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Over the years, congestion has become a major problem affecting the
Internet leading to increased packet loss rates and delay. Dynamic
queue management (AQM) algorithms have been introduced to
control congestion. RED (Random Early Detection) is the first
dynamic queue management technique implemented for congestion
avoidance control. RED is based on comparing the average queue
length with upper and lower thresholds to mark or discard packets.
Although, many researchers have come up with improved algorithms
for RED, RED still continues to be researched to improve the
performance of RED. In this paper, the authors propose an improved
RED algorithm called ThRED (Theshold RED) based on lower
threshold fine-tune. Through simulation evaluation on the NS2
simulator, the authors found that ThRED gave better results than RED
in terms of packet loss and average queue delay.
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Quan ly hang dogi dong
Téc nghén

Diéu khién tranh tic nghén
Thuat todn RED

Nguong dudi

Trong nhitng nam qua, tic nghén da tré thanh van dé¢ chinh anh
huéng téi Internet, din dén 1am ting ti 16 mat goi va lam tang do tré
truyén goi tin. Cac thuat toan quan 1y hang doi dong (AQM-Active
queue management) di ra doi nhdm didu khién tic nghén. RED
(Random Early Detection) 1a k¥ thuat quan 1y hang doi dong dau tién
duoc trién khai dé diéu khién tranh tic nghén. RED dya trén viéc so
sanh chiéu dai trung binh hang doi voi ngudng trén va ngudng dudi
dé danh ddu hoac loai bo g0i tin. Miéc du ¢o nhiéu nghién ctru da
cong bd dua ra cac thuat toan cai tién cho RED, nhung RED van tiép
tuc dugc quan tam nham cai tién hiéu sudt duoc tot hon nira. Trong
bai bao nay, nhom tac gia dé xuit mot thuat toan RED cai tién c6 tén
goi 1a ThRED (Theshold RED) dya trén su tinh chinh ngudng dudi.
Qua md phong danh gia trén bd mé phong NS2, nhém tac gia da thiy
dugc ThRED cho két qua tot hon RED xét vé sb goi tin bi mat va do
tré hang doi trung binh.
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1. Gidi thiéu

Internet duoc x4y dung dua trén IP cung cip cac dich vu van chuyén dau cudi - dau cudi (end
to end). Khi cac goi tin duoc giri dén mot niit (node) mang nao d6, goi tin d6 s& duoc dua vao bo
nhé dém cua nit d6 trude khi duge 1ay ra dé xir 1y. Tac nghén mang chi dugc phat hién khi bo
nh¢ dém bi day va khi goi tin dén bi mat (drop). Tac nghen mang la van @& chinh anh huong dén
chat luong dich vu (QoS) cua mang IP [1]. Ti I¢ mat g0i, tré, thong lugng trung binh 13 cic van dé
chinh cua mang. Giam sb goi tin bi mat va giam tré trung binh ctia mang & muc ti€u quan trong
trong viéc cai thién chat luong dich vu mang. Quan Iy hang doi déng vai tro quan trong trong viée
diéu khién tranh tic nghén. C6 hai k¥ thudt dugc str dung: Mot 1a ngin ngira tranh tic nghén dugc
sir dung true khi co tic nghén xay ra; Hai 13, diéu khién tac nghén khi no di xay ra. K§ thuat ngin
nglra tranh tic nghén 13 k¥ thuat chit dong dé duy tri mang & trang thai c6 ti 16 mat goi thap va
thong lwong trung binh cao bang viéc duy tri kich thudc hang doi trung binh & mirc thap so véi mirc
thay d6i luu lugng mang. Luc d6, TCP sé& giam tdc do truyén khi phét hién ra goi tin bi mat [2], [3].

C6 nhiéu thuat toan khac nhau di dugc dé xuat dé xir 1y van dé tic nghén tir Drop Tail cho
dén cac chién luoc hang doi dong (AQM). Trong dé, cac chién lugce hang doi dong 1a cac chién
luoc phé bién duoc st dung trén bd dinh tuyén (Router). Chién luge hang dgi dong cam nhén tic
ngh& c6 thé xay ra da som va loai bo cac goi tin dua trén xac suat drop goi tin. Tir d6, Router
thong bao cho niit ngudn diéu chinh toc do phat, dan dén so goi tin bi mat giam di, ting thong
lwong trung binh. C6 réat nhiéu cac chién luoc hang doi dong tir RED, BLUE, FRED,,... cho dén
DyRED. Chién lugc RED (Random Early Detection) duoc dé xut bai Floyd va Jacobson [4].
Pay 1a chién luoc hang doi dong dau tién va dugc st dung phd bién dé tranh tic nghén. RED
tranh tic nghén sém bang cach sir dung tham sé avg cho biét kich thuéc hang doi trung binh.
Tham sé avg nay duoc tinh toan dua trén trong s6 hang doi (Wq), cing v6i d6 1a su so sanh véi
ngudng trén (maximum thresh) va ngudng dudi (minimum thresh). Néu avg nho hon ngudng
dudi thi khong loai bo goi tin. Néu avg 16n hon ngudng trén thi loai bo gbi tin. Con neu avg nam
gilta ngudng trén va ngudng dudi thi cac gbi tin s& bi loai bé ngau nhién theo xac sudt dugc tinh
toan dya trén avg, ngudng trén va ngudng dudi.

Bang viée phat hién tac nghén sém, RED da cho thay loi thé cua minh so v6i Drop Tail trong
viéc giam s goi tin bi mat va ting thong lugng, giam do tré truyén gbi tin. Tuy nhién, khi luu
luong mang tang dot ngodt thi RED t6 ra chua thue sy hiéu qua trong viée giam so goi tin bi mat
[5]-[9] va giam do tré hang doi trung binh. Nghién ctru nay sé dua ra phuong phap giai quyét van
dé néu trén.

2. Thuit toan RED va mét s6 chién lwge quén ly hang doi dong khac

Thuat toan RED [4] dugc su dung dé diéu khién tranh tic nghén dit liu tai cac bd dinh tuyén
bang cach kiém tra d6 dai trung binh hang doi véi cac goi dir liéu dén va quyét dinh danh dau (dé
loai bd sau nay néu can thiét) hodc loai bd goi dir li€u dén véi xéac suét tang dan khi do dai trung
binh cua hang doi vugt qua gia tri mot nguong xac dinh. RED s€ tinh toan kich thudc hang doi
trung binh dua trén bo loc thong thap (LowPass Filter), gia tri trung binh nay con duoc goi la
trung binh trugt c¢6 trong sb ting theo ham mii - EWMA (Exponential Weighted Moving
Average). Kich thudc hang doi trung binh dugc so sanh véi hai gia tri ngudng: ngudng dudi
ming va ngudng trén maXin dé quyét dinh viéc danh dau hoic loai bo cac goi tin trong hang doi.
Céc ngudng nay 1a c¢b dinh, trong cac md phong danh gia hiéu suit caa RED [5], nhom tac gia liy
maxu = 3. Ming.

RED gom 2 giai thuat tach biét: Tinh kich thuéc hang doi trung binh va tinh xac suat loai bo
g6i tin. Tinh kich thudc hang doi trung binh theo cong thirc sau:

avg = (1-wg).avg + wg.q (1), vdi q la kich thude hang dgi hién tai.

Giai thuat nay quyét dinh muc d6 bung nd cho phép trong hang doi tai gateway. N6 dua ra

ban mo ta cac chu ki khi hang doi réng (chu ki 18i) bang cach dénh gia s lugng m ctia cac goi
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nho c6 thé duoc truyén trong sudt chu ki rdi boi Router. Sau mdi chu ki r8i, Router lai tinh toan
kich thuéc hang doi trung binh nhu thé m géi da dén dugc hang doi rong trong suodt chu ki do.
Tinh todn xac suat loai bo goi tin theo cong thirc sau [6]:

0, avg < ming,
1, avg > maxg
Pb =1 avg — min, (2)

— . max ming, < avg < maxg,
max,, — ming, b’ 9

O day, maxp : gia tri 16n nhat cho ps

Giai thudt tinh x4c suét loai bo goéi tin phai dam bao sao cho cc goi tin duoc danh dau tai
nhing khoang khéng gian déu nhau, muc dich dé tranh hién tuong dong bd toan cuc cac ludng
TCP, trong khi van giit kich thudc hang doi trung binh & mot gidi han nhat dinh. Do chiém giir
hang doi 16n thi xac suat loai bo goi cang cao, do chiém giit hang doi cang gan gia tri max thi
xdc sut loai bo géi dan tién toi gié tri maxp.

For each packet arrival

Calculate the average queue size avg
if ming < avg < maxm

Calculate propability pa

With propability pa

mark or drop the arriving packet

else if maxn < avg

mark or drop the arriving packet

else

accept the arrivina packet

Giai thuat tong quat ciia RED duoc mé ta nhu sau:

Khi kich thudc hang doi trung binh nam trong khoang gia tri minth va maxth thi mdi goi dén
déu dugc danh dau hoic loai bo bﬁng mot x4c suat Pa, ddy 1a mot chirc ndng cua kich thudc hang
doi trung binh. Tai mdi thoi diém c6 mot goi bi danh dau va xac suit goi bi danh dau tir mot két
nbi dién hinh ti 18 v6i bang thong chia sé két ndi tai mdi router.

Giai thuat chi tiét cia RED duoc md ta nhu sau:

Khoi tao:
avg=20
count=0
for méi géi tin dén
Tinh kich thudc hang doi trung binh avg
if hang doi khéng rong
avg = (1 - wg).avg + Wq.q
else

m = f(time - q_time)
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avg = (1 - wg)".avg
if mingy < avg < maxn
count++

Tinh xdc suat py, .

avg—-ming,

= ———.max
Pp maxgp—ming, p

|4)
1-count.pp

Pa =
Véi xdc sudt p,
Pdnh dau goi tin dén
count=0
else if maxn < avg :
Pdnh dau géi tin dén
count =0
else: count =-1
Khi hang doi tré 1én rong :

q_time = time

Trong do:

g_time: diém bét diu hang doi rong

count: s& lugng cac goi dén ngay sau géi cudi cing bi danh dau
time: thoi diém hién tai

f(t): mot ham tuyén tinh cua thoi gian t

RED da giai quyét dugc van dé phat hién tic nghén sém, hiéu sudt st dung dudng truyén,
dong bo toan cuc. Cac nghién ciru sau nay da tim cach cai tién nham khic phuc nhitng han ché
cua RED. Alshima cung céc cong sy da dé xuat ra Enhanced Radom Early Detection (ENRED)
dé giai quyet van dé khoi tao bo tham sb trong RED. ENRED sir dung mot tham s6 moi bén canh
trong so cua hang doi la wg, duge goi la hang doi myc tiéu qt (target queue). Tham sd qt duge xéac
dinh bang hiéu cta kich thudc cira s6 hién thoi va trung binh cong cua ngudng trén va ngudng
dudi. ENRED lam giam kich thudc hang doi trung binh ctia RED, tir do dan dén 1am giam tré va
ti 18 goi tin bi mat. Mot nghién ctru khac, ciing tip trung vao van dé khdi tao bo tham sd, do 1a
UTRED [7]. UTRED str dung 3 ngudng la: ming, maxs va U (Upper Theshold RED). Néu kich
thude hang doi trung binh 16n hon maxq thi tinh toan xac suét p, trao dbi gia tri gitta maxe va Us,
UTRED cho hiéu nang t6t hon so v&i RED xét vé ti 18 phan phdi géi tin va thong luong [8]. Mot
chién lugc khéc ciing da duoc dé xut boi Danladi va cong su, d6 1a DyRED. DyRED tap trung
vao viéc thay ddi ngudng trén. Khi avg nim khoang giita ngudng trén va ngudng dudi thi tinh
chinh lai ngudng trén dya trén avg. DyRED cho hiéu qua tot hon RED xét vé s goi tin bi mat it
hon va thong lugng 16n hon trong cac truong hop tic nghén & cac mic do khac nhau [9].

Mot cai tién khac cua RED 1a ERED. Y tudng co ban ciia ERED 1a két hop chiéu dai hang
doi hién thoi va avg trude do dé tinh avg. Viée tinh toan avg trong Gmg véi viée so sanh chiéu dai
ctra 86 hién thoi v6i ngudng trén va ngudng dudi. ERED da lam giam avg so véi RED, tir d6 lam
giam s goi tin bi mat. FWMRED [10] ciing di dugc dé xuat nham ting biang thong, giam ti 18
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mat goi va do tr. FWMRED khac cac thuat toan khac ¢ chd: Thay doi gia tri wq, st dung max,
deé duy tri gia tri avg nam giira ngudng trén va ngudng dudi, va bo dém coé thé tinh toan xac suat
loai bo goéi tin dong pq.

3. Phuwrong phap ci tién chién hrgc hang dgi RED

Cai tién duoc dé xuit ¢ day 1a sy mo rong cua RED [11]-[15]. ThRED tinh chinh ngudng
dudi dé diéu khién tic nghén trong bo nhé dém ciia Router & trang thai sém trudc bo nhé dém bi
tran. Cai tién nay nham lam giam sé goi tin bi mat va giam do tré hang doi trung binh ciia cac goi
tin trong mang. Muc dich cta cai tién chién lugc hang doi RED nham Iam giam sé goi tin bi mat
va giam do tré hang doi trung binh. Hiéu suat cua chién luoc cai tién duoc hién thi bang két qua
cua viéc goi tin bi drop va do tré hang doi trung binh trong cac truong hop tic nghén la: tic
nghén nhe, tic ngh&n nghiém trong. ThRED cai tién RED bang céach hiéu chinh ngudng dudi dua
trén kich thuéc hang doi trung binh avg. N6 tinh todn kich thudc hang doi trung binh mdi khi cé
g6i tin dén, ma avg lai duoc tinh toan dya trén avg trude dé va chiéu dai hién tai cua hang doi. Ta
tinh chinh ngudng dudi theo biéu thic sau :

mingy = b.avg, véilab>1 (3)

Trong d6, b dugc lya chon hop 1y dé dat dwoc d6 tré hang doi nho.

Nhu vay, mdi khi co goi tin dén, tuy theo hang doi dang tréng hay la khong ma ta tinh kich
thudc hang doi trung binh. Sau @6 dem so sanh avg véi hai ngudng trong bo nhéd dém cua Router
dé xac dinh mirc do tic nghen. Néu avg nho hon ngudng dudi thi ta tinh chinh ngudng dudi roi
goi thuc thi RED. Con neéu avg lon hon hoac bang ngudng dudi thi ta goi thuc thi RED, tuc la
néu avg 16n hon nguorng trén thi drop goi tin, con avg nam gita ngudng trén va ngudng dudi thi
tinh xéc suat drop géi tin va thuc hién drop géi tin theo xac suit do.

Chién lugc cai tién RED 1a ThRED ¢ thé dugc m6 ta nhu sau:

if avg < miny, :
Tinh chinh ming, theo cdng thec (3)
Goi thyc thi RED
else :
Goi thyc thi RED
4. M6 phéng va cac két qua
4.1. Méi trwong mé phong

Trong nghién ciru ndy, nhom tac gia tién hanh mé phong chién lugc RED va chién lugc
ThRED st dung c6ng cu md phong mang NS-2. So db (topology) cua mang duoc thiét ké nhu
trong hinh 1:

tepl. fipl tcpO, ftp0

S1 S0

20 Mb, 2ms
20 Mb. 2ms sink

20 Mb. 2ms 2 Mb. 20ms
s2 r s

ThRED
tep2 20 Mb. 2ms
20 Mb, 2Zms
fip2

53

S4
tep3, fip3
tepd, ftp4

Hinh 1. So do topology ciia mang md phong
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Bing thong va do tré cuia cac lién két 1a 20Mbps va 2ms trir lién két R-S5 ¢6 bing thong va
do tre la 2Mbps va 20 ms. Kich thuéc hang doi lién ket R-S5 la 50 goi tin. Lién ket song cong
gitra nut R va S5 st dung kiéu hang doi |a RED hoac ThRED.

4.2. Sé goi tin bj loai bé

S6 g6i tin bi drop dugc xac dinh trong hai trudng hop tuong ung voi hai mac do tic nghén
khac nhau:

4.2.1. Trrong hop 1: Tac nghén nhe

Céc gia trj v& tong s6 goi tin dén va gai tin bi drop ¢ ca hai chién lugc trong truong hop tic
nghén nhe dugc thé hién nhu trong Bang 1.
Bang 1. So sanh cac gai tin bj drop trong trirong hop tac nghén nhe

Chién lwoc RED Chién lwgc ThRED
Tongsdgoi  Toéngsdgoi  Tilg¢ % cacgéi  Tong sé goi Tong s6 goi i l¢ % cac goi
tin dén tin bi drop tin bi drop tin dén tin bi drop tin bi drop
102160 711 0,696 113525 346 0,305
99626 695 0,698 110807 341 0,308
100117 679 0,678 111217 357 0,321
99536 693 0,696 110898 371 0,335
103653 804 0,776 113743 366 0,322

4.2.2. Truong hop 2: Tac ngh&n nghiém trong
Céc gia trj v& tong s6 goi tin dén va gai tin bi drop ¢ ca hai chién lugc trong truong hop tic
nghé&n nghiém trong duoc thé hién nhu trong Bang 2.
Bang 2. So sanh céc goi tin bj drop trong trirong hep tac nghén nghiém trong

Chién lwgc RED Chién lwgc ThRED
Tong s6 goi Tongsogoi  Tile¢ % cacgoi  Tong sé goi Tongso goi  Tilé % céc goi
tin dén tin bi drop tin bi drop tin dén tin bi drop tin bi drop
126086 7408 5,876 118926 2632 2,213
125908 7276 5,779 118930 2621 2,204
126137 7392 5,860 118919 2640 2,220
126054 7390 5,863 118924 2648 2,227
125914 7275 5,778 118964 2608 2,192

Trong trudng hop tic nghén nghiém trong, s6 géi tin bi drop ciia ThRED giam di rat nhiéu
so véi RED. Con trong truong nhe thi tong phat cac goi tin cua ThRED deu 16n hon so voi
RED, trong khi s6 gdi tin bi drop nho hon rat nhiéu so véi RED.

4.3. Tré hang doi trung binh cia cac goi tin

Tré hang doi trung binh cua cc géi tin dugc xéc dinh béi tong d6 tré cua cac goi tin trong
hang doi chia cho s6 goi tin vao hang doi. N6 duoc xéc dinh trong hai truong hop: Tac nghén
nhe va tac nghén nghiém trong. Két qua so sanh thu thap dugc thé hién nhu hinh 2 va hinh 3:

4.3.1. Truong hop 1: Tic ngh&n nhe
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Tré hang doi trung binh cac goi tin

khi tic ngh&n nhe
__ 006
(%]
£ 005
3 0,04
(]
8, 0,03
=
20,02
>
OI 0,01
oo
2 0,00
ThRED RED

Chién IUGc hang ddi

Hinh 2. So sdnh dé tré hang doi trung binh ciia cdc géi tin trong trwong hop tdc nghén nhe

4.3.2. Trwong hep 2: Tac nghén nghiém trong

Tré hang doi trung binh cac goi tin
khi tac nghén nghiém trong

__0,08
(%2}
£ 007
% 0,06
5]
S, 0,05
S 0,04
(0]
g 0,03
<o>(o' 0,02
0,01
0

ThRED RED
Chién IUGc hang ddi

Hinh 3. So sdnh dg tré hang doi trung binh cia cdc géi tin trong truong hop tac nghén nghiém trong

Trong ca hai trudng hop, do tré hang doi trung binh caia ThRED déu nhé hon so véi RED:
Vi tac nghén nhe 1a 31,1%, con véi tac nghén nghiém trong la 17,6%. Tac nghén cang nghiém
trong thi d tré hang doi trung binh cang lén. Nhu vay, ching ta thay khi sir dung chién luoc
hang dgi ThRED cho két qua tot hon chién lugc RED xét vé sé goi tin bi drop va do tré hang
doi trung binh.

5. Két luan

Bai bao da dé xuét viéc cai tién RED véi chién luge hang doi ThRED. Thong qua md phong
va danh gia ta thay dugc ThRED khdng chi cho két qua I sé goi tin bi drop giam di so véi RED
ma con cho két qua tot hon vé do tré hang doi trung binh, dan dén 1am giam do tré truyén goi tin
giira cac nit trong mang. Tir 46 ThRED cai thién dang ké hiéu niang hé théng mang.
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