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XAY DYYNG BO QUAN SAT TRANG THAI TRONG CO' CHE
PIEU KHIEN DONG LU'U LUQONG TCP/AQM

PO MINH TRE, HOANG MINH, NGUYEN NGOQC SAN
L. MO DAU

Li thuyét diéu khién hién dai sur dung trang thai nhur 14 tin hiéu phan hdi cho viée diéu
khién hé thong Trong phwong phap tiép cin niy chiing ta thuong xem nhu trang that ciia hé
théng 12 co thé do ludng va xdc dinh duge. Tuy nhién, trong hau hét cic hé thong phirc tap,
vecto trang thai bén trong hé thng 1a khéng thé do ludng dugce, do vay luat didu khién phan hoi
khong thé duge thuc th1 Do do, hodc la chung ta phai tim ra dugc mdt phuong phap moi trong
viée diéu khién truc tiép ma khéng can dén vecto trang thai bén trong hé thdng, hoic la phai xay
dung mét phuong phap uée lugng gid tri xap xi cla vecto trang thai dé sir dung thay thé trong
lujt didu khlen Trong nhimng nghién clru gan déy, vi¢e phat trién va sir dung bd quan sat dé uée
llr0'ng g:a tri gAn diing ciia vecto trang thai sir dung trong didu khién phan héi hé théng la kha thi
va don gian hon.

Bai bao s& ap dung bd quan sét va lut diéu khién phan hoi trén co s li thuyét hé théng lam
nén tang cho viéc ude lugng gia tri trang thai va xay dung bj diéu khién dong luu lugng cho hé
théng mang theo giao thirc diéu khién truyén dir liéu/Quén li hang dgi chi déng (T ransmission
Cantrol Protocol/Active Queue Managem- ent, TCP/AQM). TCP la mot glao thirc truyen dir ligu
duge sir dung rdng réi trén mang Intemet hign nay. Véi ¢o ché dleu khién diém-diém, ban than
TCP béc 16 mot s6 nhuge diém vé kha ning quan li, tan dung nguon tai nguyén mang, sy diéu
khién nghén kém va ti 1¢ 18i, mit goi 16n [18]. Didu nay din dén TCP kho khin trong viée dap
tng nhitng dich vu méi da phuong tién, VolP, Video va cac 16p dich vy khag’ (C'oS) dugc trién
khai trén mang Internet. AQM 1a mét trong nhitng giai phap dugce dua ra véi vai tro cuc ki quan
trong nham dap @mg su bung nd nhu ciu dich vu bing rdng trong tuong lai. D6 chinh 13 nhitng
b6 dinh tuyén trung tim dat bén trong mang 15i dé do luong mirc 4 nghén trén cac duong lidn
két va ngudn luu lugng diu vao théng qua viée lya chon va danh diu cac géi'dir liéu trude khi
nghén thye sy xay ra. Trén co s& d6, ngudn lru lwgng ddu vao s& diéu chinh kich ¢& cua cira sb
didu khién hay con goi 1a tc d6 phét dir liéu twong duong dé dap tmg véi tin hidu nghén. Nhu
vy, mOt mang v&i cac két néi TCP va bd dinh tuyén AQM dugc xem nhur 13 hé théng didu
khitn phan hdi déng, trong 46 AQM duge xem nhu 14 bd didu khién va ngudn lru lugng TCP
duge xem 1a dbi tugng diéu khién. Di nhién, vén dé nay da dugc dé cdp va khdo sat theo nhimg
phuong phap khac nhau, tuy nhién tac gia s& nghlen clru va tiép cin dva trén perO'ng trinh djng
hoc xdy dung tir mdi quan hé gura xac xuét gOl dir liéu dugc danh diu, kich c& éira 50 diéu khién,
chidu dai hang doi trung binh va cac tham s vé thoi gian, dung lugng duong truyén ciia mang.
M6t b quan sat ciing sé dugc thiét ké cho muc dich uéc lwgng cac gia tri trang thai khong thé
do ludng hay xéc dinh tryc tiép (chang han nhu kich ¢& cira s6 diéu khién) lam co s& cho viée
diéu khién phan héi.

Vi dinh huong va muc tiéu de cdp,ngodi phan mo dau va két lun theo hl.rcmg md, bai bao
s& trinh bay ba phan chi yéu. Phén II phén tich va thiét 1ap mé hinh dong hoc ngudn hru luong
trén hé théng mang TCP/AQM [17]. Trén co s& mé hinh dirge xac 13p, phan 111 thiét ké bd quan
sat ude lugng gia tri trang thai cia hé théng mang TCP/AQM [4, 19] va cuéi:cﬁng tai phﬁn IV sé&



két hop giita diéu khién phan héi va wéc lugng trang thai cung voi viée dua ra hé phuong trinh
quy chiéu t6i uu cia md hinh hé thong mang TCP/AQM lam co s& cho bai toan ve tinh bén viing
ctta h¢ trong méi trudong nhidu xa [1, 2, 20].

II. PHAN TiCH VA THIET LAP MO HINH PONG HQC CUA DONG LUU LUQGNG
TREN GIAO THUC MANG TCP/AQM

1. Phin tich co ché di¢u khién hru hrgng TCP/AQM

TCP la mét giao thirc truyén dir li¢u dugc sir dung trong co ché dicu khién huu luong trén
cac mang phé bién hién nay. Dé hiéu ro vé glao thire nay, trude hét ta xét mét két ndi dcm gian
gilta bén phat-bén nhdn théng qua router diéu khién nghén ¢d chai. Véi giao thire diéu khlen
TCP, bén phat s& tham do do san co cia bing thong mang bang cach gia ting tuyén tinh tbc d6
phat got dit li¢u cho dén khi goi di liéu bi mét. Dya vao sy mat goi dir 1i¢u, bén nhén phat tin
hi¢u théng bao cho bén phat giam tdc d6 cita né (hinh 1),

Bén phat O : _ _ Bén nhan
X Goi dif ligu Goi dir lidu duoc

chuyén di Router dinh tuyén
Ban tin théng bao G6i dir 1iéu bi mét
N -«

Hinh 1. Chu tric cia mot két nbi gitta bén phat-bén nhan qua giao thirc TCP

*
D6i khi, chinh nhuge diém cua viéc danh mét géi dir lidu trong giao thitc TCP lam anh
htr()‘ng dén van dé dong bo dong luvu luong va suy giam higu nang mang din dén vugt ra khoi
thoi gian gidi han (fime-out) va khéi dong lai mang, Khéc phuc van dé nay, ciu tric phat hi¢n
ngau nhién (Random Early Detection, RED) ra doi véi co ché hoat dong do luorng chiéu dai
hang doi va thong bdo cho bén phat biét dé diéu khién toc do thich hop thay vi viéc dgi hién
trong méat goi dir lidu xay ra. Boi vi TCP 1a mdt giao thirc diém-diém (end-to-end) nén RED
dugc xem nhu la cAu tric phan hoi gian tiép théng qua viéc 1am du/danh roi g0i dir li€u va dinh
tuyén chung dén bén nhan. Tlep theo, bén nhin s& hoan thanh vige phan hdi bing théng béo da
nhan géi dir liéu duge danh d4u dén bén phat. Trén co so do, bén phat s& gia ting hoac giam tbc
d¢ phat goi dir 1iéu dua trén thudt toan TCP (hinh 2).
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ngau nhién binh ':

Bén phat = O . e m L Bén nhan

| ke L
Ban tin théng bao
Hink 2. Co ché diéu khién nghén RED trong TCP




2. M5 hinh ddng hgc ngudn lru lugng trén hé théng mang TCP/AQM

Xét mot hé thong mang gdm N két ndi da trén giao thirc TCP théng qua dudng lién két
ngh&n ¢ chai tai mét router véi bing thong @ (gdi/gidy). Ching ta dinh nghia:

w: kich ¢& cira s TCP trung binh (géi) hay 13 géi dir lidu trung binh dugc chuyén di tai bén
phét; q: chidu dai hang doi trung binh (gbi) tai router; T th&i gian toan trinh (round-trip time)
(giay), v = % +7t_; @: kha ning (bang thong) dudmg lién két (goi/gidy); t,,: thdi gian tré
mang (gidy); N: tac nhén tii (sé phién lam viéc TCP hay sb dudng két néi); p: xédc xuét géi dir
liéu duoce danh dau.

MBS hinh déng hoc dong luu lugng trén giao thirc TCP/AQM dugc md té béi cip phuong
trinh vi phan phi tuyén dudi diy [19]:

q(r) = tN ((rt))w(t)— @ (r) (2.1a)

W (1) - ch(r) B wz(f) 1:((1;:1(8)))"(' -1, () (2.1b)

Phuwong trinh (2.1a) [a mdt m hinh ciia chidu dai hang dgi nghén cb chai dugc thit lap
mdt cach don gian théng qua viéc lay su chénh 1éch gitra téc dé goi dir 1iéu dén Nwit va dung
lwgng dudng lién két & . Phuong trinh (2.1b) md ta dong hoc didu khién cira s TCP . C6 thé
hiéu 1/ i 14 56 lugng gia ting dugce cdng thém vao cho cira s6 diéu khién va w/2 1 viéc giam di

!
#0t nira kich c& cira s6 diéu khién img voi goi dir liéu duge danh ddu véi xdc sudt p. Ching ta

c6 thé minh hoa cap phuong trinh sai phén phi tuyén (2.1). md ta dong hoc dong luu hrgng trén
giao thirc TCP théng qua so d6 hinh 3:

Diu khién ctra sé TCP : Hang dgi hghén cd chai
1
B& tré
T e o P 1 L
R

IIL THIET KE BQ QUAN SAT TRANG THAI DUA TREN
MO HINH PONG HQC TCP/AQM



1. Tuyén tinh héa mé hinh djng hoc TCP/AQM

V&i mue dich 13 tao ra sy thuén tién cho viée thiét lap bd quan sat trang thai va didu khién
phan hdi AQM chiing ta phai tién hanh viéc tuyen tinh héa phuong trinh dong hoc dong luu
lugng trén giao thirc TCP/AQM (2.1} tai mét diém can bang x4c dinh,

Dé xép xi tuyén tinh phuong trinh (2.1), truéc hét chiing ta gia dinh sb phién lam vie cia
TCP va bing thong duong lién ket 1a khong doi, N(H =N, o (1)=@ . Xem (w,q) latrang
théi, p 14 ddu vio cia mang. Ta goi(wy,pg.q,) 12 mot diém cén bang duogc xac dinh béi:

. o o R, P 20
w~0=>w0p0—2a ng:’wo_T’ Tg, = 5+TD"

Ta dinh nghia n = (N@,r;) 12 vector tham sb mang, sw=w-w > 38q=q-q,
sp=p-p, trong do sw,8q, 5p l4n hrgt 12 A sai 1éch cua kich ¢& cira 6 didu khién nghén,

chidu dai hang dot trung binh va xéac xudt ciia mdt g6i dir liéu dugc danh diu tai didm can bing.
Phuong trinh (2.1) dugc xap xi tuyen tinh dudi dang

Sq (t) = -*Sw (i i
rie{,

) (3.1a)

Bv'v(t):—r

Tr :
QN(D (8W(’)+5W(f'fkﬂ ))— Tzl (SQ(I)*BQ(!-IRO ))— ? Bp(t - rku) (3.1b)

2N
R, Ry

2. Biéu dién phu’o’ng trinh  djng hoc dong lru lwgng TCP/AQM trong khéng gian trang
thai

. Xét tai diém can bang véi bién 46 dao dong nhé, ching ta xerff
sw (1) = sw (, T, ) sq(r) = 8q (; -7, ) Chiéu dai trung binh hang doi xem nhu c6 thé xac

dinh tai dau ra, y(¢) = 5q (). Phuro ng trinh déng hoc dong hru lugng TCP/AQM (3.1} trong
khong gian trang thai duoe biéu dién dudi dang:

(1) = Ax(:)+ Bu (-7 ) (3.2a)
y(t)=Cx(¢) (3.2b)
trong do: x =[x, xz:]T = [58q Sw]T » u=dp; y=x = bq
1N o
A TR” TR,, . B _ . @2 , C - I:] 0]
0 2N e
@ 2n2

3. Thiét ké bo ‘.quan sat trang thai .

Theo (3.2) chingtadat x =[x, x,]" =[3q Sw]T la trang thai ciia hé théng mang dic
trung cho chiéu dai hang dgi trung binh va kich ¢ cira s6 diéu khién nghén, Jtrong do gia trj cia
chidu dai hang doi trung binh cé thé xac dinh o dau ra tai router dinh tuyén mang. Vin dé la

ching ta phai xac dinh gia trj cua kich ¢& cira s6 diéu khién nghén, ddy la dai lu'qng khéng thé
do ludong hay xac dinh truc tiép duge. Dé c6 thé thiét ké b didu khlen phan héi, ching ta phai



xac dinh duge cac gia tri trang thai w, q va gia tri du vio p. Nhu viy, voi gia thiét dat ra, viéc
xdy dyng bd quan sat udc hrong gid trj clia kich ¢ cira s6 didu khién nghén la didu cin thiét la y
nghia thye tién,

Ap dung li thuyét xdy dyng bo quan sit trang thai giam béc [9, 16, 17] ching ta cd thé xac
dinh duoc:

2

. r @ —
A —GA - . 2N -G N * A — GA - G B, — GB :—R”isc_[] O:I (3‘3)
22 12 2 - 21 Lt 2 L 2N ?
tp,® T T
i Ry Ry

Chon gia tri riéng cia bd quan sat trang thai cin thiét ké 13 —L, ( v&i Lo la gia trj thye
duong tay y). Tur (3.3) ta c6:

A,,—GA ,=-— -G——=-1L
22 ] r;ﬂd-" :, 0
suy ra gia tri cén chon cia G la:
T 3.4
G = R"[iu— ZzN ] 3.4
N ) TR,,‘D
Thay gia trj cia G vao (3.3) ta duge:
| L, 2 5 ® 3.5
AZZ-_GAH:-L ’A —GA =_0_ 5 ,BZ_GBI:__HT (')
N @ 2N

Tir (3.5), ta ¢6 phuong trinh bd quan sat trang thai cho mé hmh d6ng hoc TCP dugc xac
‘dinh bdi [9]:

20 Lir ? (3.6)
. - 0 _ 0 R, LO " .
z(!) Loz(t)+ rRﬂcD —N 8q(t)+{~ RU ]Sq(r Ru)
voI:
‘() - A G-

So dd b quan sat trang thai cho mé hinh déng hoc dong liru lugng TCP du'crc biu dién
nhir hinh (3.1).
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- :”Nz
6p (t-‘rRO )

Hinh 4. B§ quan sat giam bédc cho mo hinh dong hoc dong luu lugng TCP/AQM



IV. BE XUAT BAI TOAN TOI UU TRANG THAI

1. Két hop giira wire lrgng va phan hdi trang thai trong co ché diéu khién dong lwu lwgng
TCP/AQM

Chiing ta d4 thiét ké duge bd quan sat trang thai wéc lugng gia tri clia kich c& cira s6 dicu
khién ngh&n w trong giao thirc mang TCP nhur (3.6) - (3.7). Khi tat ca cdc trang thai cua mang
(9, w) dugc xac dinh thong qua do ludng tryc tiép va udc luong, ta cé thé xiy dung bd diéu
khién phan hdi ddp \ing nhanh chéng dong hoc clia hé théng. Trong phin nay, bo didu khién
dong luu lugng TCP/AQM duge thiét ké dya trén co s& két hop gitra udc lugng trang
thai % () va phan héi trang thai u (+) = r (1) - K& (¢) v&i r(¢) 12 tin hiéu tham khao diu vao. Hinh
4 thé hién mé hinh dong hoc tuyén tinh cia mang TCP/AQM.

Thay u () = r (1) - K (¢) vio (3.2), phuong trinh dong hoc cita hé théng mang TCP/AQM
dugc xac dinh: /|

(1) = Ax(t)+B[r(r-rRa )—i(t-tk" )] (4.1a)

y(t) = Cx (1) 7 (4.1b)
Ta dinh nghia e (¢)2 2 (¢)- x(¢) . Tir (4.1), 4p dung H thuyét uéc lugng trang thai [9] ta c6
thé d€ dang x4y dung hé phuong trinh mé ta déng hoc hé théng mang TCP/AQM duéi dang :

ridE e (4 M T

y()=[c 0][ x(1) (4.2b)

trong d6 cac gia tri cuia ma trdn A, B, C va G dugc xac dinh tai (3.2), (3.4) va K [kl kz] la
ma tran do lgi phan hdi.

Bong hoc cua mang TCP/AQM
(1) =op(r)  Donehoccoamang TCHAQ

- =5
r() P «(0)  Ax(6) + Bu (I_TRO) y(1)=x (1) = 8q(r)
) y (1) = Cx(¢)
o Bt )
! K |¢ 2(¢) ] i

Diéu khién phan hdi
Hinh 5. Md hinh ddng hoc ciia mang TCP/AQM

2. Hé phwong trinh quy chiéu t6i wu phuc vy bai toan bén vimg

e 1[0 g[rm oK)

y=y(@), ¢=[c o], i =r(rg,) (4.3)




hé phwong trinh (4.2) cé thé dugc viét lai dudi dang:
(1) = Ax (o) + Ba (o) ‘ (4.42)
§(t) = Cx(r) : - (44b)
Nhiu xa 1&n md hinh hé dong hoc TCP/AQM (4.4) bing cch dat:
X ()=x@)+ax0), § (D=5 +ay(), d (D=ia()+w()
AS=A+A§, ﬁs=ﬁ+A§, ("33=("3+A(':

Xét trudmg hop tong quat ta thu duge hé dong hoc tuyén tinh bét dinh bac # duge mb t3 béi:

i ()=Ax ()+Ba (1).cc[ox) (4.5a)
vy, ()=Cx (1) (4.5b)
Chon mé hinh gia dinh ¢é bac m (m > n) duge mo6 ta béi:
X (r)=ﬂmim )+ Emﬁs(r),re[o,ao) (4.6a)
y ()=C % (1) (4.6b)
tdn tai tidu chi tdi wu trang thai sau:
o = S0PE i Trxn L e R (1) @)

va tiéu chi trong binh phuong sai sb twong {mg:
- supk {lym -K5s[}, }.K € R™,p(K) - q 48)

Bai toan dit ra 1a ching ta cin xac dinh cac gia tri han ché cia A ,C (micy thé 13

Qopt

AA , AB, AC ) sao cho mé hinh md ta bdi hé phu'orng trinh (4.6a), (4. 6b) co tmh &n dinh, tinh
quan sat va diéu khién ddng thoi (thudc ho bai toan bén vimng).

Gia sir:
Am = diag (- .-ap).B B =diag(p,.8,).C_C | =diag(r)..¥m)io,B;57, 20
voii=1,...,m. h
Goi: —a_,B,. ,7,, 1an lugt 1a cac gid tri riéng nhd nhit khac khong cia A B ﬁT cte
A,, A 1a cdc gia trj riéng 16n nhét va nhé nhét khac khong ciia TT'; = % |- o
Ta c6 thé xac dinh duge bién do han ché d6i v&i AA cho hé dam bao dwge tinh én dinh [2]:
laA] < 2ok, 7 < Joru, , (4.9)

va diéu kién giéi han clia AB,AC dam bao tinh diéu khién va quan sat ddng thdi cho hé déng
hoc TCP/AQM {2]:

laB] < By /x < B s 6C] < ridn, H{Jhn +x) < i (4.10)
V.KET LUAN

Trang thai ciia hé thdng ludn giir vai trd quan trong trong li thuyét diéu khién hién dai vi
chinh trang théi s& dugc sir dung lam tin hiéu phan héi trong qué trinh diéu khién thiét bj. Tuy



nhién, thyc té thi da phan cac trang thai cua hé théng phtrc tap hodc trye tlep, hodc gian tlep
khong thé do luong hay truy cép duge. Liy co so Ii thuyét hé théng 1am nén tdng ma cy thé 1
viée xay dung phuong trinh dfng hoc clng cac phuong phap udc lrgng trang thai, ba1 bao da ap
dung'vao mot véan dé thue tién trén mot hé thong mang cu thé TCP/AQM. Gia trj vé kich ¢ cira
s& diéu khién da duge udc h.rorng dira vio viée thiét k& mot bd quan sat, két hop vai lujt phan
hoi dé xay dung nén b didu khién AQM lam ning cao kha ndng thé hién mang, giam thiéu
nghén, han ché niat goi dir liu trén giao thirc TCP. Bai béo ciing da xay dyng duge h¢ phuong
trinh qui chiéu téi vu phuc vu cho bai toan bén vitng clia md hinh hé thdng mang TCP/AQM
trong diéu kién nhleu xa. Trén co s& do6, chiing ta ¢6 thé xic dinh gia tri cac tham so mang dé
cho hé thong van dam bao dugc cdc dic tinh ban dau. Véi cach tlep cén nay, hé thong o thé
dugc khai thac va str dung mét cach hiu qua, tin cdy.
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SUMMARY

SETTING UP A STATE ESTIMATOR FOR CONTROLLING THE TRAFFIC FLOW
TCP/AQM

For most of the measuring methods of traditional control theory, measuring equipments are
located at the output of the system to measure quantities transformed from non-electrical form
into electrical one. This method helps us to define the value of parameters to be measured, but it
has limitation because it can only assess the efficiency of a movement process. That means we
can not understand the inner kinetics which is the essence of the system. The systematic
properties can be comprehended if we have a method on the basis of assessing the elements
residing inside the system. It is obvious that there are many scientists as well as research projects
that approach this matter in different ways. However, we suggest a new measuring method
through assessing and setting up sets of state estimation based on dynamic equations in this
paper. With this approach, we believe that we can apply the new measuring method in present
telecommunications network, especially for the estimation of parameters of the complex system
where the traditional measuring methods are not easily or efficiently applied. Based on this
‘method, we apply on TCP/AQM networks which will play a key role in meeting tomorrow’s
increasing demand for performance in Internet applications.
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