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PANH GIA HIEU NANG CUA MOQT SO CO CHE QUAN LY HANG POQI TiCH
CUC DUA TREN KiCH THUOC HANG POQI VA TAI NAP
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Toém tit: Internet phai d6i mat vai su bing nd vé sé lwong may tinh két ndi va sy da dang
cua cac 1op tng dung trién khai trén né. Quan ly hang doi tich cuc la mét trong cac giai
phap cho diéu khién tranh tic nghén trén Internet. Trong nhitng nam gan déy, cac nha
nghién ciru vé mang da dé xuat nhiéu co ché quan ly hang doi tich cuc. Bai bdo nay thuc
hién danh gi4 hiéu niang ciia cac co ché quan Iy hang doi tich cuc dua trén kich thudc hang
doi va tai nap, dé phan 16p va tng dung cac co ché thich nghi voi méi truong mang khac
nhau.

1. Pit van dé

Co ché kiém soat tranh tic nghén la mét trong nhitng vin dé dam bao truyén
thong lién tuc va hiéu qua trén mang Internet. Bé dap ung yéu cau trén, cac nha khoa
hoc d3 khdng nging nghién ctu cai tién cac giao thirc diéu khién tir dau cudi dén dau
cudi (end-to-end) nham nang cao hiéu ning cua giao thirc TCP, nhu: TCP NewReno,
Vegas, Vegas-A [4] va cai tién cac phuong phap quan 1y hang doi tich cuc, nhu: REM,
FRED, BLUE [3,4,6] tai cac nut mang trung tdm. Thong qua cac co ché do, mdi nit
mang da kiém soat duoc sb luong I6n cac goi dit lieu dén ddng thoi trong hang doi cua
bo dinh tuyén. Bai bao tap trung nghién cau mot sé giai phap giai quyét van dé tranh tac
nghén trong moi treong mang c6 mat do goi tin day dac. Thém vao d6, ching t6i cling
d4 xé4c dinh duoc cac tham sé diéu khién téi wu dé dap tng thich nghi nhitng thay dbi
tic thoi ciia mang truyén thong da phuong tién. Qua do, ching t6i danh gia va so sanh
cac co ché quan ly hang doi tich cuc cho pht hop véi ting loai mang va ting 16p wng
dung dua trén cac két qua md phong trén NS-2 [11].

Phan tich hiéu qua mot sé co ché quan ly hang doi tich cuc dia theo kich thudc
hang doi

Co ché quan ly hang doi tich cuc dia theo kich thuéc hang doi d8 dugc nghién
ctru nhiéu trong thoi gian qua, nhu: RED, FRED, ARED [7,14,16 ]. Cac co ché nay dua
trén xac suat hiy bo sém ngau nhién cua céc goi tin theo cong thuc:

p k— mlnt_h )
max,, — min,,
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Khi kich thudc hang doi trung binh k nhé hon mirc ngudng nhoé nhat ming, thi
khdng c6 goi tin nao bi danh dau (hay gan xac suat danh dau bang 0). Khi kich thudc
hang doi trung binh 16n hon mac ngudng 16n nhat maxy, thi tat ca cac goi dén déu bi
danh dau va trén thuc té cac goi cd thé bi loai bo (hay gan xac suat danh du bang 1).
Khi kich thuée hang doi trung binh nam trong khoang gié tri ngudng nho nhat ming, va
gia tri ngudng 16n nhat maxg, thi mdi goi dén déu duoc danh dau bang mot Xac suat py.

Kich thuéc hang doi trung binh duoc st dung voi muc dich 1a dé tranh su dao
dong qua nhanh cua hang doi khi c6 nhiing dot gui goi tin véi thoi gian ngin. RED tinh
toan k voi hé sé o mdi khi co goi tin dén theo cdng thuc sau:

K= (l-w)*k+o*k @)

Véi 0 (0 < o < 1) latrong sé hang doi va k 1a kich thudc hang doi hién thoi.
Néu gi tri cua w da nho, thi gié tri trung binh s& c6 khuynh huéng it thay doi, va sé& it bi
anh huong d6i véi nhirg dot giri goi tin ngan.

Do vay, RED to6 ra kém hiéu qua khi cé su thay d6i nhanh chéng mat do gai tin
vao hang doi. Cu thé 1a cac tham sb diéu chinh kém thich nghi lam tang sé géi tin roi,
nén nguoi ta da cai tién bang ARED duya vao viéc thay doi tham sb max, phi hop trong
truong hop sé ludng dén ddng thoi 16n [14]. Tuy nhién nhiing cai tién nay chi c6 y
nghia cho céc loai g6i tin c6 cung dich vu [19]. Tir d6 da ra doi mot sé co ché quan ly
hang doi dua vao tai nap nhu BLUE, SFB (Stochastic Fair Blue) [19,20].

3. Phan tich hiéu qua mét sé co ché quan ly hang dei tich cuc dwa tai nap

Ngay nay, moi truong mang c6 nhiéu ludng dén ddng thoi kha phd bién. Do vay,
BLUE la co ché quan ly hang doi theo tai nap hiéu qua hon phuong phap dua vao kich
thude hang doi trung binh [20]. Diéu nay twong phan mot cach rd rang voi tat ca cac
thuat toan diéu khién hang doi tich cuc da biét, bai cac thuat toan nay st dung khéng
gian caa hang doi nhu 13 mot tiéu chuan trong viéc diéu khién tranh tiac nghén.

BLUE sir dung mot bién xac suat pn gan cho cac goi tin khi chung vao hang doi.
X&c suat nay tang/giam mot cach tuyén tinh tly thudc vao ti I8 roi goi tin hay mirc do sir
dung duong truyén. Néu nhu hang doi lién tuc huy bo cac goi tin vi nguy@n nhan tran
hang doi, BLUE s& tang pn va nhu vdy ting mic do nghiém trong cua théng béo tic
ngh&n ma nd gui tré vé nguon. Nguoc lai, néu nhu hang doi tré nén tréng hodc duong
truyén rdi, BLUE giam xac suat py. Diéu nay cho phép BLUE tu diéu chinh tdc do can
thiét dé guri thdng bao tic nghén tro lai noi giri hodc cho roi goi tin bang céach:

dwra trén mac do mat goi: if ((now — last_update) > freeze_time) then

Pm = Pm + 01 V& Last_update = now 3)
hoac dua trén két ndi ri: if (now — last_update) > freeze_time) then

Pm = Pm — 02 Va Last_update = now (4)
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trong do:

Pm  : XA&c suit danh du hoac loai bo goi tin
01 : Luong tang cua pm

2 : Lwong giam cuaa pn

now : Thai gian hién hanh
last_update : Thoi gian cudi cing pm thay dbi
freeze_time  : Luong thoi gian gitra cac thay doi thanh cong

Luong ting cta p, thé hién boi 81 va luong giam cia pn duoc thé hién bang d,.
Pai luong nay ludn dugc cap nhat khi ¢ su thay ddi cia pm , khi kich thuéc hang doi
vuot qua gia tri ngudng hién tai, tai toc do 1/freeze_time. Tham sb freeze_time thé hién
khoang thoi gian gitra cac 1an cap nhat thanh céng pa.

4. Giai phéap tich hop co ché quan Iy hang dei dwa vao kich thwéc hang doi va tai
nap

Viéc sir dung cac co ché quan ly hang doi dua trén kich thudce hang doi chi c6
hiéu qua d6i voi mang it 6 su thay ddi Iuu lugng vao, con co ché quan ly hang doi dua
trén tai nap thi dap wng nhanh trong mang c6 nhiéu ludng dén dong thoi. Vi vay, viéc
két hop hai co ché nay rat c6 y nghia cho méi truong mang phuc tap hién nay, d6 1a co
ché: REM (Random Exponential Marking), GREEN (Generalized Random Early
Evasion Network).

4.1. Nguyén ly hoat dong ciia REM

Y tuong cia REM 14 6n dinh tai dau vao va nang luc lién két cua hang doi, bat
ké sé lwong nguoi st dung chia sé lién két [13,17,18]. Mdi hang doi ra cua bd dinh
tuyén duoc cai dat co ché REM va duy tri mot bién goi 1a “pire’. Price nhu 1a mot yéu t6
danh gia tic ngh&n. Price duoc cap nhat, dinh ky hoic khong dong bo, dua trén bat ddi
xing cua tai va bat déi xtng kich thude hang doi. Su bat d6i xang cua tai 1a su khac biét
gitra tbc do cua cac ludng dit liéu vao va niang luc hién co cua lién két tai bo dinh tuyén. Su
bat dbi xang cua kich thudc hang doi 1a su khac biét gitra yéu cau kich thudc hang doi
mong muén véi kich thudc hang doi hién c¢6 caa b dinh tuyén.

Mtic Price ndy tang 1én néu tong trong lugng cua cac bat xtimg nay 1a duong va
giam di trong truong hop nguoc lai. Tong trong lwong 1a duong khi mot trong cac dau
vao vuot quéa kha ning lién két hodc cd quéa nhiéu goi ton dong trong hang doi can dugc
x0a va am trong cac truong hop nguoc lai. Khi sé lwong ngudi sir dung ting, tic 1a su
khong dong bo giita cac tai vai kich thude hang doi tang, Price sé ting va do do xéac suit
tac nghén duoc thiét 1ap tang. Diéu ndy s& giri mot tin hiéu tic ngh&n manh mé hon dén
cac ngudn phét, yéu ciu cac ngudn phat giam tdc do phat. Khi tai ngudn qua nho, su
khong ddng bo s& am, Price giam, xac suat duoc thiét 1ap giam va tai nguon duoc yéu
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cau tang 1én cho dén khi su bat xtng vé khong. Gia st kich thudc hang doi pi(t) trong
giai doan t dugc cap nhat theo cong thic sau:

P (t+2) =[p, (t) + 7 (e (0, &) =) + X, (1) — ¢, )]’ (5)

Trong d6, >0 va oy;>0 la cac hing sé nho va [z]'=max{z,0}. O day, by(t) 1a kich
thudc hang doi trung binh ciia hang doi | & thoi diém t va b > 0 la chiéu dai hang doi
muc tiéu, x(t) 1a toc do tai trung binh cua hang doi | & thoi diém t, va ¢ (t) bang thong
cho phép cua hang doi | tai thoi diém t. Su khéc biét vé toc do tai 1a xi(t) - ¢i(t) va cua
kich thudc hang doi bi(t) - b;. Cac hang s oy co thé dugc thiét lap boi mdi hang doi
mdi riéng Ié va duoc cap nhat theo hiéu suat va do tré & mdi hang doi. Cac hang y kiém
soat dap tng ciia REM thay ddi tly theo diéu kién mang.

Mac du REM dé quan ly hang doi tich cuc theo kich thudc hang doi va tai nap,
nhung REM c0n to ra thiéu tinh can bang va st bang thong ctia duong truyén chua cao.
Vi vay, co ché quan ly hang doi GREEN ra doi.

4.2. Nguyén ly hoat dong ciia GREEN

Bing thong cua mot két ndi phu thudc nhiéu yéu td, trong d6 c¢6 RTT va xac suat
ma c4c goi tin bi danh roi trong mang. Bing thong mot két ndi dap tmg cac phuong
trinh (6):

MSS xc (6)

W =
RTT x/p

Trong d6, BW la bing thong/thong lugng cua két ndi, MSS 1a kich thuéc téi da
phan doan, RTT Ia thoi gian di vOng gai tin, p 1a xac suat mat gai tin va ¢ 1a mot hang sb
phu thudc vao chién lroc bdo nhan duoc sir dung va trang thai céc goi tin bi mat dinh ky
hozc ngau nhién.

Gia sir ¢6 N ludng dang hoat dong & mot bo dinh tuyén vao va mot lién két ra co
nang lrc L. GREEN xem xét mot ludng duoc hoat dong néu nd d4 c6 it nhat mot goi tin
di qua cac bo dinh tuyén trong mot cira sé cd thoi gian nhat dinh. Chia s¢ cong bang
bang thong cho mdi ludng 1a L/N. Thay L/N cho BW trong phuong trinh trén, ta co xac
suat mat mat gai tin p, 1a:

p:(le\Assch2 (7)
LxRTT

Str dung gié tri cua p dé théng bao tinh trang tic nghén, GREEN budc cac ludng
chia sé can bang téc do gui. Vi p phu thudc vao sé lwong ludong va RTT mdi ludng,
thong béo tic nghén sé tich cuc hon khi cho N 16n va RTT nho.

5. Panh gia hi¢u nang
Dua trén cac két qua nghién ctu caa cac md hinh quan ly hang doi phan trén,
ching tdi tién hanh cai dat cac md hinh trén phan mém md phong NS-2
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5.1. M6 hinh mgng mé phéng

M6 hinh mang trong subt qua trinh thuc nghiém duoc md ta theo mé hinh sau:
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Hinh 1. M6 hinh mé phong

Trong md phong, ching tdi st dung N ludng TCP va M ludng UDP (gié tri caa
N, M c6 thé thay d6i dé tién cho viéc danh gid). Cac dudng truyén tir nguén TCP va
UDP dén n(t ¢6 chai va tir nt ¢6 chai dén cac dich déu co bang thong 1a 100Mbps, con
do tré thay doi tir 1 dén 20ms.

Puong truyén ¢ chai trong kich ban 1a lién két giita hai bo dinh tuyén. Ching
t61 dat bang thong tai duong truyén nay l1a 45Mbps va do tré 1a 20ms. Bo dinh tuyén tai
nat that cd chai duoc cai dit cac thuat toan dé danh gia. Kich thude hang doi tai nat that
cb chai thay ddi timg trudong hop dé tién danh gia.

Ngoai ra, cac tham sé nhu kich thudc g6i tin cua ca ludng TCP va UDP déu
duoc thiét 1ap 1a 1000 Byte, kich thudc cira s6 TCP la 2000 g6i va toc do truyén cua
lubng UDP thay d6i trong md phong dé lam co so danh gia. Thoi gian chon lam mo
phong la 60 giay.

5.2. Ddnh gid cdc co ché theo kich thuwéc hang doi thay doi

Thir nghiém véi 200 két ndi TCP qua dudng truyén ¢ chai, 1an luot cai dit co
ché quan ly hang doi tich cuc RED, BLUE, REM va GREEN tai bo dinh tuyén thit c6
chai vai gigi han kich thudc hang doi thay dbi tir 100 dén 1000 goi tin. Ching t6i thu
duoc két qua nhu sau:

X&c sudt mat goi tin: Tir dd thi Hinh 2, ching t6i thay rang khi kich thuéc hang
doi tang thi xac suat mat goi tin tai hang doi ciia hau hét cac thuat toan déu giam. Riéng
RED c6 gia toc giam lon nhat, giam tir 4.7% xudng 2%, nhung RED ludn c6 xac suét
mat goi tin 1on nhat. GREEN va BLUE c6 ti Ié mat gdi tin nho nhat, ké ca khi kich
thudc hang doi nho.
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Ti 1& mét g6 tin (%)
g
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Kich thwic hang doi (s goi)
Hinh 2. T7 1é mat goi tin cua cac thudt todn theo kich thuéc hang doi
Kich thwéc hang doi trung binh: Dua vao két qua md phong va d6 thi Hinh 3
biéu dién ti 1¢ cua sir dung kich thudc hang doi cua cac thuat toan, ching tdi nhan thay

rang: RED Ia thuat toan sir dung hang doi nhiéu nhit vd GREEN st dung hang doi it
nhét trong tat ca cac truong hop.
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Hinh 3. Hang doi trung binh cua cac thudt todn theo kich thudc hang doi
5.3. Pdnh gid cdc co ché dwa trén tdi nap thay déi

Thir nghiém véi kich thude hang doi 200 tai ¢6 chai, cai dit co ché quan Iy hang
doi tich cuc RED, BLUE, REM va GREEN tai bo dinh tuyén that c6 chai véi sb lugng
két néi TCP thay d6i tir 10 dén 300 dé thay ddi tai & ngudn phat. Chung toi thu duoc két
qua nhu sau:

X&c sudt mdt goi tin: Do thi trén Hinh 4 thé hién xac suat mat goi tin cua cac co
ché. Khi sé luong két néi nho (it tai) thi ti 16 mat gai tin caa cac thuat toan rat thap, hau
hét dudi 1%. Nhung khi s6 lwong két ndi tang (tang tai) thi ti Ié mat goi tin cua cac thuat
toan tang dan. RED thé hién rd nhat vé su mat goi tin khi s6 luwong két ndi ting. Nguoc
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lai, GREEN luén thé hién sy 6n dinh khi tang tai, vd GREEN cd ti & mat goi tin thap
nhét khi s6 lwong két ndi 1én dén 300.
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54 két ndi tai bd dinh tuyén
Hinh 4. T7 1é mdt goi tin cua thudt toan theo sé luong
Kich thuéc hang doi: Hinh 5 thé hién kich thuéc hang doi trung binh cua céac
thuat toan. RED c¢6 kich thude hang doi 16n nhat, dac biét khi sé lwong két ndi lon thi
kich thuéc hang doi trung binh cia RED gan xdp xi V&i ngudng maxg. Thuat toan
BLUE c6 kich thudc hang doi trung binh kha nho (chiém it hon 30% gii han khéng
gian hang doi).
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Hinh 5. Kich thirée hang dpi trung binh cac thugt toan khi sé luong

5.4. So sanh va phan Iép cdc co ché qudn ly hang dei nhw sau

Chung ta thay riang, hau hét cac co ché st dung thude do vé tic nghén dé phét
hién va giai quyét van dé nay dua trén kich thude hang doi, tai nap. Ngoai ra, ciing co
mot sb thuat toan bd sung thém thdng tin vé ludng dé phat hién tac nghén. Bé téng hop
su phan 16p nay, ching toi dua ra bang tom tit dic tinh cac co ché trong Bang 1 nhu
sau:
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Bang 1. Phéan lép cac thudt toan

Co ché RED BLUE REM GREEN
Dua vao kich thude hang doi 4 X v v
Phan Dua vao tai nap X
6P Duya vao hiéu sudt s dung duong truydn X v v v
Duya vao thong tin ludng X X X X
Pidu Thich nghi v v v v
khién Hna thich nah Manh X X X v
A Khong thich nghi
luong | | Yéu X X X v

Trong cac thuat toan d4 dé xuat, RED chi dua vao kich thudc hang doi dé phét
hién tac nghén ma khéng sir dung thdng tin vé ludng. RED khdng phat hién va han ché
duogc ludng khong hoi dap. Dé khac phuc dugc van dé nay, BLUE st dung su kién mat
goi tin (dwa vao tai nap) va lich s hiéu suit st dung duong truyén dé didu khién tic
nghén. Tuy vay, BLUE ciing khéng phat hién va han ché duoc luong khong hdi dap.
REM va GREEN dua vao kich thudc hang doi va tai nap dé diéu khién tic nghén,
nhung GREEN t6 ra thuat toan manh va phi hop vai nhiéu mdi trudng mang. Tét ca cac
thuat toan déu cung cap hiéu qua sir dung dudng truyén cao.

Cung Vvéi viéc phan 16p cac thuat toan, ching toi dwa bang tom tat viéc so sanh
hiéu ning cta cac thuat toan dé tir 4o dua ra giai phap (ng dung chiing vao moéi trudng
mang:

Bang 2. Panh gid hiéu nang cdc thudt todn

Co ché RED BLUE REM GREEN
Thong luong Vua Cao Cao Cao
Ti Ié mat goi tin Cao Thap Vira Thap
Khéng gian bo dém Lon Nho Vua Nho

6. Két luan

Qua bai bao chung t6i da phan tich duoc hoat dong cua cac co ché quan ly hang
doi khac nhau. Tiur d6 dd dua ra duoc cac bang so sanh va danh gia mirc d6 hiéu qua cua
ting co ché quan Iy hang doi khac nhau, nhu tir Bang 1 va 2 ching ta thay rang: Néu
kich thudc bd dém 16n, ching ta cd thé dung co ché RED, con néu kich thuéc bo dém
nho ching ta cd thé dung BLUE. Tuy nhién, GREEN Ia thut toan dam bao sy cong
bang gitra cac ludng, cd kha ning han ché ludng khéng thich nghi (bao vé ludng yéu,
chéng lai ludng manh va han ché ludng khong hdi dap). Do d6, voi méi truong mang co



NGUYEN KIM QUOC, VO THANH TU 117

hdn hop céc ludng nay, néu c6 khdng gian bo dém nho va tai 16n thi ¢ thé sir dung
GREEN. Vi vay, cd thé n6i GREEN la co ché nang cao hiéu ning TCP tbt nhat. Trong
thoi gian tiép theo chling toi s& nghién ciru cai tién sy hoat dong ddng bd cua cac co ché
quan ly hang doi tich cuc trong méi truong mang thé hé mai.
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MANAGEMENT MECHANISMS BASED ON QUEUE SIZE AND LOADING
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Abstract. The Internet is facing an explosion in the number of connected computers and
the diversity of application layers deployed on it. Active queue management is one of the
solutions to congestion control on the Internet. In recent years, network researchers have
proposed various mechanisms for active queue management. This paper will evaluate the
performance of the mechanisms of active queue management basing on queue size and
traffic load, in order to classify and implement these mechanisms to adapt to different
network environments.



