goi tin diéu khién ciing tiéu thu nang luong.
Khi nhitng goéi diéu khién khong truc tiép chuyén chd dir liéu, chung ciing 1am
giam goodput.

Mot giao thirc MAC thiét ké cho mang cam bién phai dat dugc yéu cau tiét
kiém ning lugng béi viéc diéu khién thanh phan song v6 tuyén dé tranh hodc giam
bét tiéu phi ning luong do nhimg nguyén nhan trén. Viée tit thanh phan song vo
tuyén khi n6 chua duoc can dén 1a mot chién lugc quan trong cho viée tiét kiém
ning luong. Mot luge dd quan 1y ning lugng day du phai xem xét tit ca cac ngudn

Jam tiéu phi ning luong, khong phai 1 chi 13 thanh phan song vo tuyén.
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3. Cac giao thirc MAC trong mang cam nhan khong day
3.1 CSMA

Céc giao thic ma trong d6 cac tram lam viéc lang nghe duong truyén
trude khi dwa ra quyét dinh minh phai lam gi tuwong Gng véi trang thai duong
truyén d6 duoc goi 1a cac giao thirc ¢ “cam nhan” dudng truyén (carrier sense
protocol). Cach thirc hoat dong cia CSMA nhu sau: ling nghe kénh truyén, néu
thay kénh truyén rdi thi bat dau truyén khung, néu thiy duong truyén ban thi tri
hoan lai viéc goi khung.

Thé nhung tri hoan viéc goi khung cho dén khi nao?

Co ba giai phap:

- Theo d6i khong kién tri (Non-persistent CSMA): Néu dudng truyén ban,
doi trong mot khoang thoi gian ngau nhién roi tiép tuc nghe lai duong truyén.

- Theo ddi kién tri (persistent CSMA): Néu duong truyén ban, tiép tuc
nghe dén khi duong truyén rdi rdi thi truyén géi tin voi xac suat bang 1.

- Theo ddi kién tri voi xac suét p (P-persistent CSMA): Néu duong truyén
ban, tiép tuc nghe dén khi dudng truyén rdi rdi thi truyén géi tin voi xac suit
bang p.

D@ thiy rang giao thirc CSMA cho du 1a theo ddi dudng truyén kién tri
hay khong kién tri thi kha nang tranh xung dot van t6t hon 1a ALOHA. Tuy thé,
xung do6t van co6 thé xay ra trong CSMA.

Tinh huéng phat sinh nhu sau: khi mgt tram vira phat xong thi mot tram
khac ciing phat sinh yéu cau phat khung va bat dau nghe dudng truyén. Néu tin
hiéu cta tram thir nhit chua dén tram tha hai, tram th(r hai s& cho rﬁng duong
truyén dang ranh va bat dau phat khung. Nhu vay xung dot s& xay ra.

Hau qua cua xung dot 1a: khung bi mat va toan bo thoi gian tur lic xung
dot xay ra cho dén khi phét xong khung 13 lang phi.

Bay gid phat sinh van dé méi: cac tram c6 quan tAm theo ddi xem c6 xung

dot xay ra khong va khi xung dot xay ra thi cac tram s€ lam gi?
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CSMA/CD (CSMA véi co ché theo dbi xung dot) vé co ban 1a giéng nhu
CSMA: lang nghe trudc khi truyén. Tuy nhién CSMA/CD c6 hai cai tién quan

trong la: phat hién xung dot va lam lai sau xung dot.

Cac slot
tranh chap
Giai doan Giai doan
truyén tranh chap
Thoi gian ——»

Hink 2.1. CSMA/CD cé thé & mét trong ba trang thdi:
Tranh chdp, truyén, rinh

Phat hién xung dot: Tram vira truyén vira tiép tuc do xét duong truyén.
Ngay sau khi xung dot duoc phat hién thi tram ngung truyén, phat thém mét day
nhoi (ddy nhoi nay cé tac dung lam ting cudng thém su va cham tin hiéu, giup
cho tit ca cac tram khac trong mang théy dugc sy xung dot), va bat dau 1am lai
sau xung dot.

CSMA/CD, ciing giéng nhu cac giao thirc trong LAN khac, st dung mo
hinh quan niém nhu trong hinh sau:

Tai thoi diém to, mot tram da phat xong khung cta né. Bét ky tram nao
khac c6 khung can truyén bay gior ¢ thé ¢d truyén thir. Néu hai hoic nhiéu hon
cac tram 1am nhu vdy cting mot luc thi s& xay ra xung dot. Xung dot co thé dugc
phat hién bang cach theo doi nang lugng hay do rong cta xung ciia tin hiéu nhan

dugc va dem so sanh vo1 o rong cia xung vura truyén di.
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i B
| P T N S i Sl PP T e
5
I}N'up ...............
be > e
............... e
v
Thoi gian

Hinh 2.2. Théi gian cdn thiét dé truyén mét khung
Bay gio ta dat ra cAu hoi: Sau khi truyén xong khung (hét giai doan
truyén), tram s& bo ra thoi gian tdi da 1a bao 1au dé biét duoc 1a khung cta nd da

bi xung dot hodc nod di truyén thanh cong?

y < Khoang céach giifa A va B . B
i |
i A biit dau gdi khung .
I I
| e ”
15 B bt dau gdi khung i E‘:
?}:i'r:;: | — §
E B phat hién ra khung cia nd dung db vai khung cha tram khac i
i i
2 I"',;Jr'njr —£ ﬁ | \

A phét hién ra khung cda né dung d vdi khung ciia tram khac

Hinh 2.3. Phdt hién xung djt khi truyén tin
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— Khong gian —l
A
L)

-O
-O

B nd

«— Thoi gian

thoi gian phat
hién dung dd
va hay truyén

thay vi lang phi thoi gian dé& truyén
hét khung bi dung dd, hay bé viéc
truyén ngay sau khi dung dé xay ra

Hinh 2.4. Xuwr ly khung xung dot

Hinh 2.2 s& mo phong chi tiét vé thoi gian phat khung giita hai tram A va
B & hai ddu mut xa nhat trén dudng truyén tai.

Viéc huy bo truyén khung ngay khi phat hién c6 xung dot giup tiét kiém
thoi gian va bing thong, vi néu ¢l tiép tuc truyén khung di nita, khung d6 van
hur va van phai bi hay bo.

Lam Iai sau khi xung dét: Sau khi bi xung dét, tram s€ chay mot thuat
toan goi 14 back-off ding dé tinh toan lai lwong thoi gian né phai cho trude khi
i lai khung. Luong thoi gian ndy phai 1a ngiu nhién dé cac tram sau khi quay
lai khong bi xung dot véi nhau nira.

3.2. Sensor-MAC

S-MAC duogc gio1 thi€u bdi cac tdc gia: Wei Ye, Jonh Heidermann,
Deborah Estrin tai Ho1i nghi INFOCOM lan tha 21, ndm 2002. Pugc xay dung
trén nén tang cua cac giao thirc canh tranh nhu 802.11, S-Mac ¢b ging ké thira
su linh hoat, tinh kha bién cua giao thirc trén nén canh tranh trong khi céi tién
tinh hiéu qua str dung ning luong trong mang da budc nhay. S-MAC cb ging
giam bét tiéu thu ning luong tir tit ca cac ngudn duogc xac dinh 13 nguyén nhan

gay tiéu hao ning luong, d6 1a: nghe khi rdi (idle listening), xung dot (collision),
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nghe thira (overhearing) va xu 1y thong tin diéu khién (overhead). Dé dat dugc
muc dich nhu thiét ké, S-MAC duoc thiét ké gém ¢ ba van dé chinh: thuc hién
chu ky thtrc - ngu; trdnh xung dot va nghe thtra; xur ly thong diép.

Thuc hién chu ky thurc/ngu

Trong nhitng mg dung ctia mang cam bién, nt cam bién thudng & trang
thai nhan i trong phan 16n thoi gian néu khong xuat hién sy kién cam bién.
Thuc té toc do trao ddi dit lidu rat thép do vay khong can thiét dé cac nit cam
bién & trang théi thirc trong tat ca thoi gian. S-MAC duoc thiét ké dé giam bét
thoi gian thirc bang cach dé cho nat cam bién dinh ky chuyén sang trang thai
ngu. Vi du, trong chu ky mot gidy, nat cam bién ¢ trang thai ngti ntra gidy va &
trang thai nghe ¢ ntra gidy con lai thi chu trinh hoat dong giam bat toi 50%. Nhu
vay c6 thé tiét kiém duoc 50% ning luong.

a, Lwoc do co ban
M&i nat cam bién chuyén vao trang thai “ngi” trong mot khoang thoi gian, sau
d6 tinh day va nghe xem liéu c6 niit ndo muén “néi chuyén” véi né. Trong thoi
gian ngu, nit cam bién tit bo phan thu phat v6 tuyén va dat thoi gian dé quay vé
trang thai thtc.

Khoang thoi gian cho viée thic va ngu co thé duogc lua chon theo nhitng Ung

dung khac nhau.

| 1
i i
| 1
|SYNC|  Active | Sleep [sYNC|  Active Sleep

Hinh 2.5. Lwoc do S-MAC

Lugc dd trén yéu cau co dinh ky sy dong bo giita cac nut cam bién trong
vung tranh sai l¢ch thoi gian. TAt ca cac nat cam bién déu tu do 1ap lich cho
minh chu ky thic/ngt. Tuy nhién, dé giam bét phai xir 1y nhiing goi tin diéu
khién, tot hon 1a dé cho cac nat trong ving dong bd cung nhau. C6 nghia 1a
chung thirc cing lic va chuyén sang trang thai ngii cung lic. Nhung ciing can

cht y trong mot mang da budc nhay khong phai tt ca cic nut 1an cén co thé
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déng bd hoa cung nhau. Hai nit 1an cdn A va B co thé ¢ lich khac nhau vi

chung tién hanh dong bd v6i nhitg nat khac nhau, C va D (Hinh 2.6).

Hinh 2.6. Pong bé giita cic nit. Hai nit lin cén A, B c¢6 lich khdc nhau vi A
dong bé véi C, B dong b véi D

Céc nat cam bién trao d6i voi nhau thong tin lich 1am viéc cua chung bang
cach phat quang ba cho tit ca cic nat 1an can hién thoi. Diéu nay bao dam rang
tat ca cac nut trong ving van co thé nobi chuyén dugc véi nhau du ching cé lich
lam viéc khac nhau. Vi du trong Hinh 2.6, néu nit A mudn né6i chuyén véi nit
B, n6 chi can doi cho dén khi B ¢ trang théi thirc. Néu c6 nhiéu nut trong ving
1an can mudn noi chuyén v61 mot nut, thi chiung can tién hanh canh tranh chiém
duong truyén khi nt nhan & trang thai thic, str dung géi tin RTS (Request to
Send) va CTS (Clear to Send). Nat nao giri goi tin RTS ra trudc sé gianh quyén
truy nhap va nat nhan s& tra 10i v6i mot goi CTS. Sau d6 ching bat dau su
truyén dit liéu, lac nay chung khong tuan theo lich lam viéc trudc do cia ching
cho dén khi chung két thuc truyén dit lidu.

Mit trai ctia luge do 1a su gia ting do tré do duy tri chu ky nga (sleep) cta
mdi nat. Hon nita, d6 tré co thé tich lily qua mdi ching (hop), nén yéu cau giéi
han d9 tré ctia tmg dung tao ra gi6i han thoi gian ngl trong chu ky 1am viéc cia
cac nut cam bién.

b, Tién trinh lua chon va duy tri lich lam viéc

Trude khi mdi nat bat dau chu ky thirc/ngt, nod can phai chon mdt lich
biéu 1am viéc (khi nao thuc, khi ndo ngil) va trao d6i lich nay véi céc ndt 1an
can. Mdi nut duy tri mot bang luu giir tat ca cc thoi gian biéu cua cac nut lan
can ma no biét.

Rat hiém khi xay ra cac niit phai duy tri nhiéu thoi gian biéu. Cac nut sé
cd géng chon mot thoi gian biéu di ton tai trude khi tu chon cho minh mot thoi

gian biéu doc 1ap. Mat khac, xay ra truong hop cac nit 1an can that bai trong
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viéc kham pha, phat hién ra nhau tai thoi diém ban dau do xung dot khi quang
ba thoi gian biéu, thi chung van c6 thé tim thdy nhau trong chu ky ké tiép.

Mot tiy chon khac dé cho nhitng nat trén ving bién chip nhan duy nhét
mot thoi gian biéu 13 chp nhan cai dén trude tién. Khi nd biét thoi gian biéu
khac ma mot s6 nit 1an cin ctia nod theo, nd cd thé van con nodi chuyén . Tuy
nhién, v6i nhimg goi quang ba, nd can gt hai 1an voi hai thoi gian biéu khac
nhau. Uu diém cta phuong phap nay 1a cac nat nam trong ving bién sé& c6 cung
chu ky nghe ngti v&i nhitng ntit khac.

¢, Thuc hién déng bo

Lugc d6 thire/ngii yéu cau sy dong bo gitta nhitng nut trong ving 1an can.
Viéc cac nut trong vung lan can dinh ky cip nhat 1an nhau thoi gian biéu cia
chung 13 can thiét dé ngin ngira su sai l1éch thoi diém cua chu ky nghe/ngu.

Viéc cap nhat thoi gian biéu duoc thuc hién bang trao ddi goi tin dong bod
SYNC. Géi tin SYNC rét ngin, va bao gom dia chi ciia nut giri va thoi diém
chuyén sang trang thai ngt tiép theo ctia no.

Pé mdt nat nhan duoc ca nhirng goi déng bo 1an nhirng goi dir li¢u, ching
ta chia khoang thuc (active time) ciia né thanh hai phan. Phan dau tién dé nhan
nhimg goi tin ddng bd, phan hai dé nhan nhitng goéi RTS (Hinh 2.7). Mdi phan
duogc chia tiép thanh nhiéu khe thoi gian cho nhiing nat giri dé thuc hién cam
nhan séng mang. Vi du, néu mot nat giri mudn giri mot goi tin dong bo thi no
khoi dong cam nhan séng mang khi nat nhan bit dau nghe. N6 ngau nhién Iya
chon mot khe thoi gian dé két thiic cam nhan song mang. Néu né khong phat
hién ra bat ky sy truyén nao vao khoang cudi khe, thi né chiém duoc duong
truyén va bat dau gui goi tin dong bo cuia nd ¢ tai thoi diém ay. Viéc thuc hién
truyén g61 dir liéu cling dugc thuc hién tuong tu.

Hinh 2.7 ciing thé hién mdi quan hé dinh thoi ciia ba trudng hop cé thé
khi mot nut gui thyc hién truyén to1 mot nut nhan. CS 1a cam ung séng mang.
Trong lugc dd, Nut gui 1 chi giri mot goi tin dong bod SYNC. Nat giri 2 chi

mudn gui dir liéu. Nt giri 3 giri mot goi tin ddng bo va mot gbi tin RTS.
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M&i nat dinh ky quang ba nhitng goi tin déng bo tdi cac 1an can cia nd ké ca
khi n6 khdng c6 nit dong bo theo. Pidu nay cho phép mot niit méi gia nhap nhom
1an can d3 hinh thanh trudc d6. NGt méi thuc hién thi tuc dé chon mot thoi gian
biéu c6 san 1am thoi gian biéu cua nd. Quing thoi gian nghe du dai dé nd co kha
ning hoc va theo mot thoi gian biéu 6 san trude khi nd tu chon cho minh mot thoi

gian biéu doc 1ap.

Nut nhan Thac

for SYNC for RTS Ngu

Nut gut 1 SYNC

0
(98]
]
2
mQ
=
J

|
! cs H G dit liéu néu nhan dwoc CTS
|

Nut gir1. 3 SYNC RTS

i CS H Cs H G di liéu néu nhéan duoc CTS

-

Hinh 2.7. Quan hé dinh thoi giiia nut nhdn va cdc nut gui.

. Tranh xung dot va nghe thira

Tranh xung ddt 1a mot nhiém vy co ban cua giao thitc MAC. S-MAC su
dung mdt lugc dd tranh xung dot trén nén canh tranh. Khi mot nut phat di mot
gdbi tin, goi tin d6 duogc thu bdi tat ca cac nat 1an can cua né mic du chi mét
trong s chung 1a nit nhan, d6 chinh 13 nghe thira. Phai nghe thira 1am cho giao
thirc MAC trén nén canh tranh kém hiéu qua vé tiét kiém nang luong hon so véi

nhimg giao thitc TDMA, vay nén nd can phai tranh.
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a, Tranh xung dot

Khi nhiéu nat ¢6 nhu cau giri s6 lidu vao cing mot thdi diém, chung can
canh tranh dé quyét dinh mét nit dugce quyén gii (chiém duong truyén). Trong
sb nhitng giao thurc canh tranh, 802.11 thuc hién rat tot viéc tranh xung dot. S-
MAC st dung cac k¥ thuat nhu chuan 802.11, bao gébm cam nhin sdng mang vt
1y, cdm nhan song mang 4o 1an thuc hién trao ddi RTS/CTS.

C6 mdt truong do dai phat (duration field) trong mdi goi tin dugc truyén
di dé chi rang viéc truyén ndy s& duy tri trong thoi gian bao 1au. Nhu vay néu
mot nat nhan dugc mot goi tin danh cho nut khac, thi no biét viéc nd phai giir
yén lang bao lau. Nut ghi gia tri nay trong mot bién goi 1a vecto thdi gian chiém
giit mang (Network allocation Vector - NAV) va dat mot dong ho tinh gio cho
né. Vao moi thoi diém khi déng hd NAV hoat dong, nit cam bién tuan tu giam
gia tri cia NAV cho dén khi né vé gia tri 0. Khi mot nit c6 dir lidu dé giri, dau
tién no6 kiém tra dong hd NAV. Néu gia tri cia NAV khac 0, thi nat xac dinh
réng duong truyén ban va s€ khong thyc hi¢n phat dir licu. Ky thuat nay duoc
goi la cam nhan séng mang ao (Vitual Carrier Sense).

Cam nhan song mang vat ly duoc thuc hién ¢ tai 16p vat 1y bﬁng cach thuc
hién nghe kénh dé truyén. Thoi gian ngiu nhién cho viéc cam nhan séng mang
rat quan trong cho viéc tranh xung dot. Puong truyén chi duoc xac dinh 1a rdi
néu ca cam nhan séng mang vat 1y 1an cam nhén séng mang 4o déu xac dinh
duong truyén roi.

Tat ca cac nit giri thuc hién cam nhan séng mang trudc khi bat dau phat
dit liéu. Néu mot nat that bai trong vi¢c thim do duong truyén, thi no chuyén
sang trang thai ngii va thic gidc tai thoi diém nat nhan ¢ trang thai nghe va
dudng truyén rdi trd lai. Nhimg goi tin quang ba dugc giri ma khong sir dung k¥
thuat RTS/CTS. Nhimng goi tin Unicast s& theo tuan tu RTS/CTS/Data/ACK

gilra n0t giri va nat nhan.
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b, Tranh nghe thua

O chuan 802.11, mdi nit duy tri trang thai nghe cho viéc truyén téi tat ca
cac nat 1an can cua nd dé thuc hién c6 hiéu qua viéc cam nhan sé6ng mang 4o.
Két qua 1a mbi nat phai nghe thira nhiéu goéi khéng giri cho né. Day 1a mot trong
nhitng nguyén nhan chinh cho viéc tiéu phi nang luong khong can thiét, dic biét
khi mat d nut 16n va luu lugng mang tang.

S-MAC duoc thiét ké véi muc tiéu cd gang tranh nghe thira bang cach dé
cho nhitng nat ¢6 kha ning gy nhidu khong tham gia vao qua trinh truyén phat
dir liéu, chuyén sang trang thai nga sau khi chung nhan duoc mot goi RTS hoic
CTS. Khi nhiing g6i dit liéu ludn dai hon géi tin diéu khién, cach tiép céan la
ngdn can cac nut lan can nghe thtra nhitng géi dir liéu dai va st dung gobi tin

ACK theo sau. Phan tiép theo s& mo ta cach truyén c6 hiéu qua mot géi tin dai

két hop tranh nghe thira.
E C A B D F

Hinh 2.8. Thuc hién tranh nghe thira. Niit nao nén chuyén tdi trang thdi ngi.

Trong Hinh 2.8, nit A, B, C, D, E, Va F hinh thanh mt mang da budc
nhay ma timg nut chi c6 thé nghe thong tin truyén tir 1an c4n hién thoi cia nod.
Gia thiét nat A dang truyén mot goi dit liéu toi nat B. Cau hoi dit ra nhimg nut
nao phai chuyén sang trang thai ngu.

Xung d6t d& xay ra & nat nhan, nat D can phai nga vi sy truyén cta né
anh hudng to1 su tiép nhan tin hi¢u cua B. Ciing d& dé nhan ra nat E va nat F
khong phat sinh nhiéu, vi vay chiing khong can phai ngi. Nut C ¢6 nén di ngu
hay khong? C 1a cach hai budc t6i B, va su truyén cta né khong gay nhiéu toi su
tiép nhan cua B, nhu vy no tu do dugc phép truyén t6i 1an can cua no, vi du
nhu E. Tuy nhién, C khong thé nhan bat ky sy tra 10i ndo tir E, vi sy truyén cua
E xung d6t v6i sy truyén ctia A tai nat C. Nhu vay sy truyén cta C don gian 1a

mot sy tiéu phi nang lwong. Tom lai, tat ca lan can tic thoi ctia ca nat gui va nit
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nhén can phai chuyén trang thai ngi khi ching nghe thiy goéi RTS hodc CTS
cho dén khi su truyén hién thoi két thuc.

M&i ntit duy tri NAV dé chi bao hoat dong trong khu 1an can ctia nd. Khi
mot nit nhan mot goi danh cho té1 nhitng nut khac, né cap nhat NAV cuia no tai
truong duration trong dinh dang géi tin. Mot gia tri NAV 16n hon 0 chi bao rang
c6 mgt nut dang gui s6 liéu trong khu vuc 1an can ctia nd. Gia tri NAV giam dan
theo thoi gian. Nhu vdy mot nat cAn phai & trang thai nga dé tranh nghe thira khi
gia trt NAV cuta n6 khac 0.

Xue ly thong diép

Truyén dit liéu dai trong mot goi tin thi chi phi cho viéc truyén lai khi chi
c6 mot vai bit 16i trong 1an truyén dau tién 1a rt cao. Tuy nhién, néu chung ta
chia nho théng diép vao trong nhiéu gbi nhé doc 1ap, ching ta phai xt Iy qua
nhiéu goi tin diéu khién do vay do tré truyén sé ting.

S-MAC xtr 1y van dé trén bang cach chia nho thong diép dai thanh nhiéu
phan doan nho va truyén chung trong mot cum (burst) nhung chi st dung mot
6i tin RTS va mot goi tin CTS. Ching chiém dung duong truyén truyén tat ca
cac doan. Mdi 1an mot doan dir lidu duogc truyén, noi gui doi1 mot xac nhan ACK
tr noi nhan. Néu no khong nhan dugc ACK, n6 s€ mo rong thoi gian chiém
dung dudng truyén cho da mot phan doan nita, va truyén lai ngay phan doan di
liéu hién thoi.

Nhu da biét, tit ca cac goi tin déu co truong thoi gian, bay gio nd 1a thoi
gian can cho su phat tit ca cac phan doan dit liéu con lai va nhiig goi ACK.
Néu mot nat trong vung lan can nhan dugc mot goéi RTS hodac CTS, thi no s€
chuyén sang trang thai ngti trong khoang thoi gian truyén tat ca cac phan doan.

Muc dich cta viée st dung ACK sau mdi phan doan dir liéu nham ngan
ngura van dé nat an (hidden terminal). Co thé mot nat 1an can thirc day hodc mot
nat méi gia nhap ving 1an can trong qua trinh truyén. Néu nut chi 1a 1an can cia
nat nhan nhung khong phai nut giri, thi n6 s& khong nghe thiy cac phan doan di

liéu dang duoc phat tir ntt giri. Néu nat nhan khong giri ACK thudng xuyén, thi
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nat méi c6 thé gy nhidu vi cam nhin séng mang trong viéc thim do duong
truyén s& thong bao dudng truyén rdi. Néu né khoi dong tién trinh phét, thi qua
trinh truyén hién thoi sé bi hong & tai nit nhan.

M&di phéan doan dit liéu va goi tin ACK ciing c6 trudng thoi gian. Bang cich
nay, néu mot nat tinh day hoac mot nlit mai gia nhép trong qua trinh truyén, thi no
chuyén sang trang thai ngt bat ké né 13 1an can cia nit giri hay nit nhan. Vi duy, gia
s mot nut lan can nhan dugc mdt RTS cua nut giri hodc mot CTS tir nit nhan, nod
s& chuyén trang thai ngu trong toan bo thoi gian duoc cung cap trong thong diép.
Néu bén giri md rong thoi gian truyén do mat phan doan dir liéu hoic do 16i, vi nga
nén cac nit 1an can khong y thirc dugce sy md rong nay ngay 1ap tirc. Tuy nhién, cac
nut sé biét duoc diéu nay tir nhitng phan doan mé rong hodc nhimng goi tin ACK
khi n6 tinh day.

3.3.. Time out-MAC

Mic du thyc hién giam tiéu hao ning luong bang viéc giam thoi gian cho
nghe qua giai phap thuc hién chu trinh thitc/ngui ¢b dinh, nhung giai phap nay
ctia S-MAC chua dat hiéu qua toi wu. S-MAC c6 hai tham sé quan trong: d6 16n
ctua khung thoi gian (frame time) va do dai thoi gian thuc (active time). Do 16n
khung thoi gian bi gidi han boi yéu cau vé do tré cho phép va do 16n bo dém. Do
16n thoi gian thite phy thude chu yéu trén téc do phat sinh thong diép: nd phai du
16n dé nat cam bién co thé phat di tat ca cac thong diép cta no trong khoang thoi
gian thic. Trong khi yéu cau do tré va khong gian bo dém néi chung 1a ¢b dinh
thi tdc do phat sinh théng diép thudng thay doi. Pé dam bao tat ca cac thong
diép duoc phat nhu mong mudn, nat cam bién phai dugc cai dat mot thoi gian
thire sao cho c6 thé xtr 1y & muc thong lugng cao nhat. Nhung khi thong lugng
xudng thap thi thoi gian thirc s& khong duoc sir dung t6i wu va do d6 niang lugng
s& bi lang phi do van dé nghe khi rdi (idle listening).

Giao thirc diéu khién truy nhap T-MAC (Timeout-MAC) do hai tac gia
Tijs van Dam va Koen Langendoen, khoa Cong nghé thong tin va céc hé thong,

Truong dai hoc cong ngh¢ Delft, Ha Lan, gidi thiéu tai Ho1 nghi quéc té vé cac
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hé thdng mang cam bién nhung 1an tht nhit tai Los Angeles, My, nim 2003
(Sensys’03), 1a su cai tién S-MAC dé khic phuc nhugc diém trén. Y tudng maoi
ctia giao thirc T-MAC 1a giam bét thoi gian nghe khi rdi bang viée truyén tat ca
cac thong diép trong nhimg cum (burst) c6 do dai thay ddi tuy theo, va thuc hién
ngu gitra cac cum, xac dinh mdt cach mém déo do dai tbi wu thoi gian thuc theo
su thay d6i cua luu luong dudng truyeén.

Nhung van dé co ban

ema T LT L TLTTLITT

active time

T4 slegptime
—

we 1w ml

Hinh 2.9. Luoc do co bin T-MAC véi thoi gian thirc thay déi
Hinh 2.9 cho thay lugc dd co ban cua giao thitc T-MAC. Mdi nat dinh

ky tinh day lién lac cac nut 1an can, sau d6 ngi tiép cho dén khi khung tiép theo.
Trong luc do, nhitng thong di¢p mao1 duge dua vao hang doi. T-MAC cling st
dung k¥ thuat RTS, CTS, Data, ACK dé tranh xung dot va truyén s liéu tin cay.
Mot nut s& duoc dit & ché do nghe va san sang thuc hién truyén s6 liéu khi
n6 dang & trong trang thai thirc. Trang thai thic s& két thic khi khéng c6 mot sy
kién kich hoat (activation event) nao xuét hién mot khoang thoi gian TA. Mot su
kién kich hoat la:
+ Sy két thiic mot khung thoi gian theo dinh ky.
+ Sy tiép nhan bat ky dit liéu nao trén song vo tuyén.
+ Sy xuét hién sy kién cam bién duoc phat hién qua thanh ph?m vO tuyén.
+ Surkét thiic truyén dit liéu ctia mot nit ¢ s6 hitu gdi dit liu hodic sw bién nhan ACK;
+ thong tin vé su két thic trao doi dit liéu cta cac nut 1an can qua nhan
dugc cac goi RTS, CTS.
Thong s6 TA xac dinh thoi gian tbi thiéu cho viéc thirc chd nghe trén mot

khung tho1t gian.
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Luge dd timeout chuyén tat ca cac giao dich vao mot cum tai diém bit dau
cua khung. Khi d6 nhitng thong di¢p gitra cac thoi gian hoat dong phai duoc dua
vao bd dém. BJ 1on cia bd dém xac dinh can trén cua do 1on khung thoi gian
cuc dai.

Phén nhém va dong bo

DPdng bo khung thdi gian duoc thuc hién qua sy hinh thanh phan nhom 4o
nhu duge mé ta trong giao thire S-MAC. Khi mdt nat cam bién bét dau qua trinh
hoat dong ctia minh, no bat dau béng viéc doi va nghe. Néu né6 khong nghe théy
gi trong mot khoang thoi gian nhat dinh, thi n6 ty chon cho minh mét lich 1am
viéc va truyén mot goi tin ddng bd SYNC chira dung thdi gian khoi tao cua
khung tiép theo trong lich lam viéc. Néu nut cam bién trong thoi gian khoi dong
nghe thay mot goi tin dong bd tir nut khac, thi nd sé theo lich 1am viéc trong goi
tin ddng bd d6 va quang ba goi tin ddng b twong tmg ctia chinh minh.

Céc nit cam bién thuc hién phat lai ngay goi tin dong b ciia chung. Chiing
thuc hién nghe ddy du mot khung mot cach khong thudng xuyén, vi vay ching c6
thé phat hién ra sy ton tai ctia nhitng thoi gian biéu khac nhau. Piéu nay nay cho
phép cac niit méi hodc cac nut di dong co6 thé duogc chap nhan gia nhap nhom da
tdn tai trude do.

Néu mot ntit dd c6 mot thoi gian biéu nhung lai nghe dugc tir goi tin dong
bd mot thoi gian biéu khac (tir nat khéc), thi no chap nhan ca hai va thuc hién
phat mot goi tin ddng bo chira thoi gian biéu ciia minh dé cho cac niit khac biét
c6 su ton tai thoi gian biéu d6. Viéc chép nhan ca hai thoi gian biéu 1am viéc c6
nghia rang nit s& c6 nhing su kién kich hoat & tai thoi diém bit dau cua ca hai
khung.

Mudn truyén dir liéu, cdc nut cam bién phai khoi dong tai diém bat dau
khoang thoi gian thirc quy dinh trong lich biéu cua ching. Tai thoi diém do, ca
cac nut 1an can co cung thoi gian biéu, va cac 1an can ma di chip nhan thoi gian
biéu nhu su bd sung déu & trang thai thuec. Néu n6 thue hién ¢ diém bét dau cua

mot khung ctia nat 14n cén, thi ¢6 thé né phat trong khi 1an cin cta n6 van dang
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trong trang thai ngi. V4i luge dd nay 1am c6 thé thuc hién quang ba ma chi can
phat mot 1an duy nhat.

Luoc d6 déng bd dugc mo ta ¢ trén dugc goi la qua trinh phan nhém 4o,
thuc day cac nut hinh thanh nhém véi cung thoi gian biéu ma khong bit bude
thoi gian biéu nay ap dung téi tit ca cac nut trong mang. N6 cho phép thuc hién
quang ba c6 hiéu qua, va tranh su duy tri thong tin cac nuit 1an can.

Thuc hién gui RTS va chon TA trong T-MAC
T-MAC cén b6 sung mot s6 dic tinh so vi S-MAC dé thue hién sy diéu

chinh t6i wu thoi gian thire.
a, Khodng canh tranh cé dinh (Fixed contention interval)

Trong nhiing giao thirc trén nén canh tranh, nhu IEEE 802.11, cac nat doi
ngau nhién mot khoang thoi gian nhat dinh, goi 1a khoang thoi gian canh tranh,
sau khi phat hién c6 xung dot. Chi khi duong truyén rdi trong thoi gian ay chung
méi khai dong lai sy truyén. Thong thuong, mot luge d6 back-off dugce sir dung:
khoang thoi gian canh tranh ting thém khi luu luong dudng truyén ting. Luoc
d6 back-off giam bét xac suat xdy ra xung dot khi tai ting cao, trong khi tbi
thiéu d6 tré khi tai thap.

Trong giao thitc T-MAC, mdi nut truyén cac thong diép trong hang doi cta
né vao mot cum tai diém bat dau cua khung. Trong thoi gian truyén cum nay,
duong truyén 1a bio hoa: nhitng thong diép duoc truyén & toc do cuc dai. Moi
nut déu mudn gianh quyén truy nhip dudng truyén mdi khi né giri mot goi tin
RTS. Khoang canh tranh ngdy cang ting thi lai khong c6 ich khi tai phan 16n da
cao va khong thay d6i. Boi vay, su truyén RTS trong T-MAC bét dau bai viéc
doi va nghe mot khoang thoi gian ngau nhién trong pham vi mot khoang canh
tranh cd dinh. Khoang nay dugc diéu chinh phu hop vai tai cuc dai. Khoang thoi

gian canh tranh luén luén dugc st dung du khong co6 xung dot.
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Hinh 2.10. Luygc do trao déi div liéu co bin. Nit C nghe dwoc CTS tiv niit B va sé
khong lam phién giao tiép giita A va B. TA phdi dii dai dé C c6 thé nghe dwoc phin
diu CTS

b, Thuwr lgi phat lai RTS
Khi mét nit phat mot goi tin RTS, nhung khong nhan dugc trd lai mt CTS,
c6 thé mot trong ba trudng hop xay ra:
+ Nut nhan khong nghe dugc RTS vi xung dot, hoac
+ Nut nhan bi ngan can tra 161 vi nghe dugc RTS hoac CTS, hoac
+ Nut nhan dang ngu.

Khi nat gui khong nhan cau tra 10i trong khoang TA, nd c6 thé chuyén
sang trang thai ngu. Tuy nhién, diéu d6 c6 thé khong hop 1y trong nhitng trudng
hop 1 va 2: s& xay ra hién tuong nit mudn gui chuyén sang trang thai ngu trong
khi ntit nhan van thirc. Khi truong hop ndy xdy ra tham chi & ngay tai thong bao
dau tién cta khung, thong luong giam dang ké. Boi vdy, mot nat can phai cb
gang giri lai RTS néu né khong nhan duoc cau tra 10i. Néu khong co con su tra
10 sau khi thtr lai, nd can phai tir bo y dinh truyén va sang trang thai ng.

¢, Xac dinh khoang TA
Mot niit khong nén chuyén sang trang thai ngi trong khi cac nit 14n can cua
nd van con trao dbi sb 1iéu, mot khi nat 1an can d6 co thé 1a nat nhan caa mot
thong bao ké tiép. Khi bat ddu nhan dugc géi tin RTS hodc CTS ctia mdt nat 1an
can cling du thuc hién mdt tac vu kich hoat khoi tao khoang TA.
Khong nam trong vung lan can, nén mdt nut s€ khong nhan dugc thong di¢p

RTS tir mot niit ma khai tao truyén thong véi 1an can cua né. Khoang TA phai

Sinh vién:Tran Thi Hoai  Lép: CT1002 Nganh :Céng nghé thong tin 34



D an tt nghiép

du dai dé nhan it nhat bat dau cua goi CTS (Hinh 2.10). Sy quan sat nay cho
chung ta mot can dudi cuia do dai khoang TA:
TA>C+R+T
O day C la chiéu dai khoang canh tranh, R 1a d§ dai mot géi RTS, va T la
thoi gian turn-around (khoang thoi gian ngan gita két thiic cua goi RTS va su
bat dau cua gbi CTS). Chon thoi gian TA 16n s& 1am tang sy tiéu phi ning
luong.

Tranh nghe thira

Giao thirc S-MAC dua ra y tudng nut s€ sang trang thai ngu sau khi nghe
duge mot goi tin RTS hodc CTS danh cho cho nut khac. Khi d6 nat bi ngan can
viéc guri dir liéu trong thoi gian d6, nd khong thé tham gia bat ky truyén thong
nao va tot nhat 1a tit bo phan thu phat vo tuyén cta nd dé tiét kiém nang luong.

Tranh nghe thira 1a mot ty chon trong giao thic T-MAC dé giam ning
luong tiéu thy. Tuy nhién, ching s& lam xung dot do thong tin diéu khién
(overhead collision) cao hon: mét nat c6 thé khong nhan dugc géi tin RTS va
CTS trong khi ngt va 1am phién giao tiép nao d6 khi no tinh dy trd lai. Do vay,
luu luvong cuc dai gidm bdt. Mac dau viéc tranh nghe thira s€ tiét kiém dién nang
nhung n6 khong dugce st dung khi mudn dat bang thong cuc dai.

T ruyén thong bat doi XUNg

Do luu luong trén mang cam bién phan 16n 1a dang hudng, nhu dang
truyén théng tir nhidu nuat t6i niat gdc (Notes-to-Sink), nén T-MAC xuat hién
hién tuong lam giam thong luong cuc dai cia mang. Hién tugng nay dugc mé ta
nhu sau (Hinh 2.11): Cac nat tir A dén D hinh thanh mot t& bao véi cac 1an can
ctia nd. Cac thong diép di chuyén tir trén xudng dudi, nhu vay nut A chi phat toi

B, B chi phat téi C, va C chi phat té1 D.
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contend RTS CTS DATA AC K

I
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I
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i contend Y by i
C : = = =
[}
¥
! active : sleep
D : i RTS?
T4

Hinh 2.11. Hién twong ngu som. D di ngu truwdc khi C guwi mot RTS cho no

Khi ndt C muén phat di liéu t6i nat D, nd phai tién hanh canh tranh, thim
do duong truyén dé gianh quyén phat. Viéc tham do cé thé khong tién hanh
dugc vi trude d6 n6 nhan mot thong diép RTS tir nit B, hodc nghe duoc thong
diép CTS tu nat B tra o1 té1 nlt A.

Khi C khong tién hanh dugc viée thaim do duong truyén do nhan dugc théng
di¢p RTS tir nit B, no6 s€ trd 101 B mot thong diép CTS, D s€ nghe dugc thong di¢p
nay va dat lich chuyén sang trang thai thirc khi truyén thong giita C va B két thuc.
Tuy nhién, néu C khong tién hanh duoc 1a do nghe dugc thong diép CTS tir B tra
10i A (Hinh 2.11), n6 phai gitt im lang. O truong hop nay, do D khéng biét truyén
thong gifta A va B, khong nhan duoc thong di€p mudn truyén dir liéu tr C, nd s€
chuyén sang trang thai ngu khi thoi gian thirc theo lich két. Chi ¢ tai diém bat dau
cua khung tiép theo, nit C méi ¢ co hdi dé thuc hién tham do va tién hanh trao doi
dir liéu vo1 nut D.

Nhitng van dé quan sat duoc ¢ trén duoc goi 13 hién twong ngii sém (early
sleeping problem), tirc 13 mot nat chuyén sang trang thai ngt khi mot nat 1an cn
van thirc va muén trao doi dir liéu voi nd. Trong dang truyén thong tir nut dén
nat gdc, ngli sém lam giam thong lugng c6 thé cua T-MAC t6i it hon mot nira
thong luong cuc dai cua nhiing giao thirc truyén thdng, hoic so véi S-MAC. C6
hai giai phap dé khic phuc hién tugng trén.

Gui som RTS (Future request to send)
Y tudng ciia giai phap gui sém RTS 1a s& dé cho nut nhan tiém ning (nut

D) biét dugc c6 mot niit mudn gui dit liéu cho nd, nhung dang trong tinh trang
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phai gitr im ling dé khong lam anh hudéng dén giao tiép khac. Khi mot nat nghe
dugc mdt thong di¢p CTS danh cho cho nut khac, né ngay 1ap tirc giri mot goi
FRTS (nut C trong Hinh 2.12). Goi FRTS chira thong tin vé d dai cua khdi dit
lidu truyén thong ldy duoc trong thong diép CTS.

A 1 contend RTS CTS DS DATA ACK
¢ |

1

1

1
B I e “Th ~ T

I . ¥ '\ ¥

1 LY i’ LY ’

1 1 F b} ’
¢ 1 Y 4 n -

. contend DY Yy s

LOI

)

I
‘L | \; \/
D Vacrive active

: FRTS RTS

T4

Hinh 2.12. Thuc hién gwi som RTS. Gdi tin FRTS giir D thirc

Mot niit nhan duoc goi tin FRTS thi né biét rang trong khoang thoi gian t tiép
theo n6 s€ nhan dugc mdt thong di€p RTS, do vay phai 1ap lich thirc trude thot
gian ay. Thong tin thoi gian t dugc iy trong thong diép FRTS.

Pé thong diép FRTS (do C phat) khong gay nhiéu dit liéu trao doi (gilta A va
B) theo sau thong diép CTS, dit liéu phai duoc hoan lai khoang thoi gian truyén
FRTS. Bé khong mét kénh truyén, nat khoi tao RTS ban dau (NGt A) truyén mot
goi tin DS (Data-Send). Sau goi DS, n6 ngay lap tirc gtri dir liéu binh thuong.
FRTS c6 cung kich thudc vai DS, n6 s€ chi xung dot vai géi DS ma khong phai
v6i goi dir lidu. Goi DS bi mat, nhung khong c6 van dé gi vi né khong chira
dung thong tin.

Vi giai phap FRTS, do dai cua khodng thoi gian TA phai dugc tang thém
mot khoang bang do dai thong diép CTS. Viéc thuc hién giai phap gui sém RTS
s& 1am tang thong luong cuc dai trong truyén thong dang hudng. Tuy nhién, vi
c6 DS va FRTS, muc tiéu thu ning luong ciing ting thém. Ciing c6 thé sir dung
k¥ thuat FRTS trong cac dang truyén thong khac nhung chi khi mudn ting thong
lwgng mot cach chinh dang. Vi khi tai ¢ muc thap thi toc do trao doi dit lidu

ciing thap do phai gia ting xtr 1y thong tin diéu khién.
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Thiee hién wu tién giri khi b dém day (taking priority on full buffers)
Khi ndo bd dém truyén/dinh tuyén cia mot nat gan day, thi viéc gui sé hop ly
hon la tiép tuc nhan. Khi mot ntit nhan dugc RTS danh cho no, ngay 1ap tic nd gui
g61 RTS cua chinh minh cho nit khéc, thay vi viéc trd 161 vé1 mét CTS nhu binh
thuong.

1 contend /

I

]

]

]

]

;

1 '=-F.l N e e S
| i "\ !f\. ,11 'J'\ Jf't
: i !: Y
| / 7

I contend

;

I

1

1

1

1

1

1

1

T N W

\/ N /

RTSs CTS DATA

Hinh 2.13. Thuc hig¢n wu tién givi khi bé dém ddy

Giai phap nay c6 hai hiéu qua, trude hét khi ntt C khi tra 10i B bang thong
diép RTS khi by dém cua no déy, mot mat no tra 101 B réng n6 khong mubn
nhan, mit khac dong thoi no cling thong bao cho D 1a né mudn giri dir liéu. Nhu
vy x4c suat ma van dé ngti som xay ra s& thap hon. Hai 13, thuec hién wu tién giri
khi b6 dém ddy hinh thanh mot giéi han diéu khién ludng trong mang c6 loi cho
nhimg dang truyén thong tir nat toi nat gde. Trong Hinh 2.13, nat B bi ngin gui
cho dén khi nat C c6 du khong gian bo dém.
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Chwong 3 - PHAN MEM MO PHONG MANG OMNET++

3.1. OMNET++

3.1.1. Gidi thi¢u

OMNeT++ 1a viét tat ciia cum tir Objective Modular Network Testbed in
C++. OMNeT++ 1a mot tmg dung cung cap cho ngudi sir dung méi trudng dé
tién hanh mé phong hoat dong ctia mang. Muc dich chinh ctia mg dung 1a mé
phong hoat dong mang thong tin, tuy nhién do tinh phd cip va linh hoat cta nd,
OMNeT++ con duoc sir dung trong nhiéu linh vuc khac nhu mé phoéng cac hé
théng thong tin phirc tap, cac mang kiéu hang doi (queueing networks) hay céc
kién trac phan cung...

OMNeT++ cung cap sin cac thanh phan tuong tng véi cac mo hinh thuc
té. Cac thanh phan nay (con dugc goi 12 cac module) dugc 1ap trinh theo ngdn
ngit C++, sau d6 duoc tap hop lai thanh nhiing thanh phan hay nhiing mé hinh
16n hon béng mot ngén ngtt bac cao (NED). OMNeT++ hd tro giao dién dd hoa,
tuong tmg v4i cac md hinh cau tric ciia n6 dong thdi phan nhan méd phong
(simulation kernel) va cic module cia OMNeT++ ciing rat dé dang nhung vao
trong cac ing dung khac.

3.1.2. Cac thanh phan chinh cia OMNET++
« Thu vién phan nhan mo phong (simulation kernel)
* Trinh bién dich cho ngdén nglt m6 t4 hinh trang (topology description
language) - NED (nedc)
« Trinh bién tdp d6 hoa (graphical network editor) cho cac file NED
(GNED)
« Giao dién d6 hoa thuc hién mé phong, cac lién két bén trong cac file thuc

hién m6 phong (Tkenv)

Giao di¢n dong I¢nh thyc hi€én mo6 phong (Cmdenv)

Cong cu (giao dién do hoa) vé& d thi két qua vector & dau ra (Plove)

Cong cu (giao dién do hoa) mo ta két qua vo hudéng ¢ dau ra (Scalars)

Cong cu tai liéu hod cac mo hinh

Sinh vién:Tran Thi Hoai  Lép: CT1002 Nganh :Céng nghé thong tin 39



D an tt nghiép

* Cac tién ich khac

« Céc tai liéu hudng dan, cac vi du md phong...
3.1.3. Ung dung

OMNeT++ 1a mot cong cu mod phong cac hoat dong mang bang cac

module dugc thiét ké hudng d6i twong. OMNeT++ thuong dugc st dung trong
cac tng dung chu yéu nhu:

* MO0 hinh hoat dong ctia cac mang thong tin

* MO0 hinh giao thtic

« Mo hinh hoa cac mang kiéu hang doi

* M0 hinh hoa cac hé théng da bo vi xtr ly (multiprocesser) hoac cac hé
théng phan cing theo md hinh phan tan khac (distributed hardware systems)

« Panh gia kién trac phan cing

« Panh gia hiéu qua hoat dong ctia cac hé thong phtc tap...
3.2. M6 hinh trong OMNET++
3.2.1. Ciu triic phén cip ciia cac module

Mot mo hinh trong OMNeT++ chira cac module 16ng nhau c6 céu triic

phan cép, trao ddi thong tin véi nhau bang cach giri cdc message. Mdi mo hinh
nay thuong biéu dién cho mot hé théng mang. Module mtc cao nhit trong cau
tric phan cip dugc goi 1a module hé thong. Module nay c¢o thé chira cac module
con, cac module con ciing c¢6 thé chira cac module con cua riéng né. Po siu
phan cap ddi voi cac module 1a khong gidi han, diéu nay cho phép ngudi sir
dung c6 thé d& dang biéu dién mot cau tric logic ctia mot hé thdng trong thyc té
bang cdu truc phan cap cia OMNeT++. Cdu trac ctia md hinh c6 thé duoc mo ta

bang ngdn ngit NED ctia OMNeT++.
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module hé thong module don gian

/

module két hop /

Hinh 3.1. Cac module don gidn va két hop

Cac module c6 thé chira nhiéu module con va duoc goi la module két
hop. Cac module don gian 1a cac module c6 cip thap nhat trong cau trac phan
cap. Cac module don gian chira cac thuat toan ctia mo hinh. Nguoi st dung trién
khai cac module don gian bang ngon ngit C++, sir dung cac thu vién mo phong
cua OMNeT++.

3.2.2. Kiéu module

Tat ca cac module du 1a don gian hay phtrc tap déu 1a cac dbi tuong cu
thé cua cac kiéu module. Trong khi md td cdc md hinh, nguol st dung dinh
nghia ra cac kiéu module; cac dbi tuong cu thé cua cac kiéu module nay duoc su
dung nhu céc thanh phan cta cac kiéu module phire tap hon. Cudi cung, ngudi
st dung tao module h¢ théng nhu mot ddi tuong cu thé cua kiéu module da duoc
dinh nghia trudc do, tat ca cac module cua mang déu 1a module con (hodc la con
ctia module con) ctia module hé thong.

Khi mét kiéu module dugc sir dung nhu mot khoi dung san (building
block), s& khong thé phan biét d6 1a mdt module don gian hay phirc tap. Diéu
nay cho phép ngudi sir dung co thé tach cac module don gian ra thanh nhiéu
module don gian dugc nhing trong mot module két hop, va nguoc lai c6 thé tap
hop céc chirc ning cta mot module két hop trong mot module don gian ma
khong anh huong gi d&én cac kiéu module da duoc nguoi st dung dinh nghia.

Kiéu module c6 thé duoc luu trir trong mot file riéng r&. Piéu ndy cho
phép ngudi st dung c6 thé nhom cac kiéu module lai va tao ra mot thu vién

thanh phan.
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3.2.3. Message, cong, lién két

Céac module trao d6i thong tin bang viéc giri cic message. Trong thyc té,
message c¢6 dang khung (frame) hodc 1a cac goi tin (packet) dugc truyén di
trong mang. Cac message cO thé co cdu triic phiic tap tuy y. Cac module don
gian co thé guri cadc message di mot cach truc tiép dén vi tri nhan hoic gui di
theo mot dudng din dinh sin thong qua cac cong va cac lién két.

“Thoi gian mo phong dia phuong” (local simulation time) ciia mot
module tang lén khi module nhan dugc mot message. Message co thé dén tir mot
module khac hodc dén tir cing mot module (message ctia chinh ban than module
- self-message duoc dung dé thuc hién bo dinh thoi).

Cong (gate) 13 cac giao tiép vao ra ctia module. Message dugc guri di qua
cac cong ra va duoc nhan vao thong qua cac cong vao.

Mdi két ndi (connection) hay con goi 1a lién két (link) duoc tao bén trong
mot mirc don trong cdu trac phan cap cta cac module: bén trong mdt module két
hop, mot két ndi cé thé duogc tao ra gilta cic cong twong tmg cua hai module

con, hodc gitra cong cuia module con v41 cong cia module két hop.

module cha module cha
module con két néi véi nhau module con két néi vol module cha

Hinh 3.2. Cdc két noi
Tuong Ung voi ciu tric phan cap ciia mot mo hinh, cac message thudng
di chuyén qua mot loat cac két ndi voi diém bat dau va két thic 1a cac module
don gian. Tap cac két ndi di tir mot module don gian va dén mot module don
gian dugc goi 1a route. Cac module két hop hoat dong gidng nhu cac “cardboard
box” trong mé hinh, “trong sudt” trong viéc chuyén tiép cac message giita cac

thanh phan bén trong va thé giéi bén ngoai.
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3.2.4. M hinh truyén géi tin

Mot két ndi c6 thé co ba tham sé dic trung. Nhitng tham sé nay rat thuin
tién cho cic mo hinh md phong mang thong tin nhung khong hitu dung 1am cho
cac kiéu mo hinh khac. Ba tham s nay bao gém:

« Do tré dudng truyén (propagation delay) tinh bang gidy.
« Tisb 16i bit, duoc tinh bang sb 16i/bit.
« Tisb dit liéu, duoc tinh bang sb bit/s.

Cac tham s6 nay 1a tuy chon. Gia tri ctia cac tham sd nay 1a khac nhau trén
timg két ndi, phu thudc vao kiéu cua lién két (hay con goi 1a kiéu cua kénh
truyén - channel type).

Do tré duong truyén 1a tong thoi gian dén cta message bi tré di khi truyén

qua kénh.

Message gui di

truyén bj tré

Do tré dwomg truyén

Message nhan dugc

v ¥

Hinh 3.3. Truyén message
Ti s6 16i bit anh hudng dén qua trinh truyén message qua kénh. Ti s6 nay
1a x4c sudt cac bit bi truyén sai. Do d6 xac suit dé mot message do dai n bit
truyén di chinh xac la:
P(message gui di dugc nhan chinh xac) = (1 - BER)n

trong d6 BER 1a ti s6 15i bit va n 14 s6 bit clia message.
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Cac message truyén di déu co mét co 18, co nay sé duoc thiét lap khi viéc
truyén message c6 15i.

Ti s dit liéu dugc tinh theo don vi bit/s, va né duoc sir dung dé tinh thoi
gian dé truyén mot géi tin. Khi ti sd ndy duogc st dung, qua trinh giri message di
trong mo hinh s& tuwong (mg vai viée truyén bit dau tién va message duoc tinh 13
dén noi sau khi bén nhan d nhan dugc bit cudi cung.

3.2.5. Tham s

Cac module co thé cac tham s6.Cac tham sd nay co thé duoc dat gia tri
trong céc file NED hodc céc file cau hinh ompnetpp.ini.

Céac tham sb nay c6 thé duoc dung dé thay d6i cac thudc tinh cia cac
module don gian hodc dung dé biéu dién cho topology ctia mé hinh. Cac tham
s6 6 thé co kiéu 1a chudi, sb hoc, gia tri logic hodc cling ¢ thé chira cay dit lidu
XML (XML data tree). Cac bién kiéu sb trong cac biéu thirc c6 thé nhan gia trj
tir cac tham sd khac, goi ham, st dung cac bién ngﬁu nhién tir cac ngué)n phan
tan hodc nhan gia tri truc tiép dugc nhdp vao bdi nguoi st dung.

Céac tham sb c6 kiéu sd c6 thé dugce dung dé cau hinh topology rat dé
dang. Nam trong cac module két hop, cac tham s nay c6 thé dugce dung dé chi
ra s6 module con, s6 céng giao tiép va cach cac két ndi ndi bd duge tao ra.

3.3. Sir dung OMNET++
3.3.1. Xay dung va chay thir cic m6 hinh mo phéng

Mot m6 hinh OMNeT++ bao gdm nhiing phén sau:

« Ngbn ngit md ta topology - NED (file c6 phan md rong .ned): mo ta cau
tric ciia module véi cac tham sd, cac cong... Cac file .ned c6 thé duoc viét bang
bat ky bd soan thao hoic sir dung chwong trinh GNED c6 trong OMNeT++.

« Dinh nghia cau tric ciia cic message (cac file c6 phan mo rong .msg):
Nguoi stir dung c6 thé dinh nghia rat nhiéu kiéu messsage va thém cac truong dix
liéu cho ching. OMNeT++ s& dich nhimg dinh nghia niy sang cac 16p C++ day du.

« Mai ngudn cua cic module don gian. Pay 1a cac file C++ véi phan mé rong

la .h hoac .cc.
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Hé théng m6 phong cung cép cho ta cac thanh phan sau:

« Phan nhan mé phong. Phan nay chta code dé quan 1y qua trinh moé phong
va c4c thu vién 16p md phong. N6 dugce viét bang C++, duge bién dich va duoc
dit cung dang véi cac file thu vién (cac file c6 phan md rong 1 .a hoic .1ib).

* Giao di¢n nguoi st dung. Giao dién nay dugc st dung khi thuc hién qua
trinh mo phoéng, tao su d& dang cho qua trinh sira 11, biéu dién (demonstration)
hoic khi thuc hién mé phong theo timg khéi (batch execution of simulations).

C6 mét vai kiéu giao dién trong OMNeT++, tat ca déu duoc viét béng
C-++, dugc bién dich va dit ciing nhau trong cac thu vién (céc file c6 phan mo
rong 1a .a hodc .lib).

a, Thuee hién mé phéng va phdn tich két qud

Céac chuong trinh thyc hién mo6 phong (the simulation executable) la cac
chuong trinh ddc 1ap, tic 1a nd ¢ thé chay trén cac may khac khong cai dat
OMNeT++ hay cac file md hinh tuong tng. Khi chuong trinh khéi dong, no bat
dau doc file cdu hinh (thong thuong 13 file omnetpp.ini). File nay chira céc thiét
1ap dé diéu khién qua trinh mo phong thuc hién, cac bién cho cac tham sd cua
mo hinh... File cu hinh ciing c6 thé dugc sir dung dé diéu khién nhiéu qua trinh
mo phong, trong truong hop don gian nhat 1a cic qua trinh md phong nay s&
duogc thyc hién 1an lugt bai mot chuong trinh mod phong (simulation program).

Pau ra cua qua trinh md phong 1a céc file dir liéu. Cac file ndy co thé la
cac file vector, cac file vd hudng hodc cac file ciia nguoi st dung. OMNeT++
cung cap mét céng cu d6 hoa Plove dé xem va vé& ra ndi dung cia cac file
vector. Tuy nhién chiing ta ciing nén hiéu rang kho ma c6 thé xir Iy ddy du cac
file két qua ma chi dung riéng OMNeT++; céc file ndy déu 1a cac file c6 dinh
dang dé co thé doc duge bdi cac go1 xur 1y todn hoc cua cac chuong trinh nhu
Matlab hay Octave, hodc co thé duoc dua vao bang tinh ctia cac chuong trinh
nhu OpenOffice Calc, Gnumeric hay Microsoft Excel. Tét ca cac chuong trinh
nay déu c6 chic ning chuyén dung trong viéc phan tich sé hoa, v& biéu dién

(visualization) vuot qua kha nang cia OMNeT++. Cac file vo hudng ciing co6
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thé duoc biéu dién bé‘mg cong cu Scalar. N6 c6 thé v& duoc cac biéu do, cac do
thi dua vao tap hop cac toa do (x, y) va cé thé xuat dir liéu vao clipboard dé co
thé str dung trong cac chuong trinh khic nham dwa nhitng phan tich chi tiét hon.

b, Giao dién nguoi su dung

Muc dich chinh cta giao dién ngudi sir dung 13 che nhitng phan phtc tap
bén trong céu tric ciia cac md hinh dbi v6i nguoi st dung, d& dang diéu khién
qua trinh md phong, va cho phép ngudi sir dung ¢ kha ning thay d6i cac bién
hay cac ddi tuong bén trong ciia mo hinh. Diéu nay 1a rat quan trong dbi véi pha
phat trién va stra 161 trong du an. Giao dién dd hoa cling c6 thé dugc str dung dé
trinh dién hoat dong ctia mé hinh. Cing mot mé hinh ngudi str dung cé thé trén
nhiéu giao dién khac nhau ma khong can phai thay doi gi trong cac file md hinh.
Nguoi sit dung c6 thé kiém thir va sta 16i rat dé dang qua giao dién d6 hoa, cudi
cung ¢ thé chay n6 dua trén mot giao dién don gian va nhanh chong c6 hd trg
thuc hién theo khéi (batch execution).

c, Cac thu vién thanh phc?n

Céc kiéu module c6 thé duoc luu tai nhiing vi tri doc lap v6i chd ma
ching thuc su dugc sir dung. Pic diém nay cung cip cho ngudi st dung kha
nang nhom cac kiéu module lai v&i nhau va tao ra cac thu vién thanh phﬁn.

d, Cac chuong trinh mo phong déc lap

Cac chuong trinh thyc hién qua trinh mé phong c6 thé duoc luu nhiéu
lan, khong phu thudc vao cac md hinh, st dung cung mot thiét 1ap cho céc
module don gian. Nguoi sir dung c6 thé chi ra trong file cau hinh mé hinh nao s&
dugc chay. Piéu ndy tao kha ning cho nguoi stir dung c6 thé xay dung nhimg
chuong trinh thyc hién 16n bao gdm nhiéu qua trinh mé phong, va phan phdi nd
nhu mot cong cu mo phong doc 1ap. Kha nang linh hoat cia ngén nglr mo ta
topology ciing hd tro cho hudng tiép can nay.
3.3.2. Hé thong file

Sau khi cai dit OMNet++, thu muc omnetpp trén h¢ théng may cua ban

nén chira cac thu muc con dudi day.
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Hé thong mo phong:
omnetpp/  thu muc gdc cia OMNeT++
bin/ céc cong cu trong OMNeT++ (GNED, nedtool...)
include/ cac file header cho m6 hinh mo6 phéng
lib/ céac file thu vién
bitmaps/ cac biéu tuong dd hoa
doc/ céac file huong dan, readme...
manual/ file huéng din dang HTML
tictoc-tutorial/ gidi thiéu sir dung OMNeT++
api/ API tham chiéu dang HTML
nedxml-api/ API tham chiéu cho thu vién NEDXML
src/  mad ngudn cua tai lidu
st/ ma ngudn cia OMNeT++
nedc/ nedtool, trinh bién dich message
sim/ phan nhan mo phong
parsim/ cac file danh cho vi¢c thyc hién phan tan
netbuilder/ cac file danh cho viéc doc dong cac file NED
envir/ méi ngudn cho giao dién nguoi sir dung
cmdenv/ giao dién ngudi dung dong 1énh
tkenv/ giao di€n nguoi sir dung dua trén Tcl/tk
gned/ coOng cu soan thao file NED
plove/ cong cu vé& va phan tich dau ra dang vector
scalars/ cong cu v& va phan tich dau ra dang v6 hudng
nedxml/ thu vién NEDXML
utils/ cac tién ich khac...
test/ b kiém thir Iui
core/ bo kiém thir i cho thu vién mo phong
distrib/ b kiém thir lui

samples/ thu muc chita cac mo hinh mo phong mau
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aloha/ mo hinh cua giao thirc Aloha

cgn/ Closed Queue Network

Thu muc contrib chira cac chuong trinh c6 thé két hop véi OMNeT++

contrib/

octave/ script cia Octave dung dé xir 1y két qua

emacs/ bo danh du ct phap NED cho Emacs
3.4. Ngon ngir NED
3.4.1. Cac chi din import

Tir khoa import duge st dung dé thém cac khai bao trong cac file mo ta
khac. Sau khi d3 import, ngudi str dung c6 thé sir dung tat ca cac thanh phan da
duoc dinh nghia trong file mo ta do.

Chu y khi thém mot file mo ta, chi c6 cac thong tin khai bao dugc sir dung.
Ciing tuong tu nhu vay khi mot file dugc thém vao khong c6 nghia 1a n6 s€
duogc dich khi file chira né duoc dich. Nguoi st dung sé& phai dich tat ca cac file
chtr khong phai chi 1a file & mirc cao nhat.

C6 thé xac dinh mot file thém vao ma ¢ hodc khong viét phan mé rong.

Vi du:

import “ethenet”; //import ethernet.ned

Ciing c6 thé st dung duong dan trong khi str dung tir khoa import hodc t6t
hon 1a sir dung trinh bién dich cua NED v&i tham s6 -I dé dat tén cho thu muc
chtra céc file mudn import.

3.4.2. Khai bao cac kénh
Mot dinh nghia kénh duoc dung dé xac dinh kiéu két ndi. Tén cua kénh
c6 thé duoc st dung sau doé trong file dé tao cac lién két v4i cac tham sd khac.

Cu phap:

channel Tén kénh

...

endchannel
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Ba tham s6 c6 thé duoc gan gia trj trong phan than cua doan ma khai bao
kénh, tit ca cac tham sd nay déu 1a cac tuy chon: do tré, 16i va tbc d6 dir liéu
(datarate). P9 tré 14 thoi gian tré trén duong truyén duoc tinh bang giay. Loi 1a
tham sb dic trung cho x4c suit truyén sai mot bit trén duong truyén. Toc do dir
liéu 1a tham sb dugc tinh béng dd rong bang thong cua kénh truyén, duoc tinh
bang bit/s va dugc dung dé tinh thoi gian truyén cia mot goi tin. Cac thude tinh
c6 thé xuat hién theo bat ky thir tr ndo trong khai bao.

Gia trj ciia cac tham sd (thudc tinh) nén 13 cac hang sd.
Vi du:
channel LeasedLine
delay 0.0018 // sec
error 1e-8
datarate 128000 // bit/sec
endchannel
3.4.3. Khai bao cac module don gidn

Céac module don gian 1a cac khdi chuong trinh dugce xay dung sin cho
cac module khac (c6 thé 1a cac module két hop). Cac module dugc khai bao
bang tén va theo quy udc tén cia cac module ndy duoc dit tén bat dau bang chir
cai in hoa.

Cac module don gian dugc khai bao thong qua cac cong va cac tham so.

Cu phap:

simple SimpleModuleName
parameters:

/...

gates:

/...

endsimple
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3.4.3.1. Cac tham s ciia module don gidn
Céc tham s6 1a cac bién phu thudc vao timg mo hinh. Tham sb cia céc
module don gian dugc st dung bdi cac ham (hay con duogc goi 1a cac thuat toan
ctia module) khai bao trong chinh module. Theo quy uéc cac tham sb s& duoc
dit tén bat dau bang chit cai thudng.
Céc tham s6 dugc khai bao bang cach liét ké tén sau tir khod parameters.
Kiéu cta cac tham sb c6 thé 1a kiéu s (numeric), hang sé (numeric const hay
viét gon 1a const), gia tri logic (bool), kiéu chudi (string) hodc xml. Khi tham s
khong khai bao rd kiéu thi mic dinh kiéu cta tham s6 d6 13 numeric.
Vi du:
simple TrafficGen
parameters:
interarrival Time,
numOfMessages : const,
address : string;
gates: //...
endsimple
Céac tham s6 co thé duoc gan gia tri tir NED (khi cac module dugc sir
dung nhu cac khéi dung san ciia mot khdi két hop 16n hon) hoic tir file cau hinh
omnetpp.ini.
3.4.3.2. Cac cong ciia module don gian
Cong 13 cac diém két ndi ctia module. Piém bat dau va két thiic mot két
ndi gifta hai module chinh la cac céng. OMNeT++ hd trg kiéu két ndi mot chiéu
(don cong) do d6 co hai loai cong 13 céng vao va cong ra. Cac message duoc giri
di tir cong ra va duoc nhan vao tir cong vao. Theo quy udc, cac cong dugc dit
tén bit dau bang chir cai thuong.
Cong dugc khai bao bang cach khai bao tén sau tir khoa gates. Cap dau []
thé hién mot vector cong. Cac thanh phan cta mot vector cong duge danh s bit

dau tir 0.
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Vi du:

simple Networkinterface
parameters: //...

gates:

in: fromPort, fromHigherLayer;
out: toPort, toHigherLayer;
endsimple

simple RoutingUnit
parameters: //...

gates:

in: output[];

out: input[];

endsimple

Kich thudc cua mot vector céng 6 thé duoge xac dinh sau do d6 mdi ddi
tuong cu thé cia mot md hinh c6 thé ¢ cac vector céng co kich thudc khac
nhau.

3.4.4. Khai bao cac module két hop

Module két hop 1a cac module c6 thé chira mot hodc nhiéu cac module
con. Bat ky kiéu module nao (don gian hay két hop) déu c6 thé duge dung nhu
la mdt module con.

Ciing gidng nhu cac module don gian, cac module két hop ciing cé cac
cong, cac tham s va chung co thé duoc sir dung & bat ky chd nao ma cac
module don gian co thé dugc st dung.

Theo quy udc, tén cta cac module (bao gdm ca kiéu module két hop) déu
dugc bat dau bang chit hoa. Cac module con c6 thé sir dung cac tham sb cia
module cha. Cac module con nay c6 thé két ndi véi nhau hodc/va két nbi voi

module két hop chira chiing.
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Viéc khai bao cac module két hop ciing twong tu nhu khai bdo cac
module don gian. Phan khai béo ciing bao gdm cac tir khoa parameters va gates,
ngoai ra né con st dung thém hai tir khoa la submodules va connections.

Cu phép:
module Tén_module
parameters:
/...
gates:
/...
submodules:
/...
connections:
/...
endmodule
3.4.5. Khai bao mang

Pé thuc sy tao mot md hinh mod phong chay dugc thi ngudi sir dung phai
khai bdo mang. Viéc khai bao mang sé tao ra mot moé hinh moé phong nhu 1a méot
ddi tuong cu thé ctia mot kiéu module di dinh nghia trude do. Kiéu module &
day thuong 1a mot module két hop, tuy nhién ciing c6 thé tao ra mdt mang chi la
mot module don gian doc 1ap.

C6 thé khai bao nhiéu mang trong mdt hodc nhiéu file NED. Chuong
trinh mo phong sir dung cac file NED d6 s& co thé chay bat cr mdt mang nao.
Néu ban muén cu thé mot mang nao d6 dugc thuc hién ban cé thé chi rd trong
file cAu hinh (omnetpp.ini).

Cu phép khai bdo mang ciing tuong tu nhu khai bao cac module con:

network wirelessLAN: WirelessLAN
parameters:

numUsers=10,

httpTraffic=true,
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ftpTraffic=true,
distanceFromHub=truncnormal(100,60);
endnetwork
O day WirelessLAN 14 tén ciia mot kiéu module két hop da dinh nghia tir
trude, trong d6 c6 thé chia cac kiéu module két hop khac nhu WirelessHost,
WirelessHub... Mot cach tu nhién, chi cac kiéu module khong cé céng moi ¢co

thé duoc dung trong cac khai bao mang.
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Chwong 4 - MO PHONG VA PANH GIA HIEU QUA NANG LUQNG
CUA CSMA, S-MAC, T-MAC

4.1. Thiét 1ap mé hinh mé phéng

Céc giao thuc CSMA, S-MAC, T-MAC dugc md phong trén co sé hoat
dong ciia nt cam bién EYES.

Hinh 4.1. Nut cém bién EYES

Nat cam bién EYES duoc trang bi mot bd xur 1y Texas Instruments
MSP430F149 voi 2KB RAM va 60 KB bo nhé Flash; bo vi xt 1y 16 bit co thé
chay ¢ nhiéu xung nhip, cuc dai la SMHz. Nuat cam bién EYES truyén thong su
dung séng vo tuyén 115kbps (RFM TR1001, 868.35 MHz, hybrid transceiver),
trang bi vo1 mét b0 nhd 2Mb EEPROM (AST 25P20V6). Nut cam bién EYES
c¢6 nhiéu giao dién tuong tac véi thé gidi bén ngoai bao gdm JTAG, RS232, 2
LEDs, ... Nang luong cung cip cho nut cam bién 14 02 pin AA hiéu dién thé 3V
chiém hau hét thé tich ctia nut.

CPU
active (5 MHz) 2.1 mA
sleep 1.6 pA
Radio
transmit 10 mA
receive 4 mA
sleep 200 pA

Bang 4.1. Théng s6 tiéu thy dién ciia nit cam bién EYES

Dung luong va kha nang va tiéu thy dién cua nat EYES giéng vé6i nhiing
nat cam bién nguyén mau khac. Bo nhé RAM 2KB va ning lugng cung cap, 1a
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hai dang tai nguyén khan hiém. Do vay mot giao thirc MAC duoc thiét ké sao
cho viéc str dung nhiing tai nguyén do 1a it nhat c6 thé.

Pé minh hoa nhimg giao thirc diéu khién truy nhap MAC dugc gidi thiéu
& trén, thuc hién xdy dung mé hinh mé phong hoat dong thuc té cia nit cam
bién EYES trén cong cu md phong OMNET++. Cac giao thic MAC dugc cai
dit cho ntit EYES dé so sanh va danh gia gom: S-MAC, T-MAC va CSMA. So
di cai dat va mé phong ca CSMA bai vi & day xem xét dén truong hop t6i nhat
ctia giao thirc diéu khién truy nhap ddi voi mang cam bién khong ddy. Toi nhat
trén khia canh CSMA khong c6 déc tinh tiét kiém nang luong.

Pé mo phong tién hanh xdy dung mot ma tran cac nt cam bién gém 100
nat phan bé trong mot mang ludi déu nhau 10x10 nhu trén hinh 4.2. Trong ma
tran d6, chon cong suat phat séng ciia mdi nut sao cho néu nat ¢ trung tim ma
tran thi n6 chi cé 8 nut 1an can. Vi dy, trong hinh 4.2, nat 55 c6 cac lan can la:
44, 45, 46, 54, 56, 64, 65, 66.
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Hinh 4.2. Ma trdn 100 nit cam bién phdn bo déu nhau

Pdi véi nat cam bién EYES, muc tiéu thu dién do duge trong thuc té:
20pA trong khi ngli, 4mA trong khi nhan va 10mA trong khi truyén. Vi ngudn
dién cung cAp cho mdi niit cam bién hoat dong c6 hiéu dién thé khong do6i 1a 3V,
thoi gian md phong 1 xac dinh, do vay c6 thé d& dang tinh dugc ning luong tiéu
thu trung binh khi x4c dinh dugc dong di¢n tiéu thu trung binh. Dé thuan tién
trong tinh toan, trong mo6 phdong str dung dai luong dong dién tiéu thu trung binh
thay cho ndng lugng ti€u thu trung binh.
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Trong md phong, sir dung nit cam bién EYES c6 xung nhip 1a 32768
xung trong mot gidy, thuc hién mo6 phong giao thire S-MAC vé1 khung thoi gian
c6 do dai 1 gidy twong Gmg véi 32768 xung (tick), thoi gian tich cuc thay d6i
theo muc dich mé phong. Véi giao thirc T-MAC, str dung ¢ dinh do dai khung
la 610ms (20000 xung nhip), d§ dai khoang cach TA la 15ms (500 xung nhip).
Véi giao thuc T-MAC, st dung k¥ thuat tranh nghe thwra (overhearing
avoidance), ky thuat gui RTS som. Thoi gian thyc hién mo phong 1a 30 giay.

Trong md phong c6 mot thong sb quan trong dé theo ddi hiéu suat giao
thire d6 1a thong luong. O day thay doi thong luong thdng qua thay doi tham sb
mo phong khac 1a: tc d6 phat sinh goi tin ciia mdi nat cam bién.

4.2. Két qua md phong va danh gia

Tién hanh chay mo phéong vai giao thirce CSMA, qué trinh hoat dong cia

mang nhu sau:

Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=Csma

0.0000000 ( 0.00s) net.nodes[0].mac: mac1=0.000000 mac2=0.000000
mac3=0.000000 mac4=0.000000

0.0000000 ( 0.00s) net.scenario: msglen = 20

0.0000000 ( 0.00s) net.scenario: msginterval = 10.000000

0.0000000 ( 0.00s) net.prop: node 0 is at (0.000000,0.000000)

Running simulation...
0.2076919670 (207ms) net.nodes[7].idlel: generate
0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =0

30.557766 (30.55s) net.nodes[15].radio: stats: sleep=0.0000 tx=0.0105
rx=0.1389 tx_1b=0.0008 rx_1b=30.4075 collision=0.0000
30.557766 (30.55s) net.nodes[15].idlel: stats: tx=3 rx=3 delay=0.003749
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Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=Csma

0.0000000 ( 0.00s) net.nodes[0].mac: mac1=0.000000 mac2=0.000000
mac3=0.000000 mac4=0.000000

0.0000000 ( 0.00s) net.scenario: msglen =20

0.0000000 ( 0.00s) net.scenario: msginterval = 10.000000

0.0000000 ( 0.00s) net.prop: node 0 is at (0.000000,0.000000)

Running simulation...
0.2076919670 (207ms) net.nodes[7].idlel: generate
0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =0

Bdng 4.2. Tién trinh mé phong giao thitc CSMA

Sau khi chay file kd.pl, két qua mé phong trén dugc tong hop nhu sau:

time=30.557766 nodes=16 app tx=50 app rx=50 rt tx=50 rt_rx=50
rt_tx_drop=0 mac _tx=50 mac_rx=50 radio_sleep=0 radio_tx=0.1885
radio_rx=488.735 radio_collision=0 in_queue=0 mac_rx_data=0.1867
mac_rx_overhead=0 mac_rx_overhear=2.527 mac_tx_data=0.1867
mac_tx_overhead=0 own_sched=0 mac=Csma msglen=20 msginterval=10
mac1=0.000000 mac2=0.000000 mac3=0.000000 mac4=0.000000

time=30.557766 nodes=16 app_tx=50 app rx=50 rt tx=50 rt_rx=50
rt_tx_drop=0 mac_tx=50 mac_rx=50 radio_sleep=0 radio_tx=0.1885
radio_rx=488.735 radio_collision=0 in_queue=0 mac_rx_data=0.1867
mac_rx_overhead=0 mac_rx_overhear=2.527 mac_tx_data=0.1867
mac_tx_overhead=0 own_sched=0 mac=Csma msglen=20

Badng 4.3. Két qud mé phong giao thirc CSMA

Tién hanh chay mé phong véi giao thirc S-MAC, quéa trinh hoat dong cua
mang nhu sau:
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Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=SMac

0.0000000 ( 0.00s) net.nodes[0].mac: mac1=2000.000000
mac2=20000.000000 mac3=0.000000 mac4=0.000000
0.0000000 ( 0.00s) net.scenario: msglen =20

0.0000000 ( 0.00s) net.scenario: msginterval = 10.000000
0.0000000 ( 0.00s) net.prop: node 0O is at (0.000000,0.000000)

Running simulation...
0.2076919670 (207ms) net.nodes[7].idlel: generate
0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =0

30.200204 (30.20s) net.nodes[15].radio: stats: sleep=26.6760 tx=0.0233
rx=0.0946 tx_1b=0.0034 rx_1b=3.4029 collision=0.0000
30.200204 (30.20s) net.nodes[15].idlel: stats: tx=3 rx=3 delay=0.398374

Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=SMac

0.0000000 ( 0.00s) net.nodes[0].mac: mac1=2000.000000
mac2=20000.000000 mac3=0.000000 mac4=0.000000
0.0000000 ( 0.00s) net.scenario: msglen = 20

0.0000000 ( 0.00s) net.scenario: msginterval = 10.000000
0.0000000 ( 0.00s) net.prop: node 0O is at (0.000000,0.000000)

Running simulation...
0.2076919670 (207ms) net.nodes[7].idlel: generate
0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =0

30.200204 (30.20s) net.nodes[15].radio: stats: sleep=26.6760 tx=0.0233
rx=0.0946 tx_1b=0.0034 rx_1b=3.4029 collision=0.0000
30.200204 (30.20s) net.nodes[15].idlel: stats: tx=3 rx=3 delay=0.398374
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time=30.200204 nodes=16 app_tx=50 app_rx=50 rt_tx=50 rt_rx=50
rt_tx_drop=0 mac_tx=50 mac_rx=50 radio_sleep=426.8038
radio_tx=0.4508 radio_rx=55.9487 radio_collision=0 in_queue=0
mac_rx_data=0.1999 mac_rx_overhead=0.6686
mac_rx_overhear=0.9722 mac_tx_data=0.2 mac_tx_overhead=0.2426
own_sched=1 mac=SMac msglen=20 msginterval=10
mac1=2000.000000 mac2=20000.000000 mac3=0.000000
mac4=0.000000

Bang 4.4. Tién trinh mé phong giao thire S-MAC

Sau khi chay file kd.pl, két qua mo phong trén dugc tong hop nhu
Sau.

time=30.200204 nodes=16 app_tx=50 app_rx=50 rt_tx=50 rt_rx=50
rt_tx_drop=0 mac_tx=50 mac_rx=50 radio_sleep=426.8038
radio_tx=0.4508 radio_rx=55.9487 radio_collision=0 in_queue=0
mac_rx_data=0.1999 mac_rx_overhead=0.6686 mac_rx_overhear=0.9722
mac_tx_data=0.2 mac_tx_overhead=0.2426 own_sched=1 mac=SMac
msglen=20 msginterval=10 mac1=2000.000000 mac2=20000.000000
mac3=0.000000 mac4=0.000000

Bdng 4.5. Két qud mé phong giao thire S-MAC

Tién hanh chay md phong véi giao thizc T-MAC, qué trinh hoat dong cua
mang nhu sau:

Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=TMac
0.0000000 ( 0.00s) net.nodes[0].mac: mac1=500.000000
mac2=20000.000000 mac3=1.000000 mac4=0.000000
0.0000000 ( 0.00s) net.scenario: msglen =20

Running simulation...

0.2076919670 (207ms) net.nodes[7].idlel: generate

0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =
0
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Initializing...

0.0000000 ( 0.00s) net.nodes[0].mac: mac=TMac
0.0000000 ( 0.00s) net.nodes[0].mac: mac1=500.000000
mac2=20000.000000 mac3=1.000000 mac4=0.000000
0.0000000 ( 0.00s) net.scenario: msglen =20

Running simulation...
0.2076919670 (207ms) net.nodes[7].idlel: generate
0.2076919670 (207ms) net.nodes[7].appsel: Queuing new msg, pattern =0

30.260765 (30.26s) net.nodes[15].idlel: stats: tx=3 rx=3 delay=0.461452

Bdng 4.6. Tién trinh mé phong giao thire T-MAC
Sau khi chay file kd.pl, két qua md phong trén dugc tong hop nhu sau:

time=30.260765 nodes=16 app_tx=50 app_rx=50 rt_tx=50 rt_rx=50
rt_tx_drop=0 mac_tx=50 mac_rx=50 radio_sleep=450.4184
radio_tx=0.4578 radio_rx=33.2963 radio_collision=0.0039 in_queue=0
mac_rx_data=0.1999 mac_rx_overhead=0.6502
mac_rx_overhear=0.9694 mac_tx_data=0.2 mac_tx_overhead=0.2481
own_sched=1 mac=TMac msglen=20 msginterval=10 mac1=500.000000
mac2=20000.000000 mac3=1.000000 mac4=0.000000

time=30.260765 nodes=16 app_tx=50 app_rx=50 rt_tx=50 rt_rx=50
rt_tx_drop=0 mac_tx=50 mac_rx=50 radio_sleep=450.4184
radio_tx=0.4578 radio_rx=33.2963 radio_collision=0.0039 in_queue=0
mac_rx_data=0.1999 mac_rx_overhead=0.6502
mac_rx_overhear=0.9694 mac_tx_data=0.2 mac_tx_overhead=0.2481
own_sched=1 mac=TMac msglen=20 msginterval=10 mac1=500.000000
mac2=20000.000000 mac3=1.000000 mac4=0.000000
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Badng 4.7. Két qud mé phong giao thire T-MAC

Chay file nl2.pl dé phan tich va tong hop két qua md phong cé bang sau:

Téc d6 phat sinh gbi tin Dong di¢n ti€u thu trung binh (mA/node)
(message/s)
CSMA S-MAC | T-MAC- | T-MAC-
0a oa-frts
0,1 4,0023 0,4901 0,3031 0,3072
0,2 4,0047 0,4554 0,3462 0,3669
0,3 4,0069 0,4236 0,3801 0,4292
0,4 4,0091 0,3793 0,4126 0,4591
Bdng 4.8. Téng hop Két qua mé phong
KET QUA MO PHONG
4.5
g 4
E/ 3.5
= .
g
2 25 CSMA M
'5 —+ S-MAC
|:|_: 2 —=— T-MAC ||
E 1.5
5 1
2
8 0'59 e S — —— e S
% 1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

TOC DO PHAT SINH GOI TIN (message/s)

Hinh 4.3. Dong dién tiéu thu trung binh wng voi tung giao thirc

thay doi theo téc d phat sinh goi tin

Tir bang 4.8, tién hanh dung do thi méi quan hé giita toc do phat sinh goi tin

va dong dién tiéu thu trung binh ctia cac giao thirc, két qua cho d6 thi hinh 4.3.

Tir d6 thi cho thay: voi CSMA mire tiéu thu nang luong 13 rat cao va hau
nhu khong ddi, don gian vi CSMA khoéng c6 dic tinh hiéu nang. Véi S-MAC va

T-MAC muc tiéu thu nang luong kha nho.
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Péi véi T-MAC cho thay dong dién tiéu thy trung binh ciia T-MAC tuy
thap hon so v6i S-MAC nhung ting ti 1& thuan véi toc do phat sinh géi tin. Do
chinh 1a su khac bi¢t cua T-MAC so voi S-MAC, vi khong nhu S-MAC, trong
T-MAC cac nit cam bién van duy tri trang thai thirc khi 1an cn ciia no trao con
doi dir lidu.

Dbi véi S-MAC dong dién tiéu thu trung binh lai giam di khi ting tc do
phat sinh goi tin. Pidu ndy c6 thé giai thich: vdi S-MAC, cac nat cam bién s tat
thanh phan v6 tuyén chuyén sang trang thai ngii khi 1an cén cua n6 dang co su
trao d6i dit liéu. Trong md phong khi ta ting téc do phat sinh goi tin (cta toan
mang) sé luong va thoi cac cude trao d6i dir liéu giita cac nut sé ting. Do d6 sb
luong va thoi gian cac nut phai duy tri trang thai ngu s€ tang, dong dién ti€u thy
trung binh s& giam.

KET QUA MO PHONG - SO SANH T-MAC-oa VA T-MAC-oa-frts
0.46

0.44

0.42

0.4

0.38

0.36 /

7
0.34 A

0.32
—++ T-MAC-oa
. —+— T-MAC-oa-frts
0.3 ‘ ‘
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

TOC DO PHAT SINH GOI TIN (message/s)

\m

DONG DIEN TIEU THU TRUNG BINH (mA/node)
Ny
\

Hinh 4.4. So sanh T-MAC-o0a vdi T-MAC-oa-frts

Tuy nhién, do hién tugng nga som (early sleeping problem) nén thong
luong cuc dai cia T-MAC bi gi6i han. Trong mo phong, thuc hién gia ting toc
d6 phat sinh géi tin thi thiy ring sau mot thoi diém ting ti 16 thudn véi toc do
phat sinh géi tin, dong dién tiéu thu trung binh ctia mang giam va di dén “béo
hoa”. Pay 1a thoi diém khong géi tin nao dugce chuyén. Dé khic phuc hién tuong
thong luong cuc dai bi gidi han boi hién tuong ngu sdém, mdt trong nhitng giai
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phap cua T-MAC la st dung k¥ thuat gii sém RTS (Future Request to Send -
FRTS). Thuc hién md phong hoat dong ciia T-MAC st dung k¥ thuat FRTS.
Hinh 4.4 thé hién két qua md phong so sanh T-MAC c6 FRTS va T-MAC khéng
c6 FRTS. Tur @6 thi cho thay thong lwong cuc dai cua T-MAC c¢6 FRTS cao hon
so v&i T-MAC khong FRTS, tuy nhién dong di¢n ti€u thu trung binh cling vi d6
ma tang 1én tuong Ung.

Két qua mo phong cho thiy dugc muc d6 tiéu thu dong dién trung binh
ciia T-MAC 16 rang 1a thap hon kh4 nhiéu so véi S-MAC va tit nhién 1a thap
hon rat nhiéu so véi CSMA.

Nhuoc diém ctia T-MAC la thong lugng 16n nhat thap hon so véi S-MAC
do hién twong ngi sém. Tuy nhién, véi nhitng tng dung mang cam bién van dé
nay khong phai 1a van dé 1on.

Sinh vién:Tran Thi Hoai  Lép: CT1002 Nganh :Céng nghé thong tin 63



D an tt nghiép

KET LUAN

Ban luan vin da gidi thiéu tong quan vé mang cam bién khong day, nghién
ctru danh gia mot sé co ché diéu khién truy nhap maéi truong (MAC) dién hinh
nhu CSMA, S-MAC, T-MAC thong qua md phong bang bd phin mém
OMNET++,

Céc két qua mo phong cho thdy véi CSMA mtc tiéu thu nang luong 1a rat
cao va hau nhu khong d6i. Trong khi d6 véi giao thitc T-MAC va S-MAC mtic
ti€u thu nang lugng 1a kha nho.

Pbi v6i T-MAC dong dién tiéu thu trung binh tuy thip hon S-MAC nhung
tang ti 1¢ thuan véi toc do phat sinh géi tin. Tuy nhién, do hién tuong ngu sém
nén thong luong cuc dai cia T-MAC bi gioi1 han. Pé khic phuc hién tuong
thong lugng cuc dai bi gidi han bdoi hién tugng ngu sdm, mot trong nhitng giai
phéap ciia T-MAC la st dung k¥ thuat gii som RTS. Trong mo phong cho thay
thong luong cuc dai cia T-MAC c6 FRTS cao hon so véi T-MAC khong FRTS,
tuy nhién dong dién ti€u thu trung binh cling vi d6 ma tang Ién tuong ung.

Pbi vi S-MAC dong dién tiéu thy trung binh lai giam khi ting téc do phat
inh géi tin.

P an ciing da giodi thidu mot cach tong quan vé OMNET++, 1a mot phan

mém dung dé mo6 phong mang rat manh va hiéu qua
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