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T6i xin cam doan luan van 13 két qua cua riéng toi, dudi su huong dan caa TS
Trinh Anh V1, khéng sao chép cua ai. N6i dung luan van cé tham khao va st dung cac tai
lieu thdng tin dugc ding tai trén cac tac pham, tap chi va cac trang Web theo danh muc tai
liéu tham khao cua luan van.
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Nguyén Thi Tuyét Trinh



LOI CAM ON

T6i s& khdng thé hoan thanh luan van caa minh néu khdng c6 sy khich 1¢ ciing nhu
gitip d& tir cac thay co gido, gia dinh va ban be.

Dau tién, tdi mudn gt 161 cam on chan thanh t6i thay huéng dan cua t6i, Tién sy
Trinh Anh Vii — Bé mén Thong Tin V6 Tuyén — Khoa Cong Nghé - Trudng dai hoc Cong
Nghé, nguoi da tan tinh huéng dan tdi trong suét qua trinh thuc hién luan van nay.

T6i ciing mudn dic biét gui 161 cam on téi nhitng gido vién Trudng dai hoc Cong
Nghé di chi day t6i dé dat duoc két qua ngay hém nay.

Toi cam on ban bé minh, nhitng nguoi ludn ludn sian sang hd tro toi.

Va cudi cuing, tir day 1ong minh, ti rat cam on gia dinh t6i, chong t6i da ludn ludn
dong vién, hd tro t6i hoan thanh viéc hoc cia minh. Ho chinh 1a ngudn dong vién vé tan
trong cudc doi toi.
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Kién triic chwong trinh dam bdo yéu cdu chdt liweng dich vu trong mgng WiMAX

MO PAU

Cong nghé WiMAX 14 giai phap twong thich tong hop cung cap da dich vu cing
lac cho nhiéu nguoi dung ¢ khoang cach xa dong thoi cho phép cac nha khai thac dich vu
hoi tu ky thuat trén nén mang IP. Do d6 mic du hién nay cong nghé 3G dang phat trién
vé6i toe do dit liéu khong ngimg ting viée nghién ciru WiIMAX van ¢ tinh thoi sy, nd van
1a dich nham cho phat trién cong nghé thé hé sau (Long Term Evolution - LTE) va dac
biét no 1a giai phap kinh té khi trién khai internet cho nhitng viing xa, dia hinh khé khin &
d6 sé nguoi dung khéng da nhidu dé dau tu trién khai mang cép quang cho mang dudng
truc 3G.

WiMAX véi su hd trg dam bao QoS hoan toan dap tng nhitng dich vu chét luong
gdém c6 Internet tbc do cao, thoai qua IP, video ludng/choi game tryc tuyén ciing véi cac
ung dung cong thém cho doanh nghi¢p nhu hdi nghi video va gidm sat video, mang riéng
40 bao mat (yéu cau an ninh cao).

Théch thie dbi voi mang truy cap khong day bang thong rong BWA (Broadband
Wireless Access) nay l1a diéu phdi thé nao dé cung cip hd tro chat luong dich vu dong
thoi cho nhiéu dich vu véi nhitng dic trung khac nhau véi nhimg doi hoi vé QoS khac
nhau Nhitng nguoi ding truy cap ngau nhién vao mang véi nhirng yéu cau dich vu khéc
nhau va déu mong mudn duoc dap @ng, nhitng nha cung cdp mudn lam hai 1ong khac
hang nhung ciing muén dat doanh thu cao nhat qua cuc dai thong luong mang. Vi thé bai
toan kién truc chwong trinh hay 1ap lich cho ngudi dung véi nhieng yéu cau QoS
khac nhau 1a mét bai toan quan trong, véi muc tiéu dam bao chat luong dich vu QoS cho
ngudi ding dong thoi mang lai hiéu qua kinh té cho céc nha khai thac mang.

Luan van nay tap trung tim hiéu nhitng cach thirc, thuat toan dé giai quyét bai toan
lap lich néu & trén ma trong chuan IEEE.802.16 con c6 phan dé ngod cho cac nha phat
trién dich vu lya chon. Lap lich & ddy thé hién qua ba giai doan: giai quyét xung dot khi
nhiéu ngudi dung cung truy cap mang (k¥ thuat da truy cap), quyét dinh chap nhan cudc
goi ciia ngudi dung hay khong khi da nhan yéu cau cudc goi tir ngudi dung (diéu khién
tiép nhan), cAp phat tai nguyén cho ngudi dung khi di chip nhan cudc goi (cip phat tai
nguyén).
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Chuong 1 — Giéi thiéu chung vé md hinh WiMAX va chién lwoc phan bo tai
nguyén

1.1. Cau truc lép vat ly caa hé théng WiMAX
1.1.1.  Pdc diém.

Lop vat ly (PHY) caa Wimax dugc dya trén nhirng tiéu chuan IEEE 802.16-2004
va IEEE 802.16e-2005 va duoc thiét ké véi rat nhiéu anh huong tr Wi-Fi, dic biét 1a
chuan IEEE 802.11a. Mic du nhiéu khia canh cua hai céng nghé 1a khac nhau, nhung do
su khéc nhau mang tinh ké thira trong muc dich va ¢ng dung cta ching, mot vai cau tric
co ban cua ching rét gidng nhau. Gidng nhu Wi-Fi, Wimax dwoc dua trén nguyén 1y da
truy nhap phan chia theo tan sé truc giao (OFDM), n6 ¢6 cong nghé diéu ché/truy nhap
phu hop cho diéu kién trong tam nhin khdng thang (none line of sight) véi toc d6 dix liéu
cao. Tuy nhién, trong Wimax c6 nhiing thong sé khac nhau lién quan dén 16p vat 1y, nhu
s6 s6ng mang con, dan duong, bang bao vé, va do d6 né kha khac so véi Wi-Fi, tir khi hai
cdng nghé nay dugc ky vong dé thuc hién trong nhirng maéi truong khéac nhau.

o WirelessMAN OFDM, l6p vt ly dua trén FFT vai 256 diém cho hoat dong diém
da diém trong hoat dong khong theo tam nhin thang (NLOS) ¢ tan sb giita 2GHz
va 11GHZ. Lép vat Iy nay duoc théng qua trong chuan IEEE 802.16-2004, da
duoc chap thuan bai Wimax cho hoat dong ¢é dinh va né thuong goi tat 1a Wimax
co dinh.

e WirelessMAN OFDMA, lép vat [y OFDMA duya trén FFT véi 2,048 diém cho hoat
dong trong diéu kién NLOS & tan sé giita 2GHz va 11GHz. Trong chuan IEEE
802.16e-2005, I6p vat 1y da duoc stra doi thanh SOFDMA (scalable OFDMA), tai
d6 kich ¢& FFT c6 thé bién doi va co thé lay bat ky gia tri sau: 128, 512,1024 va
2048. Kich c¢& FFT c6 thé bién d6i nay c6 thé cho phép trién khai nhiing hoat dong
t6i thiéu ciia hé théng trén nhitng khoang bang thong rong va diéu kién vo tuyén
khac nhau. Lop vat 1y nay da duoc chap thuan boi Wimax cho hoat dong di dong
va nd thuong goi tat 1a Wimax di dong.

1.1.2. IFFT

Qua trinh diéu ché da song mang truc giao bing céch bién ddi Fourier nhanh
ngugc. Cac symbol dugc diéu ché vao cac song mang khac nhau. WMAN-OFDM dinh
nghia kich thuéc cua FFT 1a 256 vai 192 séng mang dit liéu, 8 song mang dan duong va
55 séng mang bao vé (séng mang trung tim khong dugc dung). Con WMAN-OFDMA thi
kich ¢& FFT c6 thé bién doi va co thé lay bat ky gia tri sau: 128, 512,1024 va 2048.
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Bang 1.1 : Cac thong s ciia phép bién d6i FFT (PUSC DL)

256 128 512 1024 2048

S6 kénh con N/A 3 15 30 60
S6 s6ng mang con dit liéu sardyng 192 72 360 720 1440
S6 s6ng mang con dan dudng 8 12 60 120 240
S6 sdng mang con bao vé bén trai 28 22 46 92 184
S6 song mang con bao vé bén phai 27 21 45 91 183

CAc tin hiéu sau diéu ché OFDM tao thanh c4c symbol OFDM co ban. Chung dugc
biét doi sb/tuong tu rdi qua bo diéu ché cao tan dé dua ra ang ten.

1.1.3.  Cdu trtc symbol OFDM

Trong mot hé théng OFDM, chudi symbol vai tée do dir lidu cao duoc tach thanh
nhiéu chudi song song véi toc do dix lieu thip hon, mdi chudi d6 dugc st dung dé diéu
ché céc tin hiéu s truc giao hay cic song mang con. Bing thong tin hiéu co ban duoc
truyén dan la toan bd bang thong tin hiéu trong tat ca nhitng sdng mang con.

Diéu ché ghép kénh tan sé truc giao doc lap véi lop symbol dai tan hep 1a dé ciu
trdc toan b tin hiéu OFDM trong mién tan sé va sau dé st dung bién d6i Fourier ngugc
dé bién doi tin hieu trong mién thoi gian. Phuong phap IFFT dé dang trién khai hon, né
khong yéu cau nhiéu bo hién thi dé truyén va nhan tin hiéu OFDM. Trong mién tan so,
modi symbol OFDM duoc tao ra bai viéc anh xa cac chudi symbol trén cac séng mang
con. Wimax c6 3 16p séng mang con [5]

e SoOng mang con diz ligu: duoc su dung cho viéc mang cac symbol dir liéu.

e S6ng mang con ddn dwong: dugc sir dung cho viéc mang cac symbol dan duong
(pilot). Cac symbol din dudng duoc biét dén nhu mot su vu tién va co thé duogc st
dung cho danh gia kénh va do kénh.

e S6Nng mang con réng: khdng c6 cong suat duoc cap dén chiing, bao gom cac song
mang con mét chiéu DC va cac song mang con bao vé (guard). Cac séng mang con
DC khéng duoc diéu ché, dé dé phong bat ky su tac dong don dap hay cong suat
vuot qua gisi han ¢ bo khuyéch dai.
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Hinh 1.1 miéu ta cau tric cua symbol OFDM trén mién tan sé chuan IEEE
802.16e-2005, bao gdom céac séng mang con dit liéu, séng mang con dan dudng va song
mang con rdng. Cong suat trong cac song mang con dan dudng duogc ting 1én 2.5dB, cho
phép do kénh tin cay tham chi ¢ diéu kién SNR thap.

Pilot Subcarrisrs Diata Subcarriers

<—AAAA A AbAL

‘\ | f

Guard Subcarrisrs DC Subcarriars Guard Subcarriers

Hinh 1. 1 Céu triic symbol trong mién tan so

CAu tric theo mién thoi gian cua symbol ¢6 dang sau:

Th
Ts

Hinh 1. 2 Cau triic symbol trong mién thoi gian

Symbol c6 d6 dai Ts, trong d6 Tb la khoang thoi gian thuc caa symbol, con Tg =
Ts — Thb la gia tri thém vao dé chong hién tugng da dudng. Phan nay goi Ia tién t6 vong
CP (Cyclic Prefix), n6 c6 thé co céc gia tri khac nhau tuy vao hé théng.

Hé thbng OFDMA cung cip them su mém déo trong viéc cap phat nhitng tap hop
con s6ng mang ¢6 san cho mdi ngudi st dung trong nhitng khoang thoi gian xac dinh.
Trong hinh 1.3, truc thoi gian (truc hoanh) dugc roi rac thanh cac khe c6 d6 dai A, truc
tung biéu thi nhitng kénh truyén con khac nhau dwgc sir dung trong hé théng. Luu Y riang
mot kénh truyén con 1a mot thuc thé 18gic, n6é bao gdom maot nhém cac séng mang con.
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Tinh trang kénh truyén dugc cam nhan tai mdi tram va dugc “luu gii” trong mot ma tran
diéu kién kénh truyén kich thudc n x m (m séng mang con va n nguoi ding). Phan tir ij
cuia ma tran nay 1a sb do tdc do cd thé cua nguoi dung i trén song mang con j ¢d don vi la
bits/ gidy. Biéu dién nay rat hiru ich vé mat truc giac boi vi su cap phét kénh truyén cho
mdi nguoi sir dung chinh 1 cap phat khoang thoi gian trén kénh.

Channel G1
c2 #1 #2
1
1
1
1
1
!
1
| #3
Cm
Slot  Slot -— Slot
1 2 d Tid

Hinh 1. 3 Biéu dién ciia ngudn thoi gian va ngudn tan sb
1.2. Lop MAC trong WIMAX
1.2.1.  Cdu truc slot va khung
Slot (khe) 1a don vi nho nhét cta tai nguyén 16p PHY, né c6 thé duoc cip phat cho
ting ngudi sit dung & trong mién thoi gian/tan sd. O trong mién thoi gian/tan sd, mot tap
hop céc slot lién nhau c6 thé dugc cip phat cho timg thué bao tir ving dit liéu cua thué
bao d6. Kich c& cua slot tuy thudc vao kiéu sap xép cac séng mang con.
e FUSC: Mai slot = 48 séng mang con * 1 OFDM symbol
e Downlink PUSC: Mbi slot = 24 séng mang con * 2 OFDM symbol
e Uplink PUSC va TUSC: Méi slot = 16 song mang con * 3 OFDM symbol
e Band AMC: Mai slot = 8, 16 hoic 24 s6ng mang con * 6, 3 hoic 2 OFDM symbol
Trong chuan IEEE 802.16e-2005, ca hai co ché ghép kénh phan chia theo tan sd
(FDD) va ghép kénh phan chia theo thodi gian (TDD) déu cho phép. Trong truong hop
FDD, cac khung con dudng 1én va duong xubng duoc truyén dong thoi trén cac tan sb
song mang khac nhau; trong truong hop TDD, cac khung con dudng 1én va duong xubng
duoc truyén trén tan s6 song mang gidng nhau & thdi gian khac nhau. Hinh 1.4 chi ra cau
tric khung cho TDD. Cau tric khung cho FDD giéng hét cho TDD ngoai trir khung con
UL va DL duogc ghép trén tan s song mang khac nhau.
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Hinh 1. 4 Cau tric khung TDD [5]

Mdi khung con DL va UL trong IEEE 802.16e-2005 duoc phan thanh cac viing
khé&c nhau, sir dung co ché hoan d6i séng mang con khéac nhau. Nhitng thdng tin lién quan
vé vi tri bit dau va khoang cach ving khac nhau st dung trong khung DL va UL duogc
phan chia boi thong diép diéu khién trong phan mao dau cua mdi khung DL.

Symbol OFDM d4u tién trong khung con dudng xudng duogc st dung cho truyén
dan phan mao dau DL. Phan mao dau c6 thé duogc sir dung cho nhiing thu tuc khéac nhau
cua I6p vat Iy nhu ddng bo vé thoi gian va tan sb, danh gia kénh ban dau, danh gia tap am
va nhiéu.

Trong symbol OFDM sau phan mao dau khung DL, nhitng kénh con dau tién duoc
cap cho tiéu dé diéu khién khung FCH. Truong FCH duoc sir dung cho viéc mang thong
tin diéu khién hé thong, nhu cac song mang con dugc sir dung (trong truong hop phan
doan), cac kénh con ranging, va chiéu dai ban tin DL-MAP. Théng tin ndy duoc mang
trén ban tin DL_Frame_Prefix nim bén trong FCH. FCH ludn luén dugc ma hoa véi
phuong thirc ma hoa BPSK 1/2 dé dam bao cuong d6 tin hiéu tdi da va su thuc thi tin cay,
tham chi & bién cua té bao.

Sau FCH la ban tin DL-MAP va UL-MAP, ma n6 phéan vung dir liéu cta nguoi st
dung khéc nhau trong cac khung con DL va UL cua khung hién tai. Bang céach ling nghe
nhitng thong diép ndy, mdi MS c6 thé nhan dién cac kénh con va symbol dugc cap trong

6
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DL va UL cho né st dung. Theo dinh ky, BS ciing truyén tap miéu ta cac kénh duong
xuéng (DCD) va tap miéu ta kénh con dudng 1én (UCD) sau ban tin UL-MAP, chlng bao
gom céc thong tin diéu khién thém vao dé duy tri viéc miéu ta cau tric kénh va bust
profile cho phép khac nhau bén trong BS duogc an dinh.

1.2.2. Lap lich lep MAC

Trong mot mang, chire ning cua lép PHY 14 truyén thdng tin dang bit mot cach tin
cay tir bén guri dén bén nhan, st dung maéi truong truyén dan vat Iy nhu séng vo tuyén,
song anh sang hay cap dong. Thong thuong, 16p PHY khong dé cap dén nhing yéu cau vé
Chat luong dich vy (QoS) va khdng nhan biét duoc céc ung dung nhu 13 VoIP, HTTP hay
FTP. Lép PHY c6 thé duoc thdy nhu 13 mot duong dan chiu trach nhiém trao ddi théng
tin trén mot lién két don duoc thiét 1ap giira bén gai va bén nhan. Lép Piéu khién truy
cdp méi trwong (Media Access Control - MAC), nam ¢ bén trén 16p PHY, chiu trach
nhiém diéu khién va ghép/ tron nhiéu kénh don nhu vay trén mot duong truyén vat ly.

Downlink: Budng xudng tir mot tram co sé dén nhitng thué bao SSs 1a mot két ndi
diém — da diém. Mot tram co s trung tdm, duogc trang bi dng ten phan ving, phat quang
b4d mot TDM dén kénh trong hudng cua dng ten. Tram goc chi 14 tram phat van hanh
trong hudng nay trong thoi gian khung phu dudng xudng, vi vay né truyén ma khong phai
diéu phéi véi nhitng tram khac. Nhitng tram nhan duoc sé kiém tra dia chi DL-MAP trong
ban tin DL-MAP va chi git lai nhirng ban tin hoac dir liéu dugc dia chi cho chung

Pa truy cap dwong Ién: Khong gidng nhu duong xudng, duong 1én 1a mot lién két
giao tiép tir da diém dén mot diém. Nhitng tram thué bao chia s¢ méi trudng truyén thong
duong 18n dé truyén dit liéu cua ching dén nhitng tram gbc. Do @6, 1ap lich cho dudng 1én
UL Ia can thiét cho viéc sir dung hiéu qua ngudn tai nguyén duong 1én ciing nhu thoa man
nhitng yéu cau chat luong dich vy ciia ngudi ding.

Bai toan 1ap chwong trinh hay 1ap lich ¢ diy tap trung vao ba véan dé chinh:
1. Sy tranh chap do nhiéu tram cudi cuing truy cap dé truyén goi tin cua chung. biéu
nay dua dén nhiing k¥ thuat da truy cap
2. Piéu khién tiép nhan: xem xét tiép nhan dua trén yéu cau nguoi ding va tai nguyén
con lai c6 kha niang théa man yéu cau hay khéng
3. Phan bd tai nguyén nham thoa man QoS va dat duoc cuc dai thong lugng hé thong
Tiéu chuan IEEE 802.16 dinh nghia nhitng dic trung cua I6p vat ly (PHY) va lop
diéu khién da truy cap (MAC) cho mang vo tuyén khu vuc déng dan cu. Chuan IEEE
802.16 noi 1én nhu 1a nén tang cho chat lwong dich vu phong phl. Nhitng phwong thirc
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truy cap khéac nhau hd tro nhitng 16p khéac nhau cia luu luong. Luu luong BE la mot trong
nhitng 16p quan trong nhat caa nhiing 16p nay boi vi né dai dién cho phan 16n luu lwong
dir liéu. Tiéu chuan da chi rd rang giao thirc MAC nén sir dung phuong thirc truy cap co
s& dat trude cho luu lwong BE. Tuy nhién nd khong dé xuat mét giao thire da truy cap co
so dit trudc R-MAC xé4c dinh ma con dé ngo cho nhiing san pham riéng biét.

Hinh 1. 5 Ciu tric khung vi du ciia hé thdng R-MAC

Trong nhitng giao thac R-MAC, thoi gian dugc chia thanh cac khung trong do
nhitng khe vat ly cua mdi khung c6 thé duoc sir dung dé dat chd trude trén co so tranh
chap hoic truyén dir liéu nhu duoc chi ra trén hinh 1.5. Trong hau hét nhitng phién ban
thuong mai cua R-MAC, khoang phuc vu (service period) dugc quan ly sir dung truy cap
phan thoi gian (TDMA) béi tinh don gian caa nd. Ky thuat dat chd gitr chd rat hitu ich
trong viéc cai thién sy tan dung tai nguyén trén toan hé thong p-ALOHA. Trong nhiing hé
théng R-MAC, nhitng tram thué bao SSs mong mudn truyén dit liéu qua méi trudng
truyén thong chung dau tién phai dat chd trong khoang thoi gian dat chd cua khung. Boi
Vi y8u cau dit chd co kich thuéc nho hon kich thuée goi, viéc s dung tai nguyén khung
t6t hon c6 thé dat duoc. Mot khia canh thich hop khéc caa R-MAC cho nhitng hé théng
bang rong 1a n6 hd tro cho ca thong tin nhay cam véi tré (nhu tiéng noi) va thong tin
khong nhay cam tré (dir ligu)

Rat nhiéu nhirng giao thirc da truy cép dat chd trude da duge dé& xuat, phd bién
nhat 1a giao thuc da truy cap dit chd dua trén co s¢ Aloha phan khe. Mot giao thic da
truy cap c6 ho gan véi R-MAC 1a da truy cap dit chd géi (PRMA) cho thong tin vo tuyén
nodi viing. Trong giao thic nay, mot SS véi mot phién truyén dit liéu theo mot ki thuat
canh tranh Aloha phan khe dé truy cap méi truong truyén théng. Mot thué bao truyén goi
dau tién cua phién truyén dir liéu bang cach tranh chap dé truy cap mai truong truyén
théng. Khi né truy cap khe thanh cong, nd sé giir chd cling mot khe trong nhitng khung
tiép theo cho dén khi két thiic phién truyén dix liéu, & vi tri d6 khe dugc giai thoat.[1]

Tuy nhién bén canh Iép vat ly va giao thte diéu khién truy cdp méi truong (MAC
— Medium Access Control) di duoc dinh nghia ddy du trong tiéu chuan IEEE 802.16 va
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nhitng phién ban phat trién cua n6 (802.16a, 802.16-2004, 802.16e, 802.16g), thi van dé
cap phat tai nguyén va diéu khién tiép nhédn (admission control) con duoc dé ngé véi muc
dich thiic day sy cai tién cua cac nha cung cap thiét bi riéng lé. Trong phan nay luan vin
s& di sau tim hiéu mot trong cac dé xuat giai quyét van dé cap phat tai nguyén va diéu
khién tiép nhan

Chét luong dich vu (QoS) duoc dinh nghia trong chuan IEEE 802.16 cho bén loai
dich vu: dich vu cap phat ty dong UGS (unsolicited grant service), dich vu tham do thoi
gian thuc (rtPS), dich vu tham do khong theo thoi gian thuc (nrtPS) va dich vy hd tro toi
da (Best Effort — BE). Trong do:

v" UGS va BE la dich vu cho luu luong Véi toc dé bit khéng d@si. Dich vy thim do thoi
gian thuc (rtPS) hd tro véi luu luong téc dé bit thay déi. Trong khi nrtPS chi yéu cau
mot mic nhat dinh vé thong luong thi rtPS lai doi hoi tré rat nghiém ngit. Do d6 viéc
phan tai nguyén hiéu qua cho cac yéu cau dich vy khac nhau dic biét dam bao cho
rtPS 1a van dé then chét caa Wimax.

v' Y&u cau quan 1y tai nguyén nhu ldp lich luu luong va diéu khién tiép nhdn can duoc
thiét ké vira dé dam bao QoS cho khach hang vura phai cuc dai viéc sir dung tai
nguyén dé dam bao lgi ich nha cung cap. Ky thuat tinh toan mém (lozic mo, thuat
toan di truyén) 1a phwong phap tiép can hiéu qua cho muc dich nay.

v Pong luc ding 16gic mo 1a do nhiéu tham s hé théng (nhu chét lwong kénh, chuyén
dong, luu lwong nguon) khong thé wéc lugng that chinh xac. Do d6 4p dung phuong
phap truyén théng dé diéu khién tbi vu khong cho hiéu qua va dam bao dap ung thoi
gian thuc dong thoi cho cac loai hinh dich vy khac nhau. Dung phuong phap 16gic mo
c6 do phirc tap tinh toan thap chinh 1a lra chon thich hop.

Do su don gian trong md hinh va kha niang xac dinh dau ra tir nhing dau vao
khong that rd rang, 16gic mo 1a mot ky thuat day trién vong cho van dé cip phét tai
nguyén va kiém soét tiép nhan cho chuan IEEE 802.16 — truy cap vd tuyén co so bing
rong. Trong luan van nay ta s& di vao tim hiéu céch thiét 1ap mo hinh diéu khién tiép nhan
sir dung l16gic mo nhu duoc chi ra trén hinh 1.6
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Hinh 1. 6 Mé hinh hang dgi va bd diéu khién 16gic mo

Truéc hét ta sir dung mot mé hinh hang doi Markov thoi gian roi rac (DTMC) dé
phan tich QoS cua goi (thi du nhu tré trung binh) khi dung OFDMA két hop ma hoa va
diéu ché thich nghi AMC. Tir md hinh ndy anh huéng cua nhitng tham s ngudn (nhu tbc
d6 dén, téc do dinh, va xac suat dat tbc do dinh..), tham sb chét lwong kénh (tirc 12 ti 18 tin
hiéu trén nhidu SNR trung binh) ddi voi hiéu qua truyén (tic 1a chiéu dai hang doi trung
binh, xac suat “roi” goi, thong luong va tré..) c6 thé dugc khao sat.

Tiép do, ta thiét 1ap mot tap céc quy tac cho diéu khién md, né dugc dung online
dé quan ly nguon tai nguyén vo tuyén va diéu khién tiép nhan. Boi vi quyét dinh diéu
khién nhan dya trén co sé lugng tai nguyén yéu cau (dé thoa man QoS), tinh trang két ndi
dang thuc hién, két nbi yéu cau vao va tai nguyén con lai. Két qua nhan duoc tir mé hinh
hang doi rat hitu ich cho viéc thiét ké bo cap phat tai nguyén trong hé théng diéu khién
logic mo.

M6t cudc goi sau khi duoc tiép nhan s& duoc cip phat tai nguyén bang tan. IEEE
802.16 dua ra mot s6 ky thuat cho phép ngudi ding yéu cau tai nguyén bing tan dudng
lén phd hop véi QoS. D6 13 yéu cdu ma ngudi ding can chuyén mot luong dir lieu nhat
dinh trong mot khoang thoi gian nhat dinh. Biéu nay c6 thé duoc thuc hién qua céc dich
vu UGS (cap phét tu nguy@n) va rtPS (cip phét thoi gian thuc). Van dé 1ap lich phan khe
thoi gian trén mot tap con cac kénh con cé san (tai nguyén tan s6) ¢ muc tiéu 1a phai
ddng thoi thoa man yéu cdu khach hang va cue dai théng luwong hé thong. Viéc cap phat
khong dua theo sy bot phat thong tin ma dya vao yéu cau caa ngudi dung. Khoang thoi
gian T ma theo d6 yéu cau can duoc thoa mén ¢ thé bang do dai khung hay mot sé gia tri
khac c6 thé hiéu nhu khoang thoi gian trén truc hoanh ma QoS yéu cau. Néu kénh thay
d6i nhanh, T duoc gia thiét 1a nho. Tuy nhién néu kénh thay d6i cham, T cd thé 1a I6n,
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diéu nay trén thyc té c6 thé chap nhan duoc. Nguyén tic 1ap lich dat muc tiéu sé& lan luot
duoc tim hiéu trong luan vin

Chuan IEEE 802.16 cho phép lap anh xa khac nhau gitra nhirng s6ng mang con va
nhitng kénh con. Mot vi du ctia anh Xxa lwa chon tan sé 1a sdng mang con dugc st dung
mot phan (partically utilized subcarrier PUSC), trong s nhitng séng mang c6 san, thiét
lap nén mot kénh truyén con duogc lra chon ngdu nhién trén toan bang thong kha dung.
Pay 1a kiéu phan tap caa kénh truyén con cho nén diéu kién kénh truyén nhan duoc cua
bat ky ngudi dung nao dai thé ciing giong nhau. Trong trudng hop AMC Ia: nhitng song
mang con tao nén mot kénh truyén con nam lién ké nhau, va diéu kién kénh truyén thiy
boi mot nguoi dung bién ddi qua céc kénh truyén con va tac 1a bién d6i qua nhimg ngudi
dung. Luu ¥ rang, ching ta khéng sir dung nhitng luge d trén cho muc dich tim trung
binh nhiu ma tap trung vao lap lich giai quyét van dé phan chia nguon tai nguyén cé thé
tng dung vao hé thdng théng qua kiéu PUSC hay AMC — trén co s& OFDMA cho tiéu
chuan 802.16.

Pau tién, ching ta s& tim hiéu viéc 1ap cong thac LP cho van dé lap lich (phan
bd ngudn tai nguyén) khi chua xét dén van dé phan bd cong suat. Muc tiéu caa viéc
lap cdng thirc nay 1a cuc dai théng lwong tong cua hé thdng trong khi nhu cau caa moi
ngudi dung déu duoc théa man. Bong luc thic day cho viéc thiét 1ap cong thic nay 1a
né co ban dat dwoc muc tiéu can bang nhitng mit trai nguoc nhau caa nha khai thac
mang (thong luong cuc dai, nhu dugc thay trong ham sé muc tiéu) va nhitng ngudi st
dung (nhu cau duoc téa méan)

Tuy nhién, nghiém cua céng thuc cuc dai thong lwong ndi trén hoan toan khéng
xem Xét bai toan cap phat cong suat. Néi chung, diéu nay 1a khong téi wu khi gin két véi
diéu khién cong suat. Trong phan tiép theo cua luan vin nay, ching ta tim hiéu viéc 1ap
codng thuc cho bai toan diéu khién cong suit téi wu dé cip phét cong suat cho mdi ngudi
ding mét cach téi wu qua tat ca cac song mang con, trong khi cé gang dé thoa mén nhiing
rang budc vé QoS.

11
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Chwong 2 — K¥y thuat da truy cap

Thoa thuan giira nhitng nguoi dung trong truyén thong duoc hiéu nhu 13 giao thic.
Khi nhitng nguoi ding st dung chung mot mai trudng truyén thong dugc goi 1a da truy
cap. Do do, giao thirc da truy cap duoc dinh nghia nhu 1a sy thoa thuan va tap hop nhiing
quy tic gita nhitng ngudi dung dé truyén tin thanh cong va st dung mot méi truong
chung. Khi ving mit cuia mot giao thirc nhu vy, xung dot s& xuat hién néu c6 nhiéu hon
mot nguoi ding cd gang truy cap tai nguyén cing thoi diém. Vi thé, nhiing giao thic da
truy cap nén tranh hoac it nhat 1a giam sy xung dot nay. Do d6, nhitng ky thuat da truy
cap dugc dinh nghia nhu 14 chirc ning chia sé tai nguyén truyén tin hitu han chung trong
s6 nhirng tram cudi phan b trong mot mang. Trong mang té bao ta phan biét da truy cap
duong xudng va duong Ién.

Pa truy cap dwong xudng: Puong xudng tir mot tram co s¢ dén nhiing thué bao
SSs 1a mot két ndi diém — da diém. Tram co sé trung tdm, phat quang bA mot TDM dén
c4c thué bao. Céc thué bao chi nhan va kiém tra dia chi DL-MAP trong ban tin DL-MAP
va gitr lai nhirng ban tin hoac di liéu duoc dia chi cho ching nén khéng xay ra xung dot
gitra cac thué bao.

Pa truy cip dwdng Ién: Khong gidng nhu duong xudng, duong 18n 1a mot lién két
giao tiép tir da diém dén mot diém. Nhitng tram thué bao chia sé méi trudng truyén thdng
duong 1én dé truyén dir liéu dén tram gdc. Do do, viéc to chuc nhitng truy cap truyén
thong cua SSs 1a can thiét cho viéc sir dung hiéu qua ngudn tai nguyén duong lén.

2.1. Phan loai nhirng giao thirc da truy cap

Bat dau vao nam 1970 véi giao thic ALOHA, c6 nhiéu giao thic da truy cap da
duoc phat trién. Nhiéu cach thirc dugc goi y dé phan chia nhiing giao thic nay vao cac
nhom. O day ta phan loai nhitng giao thic da truy cap vao ba nhém chinh: nhitng giao
thirc khong tranh chap, nhitng giao thirc tranh chap va nhiing giao thirc 16p CDMA

Nhitng giao thic khdng tranh chap (hay c6 lap lich) tranh tinh trang hai hoic nhiéu
hon hai nguoi ding truy cap vao kénh truyén cling thoi diém bang cach 1ap lich su truyén
tin cua nhitng ngudi ding. Viéc 14p lich nay dugc thuc hién theo kiéu tinh & d6 mdi nguoi
dung duoc cap phat mot phan cua dung luong truyén, hoic theo kiéu phan kénh theo nhu
cau & d6 viéc 1ap lich chi thuc hién giira nhitng ngudi dung c6 thong tin dé truyén

Vi nhitng giao thirc canh tranh (hay truy cap ngau nhién), mot nguoi dung khong
thé chéc chin rang sy truyén tin s& khong bi xung dot bai vi nhitng ngudi dung khac c6
thé dang truyén tin (truy cap cung kénh truyén) tai cung thoi diém d6. Do d6, nhiing giao
thirc ndy can phai giai quyét sy xung dot néu nd xuat hién

12
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Nhiing giao thic CDMA khéng thudc vé giao thirc khdng tranh chap hay giao thac
tranh chap, no roi giira hai loai giao thirc ndy. Vé nguyén tic, nd 1a mét giao thuc khong
tranh chap & d6 mot s6 luong nao d6 nhimg ngudi dung duoc cho phép truyén dong thoi
ma khdng ¢ su xung dot. Tuy nhién, néu sé luong nhitng nguoi ding truyén tin dong
thoi tang 1én trén mot ngudng nao do6, su tranh chap xuat hién.

2.1.1.  Giao thirc da truy cap khong tranh chdp (Idp lich)

Nhitng giao thtrc da truy cap khong tranh chap tranh tinh trang nhiéu ngudoi ding
cd gang truy cap vao cung mot kénh truyén tai cing mét thoi diém bang céach 1ap lich
truyén tin cho tat ca nhitng ngudi ding. Nhitng ngudi ding truyén tin trong mét phuong
thire 1ap lich thir ty vi thé moi su truyén tin s& 1 sy truyén thanh cong. Lap lich c6 thé c6
hai dang:

a) Lap lich phan tai nguyén tinh: Vi nhiing giao thirc ndy, dung luong kénh truyén san
c¢6 dugc chia gitra nhimg nguoi ding dé mdi ngudi dung dugc cip mot phan khong
d6i trong dung lugng ndy, khdng phu thudc vao hoat dong cua né. Su phan chia nay
dugc thyc hién trong mién thoi gian hoac mién tan sb. Su phan chia theo thoi gian dua
dén giao thic TDMA, ¢ d6 thoi gian truyén dugc phan thanh cac khung va mdi ngudi
dung dugc cdp mot phan ¢ dinh trong mdi khung, khéng chdng 1ap I1&n nhiing phan
dugc cip cho nhitng ngudi dung khiac. TDMA dugc minh hoa trong hinh 2.1a. Sy
phan chia vé tan s6 dua dén giao thic da truy cap phan chia tin sé6 FDMA, & d6 do
rong bang kénh truyén dugc chia thanh nhiing dai tan khong chong Iap nhau, va mdi
ngudi dung duoc cip mot dai ¢d dinh. Hinh 2.1b minh hoa cho FDMA

= _ ——
EE——
.

lal 1]

Hinh 2.1 (a) TDMA va (b) FDMA
b) Lap lich cap phat theo nhu cau: Mét ngudi dung chi dugc cho phép truyén tin néu né
hoat dong (tirc 1a né co gi dé dé truyén di). Vi thé, nhitng nguoi dung dang hoat dong
truyén tin trong mot phwong thte 1ap lich thi tu. Trong lap lich cap phét theo nhu cau,
ta phan biét gitra kiém soat tap trung va kiém soét phan tan. Véi kiém soét tap trung,
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mot thyuc thé don 1ap lich truyén tin. Mot vi du cho giao thirc nhu vay 1 giao thic
kiém soat hoi vong. Vi kiém soat phan tan, moi nguoi dung déu bao ham trong qué
trinh 1ap lich nhu 13 giao thirc chuyén thé bai.

2.1.2.  Giao thire da truy cdp tranh chdp (ngdu nhién)

Véi nhitng giao thire da truy cap tranh chap, khdng cd 1ap lich truyén tin. Biéu nay
c6 nghia 1a mot nguoi dung dang sdng sang truyén tin khéng biét chinh xac khi ndo né cé
thé truyén di ma khong quiy ray su truyén tin cua nhitng ngudi ding khac. Nguoi ding
nay cd thé hoiac khong thé biét vé su truyén tin dang xay ra nao d6 (do cam nhan kénh
truyén), nhung né khong c6 hiéu biét chinh xac vé nhiing nguoi dung dang sin sang khac.
Do d6, néu vai ngudi dung di sén sang bat dau truyén tin trong cing mot thoi diém, tat ca
nhitng su truyén tin nay sé& bi 16i. Giao thirc truy cap ngau nhién nén giai quyét su tranh
chap xuat hién khi vai nguoi dung dong thoi truyén tin.

Chung ta chia nhitng giao thirc da truy c4p tranh chap thanh hai nhém nho, do6 1a
nhitng giao thuc truy cap ngau nhién lap lai (vi du nhu giao thiec ALOHA nguyén thuy p-
ALOHA, ALOHA phén khe s-ALOHA, giao thuc CSMA va giao thitc ISMA) va nhirng
giao thuc truy cap ngau nhién véi sy dit trudc (vi du nhu Reservation ALOHA (r-
ALOHA), va nhirng giao thirc da truy cap goi dat truéc (PRMA). Vi nhiing giao thuc cd
tredc, mdi khi truyén dir liéu mot ngudi dung thuc hién nhu miéu ta & trén. Voi mdi phién
truyén déu xuat hién kha nang tranh chap. Vi nhiing giao thirc sau nay, chi trong phién
truyén dau tién mot nguoi ding khdng biét 1am thé nao dé tranh sy xung dot véi nhiing
ngudi ding khéac. Tuy nhién, khi mot ngudi dung da thuc hién thanh cong phién truyén
dau tién caa ho (tac 1a khi mot ngudi ding da truy cap vao kénh truyén), nhitng phién
truyén tiép theo cua ngudi dung d6 s& duoc 1ap lich trong kiéu tuan tu vi thé khdng c6
tranh chap nao cé thé xuat hién. Vi thé, sau mot phién truyén thanh cong, mot phan dung
lwong kénh truyén dugc cap phat cho ngudi ding, va nhitng ngudi dung khac s& kiém ché
khong str dung phan luu luong ndy. Ngudi dung mat di luu lwong dugc cip néu sau mot
khoang thoi gian ndo d6 né khong cé gi dé truyeén.

2.2. Giao thuc ALOHA
2.2.1. ALOHA nguyén thaszy (Pure ALOHA hay p-ALOHA)

ALOHA nguyén thuy 1a mot giao thuc trong d6 nhirng tram dau cudi truy cap dé
truyén nhitng go6i khi ching mudn. Giao thirc nay dugc dé xuat boi dai hoc Hawaii nim
1970. Trong truong hop nay, tat ca cac tram dau cudi truy cap khdng ban tam liéu kénh
truyén théng tin ban hay khong. Cau hinh co ban cua giao thirc nay duoc biéu dién trong
hinh 2.2
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Hinh 2.3 Sw xung @6t giira nhirng géi tin trong hé thong p-ALOHA

Néu chiéu dai cua mdi goi tin 1a khong doi va khoang thoi gian truyén mot goi la
T, mot goi co thé dugc truyén thanh cong ti diém tiép nhan khi nhitng goi khéc khong
bat dau truyén tin trong khoang 2T tir t;, — T dén t, + T, nhu duoc chi ra trong hinh 2.3.
Bai vi s6 lugng nhitng goi phét di duoc gia st theo mot phan bb Poisson, xac suat dé phat
n goi tin trong khoang thoi gian t dwgc cho boi cong thie (2.1) khi sé luong mong doi
nhitng goi phat di trong mt don vi thoi gian dugc gia su la A
e Man®

n!

P,(t) = (2.1)
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Khi thoi gian dé truyén mot gobi tin dugc dinh nghia nhu 14 T, lvu luwong G duogc
cho nhu sau:

G=M (2.2)

Dé mot goi tin dugc phat tai mot tram cudi nguoi ding tai thoi gian t, truyén thanh
cdng tir tram cudi ngudi dung dén diém truy cap dong nghia vai nhitng tram cudi khac
khong dugc truyén bat ky goi tin nao trong thoi gian tir t; — t dén t, + t. Trong hé thong
ALOHA nguyén thity, khi mot goi dugc phat tai mot tram cudi né sé ngay 1ap tic dugc
truyén dén diém truy cap. Do do6, xac suét truyén thanh cdng mot goi tin duoc phat tai
tram cudi ngudi dung dén diém truy cap P, .. bang véi xac suat khdng phat bat ky goi tin
nao trong khoang 2t.

e 2 (2an)° _23 _
Pace = PR(20) =——F(—=e PAT = @726 (2.3)

Do d6, théng luong S duoc biéu dién nhu 1a s6 lugng goi tin mong doi duoc truyén
thanh cong toi diém truy cap trong thoi gian don vi. Do d6, gia trj cia S ¢6 dugc nhu sau:

S = GPyye = Ge %€ (2.4)

& d6 md hinh ngudn goi khong gigi han duoc gia dinh, va thong lugng cuc dai 12 0.184
khi G =0.5.

2.2.2. ALOHA phén khe (Slotted ALOHA hay s-ALOHA)

alat
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Hinh 2.4 s-ALOHA

16



Kién triic chwong trinh dam bdo yéu cdu chdt liweng dich vu trong mgng WiMAX
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Hinh 2.5 Tranh chéap géi trong hé thong s-ALOHA

Véi mot su stra d6i don gian cia p-ALOHA, d6 1a nhitng ban tin dwoc yéu cau gui
di trong khe thoi gian giita hai xung dong b, va chi co thé duoc bat dau tai phan dau cua
mot khe thoi gian, ti 1& nhitng xung dot c6 thé giam xudng mot nia [6]. Giao thic nay
duogc goi 1a ALOHA phan khe (slotted ALOHA hay s-ALOHA). Cau hinh cua giao thirc
s-ALOHA duoc trinh bay trong hinh 2.4. Trong hinh 2.4, g6i phat di trong mét khe thoi
gian duoc truyén di trong khe thoi gian tiép theo. Dé truyén goi téi diém truy cap thanh
cong, s luong nhitng goi duoc phat di trong mot khe thoi gian phai tré thanh 1 nhu duoc
chi ra trong hinh 2.5. Néu nhiéu hon hai géi tin dugc phét di trong mot khe thoi gian, su
tranh chap xuat hién. Dé truyén thanh mét goi tin dugc phét tir mot tram cubi ngudi ding
dén diém truy cap, mot goi tin dugc truyén di trong mdi khe thoi gian. Do d6, xac suat
truyén thanh cong mot goi tin duoc phét tai tram cubi nguoi dung dén diém truy cap, Py, e
bang vai xac suat khéng phat bat ky goi tin nao trong khoang t, ¢ d6 T bang véi mot khe
thoi gian caa hé thong ALOHA phan khe

e M (Ar)° _ _
Pouee = Fo [T) = 0 =€ A= e © (25)

Do d6, thong luong S c6 dugc nhu sau:
S =GP,y = Ge © (2.6)

& d6 mé hinh ngudn goi khong gigi han dugc gia dinh, va théng luong cuc dai 1a 0.368
khiG=1

Thong lwong & trén bang vai Xac suat chi mot goi tin dugc phét trong mot khe thoi
giant
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e M)t

PD)=—""= Me™ = Ge G (2.7)

Reservation- ALOHA: Bai vi s-ALOHA gigi han kha nang tan dung tai nguyén,
nhitng phuong phap khac nhau di dugc phat trién dé cai thién hiéu qua cua nd. Mot trong
nhitng phuong phép nay duoc biét dén nhu 1a ALOHA dit trude. Sy stra doi chinh phai
lam véi quyén so hitu khe sau khi truyén thanh céng goi tin. Véi Slotted ALOHA mot
khe bét ky 1a san sang cho viéc sir dung boi bat ky tram nao ma khong quan tam dén céch
sur dung khe trudc do. Véi ALOHA dat trude khe dugc xem xét so hiru tam thoi boi tram
da str dung no thanh cdng. Mot khe rdi s& san sang cho tat ca cac tram trén co sé tranh
chap

2.3. M6 phéng may tinh
2.3.1. M6 hinh hoa h¢ théng thong tin goi
2.3.1.1 Higu sng ldn &t

Tranh chap gitra nhitng goi tin xuat hién khi vai goi tin xung dot trén kénh truyeén,
nhu duoc chi ra trén hinh 2.6. Trong thdng tin hitu tuyén va thdng tin vo tuyén, nhirng goi
tin xung dot dugc Xu 1y nhu sau:

Trong thong tin hiru tuyén: Tat ca nhimg g6i xung dot bi huy bo, va viéc truyén
g6i duoc xem nhu 16i bai vi mic tin hiéu cua cac goi 1a gidng nhau. Néu khong xuét hién
xung dot, nhitng géi phat ra dugc truyén thanh céng téi dich.

Trong thdng tin vé tuyén: Cong suat nhan caa mdi goi phu thudc vao vi tri cua
tram cudi truy cap va diéu kién kénh truyén. Do d6, tham chi néu vai goi tin xung dot
nhau, doi khi goi co cong suat nhan Ion nhat van “séng sét”. Mot cach tong quat, hién
tuong nay duoc goi 12 “hiéu wng lan at” (capture effect). Mt khac, tham chi néu xung
dot khong xuat hién, mot 13i truyén goi xuat hién bai vi cong suat nhan tai diém truy cap
nhé hon cong suat yéu cau (ngudng) khi diéu kién kénh truyén xau hon

Mo oo ksizn Coflision foours Cellision oocurs
inwhola packm in some perts of the packet

Hinh 2.6 Xung dt giira nhirng géi tin truyén di

Trong hé thong thong tin thoi gian thue, diém truy cap quyét dinh liéu nhiing goi
duoc phét tir dau cudi truy cap duoc truyén thanh cong hay khong, va két qua cua quyét
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dinh nay duoc truyén t6i nhimg dau cudi truy cap. Thém vao dé, néu I5i truyén goi xuat
hién, nhitng goi duoc phat toi diém truy cap sau vai khoang thoi gian

2.3.1.2. Lwu lwong yéu cau

Trong chuong nay, tong s6 luong goi (bao gom nhimng goéi dugc phat mai va nhiing
goi truyén lai tai diém truy cap trong mot khoang thoi gian) duoc goi 13 luu lugng yéu cau
va luu luong yéu cau chuan hoéa bai tée do truyén dit liéu dugc chi ra nhu 1a G. Néu téc
do truyén dix lieu 12 R(bps) va T, (bit) duoc yéu cau truyén , G duoc tinh nhu sau:

_T
G =1 (2.8)

Néu khong ¢ gbi nao duoc phat, G = 0
2.3.1.3. Thong luong

Trong chuong nay, tong s6 goi duoc truyén thanh cong toi diém truy cap trong mot
khoang thoi gian duoc goi 14 thong luong (throughput) va thong lugng chuan héa boi toc
do6 truyén dir liéu duoc chi ra nhu 1a S. Néu tdc do truyén dir liéu va lugng thong tin trong
mot goi duoc dinh nghia 13 R(bps) va T(bit) va n gbi tin duoc truyén thanh cong trong
mot don vi thoi gian, S dugc tinh nhu sau:

Txn

5= (2.9)

Néu khdng c6 gdi ndo dugc phét va tat ca nhirng goi tin truyén di bi hay bo boi
xung dot, S trg thanh gi4 tri nho nhat bang 0. Nguoc lai, néu tit ca cac goi tin cd thé
truyén di trén toan bo nhitng don vi thai gian mot cach hoan hao, théng luong tré thanh 1.

2.3.1.4. Tré truyén trung binh

Khoang thoi gian dén khi mot goi tin phat di tai mot tram cudi truy cap duoc
truyén dén diém truy cip va duoc nhan tai diém truy cap goi l1a tré truyén trung binh. Tré
truyén trung binh nay phu thudc vao chiéu dai cua géi tin. Do d6, tré truyén trung binh
chuan hoa boi chiéu dai géi tin dugc chi ra nhu 1a D. Vé ban chat, tré truyén trung binh
phu thudc vao khoang thai gian khi mét goi dugc phat va dugc truyén tir mot tram cudi
truy cap, va khoang cach gitra diém truy cap va mot tram cudi truy cap va thoi gian xi ly
tin hiéu tai diém truy cap. Tuy nhién, khoang thoi gian nay dwoc gia sir 13 kha nho
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2.3.2.  Cdu hinh mé phéng co ban

M3 hinh lwu luong
dén Poission

Vi tridiém truy cép
* Vi tritram cudinguoi dung
+ 30 luong tram cudingudi ding

Y

M& hinh héa kénh thong tin
Théng tin hinu tuyén:

*Kénh théng tin 1y tudng
Théng tin v4 tuyén:

* Suy giam lan truyén

*Shadowing

Grao thire truy cép

l Truyén gbi tin
(truyén méei hodc
truyen lat)

Quyétdinh
liéu got tip
duoctruyén

thanh cdng
hay khong

Thanh cong

Do tré truyén

l

86 lwong nhimg g6i
tin truyén thanh cong
dat 61 s6 luong yéu
cutrongmd phéng

l M5 phéng két thic

Tré truyén va thong luong

Hinh 2.7 C4u hinh mé phéng may tinh c¢é béan
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Trong phan nay ta md ta quy trinh dé danh gia thong luong va tré cuia mot giao
thire truy cap bang méd phong may tinh. CAu hinh mé phong may tinh co ban duoc biéu
dién trong hinh 2.7. Trong md phong may tinh thao luan & dy, ta gia sir rang suy giam
truyén lan va shadowing 1a hang sé. Quéa trinh mé phong dugc tiép tuc dén khi sé luong
g6i duoc truyén thanh cong bang vai sb lugng goi yéu cau

2.4. M6 phéng thuat toan ALOHA
2.4.1.  Chwong trinh va két qua mo phéng thugt toan p-ALOHA
2.4.1.1 Tham sé va cdu triic chwong trinh

Bang 2.1 Piéu kién md phéng

R Ban kinh ving phuc vu 100m
Bxy Chiéu cao cua diém truy cap 5m
Mnum S6 luong tram cudi 100
State Tbc do ky hiéu 256 k-ky hiéu/giay
Plen Chiéu dai gai tin 128 ky hiéu
Alfa Hé s6 suy giam khoang cach tinh 3
Sigma Do léch chuan cua phan bé loga chuan | 6dB
Mcn CIN trong truy cap chuan khi duoc | 30dB
truyén tir canh té bao
Ten Hé sb bt gitr 10dB

1- Trong khéi dau tién, nhitng bién chung va nhitng bién tinh dwoc dinh nghia

2- Trong khéi ther hai, trang thai cua tit ca nhitng tram cudi truy cap duoc khai tao.
Trong khéi nay, thoi gian khoi tao 1a khi goi tin dau tién dugc phat va chiéu dai cua
g0i tin dugc xac dinh

3- Trong khéi thir ba, khi viéc truyén goéi tin két thic thanh cong, sé lwong nhitng goi tin
truyén thanh cong dugce dém lai, tré truyén duoc tinh toan, va thoi gian khi mét goi tin
méi dugc phat di dugc tinh toan cho tat ca cac tram cubi. O day, tai mdi tram cudi,
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mot goi tin méi s& khong duoc phat cho dén khi géi tin da dugc phét trong mdi kénh
truyén duoc truyén thanh cong téi diém truy cap

Trong khéi thtr tu, khi viéc truyén gai tin két thic va su truyén tin bi 13i, thoi gian khi
g6i tin dugc truyén lai duoc tinh toan cho tat ca cac tram cudi

Trong khéi thtr niam, nhitng tram cudi truy cap thuc hién truyén mot goi tin tai
now_time duoc tim kiém trén tat ca nhitng tram tram cudi truy cap. Khi dy, trang théi
chuyén sang ché do truyén, thoi gian gigi han dé két thic truyén goi duoc tinh toén, va
s6 luong nhitng géi da truyén duoc dém

Trong khdi thir séu, bang cach tim kiém gié tri cyc tiéu tir mtime, next time duoc
quyét dinh, d6 1a thoi gian gian gan nhat khi trang thai caa mdi tram cudi truy cap
dugc thay doi

Tham khao chuong trinh mé phong p-ALOHA paloha.m & trén trong phan phu luc.

2.4.1.2 Két qua mé phéng

Hiéu qua thong luong va tré truyén trung binh duoc xac dinh, nhitng két qua méd phong
dugc thay trong hinh 2.8 va 2.9

Thong luong he thong p-ALOHA
0_35 T T T T T T T T T
-2 result without capture
— theory
03r result with capture T
025 .
‘g’_
o 02f .
()}
o
£ 015
|_
01
0.05F
U 1 1 1 1 1 1 1 1 1
| 0 02 04 06 038 1 12 14 16 138 2
Offered Traffic

Hinh 2.8 Luu lwgng yéu ciu va thong lrgng ciia p-ALOHA
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Tre trung binh cua he thong p-ALOHA

-4 result without capture
result with capture
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Hinh 2.9 Luu lwong yéu ciu va thoi gian tré trung binh cia p-ALOHA

Khi “hiéu &ng lan at” khong dugc xem xét dén, thong luong gan véi gia tri ly thuyét
tham chi néu sb luong ngudi dung 14 100. Hon thé nita, khi anh huong bat giir dugc xem
xét, thong lwong ndy 16n hon truong hop khong xem xét anh huong bat gitt. Thém vao do,
tré truyén trung binh ciing giam di. Trong truong hop ALOHA nguyén thay, su xung dot
Xuat hién, do d6 hiéu ung lan 4t 1a Iy do tang thong luong hé thong

2.4.2.  Chwong trinh va két qua moé phéng thugt toan s-ALOAH
2.4.2.1 Tham sé va Cdu triic chwong trinh
Chuong trinh mé phong s-ALOHA Vé co ban giéng chuong trinh mé phong p-ALOHA,
tuy nhién, c6 sy dinh thoi (timing) dé viéc truyén géi duge dong bo véi khe thoi gian.
Tham khao dinh thoi trong chuong trinh mo phong s-ALOHA saloha.m trong phu luc.

2.4.2.2 Két qua mo phang
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Thong luong he thong s-ALOHA
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Hinh 2.10 Lwu hrong yéu ciu va thong lweng ciia s-ALOHA
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Hinh 2.11: Luu lwong yéu ciu va tré trung binh ciia s-ALOHA
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Nhiing két qua md phong thong luwong va tré truyén trung binh dwoc chi ra trong
hinh 2.10 va 2.11. Tac dong cua hiéu ung lan at 1a dang ké trong viéc ting thong luong
mang va giam tr& truyén
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Chuwong 3 — Logic mo va diéu khién tiép nhan trong WiMAX

Trong phan nay luan vin s& di sdu tim hiéu mot trong cac dé xuat giai quyét van dé
cap phat tai nguyén va diéu khién tiép nhan duoc dé xuat dé 1a mé hinh Logic md

Pong luc dung 16gic mo 12 do nhiéu tham sé hé théng (nhu chét lwong kénh,
chuyén dong, luu lwgng ngudn) khdng thé ude luong that chinh xac. Do d6 ap dung
phuong phap truyén théng dé diéu khién tdi wu khong cho hiéu qua va dam bao thoi gian
thue ddng thoi cho céc loai hinh dich vu khac nhau. Dung phuong phap 16gic mo co do
phtic tap tinh toén thap chinh 1 lya chon thich hop.

Truéc hét ta sir dung mot mé hinh hang doi Markov thoi gian roi rac (DTMC) dé
phan tich QoS cua goi (thi du nhu tré trung binh) khi dung OFDMA két hop ma hoa va
diéu ché thich nghi AMC. Tir md hinh ndy anh huéng cua nhitng tham s ngudn (nhu téc
d6 dén, téc do dinh, va xac suat dat tbc do dinh..), tham sb chét lwong kénh (tirc 12 ti 18 tin
hiéu trén nhidu SNR trung binh) ddi véi hiéu qua truyén (tic 1a chiéu dai hang doi trung
binh, xac suat “roi” goi, thong luong va tré..) c6 thé dugc khao sat.

Tiép do, ta thiét 1ap mot tap cac quy tac cho diéu khién md, né dugc dung online
dé quan ly ngudn tai nguyén vo tuyén va diéu khién tiép nhan. Boi vi quyét dinh diéu
khién nhan dya trén co sé lugng tai nguyén yéu cau (dé thoa man QoS), tinh trang két ndi
dang thuc hién, két ndi yéu cau vao va tai nguyén con lai. Két qua nhan duoc tir mé hinh
hang doi rat hitu ich cho viéc thiét ké bo cap phat tai nguyén trong hé théng diéu khién
l6gic md. Hiéu qua cua so dd didu khién nhan duoc phan tich bang két qua mé phong va
duoc so sanh véi hiéu qua ctia mot vai so do truyén théng (vi du nhu so dd diéu khién
nhan tinh va thich nghi).

Mo hinh hang doi va bo diéu khién logic md duoc biéu dién trong hinh 1.6 & trén
3.1. Lbgic mo
311 Gidithigu
Logic md ¢ thé duoc st dung dé dua ra mot quyét dinh bang cach st dung nhiing
thong tin mo hd, gan ding va khong day du. Do d6, noé phu hop cho mét hé théng phic
tap, khé tinh toan va kho xac dinh nhitng tham sé chinh xac. Ldgic mo ciing cho phép
chung ta dua ra nhitng suy ludn bang viéc st dung nhitng théng tin gan dang dé quyét
dinh chon mét hanh dong ph hop véi nhitng dau vao di cho. Néi mot cach ngan gon,
thay cho viéc sir dung nhitng cong thirc toan hoc phuec tap, 16gic mo st dung nhirng tap
mo va nhitng quy tac suy luan (thi du IF, THEN, ELSE, AND, OR, NOT) d¢ dat duoc
nghiém thoa man nhirng muc tiéu hé théng mong muén.
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Logic mo than thién vé mat tinh toan va c6 do phuc tap thap. Vi thé, 16gic mo phu
hop cho nhing ing dung thoi gian thuec, & d6 thoi gian dap ang nhanh mang tinh quyét
dinh véi hé thong.

3.1.2. Phép toan trong tgp mo
Nhitng phép toan trong tap mo tuwong tu nhu nhirng phép toan trong tap nhi phan

(tic 1a NOT, OR, AND)

e NOT biéu thi phan bl caa mot tap A (tac 1a A", va phép toan twong (ng trén mot
ham thanh phan duoc cho béi per(2) =1 — pg(a).

e OR biéu thi hop cta nhiing tap mo A U B, va phép toan twong ung trén mot ham
thanh phan duoc cho bdi p,,z(a) = max (p.(a), ps(a)). Béi vi phép toan OR & day
1a hop cua nhiéu tap md, nén ham thanh phan cua phép toan nay 1a ham thanh phan
I6n nhat tir tat ca cac tap mo

e AND biéu thi giao cua tdp md -4 N B va phép toan twong Gng trén mot ham thanh
phan cho boi p,.z(3) = min (. (3), us(a)). Béi vi phép toan AND la giao cia
nhiéu tap md, nén ham thanh phan caa phép toan nay l1a ham thanh phan thap nhat tir
tat ca cac tap mo.

Minh hoa db thi biéu din nhimg phép toan nay duoc chi ra trén hinh 2.3

X
-—=A -4
i 1 cievens B
—_— AUR — AnNEB

Hinh 3. 1 Phép toan trén tip mo

3.1.3.  Quy tic mo

Tri thire trong 16gic mo duogc biéu dién trong nhitng quy tic ngdn ngit. Mot quy tic
dwa trén co s& nguyén nhan va két qua trong dang thic IF-THEN (tac 1a phép kéo theo).
Co s6 tri thirc ndy bao gom vai quy tic mo. Dé xac dinh két qua (hay dua ra quyét dinh),
nhitng quy tac mo nay duoc danh gia va nhitng két qua duoc tap hop dén nghiém cudi
cuing. Néu 4 va ¢ biéu thi nhitng tap mo, quy tic miéu ta IF .4 THEN € c6 thé dugc biéu
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dién nhu 1 4 — €. Trong quy tic ndy, -4 duoc goi 1a nguyén nhén, diéu kién, tién dé caa
quy tac va ¢ duoc goi 1a tac dong, anh huong, két qua cua quy tic mo. Cho quy tic IF-
THEN nay, ham thanh phan cua két qua ¢ cho dau vao a c6 thé dat dugc trong nhiéu cach
tiép can khac nhau sau day:
e Phép kéo theo Larsen: u,_.-(a, c) = pq(a)u-(c)
e Phép kéo theo Mamdani: 4 _..(a, c) = min (u4(a), u-(c))
e Phép kéo theo Zadeh: u4_c(a, ¢) = max {min(uq(a), u-(c)), 1 — py(a)}
e Phép kéo theo Dienes-Rescher: 4 _.(a, c) = max (1 — uq(a), u-(c))
e Phép kéo theo Lukasiewicz: ui 4 _.(a, c) = min (1,1 — u4(a) + pe(c))

Chu y ring, phép kéo theo Mamdani dugc s dung phd bién nhat béi vi nd cung
cap nhiing két qua ding va thiét thyc.

3.1.4.  Diéu khién logic mer

Mot hé théng diéu khién 16gic mo cung cap mot phuong thirc don gian dé dat duoc
loi giai cho mot bai todn dua trén thong tin dau vao khong day du, on va khdng chinh xac.
Nhin chung, c6 ba thiét bi chinh trong mét hé thong diéu khién 16gic mo: bo 1am mo, bo
xt ly 16gic mo va bo giai mo (Hinh 3.3)

Rules (knowledge)

|
|
I
| !
values I|' Fuzzifier > In;ﬁ!;?rr:ge »| Defuzzifier

Crisp
values

Membership  Fuzzy (IF THEN) rules
functions Fuzzy variables

Linguistic variables

Hinh 3. 2 Qua trinh mo, co ciu suy luin va gidi mo

Trong khi bo 1am mo duoc ding dé anh xa nhitng dau vao chinh xac vao trong tap
md, bo xa 1y 16gic mo thuc thi mot co ciu suy luan dé dat duoc két qua dua trén nhing
tap hop nhiing quy tic di xac dinh trude. Sau do, bd giai mo duoc ap dung dé bién doi két
qua nay thanh nhitng dau ra chinh xac.
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Trong qué trinh 1am mo, gié tri dau vao dwoc 1am mo dé quyét dinh nhitng ham
thanh phan. Sau dé, nhitng dau vao da 1am md nay dwoc sir dung boi nhitng quy tic suy
luan dé xac dinh mot két qua hodc dua ra quyét dinh. Vi du, dé 4; va B; biéu thi nhiing
dau vao duoc 1am mo, va ¢; biéu thi mot dau ra. Mot tap hop nhitng quy tac cé thé dugc

dinh nghia nhu sau:
Quy tic 1: .4, AND B, — €,

Quy tic 2: A, AND B, — C,

Quy tacn: A, AND B, — C,

Bai vi nhitng quy tic nay lién quan qua suy luan IF-THEN, ham thanh phan caa
mot dau ra cia mot quy tic rieng r& c6 thé duoc biéu dién nhu
ug, (2, b, ¢) = min (u4(a), pe(b), ke (€)). Sau do, nhitng két qua cua tat c nhitng quy tic

duoc két hop lai sir dung ham cuc dai caa mdi quy tic nhu sau:

(2, b,€) = max; min (5, @), iz, () e, (©)

3.2. M6 hinh hé théng WiMAX

Tré lai mé hinh Wimax ching ta xem xét mot kich ban truyén tin dudng xudng
gitta mot tram gdc BS va nhitng thué bao van hanh trong ché do TDD-OFDMA véi C
kénh truyén con sin c6 dé phuc vu da két ndi. Cau tric khung dugc chi ra trong hinh 3.4,
& d6 khung dugc chia thanh nhitng khung nho duong xudng va duong 1én. Mai khung
nho bao gém nhiéu khéi dix liéu va mdi khdi dir liéu dugc dung cho viéc truyén nhing
don vi diz liéu giao thizc (protocol data units- PDUs) fwrong g véi mét két néi. Mot khoi
don c6 thé mang vai PDUs trén da kénh truyén con, va mot kénh truyén con c6 thé duoc
chia sé bai vai khbi. Ma hoa va diéu ché twong thich duoc dung dé hiéu chinh toc do
truyén trén mdi kénh truyén con mot cach linh hoat theo chét lwong kénh truyén. Mic do
diéu ché va téc dd6 ma hoa, sb bit théng tin trén mdi ky hiéu, va yéu cau vé SNR cho giao
dién v tuyén IEEE 802.16 duoc chi ra trong bang 3.1. V&i so do mi héa va diéu ché co
ban (tuc 14 rate ID=0), mot kénh truyén con c6 thé truyén L PDUs (thi du L=3 trong hinh
3.4). Do do, téc dé truyén PDU tong phy thugce vao so luwong kénh truyén con dioc cap
phét va rate ID duoc str dung trong mdi kénh truyén con.
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Downlink Uplink
—_ T T Burst #1
I — L OO0
L — Q< X ¥ Burst#2
3 — = < E
S, — |, - <5 Burst #3
5, __ | = = . -
g1 — | & Downlink oo
8 — |8 burst g Uplink
3 — |al% o= burst
— = =
v — = = Burst #N-1
_ =
— & Burst #N
———————————————————— + PDU
Time

Hinh 3. 3 Cau triic khung ciia IEEE 802.16 véi ché d9 TDD-OFDMA

rate 1D Murc diéu ché Thong tin Yéu ciu Ve
(M4 hoa) (S6 bit/ky hieu) | SNR

0 BPSK (1/2) 0.5 6.4

1 QPSK (1/2) 1 9.4

2 QPSK (3/4) 1.5 11.2

3 16QAM (1/2) 2 16.4

4 16QAM (3/4) 3 18.2

5 64QAM(2/3) 4 22.7

6 64QAM(3/4) 45 24.4

Bang 3.1 Nhirng so' @6 mé héa va diéu ché

Gia st rang diéu kién kénh truyén con van giir 6n dinh trén mot khoang thoi gian
khung (< 2ms), va tat ca nhitng PDU duoc truyén trong ciing mot kénh truyén con trong
suét thoi gian mot khung st dung rate 1D giéng nhau.
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3.3. Cép phat tai nguyén trong WiMAX va diéu khién quan Iy

Tré phai chiu cho viéc truyén thanh cong maot gai tin qua maot lién két vé tuyén phu
thugc 16n vao quan Iy hang doi mire link, va nhimg phuong thirc kiém soat 15i. Bai toan
phan tich hang doi muc link trong truyén goi vo tuyén duoc dé cap trong [14]. Mot m
hinh Markov duogc gidi thiéu dé phan tich qua trinh rét PDU duéi diéu khién 13i dya trén
y&u cau phét lai tu dong (ARQ). Trong [9] mé hinh giai tich I6p chéo dé rat ra tbe do mat
PDU, thong lugng trung binh, tré véi AMC dugc trinh bay. Tuy nhién md hinh xép hang
nay xét mot nguoi dung don trong mot kénh don. Mot mé hinh xép hang da dugc gia thiét
cho Wimax [11]. Chung ta nghién ciu hiéu qua muac goi bang cach cong thic hda mo
hinh xép hang dic biét cho OFDMA, ta ciing xét sy dot bién cua luu lwong dén bang cach
md hinh ngudn theo qua trinh poisson duoc diéu ché boi Markov. Tir md hinh xép hang
nay, phép do hiéu qua muc géi khac nhau cé thé nhan duoc, ching cé thé dugc ding dé
thiét 1ap qui tic diéu khién mo cho quan 1y tai nguyén va diéu khién tiép nhan két ndi

3.3.1.  Nguén lwu lwong va ma trdn Xac sudt dén.

Dé “bit dugce” téc d6 dén cao nhit cho mot ngudn luu lwong, ching ta sir dung mot
mo hinh MMPP, d6 1a mot mé hinh lwu luong tong quét cho luu luong truyén thong da
phuong tién ciing nhu 1a luu luong Internet. V&i MMPP, téc do dén PDU A, dugc xac
dinh boi pha s caa chudi Markov va sé cac phala S (ticlas =1, 2, ..., S). Mot qué trinh
MMPP c¢6 thé dugc biéu dién boi nhitng ma tran M va A, trong d6 M 1a ma tran xac suat
chuyén cua chudi diéu ché Markov va A 1a ma tran tuong (ng voi toc do dén Poisson. Bai
vi chiing ta xem xét ngudn Iuwu luong chi voi tée d6 thong thuong va tée do dinh nén sb
luong pha caa mé hinh MMPP ¢ day la hai (tac la S=2), va nhitng ma tran dugc dinh
nghia nhu sau [1]:

1 —Ppeax Ppeax A
e T LN Y
1-— Ppeak Ppeall: J‘p ( )

& d6 Pyeax 12 X4c suat toc do dén cao nhat, A 1a tbc do dén PDU thong thuong va Ay, 1a toc
do dinh.

MMPP thoi gian roi rac (AIMMPP) tuong duong voi MMPP trong thoi gian lién
tuc. Trong trudng hop ndy, ma tran téc d6 A duoc biéu didn boi ma tran xac suat dudng
chéo A, khi s6 PDUs dén trong mét khung la a. M&i phan tir caa A, c6 thé dat dugc nhu
sau:
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Fad)

A, =

[fa () (32)

y ey b

f, O“p}l A Fu @p)]
O @6 xéac suat d¢ a PDUs dén trong khoang thoi gian t (tac 1a chu ky khung) véi

téc trung binh A dugc cho boi:

—At a
£.0) = $

ddoaef0,1,..,A} va A 1a kich thudc nhdm cuc dai cho mot PDU dén. Ham sé khdi
X&c suat tich lity bu cho qua trinh dén duoc cho boi:

)= £40

j=a

3.3.2. S truyén trong nhézng kénh con
Chiing ta xem xét mot md hinh kénh Nakagami-m cho mi kénh truyén con, trong do chat
lugng kénh truyen duge xac dinh béi SNR,, nhan duoc tic thoi. Véi dieu che thich nghi,
SNR duoc chia thanh N + 1 khoang khéng phu nhau (honoverlapping) (vidu N = 7
trong chuan IEEE 802.16) boi cac ngudng T, (n € {0,1, ..., N}), ¢ d6
I, < Ty < - < Ty, = co. Kénh con dugc néi dén trong trang thai n (tac 1a rate ID = n
dugc st dung), néu T, < y < T, ,. Dé tranh nhitng 15i truyén thdng tin co thé xay ra,
khong c¢6 PDU nao duogc truyén khi y < T,. Chl y rang, nhimg ngudng nay twong Gng voi
yéu cau SNR dugc dinh rd trong chuan IEEE 802.16, d6 1a, ,
[, =641, =94,..,T, = 24.4 (nhu da chi ra trong bang 3.1). Tur phan bo Nakagami-
m, X4c Suat cua viéc sir dung rate ID = n tic 1a Pr(n) c6 thé dat duoc nhu sau [1]:

Pr (Tl) —_ F(mmI'y/¥)-T(mmly,,/¥%)

rom) (3.3)

O @6 7 1a SNR trung binh, tham sé pha dinh Nakagami m (m = 0.5), ['(m) la ham
gamma, va I'(m, ¥) 1a ham gamma bu khong day du.

Pé ¢ biéu thi tap hop nhitng kénh truyén con da cap phét cho mot két néi riéng
biét. Chling ta c6 thé dinh nghia ma tran hang D, - ma nhiing yéu t6 dy,, Ciia né tuong
g Véi Xac suat truyén k PDUs trong mot khung trén mét kénh con ¢ (c € €) nhu sau:

Dl’.‘ = [dn dk dng] (34)
O do
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d[InJ{Zij = Pr(n) (3.9)

O d6 1, 1a s6 lwong bit dugc truyén trén mdi ky hiéu tvong ung vai rate ID=n va
dy = 1 — X% di.. Ma tran D, ¢6 kich thuéc 1x(9xL) + 1. Cho kénh truyén con ma trén
do6 két ndi nay chia sé vai mot két ndi khac (tac la L, khdng nam trong L PUDs trong mot
khung trong kénh truyén duoc chia sé d6), ma tran ndy tro thanh:

D, = [dg ... dy ... doyy ] (3.6)

Tuong tu nhu vay dg_yoxy = Pr(n). Chi'y ring, chiing ta c6 thé tinh toan tong
s6 nhitng kénh truyén con c; da dugc cap phat trén co s Rate D=0 cho két néi i tir cong
thuac:

c; = ele(C) —|—% (3.7)

& d6 ham elec(C) cho biét s luong nhitng phan tir trong tap C.

Ma tran cho pmf cua téc do truyén PDU téng cong co thé thu duoc bang cach chap
nhttng ma tran D_ nhu sau:

D = OyeecD,

& d6 a@b biéu thi tich chap rai rac gitta nhitng ma tran a va b. O day, ma tran D c6 kich
thusc 1x U+ 1,6 d6 U = (9 x |¢;] x L) + (9 x Lg) + 1 cho biét s6 lugng cuc dai PDU
c6 thé duoc truyén trong mot khung.

Téc do truyén tdng PDU c6 thé dat dugc nhu sau:

@ =TV k X [Dlis (3.8)

3.3.3.  Khoéng gian trgng thai va Ma tran chuyén tiép.

Cho mdi két ndi, mot hang doi riéng biét véi kich thude X PDUs dugc dung cho
viéc nhd dém dit liéu tir tng dung tuong ¢ng. Trang thai cua hang doi (nghia 1a sb luong
PDUs trong hang doi va pha cua dit liéu méi dén) duoc theo ddi & d¢au mdi khung. Mot
PDU dang dén trong khung f s& khong duogc truyén dén tan toi thiéu khung tiép theo
f + 1. Khdng gian trang thai cia mot hang doi ¢d thé duoc dinh nghi nhu sau:

&={x,M),0=x =X,M e{1,2}}

& d6 X va M tuong tng biéu thi s6 lwong PDUs trong hang doi va pha cta qua trinh dén
MMPP. Ma tran chuyén P caa hang dogi c6 thé dugc biéu dién nhu trong phwong trinh 3.9.
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Nhiing hang caa ma tran P biéu thi s6 lugng PDUs trong hang doi, va yéu té p, .+ trong
ma tran nay biéu thi ma tran xac suat cho truong hop khi s6 lugng PDUs trong hang doi
chuyén tir x trong khung hién tai sang x' trong khung tiép theo.

Poo - Poa

Puo -+ Pu,u T Pu,u+a

Pxx—-tu --- Px.x Tt Pxx+A

i Pxx-u - Pxx J (3.9

Bai vi trong mot khung, vai PDUs c6 thé dén va duoc truyén di, ma tran P nay
duoc chia thanh ba phan. Phan thi nhét, tir hang 0 dén hang U — 1, chi ra truong hop ma
tdc do truyén tong cuc dai 16n hon sb luong PDUs trong hang doi va khong c6 PDUs dén
nao bi rét. Phan tha hai, tir hang U dén hang X — U, biéu dién truong hop & d6 téc do
truyén PDUs cyuc dai nho hon hoic bang sé lwong PDUs trong hang doi va khong cé
PDUs dén nao bj rét. Bai vi kich thuéc caa hang doi 13 hitu han, mot vai PDUs méi dén
c6 thé bi rét bai vi sy thiéu hut khdng gian nhd. Phan thi ba, tir hang X — A+ 1 dén X,
biéu thi truong hop mot vai PDUs méi dén s& bi bo rot do sy thiéu hut khong gian trong
hang doi. D& D™ bidu thi xac sut truyén khi c6 x PDUs trong hang doi va né cé thé dat
duoc tir phuong trinh D™ = [d, ... dy], & d6 U' = min (x,U) va

dy  U'=U

p ,={ ; (3.10)
y k=xdy, U'=x

Luu y rang, bai vi tbe @6 truyén PDU tong cuc dai ¢ thé I6n hon s lwong PDUs
trong hang doi, s lwong PDUs duoc truyén cuc dai khdng thé 16n hon sd luong PDUs
trong hang doi

Nhitng yéu té trong phan dau tién va phan tha hai cia ma tran P c6 thé dat duoc
nhu sau:

Prx—u ™= M {Ek—j:uﬂj * ([D{Kjl]k.,_llz)} (311)
Pex+v = M {Ej—k=vﬂ‘j * ([D{K:I:Ik_l_llz)} (312)
Pex = M{Zicsy x (D], 1)) (.13
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Chou=1,..,U,v=1,.., A6 doke{0,1,2,..,UIvaje {0,1,2,.., A} tuong
g biéu dién sé lugng PDUs da roi khoi va s6 lugng PDUs dang dén, va I, la mot ma
tran dong nhat kich thuéc 2 x 2.

Xem xét ca hai su kién PDU dén va PDU roi di, phuong trinh 3.11 dén 3.13 twong
ng biéu dién nhitng ma tran xac suat chuyén cho nhiing truong hop khi s luong PDUs
trong hang doi giam u PDUs, tang v PDUs, va khong thay doi.

Phan tha ba cia ma tran P({x = X — A + 1, X — A + 2, ...,X}) phai “bat gitr” anh
huong rét PDU. Do d9, cho x + v = X, phuong trinh 3.12 tr¢ thanh

Pixiv = Eq:v ﬁx,x+i Voix+v =X (314)

& do P, dat duoc khi dang xét 1a khong c6 goi rot. Cho x = X, phuong trinh (3.13) tré
thanh

I]x,x = ﬁx,x + Ef;l ﬁx,x+1 (315)

Phuong trinh 3.14 va 3.15 chi ra trudng hop hang doi s& day néu sb luong nhirng
PDUs dén I6n hon khong gian sin ¢ trong hang doi

3.3.4. Phép do QoS

Dé nhan dugc phép do hiéu qua, yéu cau gia dinh xac suit trang thai on dinh cho
hang doi. Béi vi kich thude hang doi 12 hitu han (tic 1a X < o), ma tran xac suat m nhan
dugc bang céch giai phuong trinh tP = mvaml = 1, ¢ d6 1 12 ma tran cot don vi. Ma
tran  chira X4c suat trang thai lién tuc tuong (ng voi sé luong cua PDUs trong hang doi
va pha cia nguén luu lwgng MMPP. Ma tran e ¢6 thé duoc phan tach thanh n(x, s), d6 1a
X4C suat trang thai tinh ma & d6 c6 x PUDs trong hang doi va pha cia MMPP 1a s, nhu
sau mi(x,s) = [m),,... O ddy, s = 1 va 2 twong ung chi thi rang nguén luu lugng truyén
Vi tée do thong thuong va tée do dinh.

3.3.4.1 So6 lwong PDUs trung binh trong hang doi

S6 lugng PDUSs trung binh trong mot hang doi c6 thé thu duoc nhu sau:
¥ =25 x(Xi n(x,s)) (3.16)

3.3.4.2 X&c sudt rét PDU

Xéc suat rét PDU 1a xac suat mot PDU dén s& bi bo rot boi vi khdng c6 san khong
gian nhé dém. N6 c6 thé nhan duoc tir s6 lwgng PDUs bj rét trung binh mdi khung theo
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phuong phéap duoc sir dung trong tham khao [14]. Cho rang c¢6 x PDUs trong hang doi va

s6 lugng PDUs trong hang doi tang 1én v, s6 lwong PDUs bi rét 1a v — (X — x) cho
v = X — x, va bang 0 trong truong hop khéc. S6 lugng PDUs bj rét trung binh mdi khung

dat dugc nhu cong thirc sau day:
idrup = EEZI Ei{:U Eﬂ:x_x+1ﬂ':x; S:} (EjZZI[pJ{,xH::I s,j) [V - G{ - X}) (317)

& d6 6 hang i [Pyl ; trong phuong trinh 3.17 biéu thi tdng xac suét rang s luong

PDUs trong hang doi ting I&n v tai mdi pha dén. Chi y rang, ching ta xem xét x4c suat
Py x+v hon 12 xac suat cia PDU dén boi vi ching ta phai xem xét sy truyén PDU trong

cuing mot khung. Sau khi tinh toan sé luong PDUs bj rét trung binh mdi khung, ching ta

Xdrup

c6 thé dat dugc xac suat mot PDU dén bi rét nhu sau:
Pdmp = y

d6 X 12 sd luong PDU trung binh dén mdi khung va né c6 thé dat duoc tur

o
i = }"(1 - Ppeak) + JL111:"[:u3;a|v:

3.3.4.3 Thong lwong hang doi
N6 dinh lugng sb luong PDUs dugc truyén trong mot khung va n6 cé thé thu duoc

tir cong thiac n = A(1 — Pypqp).

3.3.4.4 Tré trung binh
Tré trung dugc dinh nghia nhu 1a s6 lugng khung ma mét PDU doi trong hang doi
tir khi dén téi trude khi nd duoc truyén di. Ching ta st dung dinh luat Little dé dat duoc

tré trung binh nhu sau:
W=

= | =

& d6 n 1a thong luong (giéng nhu 1a tbc do dén thuc té tai hang doi) va £ 1a sb luong

PDUs trung binh trong hang doi
Ap dung diéu khién 16gic me cho diéu khién tiép nhan

3.3.5.
Chung ta d& xuat mot hé thong diéu khién 16gic mo vong lap ma (open-loop) cho
diéu khién nhan, va nhiing thiét bi chinh trong hé thong nay duogc chi ra trong hinh 3.5 [1]
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Hinh 3. 4 So’ d6 khdi ciia b kiém soat nhan 1ogic mo

Qus4 trinh diéu khién nhan mo 1am viéc nhw sau. Khi mot két néi duoc khai tao,
MS théng tin cho tram géc BS nhitng tham sé nguon lwu leong gan ding (tac 1a tée do
thong thuong 4, toc do dinh 1, va xac suat xay ra toc do dinh P, ;) va yéu cau tré myc

tieu d,.4. Nhirng tham s dau vao nay duwoc lam mo vao trong nhitng tap md ham thanh

phan twong tng. Bo udc luong lwu lugng ngudn sé ude luong cuong do luu lugng nhu 14
dau ra. Tiép theo, tram gdc do va 1am m& SNR trung binh (7) twong ung véi mot két ndi
méi. Cuong do luu luong nay va thdng tin chat lugng kénh dugc sir dung boi bé xiz ly cdp
phéat tai nguyén clng véi yéu cau tré dic trung cia ngudi ding dé nhan duoc s6 lugng
kénh cip phat. S6 lugng nhiing kénh con nay bi gidi han boi ¢, VA €, d& dam bao
rang két ndi dugc cap phat lugng tai nguyén truyén tin khong qué lén ciing khéng qua
nho.

S6 lwong nhitng kénh truyén con dugc cap phat va luong tai (load) dugc 1am mo trong té
bao XM, ¢;, & ¢ N 1a tong sé két ndi hién thoi, dugc sir dung bai bo diéu khién nhan dé
quyét dinh liéu mot két ndi dang dén co thé dugc chap nhan hay khong. Pac biét dau ra tir
bo diéu khién nhan nay dwgc giai mo thanh mot xac suat tiép nhan P, ., tram goc BS tiép

nhan mot két ndi méi dua trén xac suét nay.

Nhitng quy tic cho bo xir Iy cip phat tai nguyén duoc thiét 1ap can ct trén hiéu qua
hang doi. Vi dy, sb luong it hon ctia nhitng kénh truyén con s& dugc cip cho mot két ndi
véi chat lugng kénh truyén trung binh khi yéu cau vé tré cua no 1é6n hoic cuong do luu
lwong thap. Tuy nhién, néu nhitng yéu cau vé tré nho, sé lugng it hon kénh truyén con s&
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dugc cap chi khi SNR trung binh cao. Ching ta két luan rang kiém soat nhan Idgic mo da
dé xuét co thé tang hiéu qua sir dung nhitng kénh truyén con sin c6 bang cach xem xét
qua trinh luu lwong dén trong khi van duy tri yéu cau vé tré tai mac muc tiéu. Hon nita,
boi Vi st dung cta bo xtr 1y suy luan nhan, nhitng thuc thi chat lugng dich vu QoS cho so
dd mo tré nén nhay cam véi tai luu lugng trong té bao. Do d6, mot ngudi dung di dong
duoc bao dam chat lugng dich vu QoS sau khi két ndi dugc thira nhan.
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Chuong 4 - M6 hinh hé thong OFDM va van dé 14p lich trong WiMAX
Mé dau

Cau tric khung tiéu biéu ding trong hé théng vo tuyén IEEE 802.16 néu trong
hinh 4.1. Nhitng cum dau tién trong khung diéu khién gom &nh xa duong xudng (DL),
anh xa duong 1én (UL), xac dinh thdng tin vé& cdp phat tai nguyén cho mdi khach hang
trén duodng 1én va xuéng.

Downlink subframe

DL burst
#1 DI burst #2

Uplink subframe

—Q =30 0

Dl burst #3

Hinh 4. 1 Cau triic khung trong h¢ thong vo tuyén

Nhiing anh xa nay chtra thdng tin vé kénh con va khe thoi gian cap phat trong mot
khung d cho, tiép sau phan DL 1a phan UL. Truc hoanh I truc thai gian con truc tung 1a
truc tan s (dién ta cac kénh con). Hinh 4.1 dién ta mot khung TDD (song cong theo thoi
gian) cho mot OFDMA PHY véi viéc phéan cho 3 nguoi dung trén duong DL.

IEEE 802.16 dua ra mot s6 ki thuat cho phép ngudi ding yéu cau tai nguyén bang
tan duong 18n phi hop véi QoS, d6 1a yéu ciu ma ngudi dung can chuyén mot luong di
licu nhat dinh trong mot khoang thoi gian nhat dinh, diéu nay c6 thé dugc thuc hién qua
cac dich vu UGS (cap phat tw nguyén) va rtPS (cip phat thoi gian thuc).

Vén dé lap lich phan khe thoi gian trén mot tap con cac kénh con cé san (tai
nguyén tan sb) c6 muc tiéu 1a phai déng thoi thoa man yéu cau khach hang va cue dai
thong lwong hé thang. Viéc cap phét khong dua theo si bot phat thdng tin ma dya vao yéu
cau cta ngudi dung. Khoang thoi gian T ma theo d6 yéu cau can duoc théa man cd thé
bang d6 dai khung hay mot sé gia tri khac cé thé hiéu nhu khoang thoi gian trén truc
hoanh ma QoS yéu cau. Néu kénh thay ddi nhanh, T duoc gia thiét 12 nho. Tuy nhién, néu
kénh thay doi cham, T c6 thé 1a I6n, diéu nay trén thuc té c6 thé chap nhan duoc. Nguyén
tac lap lich dat muc tiéu sé& lan luot dugc xem xét sau ddy.
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4.1. M& hinh hé théng OFDM

Hé thong OFDM Ia hé théng truyén dan da séng mang truc giao, hoat dong theo
tirng frame ky hiéu néi tiép theo thoi gian nhu da gii thiéu trong chuong dau tién. Trong
phan nay chlng ta cting tim hiéu mot s6 khai niém trong hé thong

4.1.1.  Ldp lich lwa chen tan sé va phan tap tan sé

Chuan IEEE 802.16 cho phép 1ap anh xa khéc nhau gitra nhitng sng mang con va
nhitng kénh con. Mot vi du cua anh Xa lya chon tan sé 1a song mang con duoc sir dung
mét phan (partically utilized subcarrier PUSC), trong s nhirng séng mang c6 san, thiét
Iap nén mot kénh truyén con duoc liwa chon ngd~u nhién trén toan bang thong kha dung.
Pay 1a kiéu phan tap cua kénh truyén con cho nén diéu kién kénh truyén nhan duoc cua
bat ky ngudi dung nao dai thé ciing gidng nhau. Trong trudng hop AMC 1a: nhitng séng
mang con tao nén mot kénh truyén con nam lién ké nhau, va diéu kién kénh truyén thay
boi mot nguoi dung bién doi qua cac kénh truyén con va tac 1a bién d6i qua nhimg ngudi
dung. Luu ¥ rang, ching ta khdng sir dung nhimng luge do trén cho muyc dich tim trung
binh nhiu ma tap trung vao lap lich giai quyét van dé phan chia ngudn tai nguyén cé thé
tng dung vao hé thong théng qua kiéu PUSC hay AMC — trén co s& OFDMA cho tiéu
chuan 802.16.

4.1.2. Khai ni¢gm khe trong lép vt ly

Khe vat Iy PS 1a don vi thoi gian co ban tai 16p vat ly. Trong truong hop OFDMA,
n6 twong ang véi thoi gian mét ky hiéu. Mot sb khe vat ly PSs cuing nhau hop thanh mot
khe (slot). Vi phan chia ngudn tai nguyén 12 bai toan cua I6p MAC, ching ta tap trung
vao van dé phan chia khe va kénh truyén con. Ching ta chi y rang nhitng ky thuat duoc
phét trién trong chuwong nay c6 thé tng dung tham chi khi nhitng phép do tién hanh ¢ muc
nhitng s6ng mang con riéng biét, mac du trong thyuc té khong giong nhau do chi phi khéc
nhau trong viéc dung thém tiéu dé (overhead)

4.1.3.  Chithj chdt lwong kénh truyén

Mot sb kénh truyén duong 1én duoc chon lya dé théng bdo tinh trang kénh
(CQICH). Ngudi dung dau cudi cung cap gié tri do trung binh CINR (ti s6 s6ng mang va
tong nhidu cong on) cua kénh duong xudng va phan hoi tro lai. V&i muc dich nay tram
co so dinh rd mot phan bd CQICH cu thé cho khach hang (trong cum diéu khién cua
khung), chi thi cho khach hang cung cép gia tri trung binh CINR dung kénh phan hoi
nhanh dén tram co sé. Gid tri do dwoc cua chat lwong kénh truyén duong xudng 1a mot
van dé¢ dang quan tam khi sé luong ngudi sir dung 16n vi overhead trg thanh mot yéu to
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quan trong trong hiéu qua lap lich. Gia sir rang thng tin vé chat lugng kénh truyén duoc
thu nhan cho tat ca cac khach hang & cting mot thoi diém, va tai nhitng khoang thoi gian
khéng dbi, sir dung hoac ki thuat CIQCH hay k§y thuat teong ty ndo d6. Con tinh trang
kénh truyén duong 18n c6 thé duoc ude luogng tai tram co s mdi khi cé dit liéu dugc gui
tir mot khach hang. Trong truong hop dung kiéu AMC, ching ta gia sir rang thdng tin
phan héi dudi dang mot véc to nhirng gia tri do duoc vé kénh truyén cho mdi nguoi ding
qua tat ca nhitng kénh truyén con trong hé thng.

4.1.4.  Lép dich vu UGS va rtPS

Nhitng thuat toan duoc gigi thiéu ¢ day cé thé tng dung cho nhitng 16p dich vu
UGS va rtPS duoc dinh nghia trong chuan phéc thao 802.16. Pé thuc thi I6p UGS: mdi
ngudi ding yéu cau mot dung lugng truyén tdi thiéu va khong doi trén mot khoang thoi
gian cho truéc T. Ching ta gia thiét ring c6 du co so dé tim gia tri T nay dé trén d6 thoa
man nhitng nhu cau cé thé cua mdi nguoi dung duoc dinh nghia trong thoa thuan dam bao
muc d6 dich vu (service-level agreement SLA) cho nguoi dung. Chung ta ciing st dung
mot khai niém nhu vay cho dich vu rtPS véi gia thiét noi bat vé chu ky lap lai ¢é dam bao
tdc do tbi thiéu yéu cau bai ludng dap tng thai gian thyc rtPS.

4.2. Cap phat tan s6 va thoi gian theo yéu cau QoS

O day chung ta s& néu ra viéc 1ap cong thirc LP cho van dé 1ap lich (phan bé ngudn
tai nguy@n) khi chuwa xét dén van dé phan bd cong suat. Muc tiéu cua viéc 1ap cong thic
nay 1a cuc dai théng heong tong cta hé thong trong khi nhu cau cua mdi nguoi dung déu
duoc théa man. Pong luc thic day cho viéc thiét 1ap cong thirc nay 1a nd dat duoc muyc
tiéu can bang nhitng mat trai nguoc nhau cia mang (théng lwong cuc dai, nhu duoc thiy
trong ham sé muc tiéu) va nhitng nguoi st dung (nhu cau duoc toéa méan)

C6 hai phién ban vé phan b6 ngudn tai nguyén, mét 1a khi truc thoi gian lién tuc va
hai 12 khi tryc thoi gian duoc roi rac hoa nhu biéu dién trén hinh 1.3 ¢ trén. Chlng ta s&
thiy rang phién ban roi rac hda la bai toan NP-hard tong quat thuc day huéng nghién ctu
nai 16ng thoi gian lién tyc.

Trong su nai long tinh lién tuc, bai toan phan chia ngudn tai nguyén chinh 1a phan
nhitng khic thoi gian cho nguoi ding qua nhitng séng mang con c6 san dé dong thoi thoa
man nhu cau va dat thong luong tbi da.

Phuong trinh 4.1 dén phuong trinh 4.4, dién ta nguoi dung cam nhan tinh trang
kénh khac nhau trén mdi séng mang con va nhiing gia tri nay lai khac nhau qua nhiing
ngudi dung. Cac khéach hang sé diéu chinh cho phi hop véi cac sdng mang con mot céach
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ddng thoi. Tap hop nhimg song mang con duoc phan cho mot ngudi ding 1a mot tap con
cua tong sé luong céc séng mang con kha dung trong hé thong.

Goi ¢; la téc d6 co thé dat duoc cua ngudi dung i trén kénh j voi don vi bit/giay.
Gia st rang a; la nhitng ham s6 don gian cua véc to CNR phan héi lai tram co s boi
nhitng ngudi dung. Ta luu ¥ rang diéu nay dit mot han ché 1&n cong suit duoc phan bai
ngudi ding trén mot kénh truyén con. Bé 1ap cdng thire dé giai quyét van dé nay, ching ta
c6 thé gia st rang nguoi dung chia Iuu lugng theo mot phuong phép tinh (vi du nhu bang
nhau) qua nhitng song mang con dugc phan cho no

max XLy X2, oy (4.1)
Vi rang bugc: i=1X; =T Vj=1,..,m (4.2)
Lliox; =d; Vi=1,..,n (4.3)
X = 0 (4.4)

O day x, biéu dién khoang thoi gian phan bo cho tram i trén kénh truyén j dé
truyén dir liéu. Vi tri chinh xac cua nhiing khoang thoi gian dir liéu nay duoc thong tin
dén t6i nguoi dung boi tram co s bang nhiing ban tin diéu khién - dugc phéat quang bé téi
tt ca nguoi dung tai diém bat dau cua mdi khung. Pay chinh 13 so do anh xa duong
xudng va duong 1&n. Ham muc tiéu 1a tim kiém cuwe dai lrong diz liéu trén toan hé thong
duoc truyén di. Khi khong c6 bat ky rang budc ndo vé nhu cau, van dé& duoc giai quyét
mot cach don gian. Tuy nhién rang budc dau tién & day dinh rd rang tong thoi gian phan
bd qua tat ca cac tram trén mot kénh truyén khdng thé vuot qua khoang thoi gian T. Rang
budc thir hai 1 yéu cau vé chat luong dich vu QoS va dinh rd riang tong dit liéu duoc
truyén di boi mot tram i trong thoi gian T phai it nhat bang nhu cau d; bit trong trudng
hop luu luong dudng 1én. Trong truong hop luu luong duong xubng, rang budc nay la
lwong dir liéu t6i thiéu phai duoc nhan bai tram i. Cha'y rang trong subt khoang thoi gian,
T 1a mot duong thoi gian nam ngang ¢ trén nhitng bao dam vé QoS phai dugc cung cap.
Cha y rang trong nhitng tinh huéng nay c6 maot gia thiét riéng rang diéu kién kénh truyén
khong bién dbi dang ké qua nhitng khoang cap nhat, khi nhitng cap nhat vé diéu kién
kénh truyén duoc giri tir khach hang dén tram co s& trong truong hop luu luong duong
xuéng. Trong trudng hop luu lwong duong 1én, diéu kién kénh truyén duong Ién co thé
duoc do phac tai tram co so sau moi T gidy.

LP(1) I su n&i long cua viéc lap chuong trinh s6 nguyén duoc biéu dién dudi day

[1]:
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max Xty XiZ; ayn;A (4.5)
Vi rang bugc: i=1 Ijj i% Vi=1,..,m (4.6)
X« zdz vi=1..,n (4.7)
ny = 0 (4.8)
ny € Z7 (4.9

O d6, n;la s6 lugng khe dwgc phan cho tram i trén kénh truyén j. Gia st rang
chiéu dai 4 chia mot cach chinh xéac thoi gian T cua khung truyén con (duong 1én va
duong xuong) (nhu dugc chi ra trong phuong trinh 4.2)

42.1.  Diéu kign kénh truyén dong nhat

Piu tién ching ta xét trudng hop don gian & d6 tat ca nguoi ding cam nhan kénh
truyén giong nhau va phién ban roi rac cua bai toan phan bd ngudn tai nguyén trong d6
nhitng tai nguyén can duoc phan cho ngudi ding thoa man yéu cau va thong luong hé
théng dat cuc dai. Mot thuat toan don gian cd thé duoc sir dung dé dat duoc nhitng muc
tiéu nay. Yéu t6 duoc don gian hod ¢ day 1a tit ca ngudi ding cam nhan nhitng kénh
truyén giéng nhau. Do d6 viéc phan bé mét khe slot trén mot kénh truyén khdng phu
thudc vao kénh truyén cho mét nguoi dung. Nho do ching ta c6 thé phan chia mot céach
don gian mot khe tai mot thoi diém theo kiéu vong Robin giira nhitng nguoi dung ma
nhitng nhu cau van dugc thoa man. Cha y rang khi nhu cau cua tat ca nguoi dung déu
dugc thoa méan, thuat toan két thic véi vai khe slot khong dugc phan cho ngudi ding.
Nhitng khe nay c6 thé dugc phan bé mét céch tuy y. DE dang thay rang trong truong hop
nhu cau caa cac tram khong thé duoc thoa man tit ca, thuat toan quay tro lai thuat toan
phan bé uu tién cuc dai - cyc tiéu. Pidu nay co6 thé ap dung cho truong hop kich ban
PUSC/FUSC, véi nhimg diéu kién kénh truyén twong doi dong nhat cho mdi nguoi sir
dung trén bat ky kénh truyén con duoc cip nao.

Tuy nhién, chdng ta chd y riang nhitng séng mang con trén bing thong khong bao
dam dé cac kénh truyén gidng nhau nhu di gia sir. 6 12 mot cau hoi con dé ma khi
nghién ctu hiéu qua thyc té.

4.2.2. Luwachon T

Nhu di dé cap trude day, T 1a dudng nam ngang thoi gian ¢ trén “dudng” dam bao
QoS phai dugc cung cap. Cho dén déy, biéu thirc da chi ra yéu cau mdi nguoi dung duoc
cho phép truyén mot lwong bit nao d6 trong mdi khoang thoi gian T. Pay 1a mot vi du
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rang budc vé tdc do truyén phai thoa man cho mot ngudi dung. Vi dy, nhitng nguoi ding
c6 thé dugc anh xa voi mot bang thong dugc bao dam QoS muc MAC, né ¢é thé duogc sir
dung dé cung cip dich vu T1 ti nha hay cac cong ty thuong mai nho. Théng thudng, c6
thé gia su rang T it nhat 12 thoi gian vai khung truyén. Tuong tu vay, mot bai toan toi uu
khéc c6 thé duoc cong thirc hoa dé cuc tiéu thoi gian tong cong nam ngang trén nhing
nhu cau cua ngudi dung c6 thé duoc thoa man. Cong thire nay nhu sau [1]:

MinT (4.10)
Rang bugc bai: YioyX; = d; Vi (4.11)
Yixg =T Vj (4.12)
X: = 0 (4.13)

N —
Chu y riang dang cua nhitng chwong trinh truyén tinh cho phép loi giai st dung
nhitng ky thuat dugc miéu ta & phan sau chuong nay.

423.  Kétqud cing
Trong phan nay, ta chitng minh rang phién ban roi rac rang budc béi nhu cau
chinh 1a bai toan NP-hard. Viéc chimg minh dugc rdt vé viéc cuc dai cac phan rang budc
(MAXIMUM CONSTRAINED PARTITION), né dugc biét 1a bai toan NP-day du.

Xét tap hiru han A va mot kich thudc s(a)ez* cho mdi phan tr aec A. Mot
nghiém chia phan trudng hop nay 1a mot phan caa A, tac 1a mot tap con A’ bao ham
trong A, sao cho:

Eae&’sfa) = Eaea—a’g[a) (4.14)

(Phién ban t6i uu cua bai todn nay 1a tim kiém cuc dai s6 cac phan to tir S trén
cling mot phia nhu phan tir cho trudca, ).

Bay gid ta xem xét nhitng phién ban tiép theo cia bai toan Iap lich roi rac. C6 m
s6ng mang, mdi séng mang con chi c6 mot khe thoi gian duogc lién két véi né. Chi ¢ hai
khach hang, ca hai khach hang d6 déu thay chinh xac nhiig diéu kién kénh truyén giong
nhau trén tap hop nhiing kénh truyén dugc cap (gia sir rang diéu kién kénh truyén nhan
thirc boi hai khach hang c6 thé duoc biéu dién nhur 1a nhiing s6 nguyén). Do d6, chiing ta
c6 mot tap A bao gdm m phan tir, mdi phan tir 6 gié tri @, nao do,i =1, ... , m. Moi
ngudi ding ¢6 mot nhu cau d = X, a,/2. Vi mdi phan tir cia tap hop c6 thé dugc phan
cho chi mot khach hang va khéng thé nhiéu hon, nén ching ta thiy ring ching ta c6 thé

A

giai quyét bai toan ndy néu ching ta giai quyét bai toan “Chia phan” (PARTITION). Diéu
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nay cho thay ngay ca phién ban duoc don gian nay caa bai toan Iap lich roi rac van 1a mot
NP day du. Vi vay, ching ta c6 thé ndi rang bai toan lap lich roi rac tong quat da duogc
miéu ta trudc day (cho cuc dai thong luong) la bai toan NP-hard.

4.2.4.  Thudt toan xdp xi dau vao phu thugc cho LP(1)

Trong phan nay, ching ta gigi thidu thuat toan xap xi dau vao phu thudc cho LP tir
phuong trinh 4.1 dén 4.4 dya trén két qua xap xi bao ham chung va déng goi tuyén tinh.
Trong [13], tac gia md ta nhirng thuat toan tuan tu hiéu qua dé giai quyét bai toan c6 tinh
kha thi mot cach xap xi.

NG6i mét cach xac dinh, thuat toan dua vé 10i giai thoa mén tat ca nhitng rang budc
trong mot thira s6 1 + e trong mién thoi gian 0 (Mplog M/€?), & d6 M 14 sb lugng cac
rang budc va p 1 sé cuc dai cac rang budc cua cac bién bat ky xuat hién & do.

Chuing ta c6 thé sir dung nhitng thuat toan mém déo hiéu qua nhu mot chuong trinh
(tht tuc) con dé tinh toan nghiém toi wu bang cach sir dung céch tim kiém phan doi trén
mién nghiém tdi vu. Gia st ching ta biét toc do dit liéu cuc dai c6 thé dat dwoc trén tit ca
cac kénh truyén trong hé thong (ky hiéu 1a W), ching ta c6 thé tinh toan xap xi nghiém tdi
trong thoi gian 0(klogmWT), 6 d6 k 1a do phuc tap thoi gian cho mot cugc goi don s€
cho chuong trinh con xap xi mém déo

Trong trudng hop LP(1), ching ta chd y ring M = m + n + mn (twong tng 12 sy
cung cap, Yéu cau va rang budc khdng am), va p co thé c6 gia tri nhiéu nhat 12 5 cho mét
budc lap cho trudc.

Diéu nay c6 thé coi nhu 1a rang budc yéu ciu ddi véi mot khac hang di cho
i = 1,...,n chira dyng mot bién ¢6 cua x;; cho j = 1, ..., m. Tuong ty nhu vay, rang budc
cung cap doi véi kénh truyén j chira dung mét bién c6 cua x;;. Khi thuc thi tim kiém phéan
doi, hai rang budc dugc thém vao dai da cho cua ham muc tiéu, mdi rang bugc chira mot
bién c6 cua bién x;; (bién c6 thr nam 1a rang budc khdng dm). Trong thuc té, vi s6 luong
cua nhirng séng mang truc giao (hoac séng mang con trong hé théng OFDMA) cho mot
hé thdng da biét 1a khong doi, khi n ting 1én 16n hon, d6 phuc tap c6 thé xem xét twong
d6i gan bang o(nlog (n)/€2).

Chu y rang, gisi han trén cua thong lugng hé thong cé thé duogc cai thién theo
nhitng cach sau day: Néu nhimng séng mang con dugc danh s6 tir 1, ... , m, ky hiéu la s,
nhu 1a tram véi toe do dir ligu tot nhat trén séng mang con i. Goi W 14 toc d¢ cuc dai c6
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thé dat duoc qua tat ca nguoi dung trén séng mang con i. Do d6, thoi gian chay cua thuat
todn c6 thé cai thién dén o (klog X7, W, T).

4.2.5. Phwong phdp thuc nghiégm dua trén luéng twong tranh cuc dgi

Trong phan ndy, ching ta trinh bay mot phuong phap thuc nghiém cho LP tir
phuong trinh 4.1 dén 4.4, chung duoc hiéu nhu ludng twong tranh cyc dai. Uu diém cua
phuong phép nay 1a do phic tap thoi gian cia né khong phuc thudc vao tée do dir liu cuc
dai c6 thé dat dugc trén mot kénh truyén cho trudc. Mot cach 1ap cong thac cua bai toan
phan bd ngudn tai nguyén néi long (Phuong trinh 4.1 dén 4.4) ¢6 thé 1a cuc dai mot nhan
tar chung thoa man nhu cau trén tat ca nhitng ngudi dung, d6 13, mot gia tri 2 nao d6 dé
cho it nhat Ad, duoc thoa man cho tat ca i. Tuy nhién, day khong phai 1a mot bai toan
ludng twong tranh truyén théng. C6 mot vai nhan tir lién doi véi mot vai bién trong cong
thirc. Didu ndy c6 thé duoc coi nhu 14 bai toan ludng suy rong (tong quat hod). Nhiing ky
thuat hiéu qua dé xap xi ludng twong tranh suy rong duoc biéu dién trong [4]. Cong thirc
dwong cua bai todn ludng twong tranh suy rong la:

max (A) (4.15)
Vi rang buoc: YpecpYple)x(P) = ule) Ve (4.16)
Epepjx[P) —Ad; =0 Vj (4.17)
x(P) =0 VP (4.18)
A= 0 (4.19)

Cho truéc mot duong s-t (ngudn — dich)P =¢, e, ..., e, , w(e,) =]/H::q;/(ei) . Pay la
s6 nhitng ludng da giri vao arc e, dé phan phat mot don vi cua ludng tai t sir dung duong
P. Dé lap cong thirc cac phuong trinh 4.1 dén 4.4 dudi sy xem xét nay ching ta c6 thé xay
dung mot biéu d6 véi mn duong: m dudng tir mot nguon dir liu qua m kénh truyén ndi
téi mot bo chi thi. Nhitng bién y; c6 thé duoc hiu nhu 1a cac bit. Chti y ring chi nhiing
canh twong @ng vai m kénh truyén mai c6 dung lwong T lién két véi chiing, cac canh con
lai khong c6 dung lwong. Cong thirc két qua dugc biéu dién trong phuong trinh 4.20 d&én
4.24

Max), (4.20)
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Vi rang budc: 5“:1? =T V¥i=1,...m (4.21)
i

Xliy;i—hd; =0 Vi=1,..,n (4.22)

Az=0 (4.24)

Ban chat phia sau phuong phap thuc nghiém nay dugc biéu dién trong biéu do hinh
42[1]

Khi bai todn ludng twong tranh dugc giai quyét, gia tri A toi wu s& hoac 1a 16n hon
hozc 12 nho hon 1. Trong trudng hop dau, chwong trinh khéng ¢ tinh kha thi nhung trén
phan bé tong cong 1a mot nghiém tét cho bai toan phan bd ngudn tan sé. Trong trudng
hop sau, chuong trinh 1 kha thi nhung sy phan bo tong cong nhin chung khdng phai la toi
uu thong luong. Trong truong hop nay pham vi nghiém phai theo gia tri ham muc tiéu
trong chuwong trinh ludng tuong tranh suy rong. Tiép theo, ta phan chia phan con lai cua
khung theo cach téi wu thong luong, bang cach phan thoi gian con lai trén mdi séng mang
con toi khach hang véi toe do dir lidu tot nhat trén song mang con do. Tir két qua trong
tham khao [3], d6 phuc tap thoi gian ciia phuong phap Heuristic cho ludng twong tranh 1a
o[ €2 (k, +k, logk,)(k, +n)], & dok,=2mn+mla sé lwong cac canh va k, =2(m+n) 1a sb
lwong nhitng nit trong biéu d6 ludng twong tranh dugc tinh toan. Ching ta luu Y ring, uu
diém cua cong thic nay 1a thuat toan khong phu thudc vao nhiing gia tri trong ma tran
diéu kién kénh. Nghiém cung cip boi phuong phap thuc nghiém s& theo cach: mot sb
phan cua khung duoc phan bo dua theo ludng twong tranh, tic 13, khi nghiém tdi uu duoc
dinh ¢& lai, thoi gian tong cong duoc phan trén nhimg séng mang con 13 nhu nhau. Diéu
nay 1a bai vi nghiém tbi wu cho bai toan ludng tuong tranh s& tim sy phan bd x;; S0 cho
inj =T V6ivj. Pidu nay 1a dung bai vi bat ky phan khong gian con du lai ndo ciing s&

dua dén mot gia tri 16n caa A
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Sink 1

Channel m

Source n# “® Sink n

Hinh 4. 2 Lap cdng thitc ludng twong tranh

4.3. Cap phat kénh phdéi hep véi cong suat

Nghiém cua cong thirc cuc dai thong Iwgng ndi trén hoan toan khdng xem xét bai
toan cap phat cong suat. Noi chung, diéu nay 1a khong téi vu khi gin két véi diéu khién
cdng suat. Trong phan nay, ching ta lap cong thic cho bai toan diéu khién cong suat toi
wu dé cap phét cong suat cho mdi nguoi ding mot cach ti wu qua tat ca cac song mang
con, trong khi ¢ ging dé thoa man nhirng rang budc vé QoS. Ham muc tiéu cho cong
thirc nay van gitr nguyén, tim kiém cuc dai thong luong, véi rang budc vé nhu cau cho
nguoi dung [1]

max X; X1 Xy (4.25)

Vi didu kien: r; = Blog (1 + ) (4.26)
i

XiDij = Pray Vi (4.27)

x5 ,7; =0 (4.30)

Nhiing s6 hang méi da giéi thidu trong cong thirc nay dugc miéu ta nhu sau:

. p;;: cOng suat dugc cap phét boi nguoi sir dung i trén kénh truyén j.
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. 7 tbe do dat dugc béi ngudi sir dung i trén kénh truyén j.

. n;;: cdng suat nhidu va 6n nhan thic béi nguoi ding i trén kénh
truyeén j.

. R;: toc do tong cho mot nguoi ding trén tat ca cac kénh truyén phai

I6n hon tdc do muc tiéu R; cho mot ngudi dung cho trudc i.
. P, 0iGi han trén caa cdng suat cho mot ngudi ding

C6 thé thay nhiing cong thirc duoc 1ap & trén (phuong trinh 4.25 dén 4.30) rat kho
dé giai boi su c6 mat ciia nhitng rang bugc dang 7 ;x;;. DE hiéu rd ban chét kho khan ciia
bai toan diéu khién cong suat & trén, ching ta tap trung vao mét phién ban duoc don gian
hoa theo nhiing trang théi cuc tri cia SINR. Trong thiét 1ap nay, mot tap hop nhitng kénh
truyén truc giao phai dugc cap phat cho mét tap nhitng ngudi ding, & d6 mdi nguoi ding
lai chia cdng suat cia nd mot cach tdi wu qua tit ca nhirng kénh truyén dugc phan cho nd.
Trong khi giai phap cap phat céng suét téi wu c6 mot cau tric kiéu don gian 13 “water-
filling” — “dién day nudc”, thi bai toan cap phat kénh truyén tbi vu rat kho khan béi vi su
phu thugc phi tuyén tinh cua thong lugng ngudi dung 1én tap hop nhitng kénh truyén duoc
cap phét cho nd. Do viéc cap phat kénh truyén téi wu doi hoi nhiéu tinh toan, nén ching ta
phan tich hé thong trong hai trang théi cuc tri cia SINR (khi SINR rét cao va rat thap) va
chi ra 1am thé nao nhitng nghiém ti wu c6 thé dat duoc trong nhiing tinh hudng nay qua
phuong thuc tinh toan hiéu qua. Cudi cung, ching ta ching minh rang gié tri tét nhat
trong cac nghiém ti wu nhan duoc tir hai thai cuc nay cho thay hiéu qua gan nhu t6i uu
trén toan mién SINR. Ch Y rang ban chat cia bai toan diéu khién cong suit da xem xét &
day ciing c6 thé tng dung cho truyén tin (dir liéu) duong 1én. Khong mat tinh téng quat,
ching ta gia sir rang thoi gian dugc chia khe va tap trung vao bai todn cip phat kénh
truyén cho ngudi ding cho mot khe thoi gian cho trudce.

Nhéc lai rang, nhiéu kénh truyén cé thé dugc cap phat cho mot nguoi ding don 1¢,
nhung mot kénh truyén don 1é khdng thé duoc chia sé¢ bai nhiéu ngudi dung. Do do, su
cap phat nhitng kénh truyén con cho nguoi dung tuwong (ng voi mot anh xa diém - da
diém tir ngudi dung dén kénh. Trong chuong nay, chung ta noéi dén mot su cap phat nhu
la mot da anh trong mot gian dd phan doi ngudi ding — kénh truyén (hinh 4.5).
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Channel 1

User 1

User 2

User3 @

User 4 @ @
\. Channel 6

Hinh 4. 3 Mot polymatching: Hinh vé& chi ra mét polymatching gia tri cho bon nguoi

dung va sau kénh truyén (Chu y ring: Polymatching nay dwoc biéu dién béi cac

duwong in dam)

Ta goi @ la tap biéu dién cua tat ca nhiing polymatching trong gian d6 phan doi
ngudi ding — kénh truyén. Thong luong cia ngudi ding i trén mot kénh j da cip phat cho
n6 dui hinh thic B log (1 + x p,;/n,;;, & d6 B; vax |2 nhiing hang sb. D& don gian,
ching ta s& gia sir rang B; = B Vjvar = 1, mic du nhitng phan tich va nhitng thuat toan
ma chiing ta di gi6i thiéu trong chwong nay c6 thé dugc dé dang mé rong cho truong hop
tong quat hon. Bai toan théng lwong cuc dai cho toan hé théng c6 thé dugce dua ra nhu sau

[1]:

max E?zlﬁj:m:,wlﬂg (1 —i—% (4.31)
ij
Vi diéu kign: YieoPy <P Vi (4.32)
p; =0 Vi Vj (4.33)
¢ € @ (4.34)

Cha y rang véi mot polymatching ¢ cho truéc, bai toan ¢ trén giam xudng thanh
bai toan cip phat cong suét toi wu cho mdi ngudi dung, ma nghiém cia né twong ng Véi
mot cau triic “dién day nudc” trén nhitng kénh truyén khac nhau da cip phat cho nguoi
dung d6. Bai toan dugc néu ra & trén phtc tap hon nhiéu, tuy nhién, vi né twong tng voi
mot mot bai toan cap phat kénh phdi hop véi cong suat, nd doi hoi ching ta tim kiém sy
cap phat kénh truyén (polymatching) mang lai thong luong hé théng tét nhat dudi nhitng
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diéu kién phan bd cong suat tdi vu cho nhimng kénh dugc phan. Mot tiép can “chat phac”
dé giai quyét bai todn nay s& 1a dém tit ca cac polymatching va tinh toan thong luong c6
thé dat t6i cho mot polymatching bang cach chay mot thuat toan “dién day nude”, va sau
d6 chon lya polymatching dat duoc gié tri thong luong cuc dai. Tuy nhién sb luong cac
polymatching nhin chung 12 ham s mil theo kich thuéc cua gian ¢ phan déi ngudi ding
— kénh truyén, nén cach tiép can kiéu nay la rat dat do, va khong kha thi véi s luong Ion
cua nhitng kénh truyén va ngudi dung. Do dé muc tiéu caa ching ta 1a su cap phat kénh
truyén toi uu hoic gan t6i wu voi mot phuong thie tinh toan don gian hon.

4.3.1. Phan tich théng lwong trong trang thai SINR cao

Trong phan nay, chiing ta phén tich thong luong gianh dugc boi ngudi dung i trong
trang thai SINR cao dé dua ra mot thuat toan tinh toan su cip phat kénh truyén
(polymatching) téi wu trong trang thai SINR nay. Xét mot ngudi dung i bat ky, va ky hiéu
@, = {j:(i,j) € ¢} biéu dién tap hop nhiing kénh truyén da cap phat cho nguoi ding i.
Dit k; = |¢;|. Trong trang thai SINR cao, P; > n;; Vj € ¢;. Diéu nay dién ta néu cap
phat cong suat duoc 1am dé tbi wu thong luong ngudi ding, ngudi dung s& dung tat ca
nhitng kénh truyén duoc cap phéat cho nd, va su cap phat cong suat s& tuong ng Véi giai
phap “dién ddy nudc”, nhu dic trung dudi day:

pijtn;=4; Vj€ ¢, (4.35)

Tinh tong trén tat ca nhiing kénh truyén k,, ching ta dat duoc:

Pi+N;
A, = bl (4.36)
ki
& d6 P, 1a cong suét truyén tong cia nguoi ding i va N, 1a cdng suat nhiéu tong cia ngudi
dung i, dugc dinh nghia 1a N; = X e 1,5
Néu ching ta biéu dién thong lugng dat dugc boi ngudi ding i 12 U, sau d6 ta co
thé viét:

U; = Zjep, log (1 + %) (4.37)
i
=Y., log (B0 4.38
= cjep; 08 ny; ) (4.38)
PE+J.F'IrE
= Yjeg, l0g [kz_ﬂz_j]' (4.39)
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P

~ %je0,l08 () (4.40)

‘[ffﬂf_ii

O day su xap xi dén tr gia thiét SINR cao, P, > N,. Do d6, ta c6 thé viét thong
luong cho ngudi dung 1 nhu sau:
Piém quan trong cua biéu thire thong luong nay 1a & chd né cho phép ching ta

luong tir hoa theo tiéu chuan ting cta viéc cap phat kénh truyén j cho ngudi dung i. Nhin
chung, tiéu chuan ting nay 1a mot ham caa i, j, k; .

Cu thé, xét tiéu chuan ting trong viéc cap phat kénh truyén j cho nguoi ding i,
khi k-1 kénh truyén di duoc cip phat cho no. Sau d6, dung biéu thirc thong lwong trong
phuong trinh 4.41, tiéu chuan ting trong trudng hop ndy, ky higu lae, , dugc biéu dién
nhu sau (chd ¥ rang trong ca hai trudng hop — trude ciing nhu 13 sau khi c6 sy cap phét
cua kénh truyén j — céng suat tong P, sdn c6 tai nguoi dung i duoc phan chia theo ky
thuat “dién day nudc” qua tap cac kénh da duoc cap phat):

ay =log(R) —[k log(k) — (k —1) log(k —1)] - log(n; ) (4.42)

Trong biéu thtc trén, (k —1)log(k —1) tai k =1 nén duoc hiéu 12 0

Chung ta cha y rang biéu thirc cho tiéu chuan ting chi bao gdm nhitng sé hang
x4c dinh kénh truyén j dwoc thém vao (log(n;)), sé lugng nhitng kénh truyén da cap phat
(k) va cong suat tong cua nguoi dung i, P.. Do d6, biéu thirc tiéu chuan ting khong phu
thudc vao mét tap chinh xac cua nhitng kénh truyén di cip phat cho ngudi dung i, ma
chi phu thudc vao kich thuéc cua tap d6 (k). Bidu nay cho phép ching ta thiét lap cong
thirc gian dd sau ddy cua bai toan cuc dai thong luong trong trang thai SINR cao

Trong hinh 4.6, L nat miéu ta cho nhitng nguoi dung duoc tach ra thanh M nut
con, mot ndt con cho mdi kénh truyén. Nhitng kénh truyén duoc biéu dién mot cach tach
biét dung M nut nhu thong thuong. Tét ca nhitng canh c6 thé giira nhitng nat con cua
ngudi ding va nhiing kénh truyén duogc V&, véi trong s6 canh duoc tinh toan st dung
phuong trinh 4.42. Trong ciu tric dua ra , cht ¥ rang mot matching trong gian d6 cau
tric phan doi & twong tng voi mot polymatching trong gian db géc.
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| @
User 1 b
(L subnodes) | i i Channel 1
i a Channel 2
User N
(L subnodes) Channel L

P e e

Hinh 4. 4 Biéu dd ciu truc caa

Thém nira, cd thé kiém nghiém rang nhitng trong sé canh thé hién dic tinh giam
d6i voi k, d6 14, ay = 044y Cho bat ky k = 1. Néu (i,j,k) biéu dién canh giira nit nho
k ciia ngudi dung i va kénh truyén j, khi d6 dic tinh giam cua nhitng trong s6 canh ngu y
rang mot matching trong so cuc dai (V6i ayy, nhur 1a nhitng trong so canh) trong G s& lam
cho cac canh tuong tng c6 mot gia tri k thap hon d6i véi cling gié tri i va j. Nhu vay,
trong mot matching trong sb cuc dai, d6i véi ngudi dung i bat ky s& ¢ k; nhitng nat con
1,...,k;.4 S€ dugc lam cho phu hop va nhitng nat con k;, 4, ..., M s€ khong dugc lam cho
phl hop. Pham vi tranh luan & ddy c6 thé mé rong xa hon cho thidy mét matching trong
s6 cyuc dai trong G tuong tng véi mot polymatching lam cuc dai hoa tong cua thong
luong nguoi dung, ¢ do thong luong nguoi dung xac dinh boi phuong trinh 4.41. Vi vay,
trong trang thai SINR cao, cip phéat kénh truyén téi uu c6 thé duoc tinh toan bang cach
tinh toan phu hop trong sé cuc dai trong gian d6 phan doi G duoc cau tric & trén, do
phtic tap cta n6 la o(L2M?) sir dung thuat toan Hungarian co dién. Chlng ta coi thuat
toan nay nhu 14 thuat toan HSO (ti uu tai SINR cao).[1]
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4.3.2.  Phdn tich théng lwong trong trgng thai SINR thdp

Trong trang thai SINR thap, chling ta xap xi ham muc tiéu nhu la:
log (1 + i—;‘) ~ i—j (4.43)
sir dung Xxap xi log (1 + x) ~ x khi 0 < x <« 1. Thém nita, gia sir rang tat ca nhiing gia tri
n;; khac nhau, sau d6 ddi voi gid tri SINR du nhé, méi nguoi diing s& cap phat tat ca cong
suat ciia N6 vao mot kénh don - kénh véi ny; nhé nhat trong s6 tat ca nhiing kénh truyén
dugc phan cho nguoi ding. Chinh xac hon, néu gié tri n;; khac nhau it nhat 1a e, Vi
P, < e, nguoi ding i s& cap phat tat ca cong suat ciia nd cho kénh truyén cé 6n cuc tiéu dé
cuc dai thong luong. (Luu y rang, tinh hudng nay 1a nguoc lai véi trudng hop SINR cao,
& d6 nguoi dung s& st dung tat ca nhitng kénh truyén da cap phéat cho ho). St dung thuc
té nay, va phuong trinh (4.43), ching ta thiy rang chinh sach cap phat kénh truyén cho
thong luong cuc dai trong ché do SINR thap twong ¢ng voi mot matching trong sb cuc dai
trong so dd phan doi day du cua nguoi dung va kénh truyén, véi nhiing trong sé canh
B:; = P:/n;. Matching trong sb cuc dai ndy cd thé dugc tinh toan trong ham thoi gian
0 ({max(L, M)}*), su dung thuat toan Hungarian [8].

Cha y rang, néu sb kénh truyén nhiéu hon s6 nguoi ding, thuat toan matching sé
bo lai mot s6 kénh truyén khong duoc cép phat cho ngudi ding nao. Trong thuc té, P, ¢6
thé I6n hon sy khac nhau tbi thiéu trong nhitng mic 6n, va do d6 viéc bo lai nhitng kénh
truyén san c6 khéng dugc cip phat co thé dan dén su lang phi dang ké cua nhiing tai
nguyén. Do d6, chiing ta chay matching lap di 1ap lai loai ra nhiing kénh truyén da cap
phat trong phép lip trude do, cho dén tan khi tit ca nhitng kénh truyén da dugc cip phat.
Ching ta nhiac dén thuat toan nay nhu 1a thuat todn LSO (thuat toan t6i uu vai SINR
thap).

Ching ta thay rang thuat toan HSO dat dugc sy cap phat kénh ti uu (ty s6 hiéu
qua 1a 1) dudi diéu kién SINR cao. Trong thuc té, ti s6 hiéu qua cia HSO gan nhu tdi wu
khi SINR gan véi phan tir don vi hoic 16n hon. Nguoc lai, thuat toan LSO gan nhu téi wu
khi SINR thap; hiéu qua cua né tré Ién toi hon khi SINR ting nhu dy doan. Vi vay, ta
nhan thay rang sy tét nhat cua thuat toan HSO va LSO s& cho téi uu trén toan mién SINR
duoc xem xét. Hiéu qua nay ciing dugc coi 12 tot hon so véi phuong phap Heuristics gia
tang. Do do, trong thuc té, ching ta c6 thé chay ca hai thuat toan HSO va LSO, va chon
nghiém tét hon, két qua nay s& cho hiéu qua gan téi wu, khong quan tdm dén gia tri SINR
I& bao nhiéu, chi vai chi phi tinh todn nho.
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4.4, M@ phéng thuat toan Heuristic cho cip phat tai nguyén trong WiMAX

Dua trén cac nguyén ly ly thuyét da dugc phan tich trong cac muc ndi trén, phan nay
luan van tién hanh md phong phuong phap cip phat tai nguyén dam bao QoS trong
WIMAX cho ngudi ding da dugc chap thuan cung cip dich vu dua theo thuat toan
Heuristic. Sau day 1a mot sb tinh chat ngan gon cua thuat toan nay

44.1. Thugt toan Heuristic

Thuat giai Heuristic thuong dugc ap dung dé giai nhimg bai todn co rit nhiéu cac
phuong an lya chon nham hudng dén muyc tiéu véi tiéu chi:
- Tim duoc 1oi giai tot (dU khong chic 12 1o giai tot nhat)
- Giai bai toan theo thuat giai Heuristic thuong dé& dang va nhanh chong dua ra két
qua hon so vé6i giai thuat toi wu, vi vay chi phi thap hon.
- Thuat giai Heuristic thuong thé hién kha tu nhién, gan giii véi cach suy nghi va
hanh dong cua con nguoi.
C6 nhiéu phuong phap dé xay dung mét thudt giai Heuristic, trong d6 ngudi ta
thudong dwa vao mét s nguyén 1y co ban nhu sau:
Nguyén ly vét can théng minh: Trong mét bai toan tim kiém nao dd, khi khéng gian tim
kiém 1om, ta thuong tim cach gidi han lai khong gian tim kiém hodc thuc hién mot kiéu do
tim dic biét dua vao dic thu cua bai toan dé nhanh chong tim ra muyc tiéu.
Nguyén Iy tham lam (Greedy): Lay tiéu chudn t6i vu trén pham vi cuc bo dé tim kiém
101 giai trén pham vi toan cuc cta bai toan lam tiéu chuan chon Iya hanh dong.
Nguyén ly thir tw: Thuc hién hanh dong dya trén mét céu tric thi tr hop 1y ctua khong
gian khdo sat nham nhanh chong dat dugc mot 101 giai tdt.
4.4.2. M4t sé bai toan thwong gap
C6 hai bai todn néi bat ung dung thuat giai Heuristic d6 1a bai toan hanh trinh ngin
nhat ang dung nguyén Iy Greedy va bai toan phan viéc tng dung nguyén ly thi ty duoc
trinh bay dudi day.
Bai toan hanh trinh ngin nhat — ing dung nguyén ly Greedy
Bai toan: Hay tim mét hanh trinh cho mdt nguoi giao hang di qua n diém khdc nhau, moi
diém di qua mot lan va tro vé diém xudt phat sao cho tong chiéu dai doan dwong can di la

ngan nhat. Gia sw rang co con dwong noi tryc tiép tw gitra hai diem bat ky.
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Tat nhién ta co thé giai bai toan nay bang cach liét ké tit ca con duong co thé di,
tinh chiéu dai ctia mdi con duong d6 rdi tim con dudng c6 chidu dai ngan nhat. Tuy nhién,
Céch giai nay lai c6 d6 phirc tap O(n!) (Vi mot hanh trinh 12 mot hodn vi cia n diém, do do,
téng s6 hanh trinh 1a s& lugng hoan vi cua mét tap n phz‘in tar 1a n!). Do do, khi s6 dai ly

tang thi s6 con dudng phai xét s& tang 1én rat nhanh.

Mot cach giai don gian hon nhiéu va thudng cho két qua twong d6i tdt 1a ding mot

thuat giai Heuristic ing dung nguyén ly Greedy. Tu tuong cua thuat giai la:

e Tir diém khai dau, ta liét ké tat ca quing dudng tir diém xuat phat cho dén n dai Iy rdi

chon di theo con dudng ngin nhat.

e Khi dd di dén mot dai 1y, chon di dén dai 1y ké tiép ciing theo nguyén tic trén. Nghia
1a liét ké tit ca con duong tir dai 1y ta dang dung dén nhitng dai 1y chua di dén. Chon
con duong ngan nhat. Lip lai qué trinh nay cho dén lac khong con dai 1y nao dé di.

Theo nguyén Iy Greedy, tiéu chuan hanh trinh ngin nhat ciia bai toan lam tiéu
chuan cho chon luya cuc bo. Ta hy vong rcing, khi di trén n doan duong ngcfn nhat thi cudi
cung ta sé ¢é mot hanh trinh ngdan nhdt. Diéu nay khéng phai lic nao ciing dung. Véi
diéu kién trong hinh tiép theo thi thuat giai cho ching ta mot hanh trinh c6 chiéu dai 1a 14
trong khi hanh trinh t6i vu 1a 13. Két qua cua thuét giai Heuristic trong truong hop nay
chi 1éch 1 don vi so v&i két qua tdi wu. Trong khi d6, 6 phirc tap cua thuat giai Heuristic
nay chi 1a O(n?).

Bai toan phan viéc - wng dung nguyén ly thir tw

Bai toan: Mgt cong ty nhdn dwoc hop dong gia cong m chi tiét may J1, J2, ..., Jm. Cong
ty c6 n may gia cong lan lirot 12 P1, P2, ..., Pn. Moi chi tiér déu c6 thé duoc gia cong
trén bat ky may ndo. Mgt khi da gia cong mét chi tiét trén mgt may, cong viéc sé tiép tuc
cho dén 1Gc hoan thanh, khdng thé bj cdt ngang. Bé gia cdng mét viéc J1 trén mét may
bdt ky ta can dung thoi gian tuwong ing 13 t1. Nhiém vu cia cong ty 1a phdi 1am sao gia
cdng xong toan bé n chi tiét trong thoi gian sém nhat.

Thuat toan tim phuong 4n t6i wu LO cho bai todn nay theo kiéu vét can co do phirc
tap ¢& O(mn) (voi m 1a sb may va n 1a sé cong viéc). Song giai thuat Heuristic rat don
gian (d6 phirc tap O(n)) dé giai bai toan nay:

e Sap x&p cac cong viéc theo thir tw gidm dan ve thoi gian gia cong

e Lan luot sip xép cac viéc theo thir ty d6 vao may con du nhiu thoi gian nhat.
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4.4.3. M phéng cho bai toan Igp lich dung thugdt todn Heuristic

Nhu da dé cap & trén, kién tric 16p MAC thé hién qua ba giai doan: giai quyét
xung d6t khi nhiéu nguoi dung cing truy cap mang (ky thuat da truy cap), quyét dinh
chap nhan nguoi goi hay khong khi nhan dugc yéu cau cua ho (diéu khién tiép nhan), va
sau cuing 1 cach thirc phan chia tai nguyén cho ngudi dung khi da tiép nhan ho (cap phét
tai nguyén).

K§ thuat da truy cap da duoc dinh nghia day du trong tiéu chuan 802.16 song diéu
khién tiép nhan va cap phat tai nguyén van con dugc dé ngo cho céc nha khai théac thiét bi
phat trién. C6 nhirng k¥ thuat va thuat todn méi da duoc gisi thiéu & trén, cho ta mot buc
tranh hoan chinh vé lap chuong trinh thoa man yéu cau QoS cua nguoi dung trong
uu, trong khuén khé luan vin nay ta tién hanh md phong va danh gia phuong phap cap
phat tai nguyén dam bao 2 muc tiéu la : QoS cho ngudi dung va cuc dai tai nguyén sur
dung theo thuat toan Heuristic. Thuat todn Heuristic 4p dung & day dwua trén nguyén ly
tham lam Greedy: ldy tiéu chuan cwc dai cuc bé 1am tiéu chudn hanh dong cho tieng budc
két hop véi kiém tra yéu cau vé QoS dé dat dwoc Cuc dai todn cuc cia hé thang

Luu d6 chuong trinh md phong thuat toan Heuristic néu trén nhu sau:
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Ma tran phan hoi A

Bdo cdo vé BTS ctia mbi ngudi ding vé téc
dd cho phép trén cdc séng mang con (bit/s)

Lip lai
den het
song
mang
con

y

Khethoi gian

i

Kiem tra QoS ciia moi nguoi dung

v

Loai bénhimgnguwor dung da dat
QoS khoi danh gach cap tainguyeén

|

Cap nhatma tran phanhoi méi
(khongbao gom nhimgngwoi dung
da thoa man QoS)

Tat ca QoS cua
nguoi dung deu
da thoaman

Lay lai ma tran phanhoi cho
tat ca nguol dungva song
mang con lai

Phan songmang tot nhat cho ngwoi
dungco toc do tot nhat do (maxmax)

l

Tinh tich iy thong lwong nguot
dungvahethong

y

Thonglwongnguoi dung - hé thong

Hinh 4. 5: Lwu d6 mo phéng thuit toan Heuristic cho cAp phat tai nguyén mang

thuat toan Heuristic trén hinh 4.5 nhu sau:

C6 thé tom tat chién luge phan song mang dwgc miéu ta trong luu dd thuc hién

Tai mdi khe thoi gian phai phan ngay va phan hét tai nguyén séng mang (vi khi

cap nhat khe thoi gian sau s€ ¢6 bao cao ma tran kénh khac)

- Céch phan 1a wu tién chon cac kénh co diéu kién tot phan trude dé cuc dai thong

luong.
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- Sau khi phan 1 luot phai kiém tra QoS mdi ngudi dung, néu du rdi loai ngudi d6 ra
khoi danh séch cip dé danh tai nguyén cho nhitng ngudi chwa du trong luot phan
sau. (Chd y tai mdi thoi diém 1 séng mang con chi dugc phan cho mot ngudi dung)

- Khi tat ca da du QoS, tai nguyén con lai trong séng mang hay khe thoi gian tiép
theo ap dung chién thuat phan lan luot theo maxmax tuc 1a tai mdi khe thoi gian
mdi s6ng mang s& dugc phan cho ngudi dung c6 phan hdi (tbc do tét nhat) trén
song mang do.

4.4.4.  Kich bdn va két qua md phéng

4.4.2.1. Kich ban mo phaeng

Dudi day ta mo ta kich ban chuong trinh mé phong lap lich WiMAX theo thuat toan
Heuristic.

Khe thoi gian thir nhat:

Gieo ma trdgn ngdu nhién A véi N (ngwoi dung) x M (kénh)

Diy 1a s lieu béo cdo vé BTS cua mdi ngudi dung d6i voi chat luong cac song

mang con cho phép truyén voi toc do bao nhiéu (bit/s)

1.
1.

Thudt toan
Tim max max(NxM) — séng mang con tét nhat va ngudi ding co téc do tot nhat trén
song mang con do, toa do cua nd la Use N(i) va song mang M(j)
Loai cot j khoi ma tran A, lai tim maxmax cua ma tran con lai. Tim toa d6 twong tng
véi nd la Use N(k) va song mang M(l)
So sanh luu luong dwoc phan ciia mdi ngudi so véi yéu cau, néu vuot d; loai ngudi
dung do khoi danh sach, con khéng gitt nguyén.
Khi sé nguoi trong danh sach con lai khac khong, xay dung lai ma tran A con lai
nhitng ngudi ndy va cac séng mang con lai dé phan lan 2 ciing bang cach dung lénh
maxmax
Khi tat ca nguoi dung da duoc thoa mdn vé QoS ma van con thira song mang con,
nhitng séng mang con lai nay s& dugc phan theo nguyén ly maxmax ma khéng can
kiém tra lai QoS
Ap dung nhu budc 4 cho dén khi hét song mang
Béo cao két qua phan tai nguyén tong cong trong khe thoi gian thir nhat. Loai nhiing
ngudi da du yéu cau d; khoi danh sach.

59



Kién triic chwong trinh dam bdo yéu cdu chdt liweng dich vu trong mgng WiMAX

Khe thoi gian tha 2:
1. Gieo lai matran NxM

2. Téach ma tran chi gom nhimg ngudi con lai véi tat ca tai nguyén séng mang, ciing thyuc
hién phan maxmax dé dam bao Qos cho nhitng ngudi con lai cho dén khi tat ca déu
dam bao yéu cau di.

3. Luc nay néu con thira séng mang hay thira khe thoi gian sé lan luot phan cho thi tu
ngudi ding theo cac budc maxmax ma khong can kiém tra lai QoS.

Lip lai cho dén khi hét khe thoi gian trong khung thoi gian T.
4.4.2.2. Két qua md phéng

- Thong luong nguoi dung va he thong voi Qos=20

200 + W

— Swstem
Jzerl

— Uszer?
|Jzer3 7

— Uszerd

af M&W\W
-\-\-\-\-\-\-‘-‘—\_\_,_!'” .

Mau thu

(Mb)

Thong luong
=]
1

Hinh 4. 6 Thong lwong hé théng véi yéu ciu QoS 20
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Thong luong nguoi dung va he thong voi Cos=40

260
200 - -
— — Swyetem
o] Jzerl
E — U=zer?
150 - IJzerd 7
DEJ:' — U=zerd
o]
=
2100 L i
o]
=
; Nl
B0 - e == .
D | 1 1 1 1 1 1 1 1
1] ? 4 f g 10 12 14 16 14 20

Mau thu

Hinh 4. 7 Théong lwong hé thong véi yéu ciu QoS 40

Thong luong nguoi dung va he thong vol QoS khac nhau
'EEI:I T T T T T T T T T
200 - -
— — Swstem
Fe! User] QoS=10
= — User3 Qo3=10
— 180 Uzer3 QaS=A §
2 — Userd QoS=60
o]
=
2100} -
]
=
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50 b -
|:| 1 1 1 1 1 1 1 1 1
0 2 4 § 3 m 12 14 16 18 20
Mau thu

Hinh 4. 8 Thong lwgng hé thong véi yéu ciu QoS 10 va 60
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—I'E}Ewnorwg luong nguoi dung va he thong voi QoS khac nhau

200 b w/

— Swstem
lzerl Qos=5
— Usgerd Qos=20
Jzerd Qos=40 | 7
— Usgerd QoS=60

(Mb)

Thong luong
2
g

| \/\,_,\/M/\F/\/—

Mau thu
Hinh 4. 9 Théong lwgng hé thong véi yéu cau QoS 5, 10, 40 va 60

Nhan xét: Hinh 4.6 va 4.7 chi ra két qua mé phong véi 2 kich ban vé yéu cau chat lugng
dich vu khac nhau 20 Mb va 40 Mb. O dayta gia str hé théng 802.16 c6 thoi gian khung la
4 khe thoi gian. Tat ca cac khach hang c6 yéu cau gidng nhau. Biéu kién kénh truyén cho
mdi khach hang duoc lya chon mot cach ngau nhién gitra 1 va 10 Mbp. Hé théng van
hanh trén tdm séng mang con véi 4 ngudi dung. Véi diéu kién md phong & trén théng
lwgng hé thong ¢ day dat duoc tir 170 dén 225 cho QoS yéu cau 20Mb va tir 180 dén 230
cho yéu cau QoS 40 Mb. Giita hai lugt thir cho hai gi4 tri QoS khac nhau thong luong hé
théng khong sai khac dang ké do diéu kién thir & day co thong lugng hé thdng du dap tng
tuong tot yéu cau nguoi dung. Hinh 4.8 va 4.9 chi ra két qua mé phong khi yéu cau vé
chat lugng dich vu ctia ngudi dung khac nhau, ta thay rang thuat toan da dam bao dap tng
du y&u cau vé QoS cua nguoi dung trong khi ¢ ging dat théng lwong cuc dai hé thdng.
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KET LUAN

Mic dd mang 3G dang duoc trién khai phét trién manh mé, tuy nhién mang
WIMAX van giit mot vai tro tng dung nhat dinh cho nhitng khu vuc héo lanh, mat do dan
cu thua hay dia hinh kho khin bai nhitng vu diém riéng cua né. D6 1a, kha nang st dung
tai nguyén xa (tam phat cé thé 1én dén 50-70 km) va dap ung duoc nhiing yéu cau chat
lugng dich vu phong phd.

Ciing nhu nhitng mang thong tin vo tuyén khac, nhimg ngudi dung trong mang
WiMAX cuing chia ngudn tai nguyén vé tuyén hitu han cho nhiing yéu cau dich vu cua
minh trong khi nha khai thac mang mudn sir dung tai nguyén vé tuyén maot céch hiéu qua
nhét. Yéu cau vé chat lugng dich vu ciia ngudi ding va mong mudn cuc dai thong lugng
mang caa nha cung cip dudng nhu trai nguoc nhau. Vi vy, nhirng thuat toan - nhitng k§
thuat, dé c6 thé dung hoa hai nhu cau nay la rat can thiét va c6 y nghia, d6 ciing 14 nhitng
gi ching ta da tim hiéu & trén.

Luan van da tim hiéu nhiing k§ thuat Iap lich va diéu khién cho Ié6p MAC trong
mang WiMAX. Nhiing k§ thuat Iap lich diéu khién nay duoc thuc hién tuan tu qua ba giai
doan:

- Diéu khién da truy cap
- Diéu khién tiép nhan
- Cap phat tai nguyén (phéi hop vai cong suat)

Luan van da thuc hién dugc viéc mo phong danh gia hiéu qua hai k¥ thuat da truy
cap p-ALOHA va s-ALOHA. Nhirng ky thuat mai dugce dé xuét cho diéu khién tiép nhan
va cap phat tai nguyén nhu diéu khién tiép nhan dung Légic mo duoc tim hiéu trong luan
van. Do tinh cht phuc tap cua nhitng thuat todn va ky thuat dugc dé xuat, nén trong pham
vi luan vin nay ta lya chon thuat todn Heuristic cho cap phét tai nguyén thoa man QoS va
cuc dai thdng lugng dé thuc hién mé phong danh gia.

Nhitng thuat todn lap lich va diéu khién gigi thiéu ¢ ddy co chi phi tinh toan thap
(dap (ng thoi gian thue) nhung kha tét trong viée dap ung yéu cau chét luong dich vu caa
ngudi ding va mong mudn vé thong lugng mang. Vi vay ching rét kha thi trong viéc ang
dung thuc té.
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PHU LUC
Phu luc 1: Chwong trinh p-ALOHA

% Pure ALOHA System

function [next time] = paloha(now time)

global STANDBY TRANSMIT COLLISION % definition of the global variable
global Srate Plen

global Mnum Mplen Mstate

global Tint Rint

global Spnum Splen Tplen Wtime

persistent mgtime mtime % definition of the static variable
if now time < 0 % initialize access terminals

rand ('state',sum(100*clock)) ; % resetting of the random table

mgtime = -Tint * log(l-rand(1l,Mnum)); % packet generation
time

mtime = mgtime; % packet transmitting time

Mstate = zeros (1,Mnum) ;

o

Mplen (1:Mnum) Plen; packet length

next time min (mtime) ;
return

end

idx = find(mtime==now time & Mstate==TRANSMIT) % finding of the
terminal which transmission succeeded

if length(idx) > 0

Spnum = Spnum + 1;

Splen = Splen + Mplen (idx) ;

Wtime = Wtime + now time - mgtime (idx);
Mstate (idx) = STANDBY;
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mgtime (idx) = now _time - Tint * log(l-rand); % next packet
generation time

mtime (1dx) = mgtime (idx) ; % next packet
transmitting time

end

idx = find(mtime==now time & Mstate==COLLISION) % finding of the
terminal which transmission failed

if length(idx) > 0

Mstate (idx) STANDBY;

mtime (1dx) now_time - Rint * log(l-rand(l,length(idx)));
% resending time

end

idx = find(mtime==now_ time) ; % finding of the
%$terminal which transmission start

if length(idx) > 0

Mstate (idx) = TRANSMIT;

mtime (idx) = now time + Mplen(idx) / Srate; % end time of
transmitting -

Tplen = Tplen + sum(Mplen (idx));
end
next time = min(mtime); % next state change time

Phu luc 2: Dinh thoi trong s-ALOHA

% Slotted ALOHA System

°

if now time < 0 % initialize access terminal
rand ('state',sum(100*clock)) ; % resetting of the random table
slot = Plen / Srate; % slot length
mgtime = -Tint * log(l-rand(l,Mnum)); % packet generation time
mtime = (fix(mgtime/slot)+1) * slot; % packet transmitting time
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Mstate = zeros (1,Mnum) ;

Mplen (1:Mnum) = Plen; % packet length
next time = min (mtime) ;

return

end

if length(idx) > 0
Mstate (idx) = STANDBY;

mtime (idx) = now time - Rint * log(l-rand(l,length(idx)));

o

% waiting time

mtime (1dx) (fix (mtime (idx) /slot)+1) * slot; % resending time

end

Phu luc 3: Thuat toan Heuristic théa man QoS va cho cwe dai thong luwong

% Gieo ma tran luu luong: 4 user=N, 8 song mang con=M, 4 khe thoi gian=K

P=zeros (1,20);
use=zeros (N,20);% Ma tran nguoi dung luc dau
%d=ones (N,1)*40;% Chi so QoS cua nguoi dung 20

d=[5; 20; 40; 60];% Chi so QoS cua nguoi dung khac nhau

for 1=1:20 %Chay 20 lan, moi lan 4 khe thoi gian de ve do thi
for k=1:K % 4 khe thoi gian

% moi khe thoi gian khoi phat 1 ma tran kenh

A=10*rand ([N M]);% Do la ma tran phan hoi tu cac user ve BTS

B=A; % cho nang luc duong truyen tb 10Mb/s phan bo deu
for j=1:N % Truoc khi phan song mang kiem tra
if use ((j3),1)>d(3) % nguoi dung, neu ai da du QoS
A(j,:)=0; %$se loai hang do ra khoi ma tran A
end
end
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if sum(sum(A))== % Neu tat ca deu du QoS thi lay lai ma tran
dau
A=B;
end
for i=1:M % Chay cho den het song mang
Ta(1)= max (max(A)); % Tim gia tri luu luong max trong ma tran A
[x(1) y(i)l=find(A==Ta (i));% Tim toa do nguoi dung, song mang
use (x(i),l)=use(x(i),1l)+Ta (i)
P(l) = P(l) + Ta (i);% Tich luy luu luong tong cong
A(:,y(1))=[1;% Update ma tran sau khi loai bo song mang da dung
C=A;
if (use(x(i),1l))>d(x(i)) % neu vuot nguong QoS cua nguoi dung
x (1)
A(x(i),:)=0; % Loal bo nguoi dung da thoa man QoS, update lai
ma tran
end
if sum (sum(A))==0 % Khi tat ca nguoi dung da thoa man QoS,
A=C; % Lay lai ma tran B de phan phoi tu do nham max throuput
end
i=i+1; % Lap lai phan cho den het song mang
end
k=k+1;
end
1=1+1;
end
plot(1:20,P,'b',1:20,use(l,:),'g"',1:20,use(2,:),'r"',1:20,use(3,:),'c',1:20

;use(4,:),'m'");

title ('Thong luong nguoi dung va he thong voi QoS khac

nhau' , 'FontSize',16); $ title
xlabel ('Mau thu', 'FontSize',14); % x axis label
ylabel ('Thong luong (Mb)', 'FontSize',14); % y axis label

%legend('System', 'Userl', 'User2', 'User3"', 'Userd’',0)

legend ('System', 'Userl QoS=5", 'User3 QoS=20"', 'User3 QoS=40"', 'User4
QoS=60"',0)
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