Tap chi Khoa hoc Truong Pai hoc Can Tho

86 chuyén dé: Cong nghé Thong tin (2013): 180-189

Tap chi Khoa hoc Trudng Dai hoc Can Tho

website: sj.ctu.edu.vn

PIEU KHIEN TAC NGHEN TRONG GIAO THUC TRUYEN PA PUONG
CHO CAC UNG DUNG MULTIMEDIA

Lé Phong Dii' va Lé Tuan Anh?
! Ban Phat trién Hé thong Cong nghé Thong tin, Truong Dai hoc Tra Vinh
2 Khoa Céng nghé Thong tin, Truong Dai hoc Thit Dau Mot

Thoéng tin chung:
Ngay nhan: 03/09/2013
Ngay chap nhan: 21/10/2013

Title:

Congestion control in
multipath protocol for
multimedia applications

T khoa: . o
Thuat toan diéu khién tac
nghén, TFRC, Multipath TCP

Keywords:

Congestion control
algorithm, TFRC, Multipath
7ce

ABSTRACT

Recently, multipath transport control protocol (multipath TCP) allows
spreading its data packets on several paths simultaneously. Such the
multipath transfer can improve TCP throughput, can balance congestion
among paths, and can provide native handover in a network. Current
coupled multipath congestion control (MPTCP) was designed for back-
compatibility with single-path TCP Reno and for general applications.
However, data rate of MPTCP has high variance that not suitable for
multimedia applications which require smooth data rate.

In this paper, we propose an extension algorithm of single path TFRC,
named MPTFRC, designed from both the analytical model of TCP Reno at
flow level and the technique of flappiness prevention between paths at
packet level. The simulation results demonstrate that the proposed
MPTFRC algorithm not only satisfies the three design goals of multipath
congestion control algorithm but also provides data rate smoother than
that of MPTCP while preservingfair sharing to the existing TCP Reno and
MPTCP flows.

TOM TAT

Gan ddy, giao thirc truyen da duwong TCP cho phép truyen tdi cac goi di
liéu ciia né trén nhiéu dwong (path) dong thoi. Viéc truyen dit li¢u trén da
diong nhw thé sé cdi thién thong heong truyen 6 thé cdn bang tic nghén
trong cac duong va cung cap kha nang chuyén vung fu nhién trong mang.
Thudt todn diéu khién tic nghén da dwong phoi hop (MPTCP) hién nay
dwoc thiét ké dé twong thich voi thudt toan diéu khién tdc ‘nghén don
dwong TCP Reno va cdac img dung thong thiwong. Tuy nhién, toc do truyén
dit liéu cia MPTCP bién thién 16n, khong phit hop cho cdc ing dung
multimedia ma chung yéu cau téc do dir lieu muot.

Trong bdo cdo ndy, ching t6i dé xudt mét thudt todn mé réng ciia TFRC
don dwong, dwoe dat tén la MPTFRC, dwoc thiét ké xudt phat tir mé hinh
phan tich ciia TCP Reno goc tai mirc luong va ky thudt tranh danh vong
gitta cdc dwong 6 mikc géi. Cdc két qua mé phong da chimg t6 rang thudt
todn dé xudt MPTFRC khéng nhitng dam bdo ba tiéu chi thiét ké thudt
todn da dwong ma con cung cdp toc dg dir liéu mwot hon MPTCP trong
khi van duy tri diege sw chia sé cong bang véi cic luong TCP Reno va
MPTCP hién co.
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1 GIOI THIEU

Kién tric multipath TCP [8] la giao thirc mo
rong cac dic diém tir giao thirc TCP, cho phép mot
két ndi phan chia thanh nhiéu dudng (path) va dir
litu dugc truyén trén cac duong dong thoi.
Multipath TCP hoat dong gidng nhu TCP va mo
rong thém cic API nhim cung cap thém chirc ning
diéu khién cho céc tmg dung multipath TCP.

Mot két ndi multipath TCP 1a mt tép hop cua
nhiéu subflow ma moi subflow dleu khién mot
duodng, st dung cira s6 diéu khién tic nghén dé
diéu chinh toc d6 trén mdi duong. Gan déy, thuat
toan diéu khién tic nghén MPTCP [5] di duoc
IETF phé duyét hoat dong trén kién trac multipath
TCP [8]. MPTCP thuc hién diéu khién téc d6 gui
dir liéu phéi hop giita cac duong dam bao ba tiéu
chi: (1) nang cao thong lirong truyen (ii) dam bao
tinh céng bang doi voi cac luong TCP hién co va
(iii) c6 kha nang cdn bang tdc nghén: chuyén dir
lidu tir dwong co tic nghén nhidu sang duong co tic
nghén it hon. Vi MPTCP dugc thiét ké cho da tmg
dung, nén téc do truyén dit liéu cia MPTCP bién
thién 16n, khong phu hop cho cac tng dung
multimedia ma ¢ d6 ching yéu cau toc dg dir liéu
truyén muwot (chiing téi goi yéu cau ndy tiéu chi (iv)
cho cac ing dung multimedia).

Di co nhidu nghién ctru diéu khién tic nghén
cho cac ung dung multimedia trong giao thuc da
duong, cu thé: MultiTCP [12] 13 mot diéu khién
dinh huéng bén nhén (receiver-driven control), nd
tang toc do nhu TCP don duong va giam toe do ti
16 nghich v6i binh phuong cia sb lwong duong
duoc st dung. Nguoc lai, DMP scheme [10] 1a mét
didu khién dinh hudéng bén gui (sender-driven
control), n6 khong quan tdm cac ludng con c6 chia
s¢ duong truyén c¢o chai hay khong, ca hai giai
phap trén khong quan tim dén téc d6 muot va can
bang tic nghén. Ngoai ra, TCP-ROME [11] giam
su bién dong cia tbe do tirc thoi bé’mg cach su dung
diéu khién duwa trén toc do nhu trong TFRC [3],
dau nhan trong TCP-ROME diéu chinh téc d¢ cua
ludng con tiy theo téc do video yéu cau va ti 1é
thong luong cua mdi ludng, khong quan tim cé
duodng truyén cb chai.

Gan day, MulTFRC [1] da dugc d& xudt. N6 1a
phién ban mé rong cua TFRC [3] vén la giao thirc
don dudng va duogc thiét ké cho cac ung dung
multimedia. Vi MulTFRC dugc thiét ké voi gia
dinh ring cic duong cd cung round-trip-time
(RTT). Trén thyc té, gia dinh nay hiém xay ra, cho
nén MulTFRC khong dam bao théa man tiéu chi
trong giao thuc da duong, do nd khong céd kha
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nang bu khac biét RTT, mdc du nd co kha ning
cung cap toc do truyén dir liéu muot.

DPé minh hoa su chia sé khong cong bang giira
hai ludng ciia MulTFRC véi mot ludng don TCP
Reno tai mot duong truyén nut ¢ chai. M6 hinh
mang md phéng nhu Hinh 1.

path 1 C1 10Mbps, D1 20ms
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Hinh 1: M6 hinh mang danh gia chia sé cong
bang cia MulTFRC
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Hinh 2: Théng lwgng chia sé cong bang giira
MulTFRC va TCP Reno

Hinh 2 cho thdy ring, tong thong lwong cua
MulTFRC gép d6i so voi thong luong caa TCP
Reno. Khi chia sé cong bang véi cac ludng TCP
don duong. Mot két ndi trong giao thic da dudng
chia sé cong bang véi két ndi trong giao thirc don
dudng khi nhiéu ludng con cua giao thirc da dudng
canh tranh véi nhau. Do d6, thuat toan MulTFRC
khong théoa mén tiéu chi thir hai vé chia sé cong
bang tai duong truyén co chai.

Trong bai bao nay, chung t6i dé xuat mot thuat
toan mé rong cia TFRC [3] don duodng, dugc dat
tén 1a MPTFRC, xuat phat tir m6 hinh phan tich
cia TFRC gbc [3] va két hop véi su cai tién dé
tranh danh vong giita cac duong & muc goi. Cac
két qua md phong da chimg to rang thuét toan dé
xudt MPTFRC khéng nhitng dam bao ba tiéu chi
trén ma con cung cap téc do dir liéu muot hon
MPTCP trong khi van duy tri duoc sy chia sé cong
bang v6i TCP chuan, TFRC va MPTCP hién co.

Phan con lai cua bai bao ching t61 :Eé churc nhu
sau: Chung toi mo ta chi tiét thiet ke thut toan
MPTFRC trong Phan II. Chung t6i danh gia hiéu
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nang cua thut toan trong Phan III. Va két luan s&
trinh bay trong Phan IV.

2 THIET KE GIAO THUC MPTFRC

Trong phan nay ching t6i trinh bay giao thirc
dé xuat MPTFRC mo rong tir giao thirc TFRC [3].
Trudce tién, chung toi tién hanh m& rong thudt toan
didu khién tic nghén TFRC don duong thanh da
duodng co su phdi hop gitra cac duong. Sau do, két
hop véi diéu chinh tranh danh vong dé dam bao
thudt toan hoat dong hiéu qua trong cac diéu kién
mang khac nhau. Hién tuwong danh vdng s€ khong
thé nhin thiy trong lic thiét ké da duong (nghia 13
qué trinh thiét ké chi thyc hién & mirc luéng) ma
chi co thé thiy duoc ¢ mirc géi. Gia s ¢ hai
duodng c6 cung diéu kién mang (cing RTT, bing
thong va cung muc d6 nghén mang), su danh vdng
duwoc mo ta la: dir liéu gﬁn nhu chi truyén trén mot
duong trong khoang thoi gian ngau nhién va sau d6
chi truyén trén duong con lai va lap lai nhu thé [2].

Dé cai tién cong thuc truyén téc do tir thuat
toan TFRC gbc [3], viéc chimg minh cong thirc
dua vao giao thirc TCP da duong. Xuat phat tir
cong thirc didu khién toc do trong TFRC goc duge
dé xuat trong [3].

1

B(p)z

trong d6, cong thuc tinh thoéng luong B(p) duge
tinh bing goi tin/gidy, RTT 1a round-trip-time, ti
16 mét géi tin 1a P»2 13 s8 goi tin duge xdc nhan
boi mot ACK (? =1 ) To thoi gian truyén lai
hét thoi gian chor (RTO). Gia tri To = # X RTT
Ching i gia st raing B 1a tap hop tit ca céc
duc}ng,‘r ER 13 mot duong cu thé‘. Trong s6 dé
xuat diéu chinh phoi hop toc do truyén dit li¢u dua
vao giao thte MPTFRC ¢ trang thai 6n dinh 1a
2

Xy
ar ===,
E

Trong d6 *r 13 toc do truyén dir liéu ¢ trang thai

on dinh, goi by 1a 56 g0i tin dugc xac nhan boi

mot ACK trén duong 7 .
Trén mdi duong ¥ | gia st Wr 1a kich thuéc
cura sO tranh tac nghén. Co ché dicu khién tranh tac

nghén cta cac duong I duge thyc hién theo céc
vong truyén tin, mdt vong bat dau bang viéc gui

RIT /% +T0min{1,3 /3;)17][)(1+32p2)
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Wy géi tin trong ctra s6 tic nghén va trong qua
trinh cac goi tin dugc guri i sé khong co bt ky goi
tin nao duoc giri, tryde khi ACK dau tién dugc gui
vé. Khi ACK déu tién dugce nhan, danh ddu vong
dau tién két thuc va chuyén sang vong thir 2. Kich

2 ' a
thudc cira s6 6 vong thir 2 W, =W, +b—’ , kich

r

. . a

thudc cua so sé tdng tuyén tinh véi chu ky b_r
.
trén mot vong hay RTT, trong giai doan tranh tic
nghén va khong mat goi tin. Khoang thoi gian cua
mot vong bang véi RTT, va g6i tin bj mat trong
mdt vong thi dgc 1ap véi cac vong khac.
2.1 Phat hién mét géi tin theo co ché

dupACK

Xét trén mdi duong ¥, ching t6i dinh nghia
théng luong B,(p) duoc xac dinh §6 g6i tin dugc
truyén di trong khoang thoi gian nhat dinh va TDP,
1a khoang gitra hai lan xdy ra mat géi tin trong co
ché dupACK.

Géi tin
Quge goi

Géi tin nhin ACK

Géi tin bj mat

Keét thic TDP

TDP,

Hinh 3: Co ché phat hién mit goi tin dang
dupACK

Trong mot TDP, thu ¢ | thi Vi 1a 56 g0i tin
duoc giri di, Ani 1a khoang thoi gian va Wri 1a
kich thudc ctra s6. Moi quan hé gitta thong lugng
va xac suat mat goi tin dugc tinh nhu sau:

5 ()~ ELL
E[4]

Gia sit hé s6 Imi 12 goi tin bi mét ddu tién
trong TDP, tht ! tai vong by Tong
YVoi=lri Wy, —1 g0i tin s& dugc thém vao
vong h,;+1 theo cong thurc:
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E[Y ]=E[L J+E[W,]-1

Do In. trong vong doc 1dp vdi cac goi tin trong
cac vong khac, vi thé [Lm‘}g 12 mot chudi cac bién
ngau nhién dgc 1ap va phan phoi giong nhau. Xac
sudt Iri = Kr tiic1a Kr =1 g6i tin da giri thanh
cong trude khi goi tin bi mat xay ra.

P, =k |=(1-p,)"" bk, =12,3,... tic

ri duoc xac dinh la:

l

la

22}

E[L,]=Y.(1-p,)" " pk -1

k=1 ;
bat trij 13 khoang thoi gian cua vong thir /
trong TDP, thir . Khi d6, thoi gian ciia mot TDP,
R, 1
2, tra
the ¥ la =1 Lrij la bién ngau

nhién va doc 1ap véi kich thudc cira s6, vi thé no

doc lap voi vong thi / .
E[4]=(E[H,]+1)E]t],
trong d6 biéu dién RTT, - Elt,]

Cudi cung xac dinh dugc cac cong thirc sau:

2
E[H]-= 20, +b, N [2(1, +brj +Zbr(1—p,)
6a, 6b, 3a.p,
+b +b I-p.
6 6, 3%
1 3a 1

B = - +0
R T Ty Wy

2.2 Phat hién mét géi tin theo cd ché
dupACK va Time-out

pat Zr°
mat g01 tin dudi dang time-out va Z7 khoang

thoi gian trong truong hop mat géi tin dudi dang

dupACK.
nhu sau:

S, =ZT0 4 ZTP,

la khoang thoi gian trong tmorng hop

S5r 1 tong thoi gian dwoc dinh nghia
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Dit M, 1a s6 gbi tin di truyén trong khoang thoi
gian S, , khi d6 {S, M,} 1a mot chuoi cac bién ngau
nhién. Thong lugng dugc tinh nhu sau:

E[M,]
B.(p) = #
[5;]

Pit Mr 1a s6 TDP, trong khoang thoi gian
TD ; . , cr e i
Zy" Trong TDP, tht t , x4c dinh cac gia tri Yo
1a s6 goi tin duoc gir, Ari 1 khoang thoi gian va

Wr,i 1a kich thude ctra sb. Tydng tw, Rr 1a sb goi

TO
tin guri trong khoang thoi gian Zy
TD ,

Xét trong khoang thoi gian Zy” 6 Mr TDP,
thi c6 "r =1 TDP, két thic duéi dang dupACK
va TDP cudi cung két thuc dudi dang time-out [9].
Khi d6 Yré va Ari khong phu thuoc vio time-
out, c6 nghia la n6 sir dung lai cong thue tinh dang
dupACK. Thong lwong cu thé dugce tinh nhu sau:

_ E[r]+0,xE[R,]
B, (r)- E[4,]+0,xE[Z!"]

wy

Hinh 4: Mit g6i tin dang dupACK va time-out

.

SO tain ty
Gée tn Saox nhic
Gée tn by mie
s > ACK
S
L]
+ ..
.
. ) XAy
s O ket th
' '3 > P ket thix
. -
'
'
" > |
s —
]
- N o
T Y = s .
- RTT woag ke o - RITv o >

Hinh 5: Géi tin bi mét trong vong ké cudi

Xét céac goi tin tr fra B dugc gui tai vong

ké cudi, cac 201 fra Bk nhan dugc ACK va gia
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f

rk+1 13 goi tin dau tién bi mat. Do do,

f

rk+1 trong vong ké cudi déu
| A A

st gobi tin
tit ca cac goi tin tir
bi mét. Tuy nhién, khi cac goi tin »K nhan

duoec ACK thi c6 Kr goi tin khac Sri =Sk
dugce gui trong vong ké tlep ma c6 thé dugc xem la
vong cudi cling c6 mot sd goi tin bi mat, gia sir goi

tin bi méit la Srm+1 | tic 4 goi tin tur

Srom+2 = Sr,k bj mit trong vong cudi cung [9].
Pat M 1a s6 goi tin 83 giri thanh cong trong
vong cuodi cung duge xac nhan bdi ACK cho cac

go0i tin frx . Gia so AWy k) 13 xac sudt ma Kr
g06i tin dau tién nhdn dugc ACK trong mot vong
cia Wr goi tin thi:

k,
(1-p.) +p,

1=(-p)"

m

A(w k)

Gia sit €M) 13 xac sudt ma M goi tin

nhan dugc ACK trong vong cubi cung (Mr 1a goi
tin dwoc giri) va phan con lai cua nhirg goi tin

trong vong. Néu c6 bi mat géi tin thi
1- "+ pm <n -1
C(nr,mr): ( pr) mp7 r r
(=p)",

pat Q- ) 13 xdc sudt mét g0i tin trén ctra sO

m,=n,

véi kich thuée Wr duéi dang time-out.
Xac suat co goi tin friesa bi mat trong vong
ké cudi va goi tin bj mat Sr,m+1 trong vong cudi

cung va ¢6 gia tri min| 1,—
w

r

Tiép theo, xem xét khi mdt gadi tin duoc truyén
giita hai chudi time-out lién tiép. Mot chudi Kr

dang time-out xay thi co Ky =1 fign tiép mét goi
tin. Do d6:
PIR =k ]=p!"(1-,)
R, duoc tinh nhu sau:
Z 1
= zkrpr [Rr :kr] =7
k=1 1-p,

Khoang thoi gian trung binh cia chu01 time-out
bao gdm ca viéc truyén lai. Thiy ring 6 time-out
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dau tién két thac trong 1 chudi c6 chiéu dai la
-1 s _ . L .
" Tp,i=1..6 y¢i time-out trung binh theo
- g
sau ¢ chidu dai 64Tq [9]. Khoang thoi gian cua
mot chudi voi Kr time-out két thuc dugc tinh
nhu sau:

(24 -1)7. k<6
" (63+64(k, —6)) Ty k27

EI:ZrTO:I = in,pk [Rr = kr]
kol

I+p.+2p>+4p° +8p.* +16p° +32p,
I-p,

1
7= 2 %
R77;/3f0*;"'+75mn{1,3 /8:5 p(1+32p)

2.3 Thuat todn MPTFRC

Trong qua trinh thiét ké MPTFRC, chung toi
nhan théy ré‘lng, tdc do truyén dir liéu cua MPTFRC
néu chi cap nhat ting, giam theo cong thirc (1) thi
xay ra hién tugng danh vong. Hién tuong nay dugc
mo ta nhu sau:

6

Hz7)-1

Gia sir raing MPTFRC truyén dit liéu trén hai
duodng doc 1ap c6 cung bing thong, do tré va clng
mirc d§ nghén mang thi sy danh vong dugc mo ta
la: dir liéu gén nhu chi truyén trén mot duong trong
khoang thoi gian ngau nhién va sau d6 chi truyén
trén dudng con lai va lap lai nhu thé. Hién tuong
nay ciing xuit hién trong thiét ké MPTCP [8]. Dé
tranh hién twong nay, chung t6i st dung k¥ thuat
dugc d& xuét trong [7] 14 thém tham sb €r trén

duong T . Thuat toan ting toc do truyén trén
duong T duoc trinh bay:

Thuit toan diu khién ting téc dd trén
duwong " trong giao thiea MPTFRC:
if
{
mult=

if

(curr rate,<target rate;)

(now-last change) /rtt:
(mult > 2) mult=2;

curr rate,=curr rate,+(size,/rtt,

) x mult x% + & x size,/rtty ;

}
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last change = now;

Tham s6 €r dugc thém vao cong thie (1) dé
tranh danh vong duogc thie hi¢n nhw sau:
pat RTT, va Wr 13 round-trip-time va kich

thudc ctra s6 trén duong © . Tiép theo can x4c dinh
dudng cd kich thudc ctra s6 16n nhat va duong tot
nhat. Cong thirc xdc dinh dugc dinh nghia nhu sau:

= {i(t)li(t)

M 13 tap hop nhimg dudng véi kich thude ctra

= argmaxw,. }
reR

olio = _r
= {l(t)lj(t) = argmax RTT 0,

s6 1on nhit, B 1a tap hop nhimg dudng ma duge
xem x¢t la duong t6t nhat. B¢ dam bao khong danh
vong trong qud trinh truyén dit lidu, st dung tham
s0 €r tranh danh vong trén timg dudng nhu sau:
1
[R]
|B\M|
&y = A 1
_IR]
™[
. 0

néur € B\M = 0

néur € M va B\M %0

nguoclai

Trong d6, B\M 13 t4p hop nhitmg phin tir ¢6
trong B nhung khong c6 trong M 9 3, phan tir
rong va IRl 13 tdng s6 duong truyén dit lidu. Khi

,=0
d6 rer

Néu duong t6t nhit c6 kich thudc cira so 16n
nhit, thi € =0 bat ky véi 7 € R . Tuy nhién,
ncu duong tot nhat ¢6 kich thudce cira s6 nhd, tic 1a
néu B\M #0® i & 13 mot sé duong néu
reB\M & laséamnéu” €M

Chting t61 s€ mo6 phong sy danh vong khi khong
¢6 tham sb €r va tranh danh vong bang tham sb

Ep . M6 phong duoc thuc hién nhu Hinh 6.707 do cod
5 luéng TCP Reno trén cdc link 1 va 2 dé tao luu
luong nén (background traffic).
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\ TCPReno

[ s \ 5 C,=15Mbps, D,=20ms )‘" R

- - :.7-—41 DUM —t
@MPTFRC
\\ Jnk2 ,/'5:;,,/;
s "’,/*.5 C1=15mbps, D;=20ms ‘i\?x R "’.ercho

Hinh 6: M6 hinh mang danh gia danh vong

oS \J \/\/

Teongent (Mged

Hinh 7: khéng sir dung tham s6 r

’
i 1

et A ol SN

T DIghpat (Mgs)

Time(s

Hinh 8: sir dung tham s6 °r

Trong Hinh 7 khi truyén dir liéu chung toi
khong sir dung tham sO tranh danh vong €r. Thong
luong truyén trén hai duong thay doi. Dau tién
thong luong ting nhanh trén duong truyén thu 2
(path 2) sau do bét déu giam tdc do, thong lwong
truyen thay dbi chi truyén trén duong 1 (path 1) va
gan nhu chi truyen trén mot dudng trong khoang
thoi gian ngdu nhién, toc do truyén trén hai dudng
luan phién thay doi, hién tugng dénh vdng xay ra
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trén hai duong. Khi st dung tham sb tranh danh
vong €r thi khong xpét hién sy dénh vong nhu
trong Hinh 8, ¢ do toc do trén hai dudng truyén
(path 1 va path 2) gan nhu bang nhau trong suot
100 giay mo phong.

3 DPANH GIA HIEU NANG

Dé danh gia thuat toan MPTFRC da dé xuat
trong phan 2, chiing t6i tién hanh mé phong bang
bd cong cu mo6 phéng mang NS2-31 [6], chay trong
mdi trudng hé didu hanh Ubuntu 10.4. Véi cac
tham s6 mo phong nhu sau: kich thude goi dir liéu
1a 576 byte, sit dung co ché hang doi active RED,
toc d6 lay mau sau mdi 500 ms, kich thudc bo dém
bang bang thong nhan véi do tré.

a. Danh gia theo tiéu chi tang thong luong

DPé danh gia tiéu chi ting thong luong cua
MPTFRC, diu tién chung t6i md phong hai duong
MPTFRC qua hai link nhu Hinh 9(a), sau do chung
t6i tiép tuc mo phong riéng biét mot ludng TFRC
qua 1 link nhu Hinh 9(b).

C=2Mbps, D,=10ms

C,=2Mbps, D,=10ms

C=2Mbps, D=10ms

link

(b)
)

Hinh 9: M6 hinh mang danh gia tiéu chi tang
thong lwong

|:=>a.~ 1—Pan 2 |
Sum —— Shgk-pan TFRC

THOIgIp It (MEps)

Hinh 10: Téng thong lwgng cia MPTFRC
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Két qua Hinh 10 thiy rang, thong lugng tong
hai duong cua MPTFRC la gan gap doi so voi
TFRC don duong, tang thong luong dat duoc nhu
trong thudt toan diéu khién tic nghén giao thuc
truyén da duong. Viéc ting thoéng luong cua
MPTFRC so v6i TFRC don duong phu thudc vao
s6 lugng Subflow trong mét két néi MPTFRC.

b. Ddnh gid theo tiéu chi chia sé céng bang

Trong phan nay, ching t6i muén danh gia kha
ning chia sé cong bang cua MPTFRC so véi cac
giao thirc hién c¢6 nhu: TCP Reno, TFRC tai mot
duodng truyén ¢ chai. M6 phong gom hai mé hinh
mang nhu Hinh 11.

path 1

Cy=10Mbps, D4=20ms

MPTFRC

(b)

Hinh 11: M6 hinh mang mé phéng
chia sé cong bang

MPTFRC patn

. T— — MPTFRC path 2
7] |——=Sum mPTERC

TERC

Shgle-path

TEogipat (Mofs)
1

Toma s

Hinh 12: Théong lwong chia sé cong bing giira
MPTFRC vé6i TFRC

Hinh 12 cho thay, mic du hai duong MPTFRC
cung canh tranh voi moét ludng TFRC nhu Hinh
11(a), nhung hai duong MPTFRC khong tich cuc
chiém thong luong cta dudong TFRC. Thong lugng
hai duong MPTFRC chi bang gan mdt nira so véi
thong luong trén duong TFRC. Két qua nay 1a do
@r do duoc trung binh la: %1 ¥ ¥z ¥0.25 e
dua vao cong thirc (1) thi téc do trén mdi duong s&
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bang 1/2 so véi TFRC (vi ching c6 chung RTT,
bang thong va cung mirc do tac nghén).

gle-path TCP Suz MPTFRC

| W’W A I
i M
] /Mrl‘w,w,/ﬁfrw\ﬁﬂvMM’?f\”\}'hr‘mfv-mwwm

1

Throughput (Mbps)

~
1

MPTFRC path 1
Sum MPTFRC

MPTFRC psath 2
Single-path TCP

T T T
50 100 150 200

Hinh 13: Thong lwong chia sé cong bing giira
MPTFRC véi TCP Reno
Truong hgp hai duong MPTFRC ciing canh
tranh cong bang voi duong TCP nhu trong Hinh
11(b). Toéng thong lugng cua hai dwdng MPTFRC
gan bang véi thong luong trén duong TFRC don
duong, cling nhu TCP don dudng (Hinh 13) cung
canh tranh qua mdt link. Tic 1a MPTFRC chia sé
cong bang vai két néi TFRC va TCP Reno. Béi vi
cong thitc TFRC duogc rut ra tr TCP Reno (hay
thong luong TFRC twong duong TCP Reno) nén
khong kho dé giai thich tong thong luong
MPTFRC hai dudng truyén tuong duong véi thong
lwong cia TCP Reno trong cung diéu kién mang.
c. Danh gid theo tiéu chi can bang tic nghén
Chung t6i danh gia tiéu chi can bang tic nghén
bang mo hinh mang Hinh 14. M6 hinh mang nay
gdbm mot két néi MPTFRC c6 2 duong: path 1 va
path 2. Trong d6 path 1 canh tranh véi duong
TFRC, ¢6 n= 20 ludng qua link 1, téc do C, =
15 Mbps, d6 tré D; = 10 ms; path 2 canh tranh véi
mot duong TFRC qua link 2 ¢6 m= 12 ludng, tdc
d9 C, = 15 Mbps, d6 tré D, = 30 ms. Chung t6i tao
20 ludng TFRC trén link 1 dé mirc d6 tic nghén
cao trén duong thir 1 (path 1).

TFRC

® MPTFRC

" ¢,=15Mbps, D;=10ms

Hinh 14: M hinh mang mé phéng
can bang tac nghén

Ti 1& méat g6i tin do dugc trén hai duong cu thé

nhu sau:
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Bing 1: Ti 1& mét géi tin

Path 1 Path 2

P, = 0.69% P, = 0.12%

Vi ti 16 mit goi tin P1 > P2 | tiic 1a ludng
MPTFRC chi tip trung truyén théng lwong vao
path 2 1a chinh, dé dat dwoc tidu chi tang thong
luong, MPTFRC gui cang nhiéu cang t6t trén path
2 trong khi toc do truyén dir liéu trén path 1 gan
nhu bing khong, nhung tong thong luong cua
MPTFRC xép xi thong lugng dudng t6t nhit trén
TFRC (Single-path TFRC2) trong Hinh 15.

WETFRC path 1
MPTFRC path 2
Sum MPTFRC
Single path TFRC 1
Single path TFRC 2

Throughput (Mbps)

Hinh 15: Thong lweng cin bing tic nghén giira
MPTFRC va TFRC

d. Padnh gid theo tiéu chi sw muot ciia toc
do truyén

Mot trong nhitng muc ti€u quan trong trong
thiét ké giao thirc cho cac tmg dung multimedia 1a
su muot cua toc do truyén dir liéu. Péanh gia tde do
muot cua dir liéu truyén st dung mo hinh mang
Hinh 16.

C;=2Mbps, D;=20ms

C;=2Mbps, D,=20ms
C;=2Mbps, D;=20ms

MPTFRC (b)

C,=2Mbps, D,=20ms

Hinh 16: M6 hinh mang mé phéng sy mwot cia
toc do truyen
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4.5

[——MPTCP path 1—— MPTCP path 2—— Sum MPTCP]

4.0 Sum MPTCP

WWWWW eI

3

wn

z
2 30
=3
2 25
£
=
3
£ 204
(= WU i R
1.5
1.0 (
MPTCP path 1 MPTCP path 2
0.5 T T T T
50 100 150 200
Time (s)

Hinh 17: Téc d9 dir lidu truyén mugt
cia MPTCP

Su muot cia téc do truyén dir liéu cua hai
duong MPTCP ¢6 su dao dong 16n nhu Hinh 17,
tbc do truyén dit liéu lién tuc thay ddi. Vi trong
MPTCP, thuét toan diéu chinh toc do trong giai
doan giam twong tu nhu TCP nén tdc d6 o su dao
dong 16n.

Nguoc lai, sy mugt cia tbe do truyén dir liéu
cua hai duong MPTFRC nhu Hinh 18, thong luong
tang cham hon so voi MPTCP, tuy nhién tbe do
truyén trong MPTFRC it thay d6i, bién d¢ thay ddi
nho. Do MPTERC thay d6i toc do dua vao cong

thurc (nhu TFRC).
4.5
4.0
3.5 - u L 1
& 3.0 Sum MPTFRC
o
=
2 2.5
El
o
S 204 P N .
S "t v e
] [
0] MPTFRC path 2 MPTERC paths 1
0.5+ ——MPTFRC path 1—— MPTFRC path 2
Sum MPTFRC
0.0 T T T T T
0 50 100 150 200
Time (s)

Hinh 18: Téc d dir liéu truyén muot
ciia MPTFRC

Tiép theo, chung toi mo phong so sanh toc do
truyén dir liéu muot cia hai dwong MPTFRC va
hai duong MPTCP song song déu qua hai link:
link 1 va link 2 ¢6 do tré D= 40 ms va toc do
C= 4 Mbps nhu Hinh 19.
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C,=4Mbps, D,=40ms

MPTFRC

MPTCP

C,=4Mbps, D,=40ms

Hinh 19: M6 hinh mang mé phéng téc d dir
li¢u truyén mugt cia hai dwong MPTFRC va
hai dwong MPTCP truyen song song

59 Suz MPTCP

Suz MPTFRC j/

Sum MPTCP

——

Throughput(Mbps)

Sum MPTFRC

T T T T T
0 50 100 150

Hinh 20: Téc d9 dir liéu truyén mwot
cua hai dwong MPTFRC va hai duong MPTCP
truyén song song

Két qua Hinh 20 cho thdy rang, toc do truyén
di liéu cia hai dwong MPTCP va MPTFRC qua
hai link song song gan nhu twong dwong. Tuy
nhién, thay d6i tbc do trén MPTFRC tuwong ddi
cham, tdc do thay doi giira hai 1an lién tiép khong
16n. Cu thé xem xét thoi gian tir gidy 100 dén gidy
150, bién d6 dao dong tdc d0 ctia MPTCP 16n hon
so véi MPTFRC. Ddng thoi, qua két qua mé phong
ciing cho thdy ring hai Subflow cua hai duong
MPTFRC chia sé cong bang va ciing ton tai voi hai
Subflow cua hai duong MPTCP.

4 KET LUAN

Trong bai bdo nay, ching toi da trinh bay ky
thuat mo rong didu khién tic nghén cho ung dung
multimedia trong giao thirc truyén don duodng vao
trong giao thirc truyén da duong. Cai tién giao thirc
bao gom xac dinh trong sb dong nham diéu chinh
thong luong gui dr liéu gitra cac duong trong
nhiéu diéu kién mang khac nhau. Trong s6 dong
ctia MPTFRC s& diéu chinh luu luong ti 1€ nghich
véi mirc d6 tic nghén clia mang, dé dé dang dat
duoc 4 tiéu chi da néu bao gdbm: (i) ndng cao théng
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lwong truyén, (i) dam bao chia sé cong bang doi
véi cic luong TCP hién c6; (iii) c6 kha ndang cdn
bang tdc nghén; (iv) toc dé div liéu truyén muot.
Tuy nhién, khi cai dit & mic géi, thiét ké ban dau
s& khong cho két qua mong mudn, d6 1a sy danh
vong & mirc goi (cac duong it khi sir dung ddng
thoi ngay ca khi cac duong co cling diéu kién mang
nhu bang thong, do tré). Dé sir dung duong truyén
khong bi danh vong gitta cac dudng dugce thuc hién
bang cach tinh tham sb tranh danh vong giira cac
duong dya trén dudng co kich thudc cira s 16n
nhit va dudng tot nhat trong qua trinh truyén dir
liéu. Mic du véy, no khong lam thay doi bai toan
gbc ban dau.

Bing cach mé phong boi nhiéu mé hinh mang
v6i cac thong s mang khac nhau, chung toi da
danh gia giao thirc dé xuat theo 4 tiéu chi néu trén.
Dong thoi ching t6i so sanh sy chia sé cong bang
va cuing ton tai véi cac giao thirc khac hién c6 nhur
TCP Reno, TFRC, MPTCP.
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