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Cii tién chodiéu khién toc @ tang giao \én trong
mang khong dayda bwéc

MAC-based Improvement for Transport Rate Control in
Multihop Wireless Networks

Trén Trdc Mai va Dwong L& Minh

Abstract: Transport protocols in IEEE 802.11 cip cho fing giao @n. Cac giao tic giao in < dya
multihop  wireless networks (MHWN) facevao cac théng ti ting MAC dé cai thién hiéu st
performance degradation problem due to wireledsoat dong aia minh [2] [4] [5] [6].
medium characteristics and multihop nature which  cgng trinh nayap trung vao Vc cii tién dra trén
induce several types of packet loss including sioli, thjét ké lién ting chodiéu khién tic ngten dya trén éc
random channel errors and route failures. Thets nhr trong giao tiic TCP-Friendly Rate Control
common approach to address this problem is that theFRrC) [7], Wn dwoc st dung nhu cho cécting
transport  protocol  should exploit the MACgyng VolP hdc Streaming. NMc du TFRC hat dong
information in order to regulate efficiently thewsoe 4t trong mang c6 day, cac céng trinh [8] va [®4 ch
rate in MHWNS. In this paper, we propose to use tW@ ing TFRC ch ¢ hiu st trung binh trong ang
MAC metrics: the Medium Access Delay used to detggwN bsi vi TFRC phandoan khong chinh xac
the network contention level, and the Averaggguyan nhan #t goi tin ding nhr tinh toan khong
Transmission Time used to estimate the effectivBian @ do tré khir hdi ciia géi tin. Dodo, din thiét
packet sending rate by which the network will net bynsj co mpt co ché didu khién tdc o méi dua trén
overloaded. The novel rate control mechanism basegbng ting ting MAC dé cac giao thc giao \in dra
on these two metrics is called MAC Metric baseteRagran fic do hoat dong 6t trong mang MHWN.

Control (MMRC) ar?d'is expected to provide' bettgr Muc tiéu @a cong trinh nay 133 xuét mot co ché
performance than similar rate control mechanisms D2, Khitn e do moi co kha nang didu chinh B¢ do

terms of fairness, packet loss rate and delay ';5'hét gGi tin gta trén nic qnh tranhé ting MAC
MHWNs Céc cong trinh [9] va [10#4 cH ra fng tic ngten
trong mng MHWN c6 noi lién he truc tiép voi mic
d6 canh tranh 4i ting MAC. Do \y, viéc cii thién
hiéu suit haat dong aia cac giao tic giao n trong

l. GIOI THI EU
Van d& vé suy gim hi¢u stit hoat dong aia TCP

trong mang khoéng dayda hréc truyén (Multihop
Wireless Networks - MHWN) ¢k trén chén IEEE
802.11 [1]d& duoc nghién ¢u nhidu trong niiing rim
vira qua [2] [3]. & suy gim nay chi yéu xuat phat fr
dic diém ocia kénh trugn khéng day ni nhiéu, 13i
kénh vada hrgc truyén aia mang MHWN. Mot trong
nhitng cach #p cin dé giai quyét vin dé nay la thét
ké lién ting gira ing MAC ma éng giao n, trong
d6 céc théng tiny ting MAC duoc thu thip va cung

mang MHWN king cach % ly van dé canh tranh i
tang MAC 1a hoan toan khthi. Khi mic d6 canh
tranh ing Ién, Y¥u t6 nay én phii dugc phat hén m
va chinh xac, sadé cin phii c6 mbt co ché didu
khién toc do thich kyp dé giam thiéu ar anh hrong aia
muc do canh tranh #ng cao trong ang.

Cong trinh [11}d4 d& xuit mot md hinhdiéu khién
toc 46 moi (MAD-TP) dya trén thong & do tré truy
cap kénh trugn (Medium Access Delay - MAD) c6
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kha ning phat hn mic do canh tranh trong mng

MHWN ting vadiéu chinh hiéu qua téc do phat goi
tin trong ming. Két qua md pheng cho tly giao thic

MAD-TP ¢6 hiu stit tét hon nhéu so i TFRC W&

cAc tiéu chi lién quadén ang ding thyi gian thyc nhr

do tré dau cui va ty 16 mit gai tin. Hon nira, giao titrc

MAD-TP ciing c6 Kt qua nhinh hon trong lu hét cac
kich kin so i giao thrc LATP, mbt giao thic duoc

dé xuit cho cacing ding streaming thi gian thrc

[12]. Tuy nhién, MAD-TP cdtiém yéu la dra vao gia
tri tuyét déi cua ngrdng MAD dé tinh toan trong di

lidu con co th truyén vao trong rang va khong cows
lién he rd rang gira MAD va e do truyén di liéu.

Trong bai bao nay, ching tdé xuit mot co ché
diéu khién toc do méi giai quyét duoc diém yéu aia
MAD-TP va cho héu stit hoat dong 1t hon. Bé xuét
cia ching tdiduoc goi la didu khién tbc do dua trén
thong $ ting MAC (MMRC) dugc thiét ké dua trén
hai théng 8 tang MAC lado tré truy cip kénh trugn
MAD, dung cho wc xac dinh khi nao thi rang
chuyén sang tang thai c6 nic canh tranh cao, va th
gian truyn trung binh ATT dugc dungdé woc huong
téc do phat gai tin phu bip.

Bai b&o c6 éu trac nhr sau. PAn 1l s mé & ngin
gon céac théng & tang MAC va giao tiric MAD-TP.
Thiét ké cioa MMRC € duoc md & ky trong phan IIL.
Phin IV s3 trinh bay cac ich bin mé pling va Kt
qua twong tng. Két luan cia bai bao #m trong phn
V.

Il. CAC THONG SO TANG MAC TRONG PANH
GIA TINH TR ANG MANG

A. Tong quan ¥ co ché DCF trong chdn IEEE
802.11

Chuin IEEE 802.11 [1}tinh nghia ay ché truy cip
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nho. Véi cac goi tin trong dbi 1on, RTS/CTSduoc St
dung nhr Hinh 1.
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Hinh 1. Co ché truy cip kénh trugn voi RTS/CTS

NGt mang c6 nhu &u truyén di ligu € dinh ky
kiém tra xem kénh tridn rdi hay khong. Nu kénh
truyén r3i trong ot khoang thyi gian, nat mang € goi
co ché backoffdé giam thiéu kha ning va chm trugc
khi truyén goéi tin. Neu kénh trugn lai ban trong qua
trinh backoff, nit &tam dirng qua trinh nay. Khi kénh
truyén rdi va $ dém backoff t& vé khong, nat & bt
dau truyen godi tin theo phong thic o s3 néu kich
thude goi tin nlo. Véi cac goi tin co kich tiagc trong
dbi 16n, nat § gii va nhin cac goi tin RTS va CTS céc
nat dich tnege khi gri géi tin dir liéu. Cac nat hang
xém € sir dung théng tinku trong hai goi tin RTS va
CTS dé biét duoc thoi gian kénh trugn s ban. Viéc
truyén tin duoc coi la thanh congéu nat gri nhan
dugc bién niin tr ndt nkin. Bién nAn naydugc ar
dung trong © ché ARQ aia DCFdé dam bao tinh tin
ciy trong truyn tin tai tang MAC.

B. Thyi gian truyén trung binh

ATT duoc tinh dra trén gié trthoi gian phuc wu tai
tang MAC (T,) & khaing thyi gian tinh tr thoi diém
bit ¢au canh tranh cho ic truyén goi tin d&én thoi
diém nat gri nhan duoc goi tin MACK aia goi tindd
hoic hay bo géi tin nay sau @t loat 1an truyén bit

kénh trugn DCF (Distributed Coordination Function)thanh. ATT & I& gia ti trung binh éa thoi gian phuc

sir dung trong mng MHWN. DCF c6 hai piong thrc
truy cip kénh trugn 1a phrong thic oo s va phrong
thirc bit tay bn beéc RTS/CTS. Phong thic truy
cap o s la phién Bn rat gon ala aia phrong thrc
RTS/CTS,dugc ar dung cho céc goi tin co kichtic

vu tai [6p MAC trong ndt khaang thoi gian aia mjt
goi tin dugc truyén thanh cong [13].
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ZTSTV
Ngp
trong d6 N, 12 & goi tin dugc truyén thanh cong.
Theo dinh ngha nay, ATT c¢6 th dugc dungdé chi
mirc d6 canh tranh xung quanh ndtamg.

ATT =

€y

C. Hg tré truy aip kénh trugn

MAD la gia ti trung binh éa ©ng do tré canh
tranh trong Mt khoang thvi gian aia njt goi tin ti
ting MAC trrée khi né duoc truyén di thanh coéng
hoic bi huy b sau nét loat Ian truyén bit thanh [13].
Véi dinh nghia nay, MAD § dugc tinh nhr sau:

N, ;
1 ? Z Téackoff
Nap

MAD = (2)

trong do Ny, [a $ géi tin xudng ting MAC trong not

khoang thoi gian vaT,ﬁackoff la thoi gian backoff cho
lan truyén thr i™ (Hinh 1). MAD c6 th duoc dungdé

chi d6 ban kénh trugn va mic d6 xung dot xung

quanh nut rang.

MAD da dugc Sr dung trong giao thc MAD-TP
[11] nhe mot canh b&o ém \é tinh trng ting 1én dGa
muc do canh tranh. NGt gi trong MAD-TPdiéu chinh
tbc do phat goi tin da trén gia trtrung binh éa tng
gia ti MAD trén toan tugn duong dugc mang ¢ boi
gdi tin phan hoi (ACK). Dya vao Kt qua so sanh gia
gia ti MAD nhan dugc va ndt ngeong MADy, nut
gui s& xacdinh xem mang danga trong tinh tang béo
hoa hay khéng vartdé diéu chinh ¢ do truyen mot
cach phu bp sao cho mng luén hat dong ¢ trang
thai c6 nirc do canh tranh kp ly. Két qua md ptong
trong [11] cho thy MAD-TP haat dong ©t hon hin
TFRC va LATP ¢ d tré dau cuwi (End-to-End Delay

- E2E) va ¢ 1é mat goi tin (Packet Loss Ratio - PLR)

la hai ch s5 quan tpng dbi voi cac tng ding
streaming. Tuy &, phrong trinhdidu khién tc do
dugc ar dung trong MAD-TP clra thrc sar hop Iy vi
gitra MAD va thongkong khdng c6 s lién quan tec
tiép nao.Pé cai thién didu do, trong bai bao nay,
chang tdi & dung gradien ¢éa MAD dé xacdinh mic
d6 canh tranh trong mng. Thém vaaid, ching toi &
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dung thém théng&ATT dé wdc luong chinh xac bn
téc do phat gai tin thich ép caa nat gji.

Phin tiép theo & di vao md & chi tiét co ché
MMRC c6 thét ké dua trén hai théngé&MAD va
ATT & didu chinh mbt cach thich bp téc do truyén
cua nut gri trong mang MHWN.

lIl. MMRC - BIEU KHIEN TOC PQ DUA TREN
THONG SO TANG MAC

MMRC duoc thiét ké d¢& cung ép mpt co ché didu
khién tbc do hiéu qua tai tAng giao vin sao cho c6 th
giam thiéu dugc anh hrong aia Vin @& canh tranh
trong mang MHWN.

A. CAc nut trung gian

Vai trd aia cac nut trong gian la cungpcgia ti
muac do canh tranh éa méi tirong xung quanh ma no
do dugc. Moi nit € dinh ky do cac gia tr MAD va
ATT. Néu khaing thyi giandinh ky nay qua ngn, gia
tri cia cac thong&co te s khac nhauat [6n tay
theo s thaydoi cia mic do canh tranhdiéu nay dn
dén vigc diéu khién toc do tai nat ngwn s khéngon
dinh. Ngroc lai, néu khaing thoi giandinh ky qua dai,
cac thdng & nay khong th phan anh kp ar hay ddi
cia mic d6 canh tranh trong ang, din dén sy thiéu
hiéu gua caa MMRC. Trong cadat thae nghiém, ching
t6i chon khaing thoi gian dinh ky tinh toan céc théng
sb 14 0.1 giaydé can king giia tinhdn dinh & héu qua
nhu trong [11]. Wi mdi goi tin di qua nat, nat &lan
luot cong gid ti MAD va ATT cac gia tr dugc luu
trong cac wong tly clon cia tiéudé caa goi tin IP |a
Cummulative MAD (CMAD) va Cumulative ATT
(CATT). Gia ti I6n nhit cia ATT trén toan tugn
duong ma goi tindi qua € duogc luu trong ndt treong
tuy clon khac d@a géi tin IP la Maximum ATT
(MATT). Theo [13], mdi trudng nay ch cin dung 1
byte kich throc dé luu cac gia trtrén (tinh theo ms).
Vi quy tic nay, khi gdi tindi dén dich, cac tmong
CMAD, CATT va MATT s luu céc gia trvé tong do
tré canh tranh, éng do tré truyén géi tin vado tré
truyén lon nhit cia tuyén dwong ma goi tinta di qua.
B. Bén nkin MMRC
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Chac ning aia bén nan MMRC |a tinh toan t
sb théng $ quan tong va gri chang ¢ cho bén gi.
Mdi khi nhan dugc mot goi tin dr liéu, bén nhn
ldy cac gia tr CMAD, CATT va MATT twong ing tr
cac tuong CMAD, CATT va MATT, hy s hop (@i
la Ny) tir truong TTL trong tiéudé caa géi tin IP héc
tr bang dinh tuyén, va tinh gia i MADsampe =
CMAD/N;. Bén nin MMRC saud6 € tinh do tré
canh tranh trung binh dmg cach & dung ham

Exponentially Weighted Moving Average (EWMA)

véi a = 0.5 nhr sau:
MAD = MAD + (1 - &)*MADgampe  (3)

Gia ti trung binh nay&duoc tinh theo céng tirc
3 mbi khi bén ntn nhan dugc Mot goi tin. Bén nAn
ciing sr dung CATT va MATT dé udc lugng cn trén
cua tich théngtong-do tré (Bandwidth-Delay Product
- BDP) aia tuyén két néi nhu trong [14]. Theodo,
trong mng MANET dra trén chan IEEE 802.11 &i
pham vi cim nhin séng (carrier sensing rang@pgioi
pham vi truyén (transmission range)ar trén Ga BDP
(goi 1a BDPyg) ciia mbt chubi cac nat mang co ti¢
duoc tinh théng qua cad) tré truyen gai tin theo hop
doc theo tugn duong khr hdi cua goi tin. Tr dinh
nghia aia ATT vado tré truyén goi tin theo hop @
[14], c6 the thiy ring réu d duoc tinh trung binh trong
mot khoang thoi gian thi chung tagscé d = ATT.

Trong [14], BDRg dugc tinh \6i mdi cip goi tin
dir liéu TCP va ACK da né. Tuy nhién, trongittng
hop cia giao tikc giao dn dya trén éc do, goi tin
phan hoi khéngduoc tao ra \6i méi goi tin dir ligu ma
la sau mt khaang thyi gian nhit dinh, vi di nhu thoi
gian khr hdi (Round Trip Time - RTT), hix véi mbi
s kién mit goi tin xay ra (trong TFRC). Vi &y, cong
thirc tinh BDR)s trong [14] hoan toan co&htugc tinh
nhu sau
= ATT; + T2

4 X ATT g

2 X Y1 ATT;
X A XATT, .
CATT

X 27X MATT

ATT/

BDPyg ~ S X 4)

~
=~
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trongdd S la kich tixgc goi tin, n VAATT; lan luot la
sb hop va gia irATT caa tirng hop trén tu§n duong
giri di ciia goi tin, m3ATT; 1an huot 1a 5 hop va gia tr
ATT caa trng hop trén tu§n duong quay 4i caa goi
tin ACK, vaATThala gid ti ATT lén nhét trén tugn
duong khr hoi. Bén ntin MMRC ding sr dung ham
EWMA dé tinh gia ti trung binh éa BDP \6i mdi goi
tin nhan dugc nhr sau
BDP =uBDP + (1 - 4)BDPy,s  (5)

Vi BDP € duoc sr dung dé uéc lugng e do gui
g6i tin nén chang tadat p = 0.95dé ¢am bao tinh6n
dinh aia gia ti tinh dwoc. Co ché phan hdi cua
MMRC ciing gibng nhr cia MAD-TP [11], chi khaco
chd ngoai gia tr trung binh MAD va dc d6 nhan goi
tin Ry, bén nlan < giri thém gia tr BDP.

C. Bén gi MMRC

Khi ldy duoc gia ti MAD va BDP ir géi tin phin
hdi, bén gri s3 tinh gradien ga MAD va ¢ d6 gui ti
da Rys. Goi A; va A, 1an luot 1a cac thi diém nhin
dwoc goi tin phin Ki ith va (i + 1J", MAD; va MAD;,
la céac gia tr MAD tuong trng, Ay gradien éa MAD
S8 dugc tinh nhr sau
o MADy — MAD; ©

Aiv1 — A

Chung t6ida xay drg not kich bin danh gia Bng
mo phong Wi mot tdpd mang don gian hinh chdi dé
xac dinh khaing phan B gia ti cia o trong @ hai
trang thai mng la bdo hoa va da bdo hoa. & qua
cho thiy khi mang chra bdo hoa (aka qua ii), thi ty
|6 mét gai tin thip va té dau cbi nho. Khi d6, hiu hét
cac gid tr cia a nam trong khang [-5,5]. Bidu nay c6
thé hiéu ring, d&¢ mang hait dong ©t, gia ti gradien
caa MAD khdng nén wot qua 5. Khi mng b qué &i,
chang t6i thy ring gia ti o 3 phan b trong not
khoang I6n hon rat nhiéu.

Tu két qua trén, chang tédinh nghia hai ngong 0
< TH; < TH, cho gradiena MAD ding lam chdan
cho mirc d6 canh tranh trong mng. Neu a < TH, diéu
nay cé ngia la MAD gam (trong trong hop a < 0)
haic ting nke (trong tiwong hop 0 <o < THy), thi bén
giri MMRC c6 th ting tc do gui g6i tin. Ching toi
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dat TH; = 5. Néu a > TH, ngha la nhéu kha ning
mang dd & vao tang thai c6 mrc d6 canh tranh
nghiém tong. B&n @i MMRC khoéng néniang tc do
gui goi tin trong trong hyp nay. Chang toédat TH, =
7 nhim tao ra s phan tng nhanh i tinh trang dot
nhién ting manh aia mrc d6 canh tranh trong mng.
Trong tirong hop con hi, THy <o < TH,, ¢6 ttE coi la
mang dang hat dong ¢ trang thai 6i vu, dod6 bén
giri khéng nén thaytoi toc do gii goi tin. Cha y ing
hai gia ti TH; and TH (5 va 7)duoc lva clon cho mod
hinh mang don gian nhit véi t6pd ding chi bai vi
mo hinh nay cungip cho ching ta céi nhin ré rang v
anh hrong @ia a. Tuy nhién, chang téiéschirng minh
& phan sau #ing, mic di cac gia trnay la clra i uu,
nhung av ché ma chiing toidé xuat van cho Kt qua tot
hon so i TFRC [7] va LATP [12] trong cac tdpd
mang phic tap khac. Gn trén @a e do gui goi tin
Rug €O the duogc tinh &t BDP va gia tr thoi gian khr
hdi RTT nhr sau

Rus = BDP/RTT (7)

Nhu vay, Rys S8 1a toc do giri toi da sao cho ang
khdng ki quéa &i. Bé tranh tinh tang khéngon dinh,

dmV-1, $ 9 (29), thang 6/2013

IV. CAl PAT MO PHONG VA KET QUA THU
NGHIEM

Thi nghiém danh gia hdu suit cia MMRC
duogc so sanh & hiéu suit cia MAD-TP, TFRC va
LATP. Ching t6i & dung ptin mém md plong mang
phd bién hién nay 1a NS-2, phiénan 2.34 [15]dé thuc
hién thr nghiém danh gia vi cac tham & ciu hinh
dugc trinh bay trong Bng 1. Trong 4t ca cac topd
mang, cac nat trong amg MHWN déu dirng im dé
loai di anh hrong aia sr di dong, cac kénh trn
dugc mic dinh 14 hoan ho dé giam thiéu anh hrong
cia viéc mit goi tin do bi kénh trugn. Trong md
phong, MMRC, MAD-TP, TFRC va LATP ha dong
V6i dac diém 1a lubn co goi tinté guri va dodo toe do
giri cia né khoéng ph thusc vao e do caattng ding
& tang trén. Cac théngdsio hiéu suit dugc ar dung €
la: théng trong (Throughput)do tré dau cuwi (E2E),
ty 16 mat g6i tin (PLR) va tinh conging (Fairness).
Céc thong & naydéu duoc tinh trung binh cho 16
chay mé ptong, mdi lan chay véi thoi gian 1a 400s.

Bang 1.C4u hinh chung cho md phg

téc d6 giri s& duoc cip nhit bai quy tic sau

Tham sb Giatri
if (Rug >R && a < TH;) M6 hinh truyén séng TwoRayGround
tang e do Giao thrc MAC 802.11 DCF
. Bang thdng 6Mbps
elseif <R && a>TH ,
_(R’B , > THy) Kich theéc hang doi thiét bi 50 goi
giam toc do mang
trongdd R 1a B¢ do gui hiéen thoi. Khoing cim nhin sng mang 250m
Bén gri MMRC s& giam toc d6 gui dya trén quy Khoang truyérl : : 500m
Lz , L g an s | Kich thuac goi tin dr ligu 1000 bytes
tac giong nhr caa LATP [12], trongdo toc do gui s€ Giao thic dinh & AODY
giam di mét luong 1a 1/8 éc do gui hién tai sau ndi inh tuye

RTT nhrng khéng bao @i nhd hon mot gai tin trén
RTT. Bé tang tc do, trong tuong hop o < THI,
MMRC sir dung cdng tic sau
R = min(2# Rey Rug, R + N«S/RTT)  (8)

Cong thic 8 dam bao ring ¢ d6 moi s& khong
vuot qué @n trén @a nd hac hai bn toc d6 nhan goi
tin va ch ting i da |a mdt géi tin trén RTT. Cha y
raing Hc do gui ludn ludn bn hon Mot goi tin trén
RTT Vi cac quy ic ting va gim toc do nhu trén.

A. Kich hin mo plang
Chang toi & dung cac kch bin md pling gibng

nhu trong cbng trinh troc day [11]. Sautay la mo &

ngin gon cac kch kan nay. Ching téitsdung ba tdpd
mang la chéi (chain), kréi (grid) va ndu nhién
(random) Wi myc tiéu #o ra cac md hinh néu khac
nhau. Trong t6pd chiil va huegi, méi cip nit $ cach
nhau 200m. CéacHat vi tri nay $ khién cho 2 @p nut
canh nhau Bt ky s nam trong khang truyén séng éa
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nhau va hai nut cach nhau 2 hop trén cugghmng 8
nam trong kh@ng céim nhin séng @a nhau. Kch hin
dau tién ch co6 not két ndi tr nat dau dén nat cwi
trong topd mng chwi, s lugng cac nut trong amg
8 thayddi. Kich ban thir hai c6 4 Kt ndi nhu kich ban
dau tién, t6pd mng @ dinh 1a 9 nGt. Kch kan thr ba
str dung tdpd mang hegi co kich thrdc 8x8 nut, trong
d6 ching t6i 4o ra 4 mé hinh & ndi sao cho ching c6
thé cung ép cac nikc d6 khac nhau & mic d6 canh
tranh trong rang. M3i md hinh 1a mt sb nhit dinh
cac Kt ndi duoc tao ra dc theo chdi cac nat @m
trén cac dong &trong rdi. Kich kan thr tu sir dung
t6pd mang Wi 60 ndtdugc phan b ngiu nhién trong
mot khéng gian cé kich thsc 1500mx1500m. &
lwong cac Kt ndi chay dong thyi trong mang < lan
luot la 5, 10, 15 va 20.

Két qua mé ptong € duoc trinh bay trong céac
phan tiép theo.
B. Két qui thiz nghiém va nkin xét
Tépd ding chubi
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Trong Hinh 2, MMRC cho ki suit vé PLR va E2E
t6t hon nhiéu so i cac giao tlic khac. PLR @a

MMRC ndm trong khang tir 0.1% (chdi véi 4 hop)
dén 0.22% (chéi véi 7 hop), trong khi & qua cia

MAD-TP, LATP va TFRC 4n lugt nam trong khang

[0.5%, 1%], [0.6%, 1.4%)] @& chwi 4 va 7 hop) va
[1.7%, 6.7%] (¥i chudi 13 va 7 hop). Gia irtrung

binh @ia PLR @ia MMRC nhr vay chi vao khang

1/5, 1/7 va 1/27 wa MAD-TP, LATP va TFRC.
MMRC ciing cho Kt qua vé E2E nlo hon rit nhiéu so
v6i cac giao tirc con hi va gia ti nay ting khi $

lwvong hop #ng. Mic du E2E éa MAD-TP ding tang

clng \6i s6 luong hop, niong E2E éa MAD-TP ki

[6n hon cia MMRC. Cung mt kich thréc mang, gia
tri E2E @ia MAD-TP lubn 6n hon khaing 10ms so
véi cia MMRC.

Mot diém dang cha y fra 1a, mic du PLR va E2E
cia MMRC nh hon, nhrng MMRC li c6 théng
lwgng trong duong Wi MAD-TP va LATP, va nb
hon mot chit so i TFRC. Pln thdng trong gam di
nay chinh la cai gia phtra dé c6 PLR va E2Edt hon.
Tuy nhién, Wi cAcung ding c6 yéu &u chit chd vé ty
l¢ mat g6i tin ding nhr do tré, ching toi tin ng sr
danhdoi nay 1a ctip nhin dugc. Két qua nay dén tir
hai @ ché cia MMRC: dodiéu kién mang vadiéu
khién tbc do gui goi tin. Co ché diéu khién toc do cua
TFRC ué6c lwong sai fing luc hién thoi cua mang va
thuong co xu fréng lam mang quéa éi. Nguyén nhan
dén tr viéc sr dung cdng tikc tinh Hc do gui coa
TFRC \6n phy thudc vao § 1é mit géi tin dugc tinha
bén nlin TFRC. Céng trinh [8fiA ching minh &ng
cong thic tinh § 1¢ mat géi tin aia TFRC trong
MHWN 1& khéng chinh x&cd viéc mit méat géi tin
trong MHWN chi yéu gay ra bi mic d6 canh tranh
cao trong mng. Do iy, TFRC \in ting ¢ do gii
khi mang dango trang thai c6 nc d6 canh tranh cao
va khoéng gim toc d6 gui kip thoi khi tinh trang anh
tranh trong mng & vao mrc do nghiém tong. Két qua
la cac goi tinduoc truyén di trong mang € ¢6 Xac skt
bi 16i cao vado tré I6n gay ra i nhiéu gitta cac nut
gin nhau, o ché ARQ aa ting MAC [1] ding nhr
muc do ban cao éa kénh trugn.
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LATP c6 khi ning dodiéu kién mang %t hon cia

qua hon, dodé khién cho mang luén hat dong xung

TFRC nly sir dung thdng 8 théng lrong cho phép quanh tang thai 6i wu. Bay chinh la ly do kién cho

[12]. Co ché didu khién t6c d6 cia LATP dra trén
théng $ nay ding hiéu qui hon aia TFRC. Dodo,
LATP c¢6 héu suit haat dong 6t hon TFRC.

Tuy vay, MMRC vin hat dong ©t hon LATP nhy
st dung théng 8 MAD. MMRC con sr dung céng
thirc udc legng king thdng chinh xacadm va ndt co
ché didu khién toc d6 hiéu qua hon dé i MAD-TP,
LATP va TFRC. Cbng tirc uéc lugng king théng da
MMRC phan anh chinh xac amg lec hién thoi cua
mang, dod6 ngin khéng cho bénig cia MMRC gri
quéa nhéu géi tin lam mang b qua &i. Co ché diéu
khién tbc d6 cia MMRC ding dong thyi duy tri dugc
téc do gui goi tin cia bén @i tuong ddi on dinh, khién
cho tinh tang mang ding 6n dinh theo. Vi tk,
MMRC ludn @ ging lam cho mng hait dong & mot
trang thai \6i mac do canh tranh thp, din dén giam
thiéu < 1an truyén vado tré caa goi ting ting MAC.

Hinh 3tk hién két qua caa kKich bin voi 4 két nbi
song song trong top6 ang chng chwi véi 9 nat.
Trong Kch bin nay, MMRC cho & qua tét hon
TFRC #t nhiéu V& PLR va E2E. Ngoai ra, &i stit
cia MMRC ding 6t hon cia LATP \é ca ba théng &
PLR, E2E va théngubng. Ching ta cé ththiy rang
PLR va E2E éa MMRC nk hon so i LATP mét

MAD-TP c6 PLR, E2E va Théngrbng déu nh hon
cua MMRC.
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Hinh 3. T6p6 ding chbi 9 nat Wi 4 két ndi
Topb ding loi
Trong Kch bin nay, Kt qua ciaa MMRC 14 6t nhit

luong khaing 0.9% va 24 ms, trong khi c6 thdngrong it ca cac giao thc. Hinh 4 cho thy MMRC t6t

lwong Xap xi. Chu y &ing kich bin nay 1a cho 4 & nbi
song song nén @ d¢ canh tranh trong mng € cao
hon so \6i trong kch bin dau tién i 1 két ndi. Két
qua nay ndt 1an nia chdng minhing @ ché diéu
khién toc d6 cia MMRC héu qua hon so \6i cac giao
thac con hi. Tuy nhién, nic du théng kong aia
MMRC trong Kch kin nay cao bn so \6i cuaa MAD-
TP, nheng PLR va E2Edi cho gia ti I16n hon. Nguyén
nhan la do MAD-TP & dung mbt ngudng MADqy dé
han ché hoat dong aia MAD-TP va bén @i MAD-TP
s ngay hp trc giam toc do khi gia ti MAD nhan
duoc lon hon ngrdng nay. \in dé la ¢ chd ngudng
nay chra thit sy tdi vu, dodé MAD-TP 1am cho rang
hoat dong ¢ trang thai “dr6i” téi wu. Ngroc lai,
MMRC s dung @ ché diéu khién chinh xac va Bu

hon hin TFRC va LATP trong<4 md hinh Et ndi vé
PLR va E2E maan c6 théngiong chip nhin duoc.
MMRC tham chi con c6 Wiu suit nhinh hon aia
MAD-TP.

Ngoai ra, Kt qua md pteng con cho thy TFRC
gay ra & mat cong king nghiém teng gita cac lidng
trong maing. Mot vai luwng cé théng ttong rt cao,
nhe trong mé hinh & ndi sb 3 1a ~543 kbps, trong
khi mot vai lusng khéac 4i rat thap, nhr trong mé hinh
3 1a~1.5 kbps. T I¢ gitta hai gia tr nay Iéndén 362.
Mic du LATP c6 Kt qua t6t hon cia TFRC, nieng 1y
lé giita hai gia tr thong lrong lon nhit (~415 kbps) va
nho nhit (~16 kbps) 1a 26. Cac giaitnay dia MAD-
TP ln lrot 14 ~348 kbps, 17 kbps va 20. MMRC cho
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két qua tét hon rit nhiéu so \6i TFRC va LATP ¢ do
cobng ting khi ma gia frtrung binh @a théng frong
lubng nhd nhit caa MMRC kn hon va ¥ 1é giita gia
tri thong lrong lon nhit va nko nhit cia MMRC nho
hon (28.1 kbps va 12). Hinh 4iig cH ra rng
MMRC cai thién ch s5 céng hing Jane (Jane’s
fairness index [16]) trung binhdnlugng khaing 0.23
vai gia la sr sut giam théng trgng trung binh 31% so
voi TFRC.

Két qua naydén tir kha ning nhin biét som mirc do
canh tranh cao trong ang va © ché diéu khién toc do
v6i ham 8 lyp ly ciaa MMRC. Nhy ¢6 quy #c diéu
khién hop Iy v6i cac han ché vé can trén @a e do,
téc do giri cia MMRC réu ting ding  rat vira phii,
nho vay ma kénh trugn dugc chia ¢ céng king hon
giita cac léng.

T6pd ngu nhién

Bang 2hién thi két qua thir nghigm mé plong cho
t6pd ngiu nhién. Chang ta cé &hthiy ring, du trong
kich bin md plong phic tap nhr thé nay, MMRC \n

dmV-1, $ 9 (29), thang 6/2013

cho Kt qua tét hon rit nhiéu so Wi TFRC W d6 cong
bing, PLR va E2E. MMRCimg cho Kt qua tét hon
LATP V& do cong king, PLR va E2E i théng krong
kém hon khongdang K.

Nhu vy, dbi véi kich ban rit sat i thuc € nay,
ching ta c6 th thdy ring MMRC hiu qui hon cac
giao thrc khac.

V. KET LUAN

Trong c6ng trinh nay, ching té& dé xuit co ché
MMRC - mot co ché diéu khién téc do hiéu qua cho
cac giao tirc dya trén 6c do trong mang MHWN.
Trong MMRC, hai théng&MAD va AT T da duoc
két hop dé cung dp kha nang nHin biét mac d6 canh
tranh/va chm trong mang nhanh va chinh xaooh.
MMRC duoc thiét ké dya trén gradien @ MAD
nhim nhan biét som sr thay doi cua mic do6 canh
tranh trong mng. Hai ngrdng aia gradien éa MAD
daduoc dinh nghia va & dung trong @ ché diéu khién
toc do.

~ 50 w 100
5 40 /\\ E 80| /\
&) v :
S 305 b : T 60 e : 7
z 21 s - B -
% 10 L MI\AAF\)‘H_"{B s ﬁ 20 [ :
1 2 3 4 1 2 3 4
§ 400 x 1
I 4
5 ) R —— n 06 | R T Fo ot 1
% ™ S § 04 [ 4
2 100 | ] £ o2l
o © :
c 0 L 0
= 1 2 3 4 1 2 3 4
M6 hinh [€t noi M6 hinh €t noi
Hinh 4. Két qua m6 mdng cho tépd ang luedi
Bana 2. Két aua mé phona cho topd nau nhiér
Flow #: 5 10 | 15 20
PLR Delay TL Fairnessy PLR  Delay TL Fairnesss; PLR  Delay TL Fairnessy PLR Delay TL Fairness
TFRC 2071 166.47 134.34  0.51 3349  413.06 12654 0.23 38.35  506.78 90.26 0.24 45.30  772.88 13899 0.18
LATP 11.06 64.03 108.66 0.79 22.87 16279 95.22 0.37 22.83  178.31 62.75 0.42 2222 181.37 8551 0.25
MAD-TP 10.24  55.68 99.38 0.78 19.01 9440 81.97 0.44 21.20 14093 56.15 0.44 22.55 174.72 8742 0.25
MMRC 9.0 50.1 89.4 0.79 16.5 82.5 79.7 0.49 19.2 109.7 554 0.57 18.9 1151 87.7 0.28
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Ngoai viéc nhin biét ssm tinh tang anh tranh
trong maing, MMRC con & dung thong 8 AT T dé cé
thé u6c lugng chinh xac thédngubng hiéu qui caa
mang, va fr d6 tinhduoc cin trén @a e do gii goi
tin. Can trén nay chinh 136t do t6i da ma bén i
MMRC c6 tté sir dung dé gui cac géi tin vao nng
ma khéng lam cho amg b qua &i. MMRC sir dung
cac K thuat nay dé cung ép mot co ché diéu khién
téc do higu qua trong mng MHWN. Thr nghiém mo
phong cho thy ring MMRC c6 Kt qua tot hon & do
cobng king gita cac léng trong mng MHWN so i
cia LATP va TFRC. MMRC #ing cho Kt qua tét hon
nhiéu so \6i LATP va TFRC ¢ PLR va E2E la hai
tiéu chi quan tng aia cactng dung streaming thi
gian thrc.

Tuy vdy, MMRC van con ndt vai thiéu sét én
diéu chinh. BAu tién 1a phi tim duoc gia ti chinh xac
hon cia hai ngdng TH1 va TH2. Mc du cac gia ir
dugc chon théng qua md gimg da cho Kt qua tuong
dbi tét, chang @n cin dugc cii thién, nhr théng not
mo hinh toan &c ching han. Thr hai 1a gh thuyét
dugc gr dung trong cong tic tinh BDP: tugn duong
di cia goi tin dr li¢u va tuygn duong W cia ACK la
nhu nhau trong rng. Gh thuyét nay khoéng phi lic
nao ding dang. Do vy, cong thic nay d¢ing cén phii
duoc aii tién hon nira.
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