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Tomtat—Trong thoi dai phat trién cia cong nghé hién
nay, ciing véi sy xuit hién cia nhleu irng dung doi héi tinh
ning truyén dir liéu trong mang téc dj cao va/ hay do tré
16m — Bandwidth Delay Product (BDP) 16n, thi nhu ciu sir
dung cdc thiét bi di djng thong minh dwgc trang bi nhidu
card mang ciing ting cao. Din dén SU ra do’l ciia cdc giao
thirc multi-path TCP trong vigc hd trg truyen din dit li¢u
thong qua cac thiét bi théng minh.Mot s giao thirc multi-
path TCP gan day nhu MPTCP, welghted-Vegas da duge
dé xuit de irng dung cho céc thiét bi da card mang trong
viée truyen dir lidu giira hai diém du cudi. Céc thujt todn
niy phin nao ci thi¢n dugc hidu suat tinh canh tranh va
kha nang cin bing tren du'(rng truyen, tuy nhién vin phai
dwong dau Vvéi cdc vin dé thudng thiy khi hoat dgng trong
mang tée do c6 BDP lo’n, do cé hai thuit todn trén dédu
dugec thiét ké cho mang tée d§ thip va/ hay d§ tré nhé. P6
1a 1y do chiing ta cin mjt glao thirc multi-path TCP khac
phuc dwge nhirng khuyét diém trén. Chiing t6i d& xuit
MPFAST — m{t gidi thuét dwgc mé rong tir FAST TCP, sir
dung ky thuit phat hién tic nghén delay-based va dic biét
hi¢u qua trong mang c6 BDP Ién.

Tir khéa—queueing delay; FAST TCP; BDP lon;
Multipath TCP.

I.  GIOITHIEU

Thuét toan didu khlen téc nghén trong giao thirc TCP
Reno duge phat trién vao nam 1988 va da dugc cai tlen
nhiéu 14n. Thuét todn nay, vé co ban, hoat dong kha ot
va gbép phan ngan chan tic nghén bang do 16m, téc do,
tai trong va két néi. Tuy nhién, véi mang c6 BDP Ién,
TCP Reno thuong xuyén tré thanh mot nat thit ¢d chai.

Thiét k& cua HSTCP va STCP phan nao khic phuc
dugc céc khuyét d]em cua TCP Reno va dac biét danh
riéng cho mang tdc do cao v/ hay do tré lon. Tuy
nhién, ca hai thuat todn déu anh huéng dén tinh céng
béng trén dudng truyén, do cb géng chiém bang thong
cua céac glao thitc TCP khac. Song song d6, ca hai déu
dya vao giai phép loss-based, khong nhung khong hiéu
qua vé mit st dung duong truycn ma con c6 kha niang
khién théng tin vé téc nghén c6 thé khong chinh xac.

Do dé, dé tai nay s& dua trén giai phap delay-based
dugce sur dung trong giao thitc FAST TCP. Piéu khién
téc nghen st dung delay-based khac phuc duge nhuogc
diém cuia loss-based, dic biét trong mang c6 BDP lén.
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St dung queuing delay lam thuée do tic nghén, dem lai
hai wu diém quan trong.

Thir nhét, queumg delay cung cip théng tin udc
lugng chinh xdc hon loss-based do kha ning mét g6i
trén mang ¢6 do tré 16n it x4y ra va thong tin tic nghén
dua vao mit goi trong phuong phép loss-based thiéu
chinh xac hon dua vao do tré trong phuo‘ng phép delay-
based. Viéc do ludng dua vao mdt géi tin bi mét chi
cung cép mot bit thong tin, trong khi dé, viéc do Iu‘ong
dya vao do tré cung cap da bit thong tin. Thong tin nay
lam cho viéc cai dat hé thong Ve trang thai 6n dinh ma
vin dam bao tinh cong béing va sir dung hiéu qua tré
nén dé dang hon.

Thir hai, tinh linh hoat ctia queuing delay c6 thé thich
umg véi dung luong hé théng. Didu ndy duy tri tinh én
dinh khi hé théng m& rng quy mo.

Song song d6, su phét trién cua cac giao thirc didu
khién tic nghen da duong (Multiple paths TCP) dang
dugc chi y va danh gia cao. Minh chimg chinh 1a sy 1in
lugt ra doi cua cac giao thitc nhu MPTCP [2],
welghted—Vegas (wVegas) [18], MPCubic [1]. Tuy
nhién céc giao thirc trén, it nhiéu con tdn dong nhidu
khuyet diém khi thyc thi trong mang c6 BDP 16n, chi
tiét s& dugc trinh bay & chuong sau. Do dé, trong dé tai
ndy, ching t6i d& xudt Multi- -path FAST TCP
(MPFAST) mdt thudt todn mo rong cua FAST TCP da
dé cap phia trén cho truyén dir liéu da duong Thuat
toan nay hira hen hiéu qua trong mang véi BDP 16n.
Hon nita, do dya trén thuat toan FAST TCP, MPFAST
c6 kha ning ngan chén viée g1am hiéu sut trong mang
khéng déy noi kha ning mat g0i xay ra ngau nhién do
18i séng truyén cao hon do 13i tac ngh&n mang.

II. CACNGHIEN CUU LIEN QUAN

bé truyen dit liéu hiéu qua khong nghén mang trong
khi van duy tri dugc tinh cong béng, tinh sin sang va on
dinh, nhiéu giao thirc da duong da dugc nghién ciru va
ung dung. Tuy nhién, mét s6 giao thirc khong dép tmg
duge higu qua khi st dung trong mang toc dg cao va/
hay do tré 16n. Cac giao thirc nay chi yéu dya trén haj
ky thuét chinh: loss-based va delay-based. Chi tiét vé
hai ky thut ndy s& dugc trinh bay chi tiét & chuong sau.
Duséi day 1a mot sé giao thire multipath tiéu biéu.
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Sau khi nghién ctru hoat dong cua MPTCP [2] véi
thuat toan Linked Increase Algorlthm (LIA) cung nhiéu
mé phong khic nhau, R. Khalili va N. Gast cung cac
dong nghiép d4 két luan hai van dé van con ton tai trong
giao thitc MPTCP.Thir nhét, nang cip tir TCP chuén
thanh MPTCP c¢6 thé 1am giam bzng théng cua cac giao
thitc TCP khéc trén cung duong truyén ma khong mang
lai lgi ich cho cac TCP da dugc ning cip. Thur hai,
MPTCP thudng tranh gianh bang théng véi cac giao
thitc khac. Tuy da dugc cai thién véi thuat toan
Opportunistic Linked Increase Algorithm (OLIA) [7]
nhung it hiéu qua khi st dung trong mang c6 BDP 16n.

Mot nghién ctru gan déy, wVegas [18] da giai quyét
véAn dé trong diéu khién téc nghén trong mang da dudng
ap dung phuong phap delay-based lam d4u hiéu phat
hién nghén mang. Tuy nhién, wVegas chi thich hgp cho
céc ing dung trong mang tdc do thap va/ hay do tré nho.
Theo [9], wVegas hoan toan khéng hiéu qua trong mang
c6 BDP lo6n.

MPCubic [1], giao thirc dua trén phuong phap loss-
based, dugc phat trién tir Cubic TCP, danh riéng cho
mang BDP 16n. MPCubic khong chi thé hién tinh cong
bing ma con st dung co ché fast recovery hiéu qua. Tuy
nhién, do dya trén loss-based, MPCubic khong dugc
déanh gia cao trong trudong hop phat hién tic nghén som.

[II. THIET KE MULTIPATH FAST TCP

A. Thugt todn FAST TCP

_Giao thitc FAST TCP ra doi da mang lai nhiing thay
doi tich cuc cho céc l’mg dung thuc thi trén mang cé
BDP 16n. Nhu da ndi ¢ céc chuong trude, phuong phap
delay-based hiéu qua hon loss-based trong viéc du doan
tdc nghén. Sau ddy, d& tai s& tom tit lai thudt toan cia
giao thirc FAST TCP:

Xem xét mét ngudn i cuia thuét toan FAST TCP diéu
chinh kich thugc cfra s0 w;(t) bang cong thitc sau:

l l(
)

+ (1 y)wl ®
véiy € (0, 1], d; va g; tuong tmg 12 thoi gian truyén va
do tré. Ta co, T; (t) =d; + q;(t) 1a RTT dugc tinh bai
nguon i, va x;(t) := w;(t)/T;(t) 1a thong luong cua
ngudn i tai thoi diém t (don vi tinh pkts/sec) Hang s6
a;(w;, q;) — thé hién so packet cua ngudn i ton tai tai
routers trén dudng truyén — dugc tinh nhur sau:

Wi(t + 1) =
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a;w;
a;(w;, q;) = {al« '

13

,néug; =0
,TH khéc )

Trong trudng hop a;(w;,q;) = a; (hing s6), cong
thie (1) duge viét lai nhu sau:
wi(t+1) =w(®) +y(a

- x;(Dq: (), 3

Véi thust toan didu khién tic nghén don dudng
FAST TCP, gié tri x;(t) tai thoi diém can bing duoc
tinh tir (3) 1a:

ai

A

Xi

G
i . .
Tuong tu, §; 1a gid tri cua g;(t) tai thoi di€ém can bang.
B. Thudt toan MPFAST

Bay giv, dé tai s& trinh bay giai thuat tic nghcn da
duong duge mé rgng tr giao thue FAST TCP, goi 1a
MPFAST. Thiét ké cia MPFAST dua trén y tuéng tir
FAST TCP dugc thuc hién nhu sau:

Goi r 1a subflow cia MPFAST dung dé truycn tai dir
liéu trén duong r. Thuat toan didu khién tic nghen
MPFAST cua ngudn s twong tmg vai kich thudc cura so6
didu khién tic nghén W, trén duong truyén r dugc tinh
nhur sau:

_ ds,rws,r(t)
we(t+1) =y (m + 05, (t) s

+ 1 = Pws, (), ®)
véi 65, (t) € [0,1] (luu y ring ¥, 0, = 1) 1a ky hiéu
trong sO cua nguon s trén du'(mg truyén r. Chang ta
dinh nghia N 1a s6 subflow cua két ndi MPFAST.
Tuong tu, chiing ta c6 gia tri ctia subflow r cua ngudn s
dugce tinh tir (4):

95 ras
6
QSr ©

Gia tr1 tai thoi diém cén bing cua téng thong lugng g
tir ngudn s, y,(t) duge dinh nghia nhu sau:

xST
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Hinh 2. Tinh hitu qua ciia giao thirc multipath trong mang c& BDP Ion. Xhi c6 cac tuéng background traffic:
(2} wVegas phin héi chim; (b) MPFAST phin héi nhanh hon.

S ' SIND S — N §SJ'
s 8= X Xsr = Os Yra1
qsr

Pé x4c dinh §s‘r,~chl’mg ta s& xem nhur tt ca dudng
truyén c6 cung do tré, gs. Ching ta c6 (8) tir cong thirc
(7) nhu sau:

o N Osr

— _“s = &5 s ON B
Vs = s = ey Z 1051‘_5 v8iYro1 sy = 1,

Vi b5, G5, va 9 1an luot 12 gid tri tai thdi diém can
bing cta 8;.,.(t), g5, (t) va ys(t). Tir d6, ching ta c6 (6)
tré thanh:

A~ éST‘ s
Xsr = ;7_:: (9)
LAy (9) chia (8), chiing ta c6:
8,, =2z, (10)

Vs

Phuong trinh (6) va (10) cho thdy m&i subflow thudc
dudng r ¢b sb luo’ng g6i tin @ dong tai céc router ti 1€
thuan véi tich s, O tiéu chi 2, gia sir 2 ludng
MPFAST canh tranh véi 1 luong FAST TCP tai 1 link
thit ¢ chai, cac ludng nay c6 cung do tré (queueing
delay). Béi vi a; (thufe luong FAST TCP) va a; (luong
MPFAST) giong hét nhau, toc do truyén cia 2 ludng
MPFAST duoc chia béi tham sb BST Trong trudng horp
nay, HS,, xap xi 1/2, do dé, tong béng thong cua 2 ludng
MPFAST bing véi bang thdng ludng FAST TCP.

Céc subflow trén dudng r diéu chinh kich thuéc cira
s tic nghén boi doan ma gia dudi day:

Chung ta déu blet RTT c6 thé ting hoic glam lam
anh huo’ng dén su 6n dinh cua thuat toan. Vi vy, ching
ta can 1 gia tri RTT trung binh (average_ RTT) ¢6 thé
thich nghi véi sy didu chinh RTT ma khong phan u'ng
qua nhay cam v&i céc thay d6i mang. Dé tinh dugc gia
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(ﬁr nay, chiing ta sir dung céng thic tinh smoothed
T nhu sau:

New RTT

(¢ * O0ld RTT) + ((1 - a)™*

Newest RTT)

Véi a € [0, 1], gid tri a cang gin 1 s& cung cAp do min
cho t¢ do va tranh duge nhiing thay doi dot ngot do su
tdng glam thét thuong cua RTT. Nguoc lai, g1a tri a
cang gan (&iip RTT phan tng nhanh hon véi sy thay
dbi ciia mang. Tham sé baseRTT chinh 13 gié tri
RTT khdng bao gio thoi gian goi tin chd 6 hang doi.

V. MO PHONG & DANH GIA
A. Kich ban mé phong

Trong chuo‘ng nay, d8 tai s& tap trung thuc hién md
phong va dnh gid két qua mod phong, tir d6 dua ra két
luan ve giai thudt MPFAST dya trén ba ti€u chi cua thiét
ké didu khién tic nghén da dudng, bao gdm:

1) Tang hiéu qua s dung tai nguyén mang: kha
ndng khai thic bang thong dudng truyén khi hoat dong
& mang c¢6 BDP 16n. M6 phoéng & hinh 1l.a, danh gia
hidu qua cua giao thirce MPFAST trén dudng truyén cd
su xuat hién dot ngdt ctia cac ludng giao thire khéc.

2)  Chia sé céng bang: tinh cong bing khi canh
tranh véi cac ludng TCP khéc trén dudng truyén véi
RTT khac nhau. M6 phong ¢ hinh 1.b, giup khai thac
tinh cong bing cua giao thitc MPFAST trén dudng
truyén khi canh tranh véi giao thitc FAST TCP.

3) Cén bang tdc nghén: didu khién ludng tir noi
dang tic nghén dén noi it hogc con khong thc nghén,
can bing bing thong giita cic subflow va khong anh
huéng dén cac giao thie khac trén cing duong truyén.
Mb phéng & hinh 1.c d& dénh gia kha ning can bing cua
giao thic MPFAST.

M0 phong duge thye hién v6i cong cy NS2, cac md
hinh déu c6 chung Iya chon SACK (Selective
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Acknowledgment), kich thuéc géi tin 1448 bytes kich
thuée b dém router 1a BDP, va dit liéu Iy mAu mdi 2s.

Background frsfic 100Mbps
(c}
Hinh 1. Kich ban mé phéng

B. Két qua mé phong:

Sau khi thyuc thi cdc kich ban mé phong trén véi
cong cu NS2, d tai tién hanh danh gid tinh higu qua cua
giao thirc MPFAST dura trén cac tiéu chi da dé cp trude
dé: (1) tinh hiéu qua (2) tinh céng bing va (3) kha ning
can bing tic nghén.

1) Tinh hiéu qua:

bé tang tinh khéch quan, d tai thuc hién cing 1 md
phong véi 2 thuét toan khac nhau: wVegas va MPFAST
dé so sanh tinh hi¢u qua khi thyc thi trong méi truong
mang c6 cling cAu hinh.

Dé tai s& thuc hién kich ban mo phéng nhu hinh 1.a
cho ca haigiao thirc wVegas va MPFAST. Céc ludng dix
liéu dugc truyén qua hai link trén c6 cung cau hinh, véi
dung lugng 1a 80Mbps va thsi gian truyén 1a 50ms.
Kém theo do, 6 luong background traffic dugc str dung
trén link 1 & glay th 100, trén link 2 s& dugc bét ddu &
gidy thir 120 véi 8 ludng, tit ca céc ludng & hai link d&u
két thuc vao gidy thir 200. C4c ludng background traffic
14n luot xudt hién sau ludng trude né mdi 3s.

Hinh 2 cho thay hinh anh so sanh r6 nét nhét ve tinh
hi¢u qua trong viéc khai théc duong truyén. Ta thdy kha
nang khai thac duong truyen cua giao thic MPFAST &
hinh 2.b kh4 tét. Trong khi giao thirc wVegas (hinh 2.a)
kha chat vat dé dat dén téc do mong dgi (trong tru'(mg
hep nay 1a 80Mbps), thi MPFAST chi can mot thoi gian
rit ngin dé lam duge didu ndy. Su xuht hi¢n cla
background traffic trong khoang thoi gian tir gidy 100
dén 120 gay anh hu'ong den ca 2 giao thic. Tuy nhién,
MPFAST dugc dénh gia tdi uu hon wVegas khi didu
khlen luong dit liéu kha can bing. MPFAST didu chinh
tdc do xuong thap hon (khoangl/2 cua toc d6 ban diu)
va ¢6 su 6n dinh, cling nhu can bing cén thiét, va sau
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khi background traffic két thic, n6 nhanh chéng lay lai
tdc do ban dhu. Trong khi d6, wVegas rét toc ds gin
nhu mat kiém soat t6i mirc rat thap (dudil/2 tée d6 ban
ddu), va ciing mat thoi gian dai hon sau khi tht
background traffic dé dat dén con s 80Mbps.

2) Tinh céng bing

Bc tai thuc hién mé phong & hinh 1.b, sir dung duong
truyen nay c6 dung lugng IOOMbps cung thoi gian
truyen 100ms. M6 phong nay danh gia tinh cong bang
cia giao thitc MPFAST véi FAST TCP khi ciing tdn tai
trén dudng truyén.

Két qua mo phong qua hinh 3 cho thay MPFAST
cong bang chia sé bang thong mang v6i giao thirc FAST
TCP. Bang théng FAST TCP gan nhu bing tbng 2
subflow MPFAST, hay néi céch khac bing thong mdi
subflow chi bing 1/2 bang thong FAST TCP. bicu do6
¢6 nghia MPFAST chia bang thong cho mdi subflow
sao cho téng biang thong bang véi bang thong cua giao
thirc dang canh tranh véi no nham dat tinh cong bang
trén mang. Ngay ca khi c¢6 su xuét hién cua céc ludng
background traffic, tinh cong bang nay vin dugc dam
bao. Két qua trén cho thay MPFAST thoa dugce tiéu chi
thtt 2 ca giao thirc didu khién tic nghén da duong.
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Hinh 3. MPFAST thé hidn tinh cing Bang Vot
FAST TCP trén ciing dudng truyén.

3) Khd néiing cdn béng tdc nghén

Dé tai thye hién mé phong véi kich ban nhur hinh 1.c.
Kich ban m6 phong nay sir dung céc luong background
traffic dé phan tich kha niing can bing tai trong moi
tru'orng mang khong 6 6n dinh. P2 tai dung 4 link véi thoi
gian truyén nhu nhau — 50ms — tuy nhién, dung luong
khac nhau, 1an lugt la: 100Mbps, 80Mbps, 160Mbps va
40Mbps. 10 luong background traffic véi dung lu‘ong
10Mbps mbi luong dugce dua vao dudng truyen g gidy
100 va dong loat két thuc & gidy 200. Két qua md phong
dat dugc nhu & hinh 4. Trong khoang thoi gian ¢6 su
xuét hién cua background traffic, cac luong dir liéu c6
Su suy giam, khoang 70Mbps gitt tbc do d6 dén khi
background traffic tit va 1dy lai téc d6 ban diu. Hai
khoang con lai trén dudng truyén, trude va sau su co
mit cac ludng background traffic nay, téc do duong
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truyén luén & trang thai én dinh va nhu mtrc mong doi,
khoang 95Mbps. Vai gidy dau trudc khi dat duge toe do
nay, bang thong cé hoi dao déng, nhung sau d6 van
nhanh chéng 6n dinh. Mittc 6n dinh 95Mbps dugc tinh
bépg cac ldy tdng bang théng céc ludng chia cho sé
luéng. Qua md phong trén, MPFAST chimg minh né
can bang tai t6t trén méi truong mang, c6 kha ning
chuyén ludng dit liéu tir link dang tac nghén dén link it
tic nghén hon va duy tri trang thai 6n dinh trén ca
dudng truyén.

3
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Hinh 4. MPFAST phin phdi bing théng bing nhau
che cac ludng cen ngay cd khi mang cé thay 48i.

V. KETLUAN

: Bit ngudn tir y tudng thiét ké giao thirc didu khién
tac nghén da dudng cho mang :téc d6 cao va/ hay d6 tré
16n, qua nhitng tim hiéu vé diéu khién tic nghén trong
TCP va Multipath TCP, cung nhu céc nghién ciru tién
phong, ching t6i dé xuat thuat toan MPFAST, duya trén
thudt toan cua giao thirc FAST TCP, dung ky thuat
delay-based va cac co ché diéu khién tic nghén phu hop.
Théng qua cac md hinh md phong va viéc phan tich lgét
qua c6 dugc, MPFAST thé hién 13 mdt giao thirc diéu
khién tic nghén da duong théa man du cac tiéu chi thiét
Ké da dua ra, tlr viéc cén bang tai hidu qua dén tinh chét
cong bang va khai thac t0t tai nguyén hé théng mang c6
BDP 16n.
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