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QUAN Li HANG DO TICH CU'C AQM

NGUYEN PHUONG HUY, LE HOANG, LE BA DUNG

1. GIOI THIEU CHUNG

Quan i hang doi la 1a mdt nhém t6 hop cdc phuong phdp quan Ii hang doi (queue
management) va 18p lich trinh (scheduling), day la mot trong nhiing co ché cung cép chét luong
dich vu (QoS). Quan Ii bo dém quyet dinh viéc phan ph01 bd dém va loai bd cac goéi dén theo
mdt céch thirc dwoc quyét dinh trudc khi can thiét hodc thich hop. Trong khi d6 1ap lich cho
phép quan 1f bang thong phan phdi cho cdc ludng hay néi céch khdc 1a né quyét dinh xem g6i
nao s€ dugc dua ra tur hang doi nao. FIFO (First-In First-Out) 1a thuat toan 1ap lich trinh phé bién
nhit. G6i mét c6 thé duoc coi 13 mot hinh thirc thong bdo 4n cua tic nghén.

Do c6 rat nhiéu thuat todn rat hiéu qua dwoc dua ra trong ki thut quan Ii hang doi, voi quan
Ii b dém c6 cac thuat toan: RED, Blue, PBS (chia sé bd dém tirng phﬁn), cat-dudi (DT-Drop
Tail)....qua trinh 18p lich gém: RR, WFQ, EDF (Earliest Deadline First)... Quén 1i hang doi dua
trén luéng gém RED va xRED, dva trén tde do gém: Blue, PI, KT, Bat, Green, Purple [1, 2, 6 -
10]...

Khi ti 1& céc g6i tin dén cao hon ti 1& g6i tin di cua router, kich thudc hang doi sé ting 1én,
cuél cung vuot quéd khong gian cho phép cua bo dém. Mot khi by dém déy, mot s6 géi tin sé& bi
mét, cit dudi (DT) 1a nguyén tic mat goi phé bién nhat, néu mot géi tin dén va liic d6 hang doi
day, g6i tin sé& bi loai bo. Vi vay, co ché DT tuong tic kém vdi cdc co ché diéu khién tic nghén
cia TCP va dan dén hiéu suat thap Active Queue Management (AQM) la phuong phép chu
dong thong bdo voi bén giri khi méi bét dau tic ngh@n trude khi xay ra tran by dém. Bing cich
s dung co ché AQM, bén gui dugc thdong bdo sém vé tic nghén va c6 thé phan ung phu hop [6,
9, 10, 12].

Random Early Detection (RED) [7, 9, 12] 1a co ché AQM, duoc dé xuat dé giai quyét cic
van dé gdy ra boi DT néu trén. RED sir dung sy ngau nhién dé giai quyét ca 2 van dé khoa dau
ra va hang doi dy mot cach hiéu qua, ma khong doi hoi bat ky thay dbi nao tai cdc mdy chu két
cudi. Myc dich ctia RED 1a dé tranh tran hang doi bang céch loai b cic gbi ngu nhién.

RED thiét 1ap ngudng mét géi cuc tiéu min,, va cuc dai max,. Néu kich thudc hang doi
trung binh (avg) vuot quéa min,,, RED bit ddu bo cic géi tin dya trén mot xdc suét tiy thudc vio
avg. Néu avg vuot qud max,,, moi goi tin sau do déu bi loai bo [8, 9]. Do sir dung kich thude
hang doi nhu 1a chi thi tic nghén cho nén khong thé biéu th1 hoan toan mtrc d¢ tic nghén. Mat
khdc, kich thudc hang doi trung binh thay dbi theo mirc d¢ tic nghén va viéc thiét lap céc thong
scf) dan dén tr& xép hang ctia RED la qud nhay cam véi tai luu luong va viéce thiét 1ap cdc thong
sO [11].

Pé giai quyét cic van Qé ctia co ché RED truyfén thong, céc tdc gia phét trién thudt todn
GA-Fuzzy-AQM dua trén nén RED dﬁ/du’gc dé xuat. Trong khi Fuzzy-AQM da duoc ching
minh la t6t hon AQM don thuan [10]. Y tuong chinh cia GA-Fuzzy-AQM la dua giai thuat di

13



truyén mo vao thudt toin RED dé t6i wu hod cdc thong s6 cua luét diéu khién m& nham dat duoc
hi€u suat tot hon cac bién thé Fuzzy-AQM don thuan [10, 12].

2. GIAI THUAT DI TRUYEN MO TRONG AQM
2.1. M6 hinh (Topo) hé théng

So db tong quit gia st c6 mot cAu hinh mang nhu hinh 1:

10 Mbps

15 Mbps /B\ 10 Mbps O
15 ms U 15 ms d

Hinh 1. Biéu dién nit c6 chai tir A sang B

Hinh 1 biéu dién nit c6 chai thé hién qua két ndi giira cdc router A va B. Giita A va B ¢6
téc d6 truyén dir liéu 1a 15 Mbps (khoang 15000 géi/s). Mbi mot géi tin chita khoang 125 bytes
v6i thoi gian tré khoang 15 ms. Trén tit cic cic duong truyén dén A c6 tde d6 10 Mbps va do tré
1a 15 ms véi d 16n cia hang doi 1a 300 géi. Hang doi A dugc thuc hién theo céic co ché da dé
cap & trén. Viéc xdy dung giai thuat di truyén mo cho didu khién AQM s& thuc hién theo hai
budc, d6 1a xdy dyng hé diéu khién mo va sau d6 tinh chinh hé diéu khién sir dung giai thudt di
truyén.

2.2. H¢ diéu khién mo cho AQM

e(kT) G
»  SU; >
SN Bo &I & | q
T2 T dicu [ 1 sGo »| tuong >
¢ khién PK
$G; mo
e(kT-T

Hinh 2. M6 hinh hé théng diéu khién m& cho AQM

Xay dung thuat todn mo, thuat todn giai thuat di truyén m& cho AQM c¢6 nhiéu diém khéc
biét so vdi viéc xdy dung céc thuat todn PI hoac PID. Néu véi thuét toan PI va I khé c6 thé du
béo dua trén cic sai sO s€ xay ra trong tuong lai thi thuat toan PID cho thay day 1a thuat todn
truyen thong duoc dung rat nhiéu trong cong nghi¢p. Nhung voi thuat toan diéu khién mo va
thuat toan di truyén mo ding dé diéu khién hé AQM s& mang lai mot hinh dnh méi véi cdc diac
diém ndi troi sau:

+ C6 kha ning dua céc tri thirc clia cdc chuyén gian vao diéu khién hé AQM.
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+ B0 diéu khién sir dung thuat todn mg, giai thuat di truyén md hét sitc mém déo.
+ C6 kha nang tim t6i wu toan cuc.

+ Khong can thiét phai xy dung mo hinh todn hoc cho hé thdng didu khién

+ Khong nhét thiét phai c6 mot viing nhé dém 16n. ..

Heé luat cho bo diéu khién mo duge md ta trong bang 1, va cdc gid tri ngdn ngir cho céc
bién vao va cac bién ra th€ hién trén hinh 3a, 3b va bang 1, [3].

Bang 1. Biéu dién hé ludt md cho bo diéu khién mo

p(kT) q. o (KT-T)
NVB | NB | NS | Z | PS | PB | PVB
NVB | H H H H H H H
NB B B | VB | VB | H H
NS T 'S S S B | VB | VB
qerr(kT) Z Z Z Z T VS S B
PS z Z Z Z T T | VS
PB z z z z z Z T
PVB zZ zZ zZ zZ z zZ 7
im I ,,
b4
—
T ;

Hinh 3. Cdc du vao a), d4urab) va mit suy dién c) ctia bo didu khién mo

2.3 Giai thuat di truyén mo cho AQM

Giai thuat di truyén st dung cho tim kiém tdi wu cdc dang ham thudc dugc thuc hién theo
cac budc sau: Sinh san, Chon loc, Lai ghép va Dot bién.

2.3.1 Md hod

Ma hod 1a qud trinh chuyén d6i mét mo hinh mo vao cic thong sé trong khong gian mot
chiéu cua cd thé. N6i mot cach khdc cd thé (chudi gid tri) chira cdc thong s6 cho viée xay dung
md hinh mo. O day mé hinh mé v6i céc luat “if..and...then ...” s& c6 phan diéu kién 1a cdc ham
thudc dang tam gidc voi do rong phai tam va do rong trdi cua nd. Nhu vay mot cd thé chira dung
céc thong tin trong giai thuat di truyén bao gdom:
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- Céc gia tri vi tri cho xay dung ham thugc.
- D6 rong phai, trai, tdm cua ham thudc.
- Céc gi4 tri thyc qua giai mo trong phan két qua cua luat hinh 3.
Qu4 trinh ma hoa st dung phép anh xa tuyén tinh c¢6 dang:
C=C,. +—— b —(C
2k -1

Véi: b 1a gid tri dudi dang thap phan dugc chuyén d6i sang dang nhi phan; L 1a d6 dai ciia chudi
nhi phan; C,,,, C,.;, 12 gia tri max, min ctia gen duoc dinh nghia béi nguoi st dung

max Cmin ) (1)

Quad trinh ma hod mot gen lién quan dén céc c4 thé. Gia sir mdi mot thong s6 ¢6 do dai 10
bits thi mot gen s€ c6 tong s0 10x3x7x3 = 630 bits, nhu vay hé mo voi dang luat if...and ...then
s€ c6 dang:

[[2345..2930 [\(R11... 239240 [\{}421..1{. 698599 [601 ... 629630 |
Pauvaocdthé 1.1 Dluvaocdthé2.1 Pauracdthéltsi Dluracdthé7
Tréi, Tam, Phai Tréi, Tam, Phai ~ c4the6 Tréi, Tam, Phai

Hinh 4. M6t nhifm séc thé cho chudi ma hod

Theo hinh 4 12 quan h¢ gitra céc gid tri cua chudi va céu tric cua théng s6 vao ciia ham
thudc déi v6i 1 nhidm sic the D6 chinh 12 toa dd ciia mdi mot ham thudc twong tmg lién quan
dén ti 18 dwoc chia ra trong tong cic gid tri, & ddy st dung ba 10p gié tri cia mot c4 thé. Trong
thuc & tOn tai nhidu cd thé, cdc cd thé nhan duoc mot cich ngau nhién va qud trinh dugc thuc
hién theo cdc phép toan di truyén.

Tir hinh 4 ta thdy, diém trdi cia ham thudc mot thtr nhét 1a cdc bit (1, 2, ..., 10), tim cia
ham thudc mét 1a cdc bit (11, 12, ..., 20), diém phaéi ctia ham thudc mét thu nhét 1a cdc bit (21,
22, ..., 30), ¢6 7 ham thudc cho bién vao mot, nhu vay 30 x 7 bit dau 1 gen cua bién vio mot.
Diém trdi ciia ham thudc hai thir nhét 12 céc bit (211, 212, ..., 220), tam cua ham thudc hai la cac
bit (221, 222, ..., 230), diém phai ctia ham thudc hai 1a céc bit (231, 232, ..., 240), twong ty c6 7
gid tri cho bién vao hai, nhu vay 30x7 bit tiép theo 12 gen ctia bién vao hai cua phan diéu kién.
Déi vai cdc gen (421....630) s& cho ta cdc gid tri cta 7 bién dau ra. Tir d6 xdc dinh dugc céc gid
tri thyce, sau d6 s€ dugc tinh nhu phép giai mo theo phuong phép trong tim. Nhu vay vi tri clia
cac gen trong khong gian vao s€ dugc thay dbi theo quad trinh thyc hién giai thuat.

2.3.2. Lai tqo

Phép toan lai tao duoc thuc hién thong qua thay dbi vi trf duoc sép xép cho mét ham thudc.
Hai c4 thé cha me trong qué‘m thé dugc chon lyra mot cich ngau nhién. Qua4 trinh lai tao ciing thé
hién thong qua viéc chon lya gilra cdc gid tri cho cdc vi tr ciia ham thude. Céu triic s& - thay do6i
gitta cdc cd thé thong qua céc diém lai tao. Cdc thé hé con chéu sé thira huong tir ca thé A (cha)
va cd thé B (me). Nhu vay céc gia tri cua ham thugc s& thay dbi lién quan dén thé hé con chau.
Céc con chdu s& ké thira cdc didc trung t6t ctia bd me thdng qua qua trinh lai tao.

2.3.3 Bét bién
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Céc qud trinh dot bién s& xay ra voi cdc cd thé thong qua qua trinh lai tao vdi xédc suét Pm.
Qud trinh dot bién & day 1a chon lua chon thong qua thay d6i cac gla tri cac bit 1én 1 hay xuong
0. Nhu vay sé cho phép tao cdc ca thé mai thong qua lai tao va dot bién.

2.3.4 Ham thich nghi

Ham thich nghi dung dé danh gid chit Iwgng cdc md hinh mo, né phan 4nh qua trinh chon
loc tu nhién theo mot mirc do thich nghi nhét dinh. O day cidc mo hinh xdy dung phan anh dugc
céc qué trinh thay doi thé hién trén mirc do thich nghi ctia hé théng, hay néi khéc di 1a mic do
thich nghi cta céc cd thé dugc tinh theo:

[ (k) = exp({(Ae(k)/ e(k)) —1]? 2)
trong d6: Ag(k) 1a sai sb giita 2 thé hé; e(k) 1a sai 1éch diéu khién.
So dd diéu khién AQM sir dung thuat todn diéu khién tong quat ¢ thé thiy trén hinh 5

qo(k) e(k) i u(k) q(k)
Thuat toén diéu G(s)
khién Déi tuong

A 4
v

Hinh 5. So db hé théng diéu khién AQM tbng quét

3. THU'C NGHIEM
3.1. M6 hinh toan hgc ciia AQM
Hé diéu khién su dung thuit toan diéu khién di truyén mo s€ dugc moé ta & Hinh 6 nhu sau:
Gia thiét 12 hé théng dwoc mo hinh héa véi cdc thong sb dwoc tinh theo [3],
C ? —Rs
G(s) = N

el
- s+ —

trong d6: C la tbc do duong truyén (g6i/s); qO 1a gia tri hang doi mong mudn; q 1a gid tri hang
doi ¢ dau ra; N tai (sf) ph@én cua TCP)Z R 1a RTT (round-trip time); R = 2(q/C +Tp); Tp 1a gid tri
xédc dinh; P 1a xdc suat mat géi/danh dau.

Dé ¢6 thé thuc l}ién xem xét modi trrong lam viéc cia mang. Ching ta le”:ly mot vi du md
phdng nhu sau: Hé thong mang mdy tinh hoat dong nhu TCP/IP véi cac thong s6 nhu dudi day:
Cc la luu lugng duong truyén véi Ce = 105 g6i/s = 100 Mbps, Rc 1a RTT = 0,03 s, Nc =30
tai. C4c thong so trén duge x4c dinh trong khoang C€ (0, Cc); RE (0, Rc); N€ (N, 19°);
Ham truyén ciia hé théng AQM dung cho RED, dugc tinh tir (3):
ZCZ,eRs 2108 e*0,03S
G,(s)= = )

EriCHIEH e
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3 3 5
5 1010 &Z %Z € ’ T 2
Wdt(Z)z 308 2, _% 10 (5)
z—e z—e 7—e 3

+2672933,733u (k) +2,82558.107 u (k

3.2. Cic két qua md phong

@ Tao quén thé méi

_1)

C6 thuc
hién tiép?

Bién d6i Z cua dbi tuong (4) s€ cho (5). Thay s6 v6i céch chon T = 1, ta ¢6:
q(k+1)=0,513417119q(k)—3,42782.10"° g (k —1)+5,72143.10 " ¢(k - 2)

(6)

D ligu Gid trj thich nghi Loi
huan luyén totnhdt @] chuin
Két qua f
Lut suy Chay momnh | |, Ciéc 16i
dién @ " mo ! phép do
1 9 0 )
X

T6i wu hod €
bang giai thuat
di truyén

>

FIS Variasles
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inputz
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¢) Ham thudc dau ra cua bd didu khién mo

Hinh 7. a), b), ¢) Cic két qua diéu khié:
chua st dung giai thudt di truyén

Chay cdc luat
trén dir liéu hop
1€

Response - and - reference
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|
400 '
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100
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S 06
£
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) Ham thudc dau ra c6 dang sau khi chinh dinh



Hinh 7 bi¢u dién géi dif liéu dau ra tiém cén véi gbi dit liu yéu cau q0 = 200 v6i a) sur
dung thuat didu kh1en mo va voi f) s dung giai thuat di truyen mo. Cling tuong tu nhu vay khi
ta so sanh sai sO gitra dAu ra véi tin hiéu yéu cau voi thuat diéu khlen mo b) va giai thuat di
truyen e). Su thay ddi dang ham thudc f) khi sir dung gidi thuét di truyen so voi dang han thudc
lic ban dau c).

3.3. Panh gia

Dé danh gid hiéu suat ctia ctia Fuzz-GA-AQM so véi RED, mot thi nghiém duoc thyc hién
bing cach sir dung NS-2 cho mang trong hinh 1. V&i mang nay, cdc két ndi dwoc bat trong 2
glay va tat trong 3 gidy tor mot trong cAac nut nguon (nl, y, N3, 1y, .. ., Ny) dén nit dich (ng). Ngoai
ra, tit ca cdc nguon cho phép hd trg ECN va duoc bit dau ngiu nhlen sau lan tht hai cia mo
phong. Thong ké mat g6i dugc do sau 10 gidy trong khoang 100 gidy mo phong. Thong ké mat
g6i cling do cho RED su dung cung mang va trong cic diéu kién giéng hét nhau. Dbi vai céc
hang doi RED, min,, va max,, dugc thiét 1ap tuong tng 30% va 90% cua kich thudc hang doi.
Co ché thong béo tic nghén clia RED da duogc thyc hién tich cyc nhat c6 thé bang cach thict 1ap
max, 1a 1. Voi thi nghiém nay, day 1a thiét 1ap I tuong cia max, vi né giam thiéu ca tré xép hang
va ti 16 mat g6i tin cho RED.

(a) 1000 két néi 35 (b)-4000 két ndi

30 VQ\O\O\O\O
—o—Red
-

0

8

6 ]

4 1 —O0— Red
0 0 T

0 50 100 150 200 0 50 100 150 200
Kich thwéc by dém Kich thude by dém

-
trim mét géi
N
<}

Phén trim mét goéi
Phén
>

Hinh 8. Ti 1& mét g6i cia RED, BLUE va Fuzz-GA-AQM

Hinh 8 cho thdy ti 16 mét g6i quan sat duoc trén céc kich thudc hang doi khac nhau déi voi
ca hai phuong phip Fuzz-GA-AQM va RED véi 1.000 va 4.000 két nbi. Trong nhimng thi
nghiém nay, cic hang doi tai két ndi c¢d chai gitta A va B ¢6 kich thudc tir 100 KB dén 1000 KB.
Tré hang doi 17,08 ms va 178ms nhu hinh 8. Trong tét ca céc thi nghiém, két ndi van duy tri trén
99,9% kha dung. Theo Hinh 7a cho thdy, v6i 1.000 két ndi. RED véi ti 1& mit g6i & mirc hai con
s6 cling nhu lwong giam khong gian dém. Ddi voi Fuzz-GA-AQM ciing duy tri ti 16 mét g6i kha
nho va tit nhién tét hon so véi RED.

Mot diém thi vi trong do thi méat g6i RED thé hién trong hinh 8a 12 né cho thiy lwong mat
¢6i ddng ké v6i tré bd dém khoang 80 ms. Dibu nay xay ra vi diém hoat dong dic biét cia RED
khi chiéu dai hang doi trung binh trén max,, tai tit ca cdc thoi diém. Tuy nhién khi sir dung GA
cho thuat todn AQM (trong truong hgp nay dung GA cho RED) cho théiy Fuzz-GA-AQM ciéi
thién chat luong ddng ké so v6i RED.
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Theo hinh 8b cho thdy, khi s6 lugng két ndi ting 1én 4.000, Fuzz-GA-AQM van nhanh hon
déng’ké so voi RED. Ngay ca b6 sung thém khong gian bo dém, RED van khong thé bang voi ti
1¢ mat g6i ctia Fuzz-GA-AQM la 21,1 ms ddi voi bo dém tai két ndi c6 chai.

9.22 Higu suat quin 1y hang doi Hiéu suét quin 1y hang doi
9.2 —o—Red

—o— Red
9.18 1 4— Fuzz-GA-AQM 12 | —a— Fuzz-GA-AQM

9.16
9.14
9.12
9.1
9.08
9.06 -
9.04
9.02 T T 0 . .
0 50 100 150 0 50 100 150
S6 lwong két néi $6 lwgng két ni

at goi

am ma
©

Théng lwgng (Mb/s)
Phén tra

(a) Thong luong so voi ) luong két ndi; (b) Phén tram mat g6i so voi sb luong két ndi

Hinh 9. Hiéu suét quan 1If hang dgi cua Red va Fuzz-GA-AQM

Hiéu sudt quan Ii hang doi dugc chi ra trén hinh 9. Nhu hinh 9a cho thiy, ca hai hang doi
RED va Fuzz-GA-AQM da dugc ciu hinh t6i vu dé duy tri muc thong lugng tuwong dbi cao trén
tit ca cdc tai. Tuy nhién, vi RED dinh ky cho phép két ndi 1a kha dung, thong luong cia né van
thdp hon Fuzz-GA-AQM. Thong lwong ciia Fuzz-GA-AQM cho thiy cai thién dang ké so véi
RED truyén thong. Nhu hinh 8b cho thay, RED duy tri mét géi tin ngay cang cao véi s6 luong
két ndi tang. Vi luu lugng TCP tong tré nén tich cuc hon gidng nhu sé lugng két ndi tang 1én, rat
khé dé RED duy tri ti 16 mét géi thap. Bién dong vé do dai hang doi xay ra dot ngot lam cho
thuat toan RED dao dong giita thoi diém duy tri danh ddu va mat g6i dén thoi diém danh déu tdi
thiéu va két ndi kém kha dung. Nhu hinh 9b) cho thiy, Fuzz-GA-AQM ciing duy tri ti 1é mét géi
thdp hon RED déng ké.

Hé qua quan trong nht cia viéc st dung Fuzz-GA-AQM la diéu khién tic nghén c6 thé
duoc thyc hién voi lugng khong gian dém tdi thiéu. Didu nay lam giam sy tré két cubi qua
mang, cai thién hiéu qua cua thuét todn diéu khién tic nghén. Ngoai ra, bd nh¢ dém yéu cau nhod
hon cho phép thém bd nh& aé cép cho cédc g6i uu tién cao, va gidi phéng bd nhd cho cée chirc
ning router khdc nhu luu trit cdc bang dinh tuyén 16n. Cudi ciing, Fuzz-GA-AQM cho phép thiét
bi dinh tuyén ké thira dé thuc hién tét ngay ca voi tai nguyén bd nhé han ché.

4. KET LUAN

Bai bdo, mdi chi dung lai ¢ viéc sir dung md phong Fuzz-GA cho AQM (RED) néi chung.
Fuzz-GA-AQM da chimg to dat hiu qua cao hon so v6i AQM (RED) truyén thong, diéu d6 hua
hen c6 thé cai thién hiéu suit hoat dong t6i uu bang giai thuat di truyen cho mét s6 co ché AQM
moi nhu RED, BLUE, GREEN, PURPLE... Déc biét 1a voi viéc sir dung md hinh két hop gilra
hé mo va gidi thuat di truyen c6 thé cho phép dp dung tri thirc chuyén gia c6 san cho hé thong,
ddng thoi c6 thé chinh dinh dugc céc bién md toi vu cia hé luat nham dat két qua tét hon.
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SUMMARY

AN APPLICATION OF FUZZY GENETIC ALGORITHM FOR ACTIVE QUEUE
MANAGEMENT - AQM

Currently, all types of information services tend to integrate the Internet. To transport large
amounts of data and better support for new Internet applications such as voice over IP and video
on demand need to design algorithms for congestion control and efficient management of the
queue. In this paper, we introduce a queue management algorithm - GA-Fuzzy-AQM, a fuzzy
improvement for the well-known RED (Random Early Detection) AQM algorithm. Simulation
results show that queue management algorithm GA-Fuzzy-AQM proposed has better performace
than the traditional RED mechanism.
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