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THUAT TOAN DIEU KHIEN TUWONG THICH CHAT LUQNG
DICH VU TRONG MIDDLEWARE TUONG THICH
THEO U’'NG DUNG

VU HOANG HIEU, HOANG MINH, NGUYEN NGOC SAN
1. GIOT THIEU

Trong moéi tru0'ng phan b6, nhiéu img dung da phwong tién nhir: video theo yéu ciu (VoD),
héi nghi truyén hinh, giam sat bang hinh &nh ... cling chia sé ngudn tai nguyén hé théng hiru han
va cing chiu sy bién ddi v& ¢ sin sang cla tal nguyen lam anh hucmg dén chét luong dich vu.
Diéu nay dang 12 thach thirc trong méi trudng mang co chia sé tai nguyén khi khong co sur hd tro
QoS trong hé théng mang va hé diéu hanh & 16p dudi, nhat 12 khi khéng dy bao duoe bién ddi ve
dd san sang cua tai nguyén nhu: bd xir 1i, bing théng mang va bd nhd. Dé giai quyét nhimg khé
khén trén céc hé théng middleware phan b duoc sir dung, nham hd trg viée phan phél QoS theo
yéu chu ciia (g dung. Trong [1], chung t6i da 3¢ xudt mdt kién trac middleware tong quat dé
thuc hién tuong thich QoS theo (ng dung va phuong phap diéu khién tac vu. Klen tric va
phuong phap nay cho phép xir li tlrcmg thich tmg dung dé dat dugc mire QoS yéu cau trong diéu
kién tai nguyén bién 601 Bai viét nay trinh bay thudt toan diéu khién tuong thich QoS cho kién
trac trén, danh gia dé én dinh va can bang ciia thuét toan dya trén nhitng nguyén tic toan hoc
trong li thuyét diéu khién truyen thong Déng thoi ching t6i trinh bay thie nghiém kidm ching
#nh hop li coa thuat toan diéu khién.

Nhiéu cong trinh nghién ciru trong linh vyre twong thich QoS nhu: mé hinh tuong thich QoS
chung [2], tvong thich buffermg, tuong thich smoothing [5], twong thich vu tlen ... gidi quyét
van dé vé co ché hé théng, giao thire truyén dan chinh sach tuong thich .. Tuy nhlén cic cong
trinh nay khéng dua ra mé hinh hay khung miu cho qua trinh tucmg thich QoS dé c6 thé dién
giai cac dic tinh tuong thich nhu d én dinh va cén bing trong viéc cung cip QoS gila cac tng
dung v&i nhau. Ngoai ra cac giai phap nay ciing khong cho phép phat trién cac thudt toan tuong
thich méi trong diéu kién mang cé kich thude 1om va do tich hop cao.

Bai viét nay gbm cac phan phan Ii nhac lai kién tric middleware twong thich nhén biét tng
dung da d& xuét trong [1]; phan m de xuat thudt toan diéu khién trong thlch QoS trong kién trac
middleware; phan IV trinh by d6 6n dinh va can bing cia thuét toan diéu khién tuong thich dua
trén cic nguyén tic toan hoc trong li thuyét didu khién truyén théng; phin V mo ta két qua thuc
nghiém kiém chitng mé hinh 1i thuyét; cudi ciing phan VI 1a két ludn va dinh hudng nghién ciru.

II. KIEN TRUC MIDDLEWARE TUONG THICH NHAN BIET UNG DUNG

Kién tric middleware téng quat cho phép thyc hién tuong thich QoS theo (rng dung trong
céc hé théng da phuong tién phéan b duge dé xudt trong [1] gdm hai l6p.

Trong 16p thir nhét, bd diéu khién tuong thich img dung chung va b danh gia tai nguyén
hd trg tucmg thich tai nguyén 16p thip bing cach phat hién va phan mg véi nhimg thay dbi vé
dd sdn sang cla tai nguyén. Trong I6p thir hai, bd thao téc (ng dung cu thé, cac profiler cia ung
dung va bd dam phan chiu trach nhiém thurc hién trong thich chire nang & mic cao dbi véi mbi



ung dung cy thé, bao gdm thdi diém quyet dmh va kidu chirc nang img dung dugc phép tham gia
vao cung cap dich vu trén co s¢ cac yéu céu clia img dyng dang chay. Tuong tac giita cac thanh
ph4n khac nhau cba middleware va (g dung dugc thyc hién thong qua mét platform cho phép
thue hién cac dich vu truyén théng, vi dy nhue CORBA.

Vi kién tric hai 16p nhu trén bao gbm bd didu khién twong thich chung va b thao tac ung
dung cu thé, hoat dong diéu khién do cac thanh phin ndy tao ra s& thyc hién dteu khién viéc
tuong thich chét luong dich vu d6i vdi tht ca cac (mg dung chia s¢ cliing mét ngudn tai nguyén &
hé thong diu cudi, ddng thai didu khién twong thich chit luong dich vu déi vai timg dich vu cu
thé dva trén nhitng tham sb cdu hinh dugc thiét lap trong profiler. Cac thanh phén cia kién tric
middleware nhu trén phit hop véi cac thanh phin trong mé hinh chung cho twong thich QoS da
duge dé xudt trong [2].

111 THUAT TOAN PIEU KHIEN TUONG THICH QOS TRONG KIEN TRUC
MIDDLEWRE

Trong mé hinh thanh phan chic ning [3], (ng dyng 14 tap hop thanh phan chire ndng. Tac
vu 14 mét thanh phin chire ning thuc hign nhiém vu cy thé dé tao ra két qua cho tac vu tiép.
Hinh 1a mo ta thanh phan chirc nang cla u’ng dung videostream nhu m3 hoa khung, truyen tin
hiéu ... cac thanh phan chirc néng nay yéu ciu 1ai nguyén dé thyc hién chirc nang xir H va tao ra
mot gia tr! didu khién chirc ning tiép theo.

Video Frame Mang Frame Video
Server Coder t.ruyén Decoder Player
din

Video

&) Hg théng VideoStream

Ta&i nguyén

b) M6 hinh ludng téc vu cho h§ théng VideoStream

Hinh 1. Mé hinh ludng tac vy

Vi thanh phan chirc nang nhu trén, hinh 1b md ta md hinh ludng téc vu cho hé théng
videostream, mdi tdc vu 14 mdt thanh phin chirc ning va mbi img dung dugc chuyén déi thanh
mét biéu db ludng tac vy cé huéng khéng khép kin clia nhidu tac vy. Lién két c6 huéng tir téc vy
T; sang tac vu T; chi ra tac vy T; sir dung két qua cva tac vy T, D& thyuc hién tic vu T, hé thong
phai cung cép luo‘ng tai nguyén nhat dinh.

1. M5 hinh téng quat cho tac vu ung dung

Mb hinh diéu khién truyén théng [4] duge md ta nhu hinh 2a. Trong d6 “Thiét bi” duoc
diéu khién bai mét “Bo diéu khién”, trang thai bén trong cia thiét bi nay dwoc xac dinh b&i bd
diéu khién theo mdt thuit toan diéu khién xac dinh. Thuat toan didu khién tao ra tin hiéu didu
khién bing cach so sanh trang thai bén trong clia thiét bi ma né quan sat duge véi gia tri “Dau
vio tham chiéu”.

M hinh diéu khién téc vu tép trung vao mot tic vy cu thé (T;). Khi thyuc hién tac vu nay, hé
théng phai cung c4p luong tai nguyén nhat dinh. V&i ngudn tai nguyen hitu han, h¢ thong c6 thé
dap ang hoac khong dap ng duge yéu chu tai nguyen ndy. Vi vy s6 yéu cdu 1aj nguyén cuia
mét tdc vy cin phai duoc didu khién tuong thich vdi d6 sin sang cua tai nguyén hé théng.
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Hinh 2. M hinh didu khién tac vu

Ap dung mé hinh didu khién truyén théng cho mét tac vu tng dung cu thé dé nhin duge
md hinh diéu khién tac vy, nhu hinh 2b, gém cac thanh phan sau:

(1) Tdc vu tmg dung: thue hién mét chirc nang cu thé cia tng dung va dugce diéu khién
tuong thich.

(2) Tdc vu tuong thich: thuc hién thuét toan diéu khién twong thich va tac ra cac bao hiéu
di€u khién (rng dung cu thé dé trong thich chat lugng.

(3) Tdc vu quan sat: thuc hién quan sat va danh gia trang thai cta tac vu img dung va bao
higu cho tac vy tuong thich. Trang thai tac vy cia tac vy ing dung dugce xac dinh béi cac tham
sO bén trong tuong tmg.

Bién déi dong yéu ciu tai nguyén cua tac vu ing dung duoc md ta biang phuong trinh cé
dang sau [4]:

ax(r)
dar

e =X (t) fIx(t), u(t), w(t), 1] ()

z(1) = h[x(t), v(1), t]. (2)

 V&i md hinh trén, cac yéu ciu tai nguyén khi thuc hién mét img dung dugce coi la cin bang
néu:

x () = 0= f]x(t), uft), w(b), 1] 3)
o day xla vector trang thai cia tac vu, u 12 vector tham s qﬁu vé_o ¢6 thé didu khién duoc, z 1a
vector tham s6 dau ra quan sat duge, w 13 cac bién khong dicu khién duge va v 1a vector 61 quan
sat,
2. M6 hinh roi rac cho tac vu wng dung
M hinh téng quat trén (co thé phi tuyen va bién dbi theo thai gian) la qUa phirc tap dé xem
xét mot thudt toan diéu khién pht hop. Dé don gian ham blen dbi dong vé yéu cu tai nguyen

cha tac vu img dung dugce don giin héa bang cac ham tuyén tinh roi rac va yéu cau tai nguyén
cta rng dung duoc mé ta nhu sau:

x(k) = ®©x(k-1) + Tu(k-1) + wik-1) (4)
y(k) = Hx(k) (5)
z(k) = y(k) + v(k) ' (6)

oday k=1, ..., kg 12 cac khoang thoi gian va @, I', H 1a cac ma trén truyén dat khong co 16i
cua hé thong.
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Hinh 3. M6 hinh roi rac cho tic vu img dung
V&i md hinh yéu cdu tai nguyén ciia tmg dung nhu trén, md hinh diéu khién tac vu roi rac
dugc mo ta nhu hinh 3. Trong mé hinh r&i rac, ching toi sir dung cac ki hig¢u sau:

(1) ¢ la khoang thdi gian ldy miu, chu ky tiy mau trong khoang [k, k+1], k 1a hing s
thoi gian.

(2) rik) va ufk) 1 s6 tai nguyén gbe va cho phép trong khoang [k, k+1] bai tac vu tuong
thich coa T;.

(3) cla tdng yéu ciu duoc cép phép, x(k) la tdng yéu cu tai nguyén trong hang dei tai
thoi diém k.

(4)  M(k) la-tdng sb tac vu ng dung tich cuc canh tranh tai nguyén trong hé thng.

(5) A(k) va Nk) 1a tp cic tac vu (ng dung phai va khéng phai tuong thich & thai diém k.

(6) I(k) 1a s6 lugng tac vu trong A(k) (nghia 12 (k) = |4(k)] ), M(k) — (k) la téng sd cac tac
vu trong N(k) (nghia la !N(k)| = M(k) ~ I(k)). Gia thiét ca M(k) va I(k) 12 hang sé trong khoafg
thoi gian [k, k+1].

(7) @, 1a trong sb tinh chi ra tim quan trong cua tac vu T, vi(k) 1a trong 56 dong tuong
ing.

Gia thiét tai thoi diém k 6 (k) tac vy duge tuong thich boi cac tac vy tuong thich (uik) <

ri(k)) va M(k) — (k) tic vu khong phéi tuong thich (u(k) = ri(k)), tong s yéu cdu tai nguyén
trong hang doi cta hé théng drgc mé ta nhu sau [4]:

X(K) =¥, {xk-D+ 3 oukDt Y rlel)-cl (7
Ted(k-1)  TeNtk-1)
=¥, {x(k-1)+1k-Du (k-1)+ R(k-1) - ¢} (8)

& day R(k) = Z ri(k) 13 tng yéu cdu tai nguyén cua cac tac vu T; théa man u(k) > r(k); u ()
TeN (k)

la yéu chu tai nguyén trung binh cua cac tac vu T; thoa man u(k) < rik) va uk) = yi(k)

(k) u (k).

3. Thuit toan di¢u khién twong thich

M6 hinh rorl rac cua tac vu ing dung du’qc mo ta trong phuong trinh (8). Tuong tu 1 thuyét
diéu khién truyén thong, myc dich diéu khién tac vu 13 duy tri tng sb yéu cdu tai nguyén trong
hang doi x(k) cia irng dung nim xung quanh gia tri tham chiéu x°(k). D& thuc hién, tac vu turong



thich phai thyc hién mdt thujt toan diéu khién dua trén yéu cu tai nguyén trong hang doi x(k)
va gid tri tham chidu x°(k) dé dua ra tin hiéu didu chinh yéu ciu tai nguyén (k). Theo tinh toan
trong [4 ] tin hiéu didu chinh yéu clu tai nguyen (k) cua tac vu twong thich T, thda man x(k)
nam xung quanh gié tri tham chiéu x°(k) duoc mo ta bdi phuong trinh sau:

ui(k) =¥, g {uitk-1) + a(x*(k) - x(k)) + LK) - x(K)) — (x*(k-1) - x(k-1))]} (9)

& day a va B 1a cc hé sb cdu hinh cia tac vu twong thich.
IV. PO ON DINH VA CAN BANG CUA THUAT TOAN PIEU KHIEN TUONG THiCH

Két hop phuong trinh (8) va (9) ta ¢6 dic tinh dy du cia hg thong diéu khién tuong thich.
Trudmg hop i tuong x(k) s& hoi tu vé gia tri tham chidu x°(k), khi d6 u;(k) hoi tu t6i trang thai
cén bing cho mdi tac vu canh tranh cling mdt nguon tai nguyén. Gia thiét trong khoang [ki, k2],

cac gia tri x°(k), 1(k), M(k) va R(k) cin bing &n dinh vé cac trang thai tuong ing x°, 1, M, va
R,. Khi do hé thong tuong thich ¢6 dic tinh sau:

%

1. P§ cén bing ciia hé thong

Dic tinh 1: Neu k¢ thong twong thich duoc thret Idp boi cac pheong trinh (8) va (9} thi
trong khodng thoi gian [k, ky] sé lwong cdc yéu cdu tai nguyén trong hang doi x(k) s& hoi tu 167
mot gid tri cdn bing twong tmg v6i gid tri tham chiéu x° . Ngodi ra hé thong ciing cdn bdng yéu
cdu tai nguyén gifea cde tdc v canh tranh theo trong so tinh o, cua ching.

Dic tinh trén ciia hé théng tuong thich ¢6 thé duge chimg minh nhy sau: Gi sir x, va u ; 1a céc
gia tri c&n bang tuong img cho hé thong duge thiét 1ap bdi phuong trinh (8) va (9). Khi dod ta ¢o:

¢ xs=‘PCm“ {xs+lsus+Rs'c} (10)
vhous=® {nlu, +o(x —x). )
Bé qua trudng hop ngudng, gidi phuong trinh (10) va (11) ta co: _
Xs = X, (12)
- c—R,
He= = (13)

¥
Gia sir tip céc tac vu duge tuong thich &n dinh 1a A,, phwong trinh (13) ¢6 thé dugce viét lai
doi vai tac vy T; 0 di€ém cédn bang nhu sau:

! R ! (M, _l")z\;’ &

- i, C— il i

(=g = e S s e (e ey (1)
ET}E&(O] . E]")EA‘wf M, /

¥ N R
& day (u;); 14 diém cén bing 6n dinh cia uy(k) va phu thude vao trong s finh o;.
Cac giatri x; va (u)s Ja cac diém can b%mg cta hé théng va cla tirng tac vu T,
2. D3 6n djnh cia hé théng

Pac tinh 2: Mgt hé thong fuong thich dwoc thiét lap boi phuomg trinh (8) v (9) én dinh
1iép cdn d6i véi tde vu T; xung quanh gid tri ldn cén trong diéu kiéna > 0, > Ovaa+ 28 <
4?,‘.



Dé chirng minh diéu nay ching ta dinh nghia

e(k)= x" (k) - x(k) (15)
A — c—R(k)
{ky=v; k) [t (k) - ——1. 16
u (k) = vi (k) [u (k) I(k)] (16)
Thay phuong trinh (15) va (16) vao phuong trinh (8) va (9) dé nhén dugc cic phuong trinh
sau:

1K) = 2 (k-1) + & e(k) + Be(k) - e(k-1)] (17)

1 A
x(k) = x(k-1) + — u (k-1) (18)

Dé nhin duoc cac didu kién én dinh, ching ta thuc hién bién dbi z ddi voi phuong trinh

(17) va (18) va thu duge phuong trinh déc tinh sau:
2e(E P 0 (L =0, (19)
! }lf yr’

Theo [4], d& h¢ théng n dinh, nghiém cta phuong trinh (19) phii ndm trong mién 6n dinh
la vong tron don vi. Cé thé chimg minh ring cac ddc tinh nay duy tri néu dicu kién sau duge dap
imng:

a>0,p>0vaa~+2f <4y, (20)

Phuong trinh (20) chinh ta diéu kién dn dinh cia hé thdng didu khién tuong thich.

V.KET QUA THUC NGHIEM &

1. C4u hinh h¢ théng thir nghiém

Dé kiém tra kha ning (ng dung mé hinh diéu khién tac vu trong kién trac middleware nhén
biét g dung, mé phong thuc nghiém cho hé théng tuong thich dugc thuc hién. Trong thuc
nghiém nay, ca kién trac middleware tuong thich nhén biét trng dung va md hinh diéu khién
tuong thich tac vy duge thyc hién trén nén Windows NT 4.0 sir dung Visual C++ 6.0. Ngoai trir
viée truyén thong gila cac bo dam phan ctia kién tric middleware tuong tac véi nhau théng qua
socket mang chuan, tit ca cac thanh phin khéac tuong tac v&i nhau théng qua platform CORBA
(nhu di mo ta trong [1]).

e 2 L] - A 14 1 A A A A . ~ ~ n A
2. Anh huéng ciia cac tham so cau hinh dén s6 lwgng yéu cau tai nguyén caa hé thong

Véi mé hinh thye nghiém kién tric middleware c6 sit dung bd diéu khién tac vu trén nén
Window NT nhur trén, khi thay doi cac tham s6 cau hinh a va B coa bd tuong thich mirc dd 6n
dinh caa hé théng ciling thay déi theo.
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Hinh 4. Anh huéng ciia tham sé ciu hinke

Két qua thye nghiém chi ra trong hinh 4, trong d6 mo ta anh hudng cua cac hé s6 céu hinh
o va P dén d6 bn dinh cia hé thong middleware. Trong hinh 4a, véi cac hé s6 chu hinh a 14 cao,
Bla thap hé théng thé hién cdc dao dong tt din. Pac biét trong khoang thai gian 300, 400] hé
thong mét én dinh va dao déng. Hinh 4b cho thiy hé théng tuong thich cén bangD én dinh khong
cd dao dfng va dap (ng rong thich trong khoang thoi gian ngin. Nhu vy dé h¢ thdng cin
bang, on dinh phai lva chon hé 56 chu hinh « va B phi hop.

VI. KET LUAN VA PINH HUONG NGHIEN CUU

Bai viét nay da trinh bay: (1) thudt toan diéu khién cho kién troc middleware tuong thich
QoS theo tmg dung; (2) xac dinh diém cén bang va do o 4n dinh cia thuat toan. Trén co s& md
hinh toan hoc va thuét toan diéu khién nay, b tuong thich trong Kién tric middleware diéu
khién twong thich img dung duge thiét ké dé co thé tuong thich véi hai kiéu tai nguyén mang la
bang théng mang va tai CPU.

Két qua thuc nghiém kién triic middleware diéu khién twong thich QoS va mé hinh diéu
khién twong thich da chimg minh tinh hop li ciia md hinh diéu khién nay.

Trong bai viét ching ta moi chi xem xét truomg hop cac bién ddi dong yeu cau tai nguyen
va thuat toan dleu khién la tuyén tinh. Tuy nhién trong thuc té bién 601 dong yéu cau tai nguyén
c6 thé 1a phi tuyen Vi vay mdt hudng nghién ciru tlep theo cua bai viét nay la nghién clru trudng
hop cac bién dbi tai nguyén va thuat toan diéu khién trong cac diéu kién phi tuyén.
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SUMMARY

QOS ADAPTIVE CONTROL ALGORITHM FOR APPLICATION-AWARE
ADAPTIVE MIDDLEWARE

In a distributed environment, many applications compete and share a limited amount of
system resources. Due to the statistical share of resources to multiple applications and a dynamic
number of application tasks, the resource availability is in fluctuation and unpredictability. In
order to guarantee QoS, these applications have to suffer from variations in resource availability
and adapt their behaviors. In [1], we proposed an application-aware adaptive middleware
architecture which allows controlling adaptive behaviors of applications and achieving the
desired QoS level. This paper proposes a novel QoS adaptive control algorithm for this
architecture, examines the stability and equilibrium of this algorithm using the classical control
theory principles. The simulation result shows the validation of our algorithm.

Dia chi: Nhdn bai ngay 10 thang 6 ndm 2006
Hoc vién Cong nghé Buu chinh Vién théng.



