PANH GIA CAC PHUONG PHAP PIEU KHIEN TAC NGHEN
TRONG DICH VU TRUYEN TAI PA PUONG

Evaluating congestion control methods in Multipath TCP

Toém tit

Multipath TCP la giao thirtc mo rong thém cac
ddc diém tir giao thirc TCP, cho phép mét két noi
TCP phdn chia thanh nhiéu luong con va phén
b6 huu lwong thong qua nhitng luong con riéng
biét. Muc tiéu ciia giao thike nay la sir dung nhiéu
dwong dong thoi giita hai thiét bi dau cudi nham
cdi thién dang ké hiéu sudt diong truyén. Pé kiém
sodt nghén trong multipath TCP, dd cé cdc dé xudt
ding gidi thudt diéu khién nghén dwa vao ton thdt
va ca cdc gidi thudt diéu khién nghén dwa vao do
tré. Tuy nhién, loai gidi thudt diéu khién nghén
nao la tot hon cho multipath TCP van con la diéu
can lam ré. Ngodi ra, hiéu qua ciia moéi logi gidi
thudt diéu khién nghén trén multipath TCP chiu
anh huong cua cdc loai luu luong khac nhau nhu
thé ndo, chdang han nhw anh hwéng giita leu heong
thoi gian thuee va phi thoi gian thiee. Tdt cd nhitng
diéu nay sé dwoc lam sang té trong bai bdo nay.
Can cir vao cdc két qud mé phong bang céng cu
NS-2, cdc danh gid va dé xudt nham cdi thién chat
lwong cua multipath TCP ciing duoc trinh bay.

Tir khéa: Piéu khién tic nghén, truyén tdi da
duong, ung dung thoi gian thuc, ung dung phi thoi
gian thuc, dwa vao ton that, dwa vao do tré.

1. Mé diu

Ngay nay, nhu cau sir dung thong tin s ngay cang
nhiéu va da dang, nhu cau két ndi thong tin dién ra
moi lic, moi noi. Thiét bi ngay nay phat trién manh
vé cong nghé két nbi khong day nhu Smartphone,
tablet, laptop hd trg két nbi nhu: Wifi, 3G. Céc tmg
dung ngay nay doi hoi nhiéu dung lugng 16n, cho
nén yéu cau bang théng can duoc ting 1én.

Thyuc trang dudng truyén két ndi hién nay
khong thoa man cho nhu cau hién tai va tuong lai.
Vi thé, mong mudn hién nay ctia nguoi ding 1a két
ni thong tin nhanh va lién tyc.

Cac trung tam dir liéu nhu Amazon, Google
hién nay ciing da két ndi véi nhidu nha cung cép
dich vu, xu huéng phat trién thiét bi di dong déu
trang bi nhiéu duong két ndi nhu: wifi, 3G... Néu
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Abstract

Multipath TCP is a set of extensions to regular
TCP that allows one TCP connection to be spread
across multiple paths. Multipath TCP distributes
load through the creation of separate “subflows”
across potentially disjoint paths. Multipath TCP
is primarily concerned with utilizing multiple
paths end-to-end to improve throughput. In terms
of congestion control, loss-based algorihms
and delay-based algorithms can be applied to
multipath TCP. However, it needs to be clarified
which kind of them be better than other in
multipath TCP. Additionally, impacts of various
traffic on perfomance of each ones in multipath
TCP should be appraised, such as impacts of
realtime traffic and non realtime traffic. These
items arecleared upinthis paper. Base on results
of simulation with NS-2
andsuggestions are also given for improving
performace of multipath TCP.

tool, assessments
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thiét bi dau cudi dong thoi str dung nhiéu giao dién
két ndi thi ky thuat truyén tai da duong (Multlpath
TCP) s& dap ung dugc nhu cdu mong mudn hién
nay. Hinh 1, minh hoa cho viéc str dung giao thtic
truyén tai da duong cho thiy smartphone, tablet
két ndi Internet v6i trung tam dit liéu dong thoi qua
duong 3G va Wifi.

Trung tim
dir lign

Hinh 1. Minh hoa sw dung Multipath TCP
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Pa s6 cac thiét bi dau cudi hién nay duoc trang
bi nhiéu cong cu két ndi bang nhiéu duong, nhung
thong tin lién lac thuong dugce gidi han mot con
duong duy nhat cho mdi 1an két nbi. St dung tai
nguyén trong hé théng s& hiéu qua hon néu duoc
sit dung da duong két nbi dong thoi. Giao thirc
truyén tai da duong da dugc IETF céng nhan? cho
viéc nghién ctru phat trién k¥ thuat truyén tai da
dudng nham ting hiéu suat cho nhu cau truyén tai
hién nay.

Nham ting hiéu qua hon nita trong ky thuat
truyén tai da duong, va trén co s cac tiéu chi
duoc dit ra3, cac thuat toan diéu khién tic nghén
da duong da duoc dé xuét. Trong d6, mot sb tai
lidu da néi 1én cac thuat toan didu khién tic nghén
da duong dya vao ton that dat hiéu qua trong viéc
truyén dir liéu. Vay ddi véi cac g dung theo thoi
gian thyc thi sao? Tai sao khong dung diéu khién
nghén dua vao ton that hay diéu khién nghén dya
vao d6 tr&? Dé lam 15 nhing didu noi trén, bai
viét s& tap trung nghién ctru danh gia hai dang diéu
khién tic nghén dya vao ton that va dua vao do
tré trong truyén tai da duong. Qua d6 xac dinh su
phti hop hay khong, & mirc do nao khi trién khai
cac dang tng dung str dung dich vu truyén tai da
dudng theo timg phuong phap didu khién nghén
noi trén.

2. N¢i dung
2.1. Piéu khién tic nghén TCP don dwong
2.1.1. Khai niém

Co ché diéu khién luu lugng trong TCP gom:
co ché tmyén lai, co ché ctra s truot, quan ly cua
s0, diéu khién 16i.

Co ché truyén lai: dé dam bao kiém tra viéc
truyén lai va khac phuc 15i trong viéc truyén dir
liéu, TCP ¢6 co ché déng hd kiém tra truyén lai
(time-out) va co ché truyén lai (retransmmission).
Thoi gian khtr hdi (Round Trip Time) dugc xéc
dinh tir thoi diém bét dau truyén dir liéu ctia bén guri
cho dén khi nhan dugc tra 10i (ACKnowledgment)
clia bén nhan 1a yéu t6 quyét dinh gia trj dong ho
kiém tra truyén lai t.-vVayt =RTT.

Hién tuong nghén mang: xay ra khi sd lugng
g6i tin dén nit mang vuot qua kha niang xr Iy cua

2 A. Ford, C. Raiciu, M. Handley, S. Barre, J. Iyengar.2011.
“Architectural Guidelines for Multipath TCP Development”. Internet
Engineering Task Force (IETF), RFC 6182, ISSN: 2070-1721

. Raiciu, M. Handly, D. Wischik. 2011. “Coupled Congestion
Control for Multipath Transport Protocols”. Internet Engineering
Task Force (IETF), RFC 6356

n6 hodc vuot qua kha nang van tai ciia cac duong
truyén ra, diéu d6 dan dén viéc thong lugng cua
mang bi giam di khi luu luong dén mang ting lén.
Hién tuong tac nghén co thé xay ra 6 mot hoac mot
s6 nit mang, hay trén toan mang.

2.1.2. Thudt toan diéu khién tdc nghén dya vao ton
that trong TCP

Dé tranh hién tuong tic nghén, Jacobson va
cac cong su dd d& xudt cac bién phap dé tranh tic
nghén. Giai phap chinh 1a kiém soat toc do gui dir
lidu con goi 1a “cira s6 tdc nghén” (cwnd), nham
han ché sé lugng dir lidu giri dé tranh tic nghén.
Khi kich thuéc cwnd chua vugt ngudng (Slow
Start threshold), kich thudc cwnd s€ tang theo ham
mil. Khi kich thuéc cwnd vuot ngudng, kich thude
cwnd s& tang tuyén tinh. Khi hét thoi gian doi
(timeout), gia tri ngudng bang mot nira gia tri kich
thudc cwnd hién thoi va kich thudc cwnd nhan gia
trj 1. Nham dat hiéu quéa hon trong viéc diéu khién
tac nghén cho giao thirc truyén tai don duong dwa
vao ton that, mot sd thuat toan duoc dé xuit cai
tién nhu: Reno, New Reno va SACK.

2.1.3. Thudt todn diéu khién tdc nghén dya vao do
tré trong TCP.

Céc thudt toan diéu khién tic nghén don dudng
dya vio do tré da duoc dé xuét boi Jain, Tri-S boi
Wang va Crowcroft, trong d6 thuat toan Vegasdo
Brakmo va cong su dugc phan tich k¥ ludng.

Thuat toan Vegas thyc hién:

cwnd
ExpThroughtput = ———
P &P BaseRTT
(BaseRTT = min of all RTT)
cwnd

ActThroughtput =
&P RTT

(RTT=BaseRTT + T)

Diff = (ExpT hroughtput — ActT hroughtput)* BaseRTT

- ExpThroughtput: thong lugng mong doi khi truyén.

- ActThroughtput: thong luong thuc té khi truyén.

- Diff: thong luong khac nhau giﬁ"a thong luong
mong doi so vdi thong luong thuc te.

Thuét toan diéu chinh kich thuéc cwnd theo:

cwnd = cwnd +1 Diff <a
cwnd = cwnd - 1 Diff >
cwnd = cwnd a < Diff <

Vi a, va f 1a hang so.
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Néu gia tri thap nhét ciia RTT cho N géi tin
(minRTT) 14 luén cao hon BaseRTT:

Cép nhat lai gia tri cho BaseRTT

Kich thudc cira s6 ting theo tuong tng.

Noi cach khac,Vegas tang cwnd khi gia tri goi
tin tai hang doi nho hon o, giam cwnd khi gia tri
g0i tin tai hang doi 16n hon B, nguoc lai thi gilt
nguyén cwnd.

2.2. Didu khién tic nghén TCP da dwong
2.2.1. Téng quan vé truyén tdi da dwong

IETF khéi tao nhom nghién ctru vé giao thirc
truyén tai da duong (MPTCP), nhidm phat trién k§
thuét giao thic truyén tai da duong cho cic tng
dung trén co so tan dung loi thé su dung nhiéu
dudng dong thoi dé truyén dit liéu.

2.2.2. M6 hinh co ban Multipath TCP

Két nbi gitta cac thiét bi ddu cudi trong giao
thire truyén tai da duong dugc hinh thanh tr mot
hoit nhiéu ludng con. Cac ludng con s& tao ra cic
cip dia chi khac nhau, va truyén dit liéu cung lac
trén cac ludng con nham ting thong luong so véi
giao thuc truyén tai don dwdong (Hinh 2). Ngoai
ra, mot co ché cho giao thirc truyén tai da duong
1a kha ning phuc hoi: khi mot ludng con mat két
nbi thi n6 c6 co ché chuyén dit liéu sang ludng con
khac (Hinh 3).
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Hinh 2. Minh hoa két néi Multipath TCP
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Hinh 3. Minh hoa khd ning phuc héi Multipath TCP
2.2.3. Chirc néng giao thire truyén tai da dwong

Giao thirc truyén tai da dudngcé cac chirc nang:

quan ly dudng truyén thi tao ra cac ludng con, thiét
1ap két ndi cho cac ludng con. Lap ké hoach goi dé
phan chia dit liéu, danh s thir ty phan doan dit liéu
trude khi gui qua cac ludng con. Cudi cing, cac
thuat toan diéu khién tic nghén s€ thuc hién diéu
khién cac ludng dit liéu.

Muc tiéu giao thirc truyén tai da duong: ting
thong lugng, canh tranh cong bang dudng truyén,
can bang cho duong truyén tai.

2.2.4. Cdc thudt todn diéu khién tic nghén da
diong dwa vdo ton that

Thuét toan diéu khién tic nghén don dudng dua
vao ton thét 1a truong hop dac biét cua thuit toan
diéu khién tic nghén da duong dya vao ton that:

Vé6i mbi théng bao xac nhan ACK trén ludng
con thi r, cira s tic nghén (w) dugc tinh:

W, W, +—

w,

Thuét toan diéu khién tic nghén da duong véi
mdi luéng con thyc hién diéu khién tic nghén nhu
1a thudt toan diéu khién tic nghén don duong cho
ludng nay, khi d6 tong thong luong cac ludng con
s& tang gap doi (gia st lac nay thoi gian khir hdi
clia tat ca cac dudng la bang nhau). Pidu nay din
dén canh tranh khong cong bang dbi véi giao thirc
truyén tai don duong tai duong tic nghén. Hinh 4
minh hoa cho viéc canh tranh khong cong bangkhi
hai ludng con cua giao thirc truyén tai da duong
cung di qua dudng tic nghén véi dudng truyén cua
giao thire truyén tai don dudng.

w [iw I=1%w sepin
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Hinh 4. Minh hoa cho théy canh tranh
khong cong bang

Mot s thuat toan diéu khién tic nghén da duong
da dé xuat d¢é giai quyét viéc canh tranh cong bang
v6i dudng single path cua giao thirc truyén tai don
duong hién tai la thuat toan EWTCP; Couple

Thuét toan EWTCP: dua trén TCP-New Reno
trén mdi duong 7 va diéu chinh w,

S 16, thang 12/2014



+ V6i mbi thong bao xac nhan ACK trén ludng
con th r, w tang : £
w.

Thuét toan Courple: thuc hién cac budc
khoi dong cham (slow start), truyén nhanh (fast
retransmit) va phuc hdi nhanh(fastrecovery) nhu
thuat toan diéu khién tic nghén don duong dua
vao ton that (TCP Reno). V&i w_ . la téng kich
thudc ctra so tdc nghén cua cac ludng con ket noi.
Thuét toan diéu chinh w:

+ Véi mdi thong bao xac nhan ACK trén ludng
con thirr, wr tang :

Tém lgi: Cac thuat toan diéu khién tic nghén
da duong dya vao ton that déu co co ché cai tién
tang kich thudc cira s6 tic nghén (w ) trong truong
hop khi c6 thong bdo x4ac nhan ACK trén ludng
thir 7. Riéng trudng hop mat géi thi kich thude cira
sO tic ngh@n clia cac thuat toan giam gidng nhau
theo cong thure: w, e%

2.2.5. Thudt todn diéu khién tic nghén da dwong
dwa vao do ré

Pugc dé xuit trén co sd thuat toan diéu khién
tac nghén don duong dua vao do tré Vegas®, c6 thé
tom tat:

+ Trén mdi ludng 7 thuc hién giéng nhu thuat
toan dicu khién tac nghén don duong dya vao do tré.

+ Tong cac gia tri cua cac luong la co dinh,
khong phu thude vao so6 luong cac ludng con.

+ Thich tng tham s diéu chinh @, f# do anh
huong dén tdc d6 truyén tai cia ludng con tuong
tg véi myc dich can bang mirc d6 tic nghén mang.

2.3. Két qua va thao luin
Ky hiéu trong phan mé phong nay 1a:

- MPTCP-loss: thuit toan diéu khién tic nghén
da duong dya vao ton that.

- MPTCP-delay: thuat toan diéu khién tic
nghén da duong dua vao do tré.

- FTP: loai ung dung phi thoi gian thuc.
- CBR: loai ung dung thoi gian thuc.

‘v Cao, Mingwei Xu, Xiaoming Fu. 2012. “Delay-based Congestion
Control for Multipath TCP”. 2012 20th IEEE International Conference
on Network Protocols (ICNP).

Bo cong cu dung dé thuc nghiém mo phong 1a
NS-2 (Network Simulator -2), phién ban 2.34 va
chay trén moi truong 1a hé diéu hanh Ubuntu véi
phién ban 10.04. Thuc nghiém mo6 phdéng cho thuét
toan diéu khién tic ngh&n da duong dira vao tén that
trén co sé thuattoan Couple va thudt toan diéukhién
tac nghén da duong dua do tré 1a thuat toan wlegas.

2.3.1. Két qua truyén tdi ciia thudt todn diéu khién
tic nghén da dwong so voi thudt todn khién tdic
nghén don duong

Nhim 1am 3 sy hiéu qua truyén tai cua thuat
toan diéu khién tic nghén da duong dya vao ton
that va thuat toan diéu khién tic nghén da dudng
dua vao do tré da dugc dé xuét. Trén co s& do,
chung t61 xay dung mo hinh mang nhu Hinh 5:
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Hinh 5. M6 hinh mang Multipath véi Single path

V6i md hinh mang (Hinh 5), chiing t6i thiét lap
cAuhinh gidngnhaucho hailoaithuattoan didukhién
tic nghén “MPTCP-loss” va “MPTCP-delay”:

Multipath TCP bén giri tao ra hai ludng con
subflow 1, subflow 2 duogc thiét 1ap thong luong
40Mbps, thoi gian tré Oms. Puong tic nghén 1va
2 duoc thiét 1ap thong lugng 20Mbps, thoi gian tré
20ms. Ludng Single path 1 duoc thiét 1ap thong
lugng 40Mbps, thoi gian tré Oms va cung di qua
duong tic nghén 1 vé6i ludng con subflow 1 cua
Multipath. Ludng Single path 2 dugc thiét lap
thong lugng 40Mbps, thoi gian tré Oms va cung
di qua duong tic nghén 2 véi ludng con subflow 2
cua Multipath.

2.3.1.1. Két qua truyén tdi ciia thudt todn diéu
khién tic nghén da dwong dia vao ton thdt so voi
thudt todn diéu khién tic nghén don dwong dua
vdo ton that

Véi thoi gian 1a 200s, ching t6i c6 duoc két
qua mo6 phong nhu Hinh 6
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Hinh 6. Thong lugng MPTCP-loss

Tir két qua Hinh 6, xét thay thong lugng truyén
ctia ludng con 1 va ludng con 2 cia Multipath
thap hon thong luong truyén dudng single path 1
va duong single path 2. Nhung tong thong luong
ctia hai ludng con (MPTCP-loss Total=4.25 Mbps)
cao hon thong lugng duong single path 1 va
duong single path 2. (SingTCP loss 1=SingTCP
loss 2=3.29Mbps)

Vay, thuat toan diéu khién tic nghén da duong
dwra vao ton that dat hiéu qua ting théng luong so
v6i thudt toan didu khién tic nghén don dudng dya
vao ton that.
2.3.1.2. Két qua truyén tdi cia thudt todn diéu
khién tic nghén da dwong dia vao dé tré so voi
thudt todn diéu khién tic nghén don dwong dia
vao do tré

Véi thoi gian 1a 200s, ching tdi c6 duge két
qua mo6 phéng nhu Hinh 7.

Tir két qua Hinh 7, xét thay thong luong truyén
ctia ludng con 1 va ludng con 2 cua Multipath
thip hon thong luong truyén duong single path
1 va duong single path 2 (MPTCP delay subl
= 3.331Mbps; SingTCP delay 1= 3.332 Mbps).
Nhung tong thong luong trung binh cta hai ludng
con (MPTCP-delay Total= 6.66 Mbps) cao hon
thong lugng dudng single path 1 va duong single
path 2.

Nhu vay, thuat toan diéu khién tic nghén da
duong dua vao d6 tré dat hidu qua ting thong
luong so voi thuat toan diéu khién tic nghén don
duong dua vao do tré.

Tom lai, thudt toan didu khién tic nghén da
dudng truyén tai dat hiéu qua hon so véi thuat toan
didu khién tic nghén don duong.

2.3.2. Kétqua truyén tdi ciia thudt todn diéu khién tdic
nghén da dwong cho tieng logi vng dung khac nhau
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Hinh 7. Thong luwgng MPTCP-delay

Véi myc tiéu 1am rd thudt toan diéu khién tic
nghén da duong dua vao ton that va thuat toan diéu
khién tic nghén da duong dua vao do tré, loai nao
dat hiéu qua hon trong viéc truyén tai cho cac (mg
dung, ching t6i tién hanh thuc nghiém mé phong
qua 04 kich ban v4i mé hinh mang nhu Hinh 8.
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Hinh 8. M6 hinh mang Mutipath TCP

V6i md hinh mang Hinh 8, chiing toi thiét lap
céu hinh:

Multipath TCP bén guri tao ra hai ludng con
subflow 1, subflow 2 dugc thiét 1ap thong lugng
40Mbps, thoi gian tré Oms. Tai nit mang, thiét lap
duong tic nghén 1va 2 thong lugng 20Mbps, thoi
gian tré 20ms.
2.3.2.1. Muc tiéu moé phong kich ban 1

Cung mot thuat toan MPTCP-delay truyén tai
cho hai loai tng dung thoi gian thyc va phi thoi
gian thuc. Vay, loai ing dung thoi gian thyuc c6
hi€u qua hay khong so véi tng dung phi thoi gian
thuc. V6i muc tiéu chung t6i mo phéng cho md
hinh mang (Hinh 8).

Véi thoi gian 1a 200s, Hinh 9 13 két qua mo
phéng thuat toan MPTCP-delay cho ting dung thoi
gian thyc, Hinh 10 13 két qua mo phong MPTCP-
delay cho ung dung phi thoi gian thyc. Hinh 11
thong luong truyén khac nhau cho hai loai tmg
dung thoi gian thuc va phi thoi gian thuc dbi véi
thuat toan MPTCP-delay.
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Hinh 10. Thong lwong MPTCP-delay (FTP)
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Hinh 11. So sanh thong lwgng MPTCP-delay total (CBR) va MPTCP-delay total (FTP)

Két qua Hinh 11 cho thdy thong luong truyén
cta ung dung phi thoi gian thuc (MPTCP-delay
total (FTP) la 8.3Mbps) cao hon thong luong
truyén ciia ing dung thoi gian thue (MPTCP-delay
total (CBR) la 4.3Mbps).

V&i muc tiéu cua kich ban 1 dé ra, c¢6 thé thay
rang dbi véi loai ing dung phi thoi gian thuc thi
thuat toan diéu khién tic nghén da duong dwa vao
do tré hiéu qua hon so véi tmg dung thoi gian thuc
vé tang thong luong.
2.3.2.2. Muc tiéu mé phong kich ban 2

Qua kich ban 1, chiing t6i nhan thiy vai loai tmg
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Tems [}

Hinh 12. Thong lwgng MPTCP-loss (CBR)

dung phi thoi gian thuc thi thuat toan diéu khién
tac nghén da duong dua vao do tré hiéu qua trong
truyén tai. Vdy doi voi thudt todn diéu khién tdc
nghén da deong diea vao ton that thi logi iing dung
nao dat hiéu qua hon. Trén myc tiéu dé ra, ching toi
thuc nghiém mo phong cho mé hinh mang (Hinh 4).
V6i thoi gian mé phong 200s, c6 két qua:

Hinh 12 14 két qua mo phong cho MPTCP-loss
v6i loai tng dung thoi gian thue va Hinh 13 13 két
qua mo6 phong MPTCP-loss cho tng dung phi thoi
gian thyc. Hinh 14 théng luong truyén khac nhau
cho hai loai ung dung thoi gian thuc va phi thoi
gian thuc ddi véi MPTCP-loss.
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Hinh 13. Thong lwgng MPTCP-loss (FTP)
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Hinh 14. So sanh thong lwong MPTCP-loss total (CBR) va MPTCP-loss total (FTP)

Tir két qua Hinh 14, thong luong truyén tai cua
thuét toan diéu khién tic nghén da duong dwa vao
t6n that vi loai tng dung thoi gian thuc (dao dong
0.895Mbps-0.897Mbps) thap hon so véi thong
luong truyén tai cua thuat toan didu khién tic
nghé&n da duong dua vao ton that véi loai tng dung
phi thoi gian thuc (dao dong 2.9Mbps-12.4Mbps).

V&i muc tiéu caa kich ban 2 dé ra, ¢ thé théy
rang d6i voi loai tng dung phi thoi gian thuc thi
thuét toan diéu khién tic nghén da duong dwa vao
t6n that truyén tai hiéu qua hon so vé6i tmg dung
thoi gian thuc.
2.3.2.3. Muc tiéu mé phong kich ban 3

Cung mot loai img dung phi thoi gian thuc, khi
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Hinh 15. Thong lwong MPTCP-loss (FTP)
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truyén tai voi thuat toan didu khién tic nghén da
duong dua tdn that dat hiéu qua nhu thé nao so véi
thuat toan diéu khién tic nghén da dudng dua vao
do tré. V&i muc tiéu dé ra, chung t6i thuc nghiém
md phong cho m6 hinh mang (Hinh 8) vdi thoi
gian md phong 200s, c6 két qua:

Cung truyén tai loai img dung phi thoi gian
thyc. Hinh 15 1a két qua md phong thuat toan diéu
khién tic nghén da duong dwa vao ton that, Hinh
16 1a két qua mé phong thuat toan didu khién tic
nghén da duong dua vao do tré. Hinh 17 thong
luong truyén cua thuat toan diéu khién tic nghén
da duong dua vao ton that so voi thuat toan diéu
khién tic nghén da duong dwa d6 tré cho mot loai
ung dung phi thoi gian thuc.
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Hinh 17. So sanh thong lwong MPTCP-loss total (FTP) va MPTCP-delay total (FTP)
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Hinh 17 cho thay, thong luong truyén tai ctia
thudt toan diéu khién tic nghén da duong dwa
véao ton that cao hon so voi thuét toan diéu khién
tac nghén da duong dya vao d¢ tré. Nhung thong
luong trung binh cua thuat toan didu khién tic
nghén da duong dwa vao do tré (MPTCP-delay
la 6.66Mbps) cao hon thong lugng trung binh cia
thuat toan diéu khién tac nghén da duong duya ton
that (MPTCP-loss la 4.25Mbps)

Tir d6 thiy rang thuat toan didu khién tic nghén
da duong dua do tré dat hiéu qua hon vé tang thong
luong so v6i thuat toan dicu khién tic nghén da
dudng dua vao ton that khi truyén tai v6i loai Gmg
dung phi thoi gian thuc.

2.3.2.4. Muc tiéu mé phong kich ban 4

Doi voi logi img dung thoi gian thiee thi logi
thudt toan nao dat hiéu qua hon. Trén muyc ti€u déra,
ching 61 thuc nghiém mé phdéng cho mé hinh mang
(Hinh 8), v6i thoi gian mé phong 200s, c6 két qua:

Cung truyén tai loai tng dung thoi gian thuc,
Hinh 18 14 két qua mo phong thuat toan diéu khién
tic nghén da dudng dua vao ton that, Hinh 19 1a két
qua md phong thuit toan diéu khién tic nghén da
duong dya vao do tré. Hinh 20 thong lugng truyén
ctia thuat toan diéu khién tic nghén da duong dua
vao ton that so voi thuat toan diéu khién tic nghén
da duong dua vao do tré cho mot loai ung dung
thoi gian thuc.
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Hinh 18. Thong lwgng MPTCP-loss (CBR)
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Hinh 19. Thong lwong MPTCP-delay (CBR)
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Hinh 20. So sanh thong lwong MPTCP-delay total (CBR) va MPTCP-loss total (CBR)

Két qua Hinh 20 cho thay thong lugng truyén
clia thut toan diéu khién tic nghén da duong
dua vao d6 tré (dao dong 4.2Mbps-4.6Mbps) cao
hon so véi thuat toan diéu khién tic nghén da
duong dua vao ton that (dao dong 0.895Mbps -
0.897Mbps).

Tir 46 thay rang thuat toan diéu khién tic nghén
da duong dua vao do tr¢ hi€u qua hon vé tang

thong lugng so voi thuat toan diéu khién tac nghén
da duong dya vao ton that khi truyén tai voi loai
ung dung thoi gian thyc.

3. Két luan va de xuat

Qua nghién ctru co s¢ 1y thuyét, sau dé tién
hanh thyc nghiém mo phong thuét toan diéu khién
tac nghén da duong so v6i thuat toan khién tic
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nghén don duong hién tai va mé phong hai loai
thuat toan diéu khién tic nghén da duong cho ting
loai img dung khéac nhau, tr m6 phong ching t6i
nhan xét cac két qua nhu sau:

Vi két qui moé phéng, chirng to rang:

- Tht nhat: ca hai thuat toan diéu khién tic
nghén da duong dua vao tdn that va thuat toan
diéu khién tic nghén da duong dya vao do tré déu
dat hi€u qua tang thong lugng so voi thudt toan
diéu khién tic nghén don dudng.

- Thir hai: thuat toan diéu khién tic nghén da
duong dua vao ton that va thudt toan diéu khién
tac nghén da duong dua vao do tré dat hiéu qua
khi truyén tai voi loai img dung phi thoi gian thuc

vé tiéu chi ting thong lugng so véi loai timg dung
thoi gian thuc.

- Thir ba: dbi véi loai img dung thoi gian thuc
thi thuat toan diéu khién tac nghén da duong dua
vao do tré dat hiéu qua hon vé ting thong lugng so
v6i thudt toan di€u khién tac nghén da duong dua
vao ton that.

Vi két qua dat dwoc, kién nghi dé xudt:

- Nghién ciru phat trién va cai tién cac thuat toan
diéu khién tac nghén da duong vi su hiéu qua cua nd
so voi thuit toan di€u khién tac nghén don duong.

- Can nghién ciru cai thién thuat toan diéu khién
tac nghén da duong dua vao do tre do dat hiéu qua
khi truyén tai cho loai tng dung thoi gian thyec.
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