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Tém tit: Dinh tuyén QoS dam bao cac chi tiéu tré
dau cubi cho cac tmg dung Internet 14 mot trong nhiing
giai phap dam bao chét luong dich vu quan trong, dic
biét 1a cho cac ung dung thoi gian thuc nhu da phuong
tién. Trong thoi gian gan day dinh tuyén QoS sir dung
thong tin ndi b da duoc d& xut v6i nhiéu wu thé so véi
dinh tuyén truyén théng str dung thong tin toan cuc trén
mang IP. Giai phap nay giam dugc qua trinh duy tri, gidm
sat thong tin tai cdc nit mang, néng cao hiéu ndng dinh
tuyen Pinh tuyen QoS véi dam bao tré doi hoi tim dudng
truyén dau cudi dép ung cac rang budc vé tré end-to-end,
thuong 1a bai toan khé hon dam bao bang thong chi lién
quan dén yéu ciu cua ting lién két. Trong bai bao nay dé
Xuét giai thuat dinh tuyen QoS suir dung thong tin ndi bo
dam bao tré (Localized Delay Constrained QoS Routing
- LDCQR) két hop dy bao tre (Delay Prediction — DP)
dam bao chi tiéu tré dau cudi trong subt thoi gian ton tai
luong Iuu luong véi @6 chinh xac va cai thién hi¢u nang.
Giai thugt LDCQR-DP duoc kiém chimg thong qua md
phong s, khang dinh hiu qua dinh tuyén QoS va ti 1
dam béo tré yéu cau.

Tir khéa: Dinh tuyén QoS, tré diu cudi, dinh tuyén
st dung thong tin noi bo, du bao tré.

I. GIOI THIEU

Trén Internet cac dich vy khac nhau duge trlen khai voi
c4c yéu cau khac nhau. Céc dich vu nay yéu ciu céac rang
budc xdc dinh béng cac chi tiéu QoS nhu bing thong, d6
tré. Giai thuat dinh tuyen dong vai tro then chét dé dap tmg
céc rang budc nay bang cach thoéa man chi tiéu QoS trén
du’o’ng dinh tuyén dugc chon khi truyen ludng luu lugng tir
ngudn dén dich. Pam bao QoS cho ludng nghia 1a dam bao
chi tiéu QoS khong vuot qua ngudng cho truge [1]. Do Vay
dinh tuyén QoS vé ban chét 1a tim dudng c6 di tai nguyén
dap g cac rang budc QoS. V&i myc ti€u nang cao higu
ning mang truyén thong va dam bao chat luong dich vy,
déc biét la cac img dung thoi gian thuc nhu da phuong tién
lién quan dén thoai, video, am thanh, hinh dnh, dinh tuyén
QoS dam bao cac chi tiéu tré dau cudi 1a mot trong nhimng
vgn de phal giai quyét. Qua trinh dinh tuyén thuong bao
gOm hai giai doan: thu thdp thong tin trang thai mang tai
thoi diém xac dinh va tim cac thong tin trang thai cho
duong kha dung dap tmg yéu cau QoS. Viéc tim duong kha
dung dép umg yéu cau QoS chu yeu phy thudc vao viéc
thong tin trang thai dugc thu thap nhu thé nao va luu gitt &
déu, Dya trén thong tin duoc duy tri, xtr i va duong dinh
tuyén dugc chon nhu thé nio, qua trinh dinh tuyén thuong
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duoc phan loai dinh tuyén nguon, dinh tuyén phan tan va
dinh tuyén phén cip.

Céc g dung thoi gian thyc thuong c6 cac yéu cau chit
luorng dich vu nghlem ngat, dugc thoa thuan gnIa nha cung
cap va nguoi str dung. Cac ng dung nhay cam tré, nhu da
phuo’ng tién, yeu cau dong luu luong phai dén dich trong
gi6i han thoi gian nhét dinh (tr& end-to- end) bam bao QOS
1a mot van dé rat nan giai do trén mang c6 nhiéu loai ng
dung véi cac dac tinh luu lugng khac nhau hodc tich hop
nhiéu loai dich vu. Trong cac giai phap dinh tuyén st dung
thong tin toan cuc, thong tin trang thai toan mang st dung
dé tinh toan dinh tuyén phai duoc giam sat tai moi nhit mang
va phdi cdp nhat lién tyc. Tuy nhién, do céu truc mang va
kha ndng san sang cua tai nguyen luon thay doi, duy tri
glam sét trang thai mang chinh xac 1a khong thé thyc hién,
ngoai ra giai phap nay con tao thém luu lugng dang ké ciing
nhu lam phtc tap qua trinh xtr 1i trén mang. Mat khac,
quyet dinh dinh tuyen dugc tién hanh ma khong xem xét
dén trang thai méi nhét ctia tai nguyén mang c6 thé din den
viéc dinh tuyen trén duong khong thoa man cac yéu cau
QoS [1]. Do vay, ¢6 thé dan dén giam hiéu ning mang va
cac tuyén khac co6 du tai nguyén nhung lai khong dugc su
dung.

Khac véi cac gidi phap dinh tuyén QoS su dung thong
tin toan cuc, gan dy céc giai phép dinh tuyen QoS st dung
théng tin ndi b [2 4] d3 dwoc dé xuat dé khic phuc van de
phai duy tri va gidm sat thong tin trang thai tai moi nit
mang. Tai cic nlt mang, cdc gidi thuat dinh tuyén sir dung
thong tin ndi bo lay thong tin thdng ké (thu thap qua qua
trinh dinh tuyén va truyen ludng) tai nit mang do, va tr do
tinh toan, dua ra quy€t dinh dinh tuyen Giai thuat dinh
tuyén su dung thong tin ndi bo gitip gidm khdi lwong tinh
toan tuyen truy€n tai cac nlt mang, glam thleu b nhé danh
cho céc bang dinh tuyén, ciing nhu giam khéi luong ban tin
cap nhat trang thai dinh ky nhu trong céac glal thuat dinh
tuyén toan cuc truyen thdng, ddng thoi hd tro viée tinh toan
tap trung, diéu khién phan tan trén toan mang.

Rang buc QoS thuong la rang bude két ndi hoic rang
budc duong dinh tuyen Rang budc két ndi gisi han st dung
tai nguyén két ndi khi lya chon duong dinh tuyén, vi du
nhu bang thong phai 16n hon hodc bang gia tri xac dinh cho
két ndi trén duong dinh tuyén kha dung. Dinh tuyen voi
rang budc két ndi thuong thue hién tryc tiép va dé dang
hon do dudng dinh tuyén c6 két noi khong thoa man diéu
kién rang bugc s& bi loai bo. Mt khac, rang bugc dudng
dinh tuyén 1a tong hop cac sb do trén toan by duong khong
duoc vuot qua mot gidi han, nhu tré end-to-end ciia luong
luu lwgng trén duong dinh tuyén khong dwoc vuot qua gia
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tri x4c dinh. Tré 1a tham s6 c6 tinh cong, tré end-to-end bao
gom tré trén tat ca cac két ndi ciia duong truyén cong véi
tré tai cac nat mang. Vi tré 1a rang budc duong dinh tuyén,
tim duong kha dung s& khé khan hon so véi dinh tuyén
rang budc bang théng va la bai toan NP kho.

Trong bai bao nay dé xuét giai thuat dinh tuyén ngudn
sir dung thong tin ndi bd dam bao tré dau cudi trung binh
trén chu ki thoi gian tuy ¥ cho ludng dir ligu, dat duge do
chinh x4c ciing nhu cai thién hiéu nang dinh tuyén. Bai béo
dugc bd cuc nhu sau, Phan II gi6i thiéu cac ki thuat co ban
ctia dinh tuyén sir dung thong tin ndi bo cung nhu khao sat
cac cong trinh nghién_ctru lién quan tiép cén dinh tuyen
QoS voi rang budc tré end-to-end. Phuong phép tinh tré
dau cudi _ap dung trong gidi thuat dinh tuyen duoc dua ra
trong Phan III. Giai thuét dinh tuyén QoS dé xuat LDCQOR-
DP dam bao tré end-to-end duoc trinh bay trong Phan IV.
Céc déanh gia thong qua m6 phong sO khang dinh tinh hiéu
qua va dong gop cua giai thut dé xuat duogc dua ra trong
Phan V. Cudi cung 1a Két luan va cac thao luan.

I1. CAC CONG TRINH LIEN QUAN

Déi voi céc giai thuat dinh tuyén st dung thong tin noi
bd, nit nguon co gang suy ludn trang thai mang tir cdc
thong ké luong ndi bd va chon tuyén truyén tir ngudn dén
dich [2-4]. Moi nit mang duy tri mot tp xac dinh trude
cac tuyen tng ctr dén tat ca cac nut. Hai phuong phap chon
duong co ban trong dinh tuyén s dung thong tin la
Proportional Sticky Routing (PSR) [4] va Credit Based
Routing (CBR) [5]. Viéc chon duong tir tap cac ung cur
dong vai tro then chdt anh huong dén hiéu nang dinh tuyén,
va pha1 t01 vu gitta d6 dai tuyén, can bang tai, va chi tiéu
QoS yéu cau.

Pé dam bao murc QoS trén mang, giai thuat dinh tuyén
QoS phai truyén luu lwong yéu cau tir ngudn dén dich trén
tuyén thoa man cac rang budc QoS. Qua trinh dinh tuyen
thuong bao gom chon tuyén thich hgp cho mbi luong, thiét
lap dicu khién chap nhan (admission control) deé kiém tra
tinh sin sang cua tai nguyén mang va cudi cung 1a du trir
tai nguyén nhu bang thong can thiét trong suot chu ki ton
tai cua ludng. Nhiém vu chi yéu cta g1a1 thuét dinh tuyén
su dung thong tin ndi by 1a phan bo cac luong dén nut trén
chc tuyén cua tap ung cur. Nut ngudn cé thé danh gia chat
lugng truyén ludng thdng qua phan héi tir cac ludng dugce
truy€n trude do va thong tin thong ke tai nit. Do trang thai
mang thay di lién tuc, du doan chét luong cac tuyén ciing
phai thay (jo1 thich nghi, phan anh kip thoi chét luong cua
tuyén truyen.

Céac mg dyng khac nhau yéu cau cac rang budc QoS
khac nhau, nhu tré dau cubi, thong lwong hay bing thong
cho céc ludng luu lugng dén. Cac nghién ciru dinh tuyen
QoS thuong tap trung dam bao bang thong QoS hodc cac
didu kién lién quan dén thong lugng [6- 9]. Méi luong luu
lugng dén yéu cau mot lugng bang thong san sang dé ludng
truyén trén mang. Néu lugng bang thong nay san sang trén
duong dinh tuyén duoc chon, thi ludng duoc chdp nhan va
QoS dugce dam bao.

Déi véi cac tmg dun g thoi gian thyc, tré dau cudi 1a tiéu
chi QoS quan trong nhat. Tre end-to-end cua duong dinh
tuyen xem xét & day 1a tré trung binh do trén khoang thoi
gian nhét dinh. Cac giai thuat dinh tuyen dam bao tré end-
to-end [9, 10] g1a1 quyét ca hai van dé: dam bao céc rang
budc tré dau cudi trén duong dinh tuyén va tdi uu dinh
tuyén. Téi vu dinh tuyen la tim duong théa man cac diéu
kién QoS dong thoi tdi thiéu i 1é nghén ludng quan st trén
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nat ngudn. Khi mot ludng dir liéu dén, mot tuyén truyén
duoc lya chon tir tap Umg cu theo ti€u chi nhat dinh cua gidi
thuat, vi du gia tri trung binh cua tré dau cudi thap nhat s&
dugc chon [10], hay tuyen co ti 1& nghen luong thdp nhat
duogc chon [9]. Gia tri thong ké danh gia tuyen duogc xem
nhu 13 thudce do cua chat luong tuyén truyén va Ia tiéu chi
chon dudng tir tip cac tuyén ung cu.

bé k1em tra rang budc tré QoS ciia tuyén duoc chon,
dinh tuyén QoS sir dung ban tin klem tra do tré QoS trén
tuyen Ban tin dugc truyen qua tat ca cac nit cua tuyen va
cap nhét thong tin QoS tuyen duoc chon, sau d6 phan hoi
ve nut nguon Do vay, co thé thay tuyén dugc chon chi
duoc danh gia dya trén gia tri tré tire thoi duoc do bang ban
tin kiém tra, khong phan éanh dugc gid tri tré trung binh
mong mudn cua tuyén trén toan bo khoang thoi gian ton tai
cla luong Ddng thoi do sy thay dbi lién tuc cua trang théi
mang, tré tirc thoi do duoc khong thé phan anh chinh xac
tr¢ end-to-end trong khodng thoi gian tiep theo khi chap
nhén truyen ludng yéu cau. Viéc str dyng ban tin kiém tra
trong qué trinh dinh tuyén cling 1am tang thém luu luorng
du thira trén mang. Gidi thudt dé xudt trong bai bao nay sir
dung phuong phap du béo tré end-to-end trung binh trong
chu ki do dai bat ki s& giai quyét vin dé con ton tai nay,
dam bao d6 chinh x4c khi tién hanh kiém tra rang budc QoS
va khong lam tang thém luu luong mang, ning cao dugc
hiéu niang ctia dinh tuyén QoS.

I11. DU BAO TRE END-TO-END

Véi muc tidu dam bao cac tham sd tre dau cudi cho luong
luu lugng, co s¢ cua giai thut dinh tuyén QoS dam bao tré
LDCQR-LP, trong phan nay thiét 1ap bai toan kiém soat va
du bao tré end-to-end cho cac tuyén truyen trén mang.
Phuong phap duy bao tré end-to-end cho tuyén dua ra trong
phan nay la y ‘arong hoan toan méi va lan dau tién dugc ap
dung vao cac giai thuat dinh tuyén QoS.

A. M0 hinh dinh tuyén dam bdo tré dau cudi

Xét trén mot duong dinh tuyen ¢6 L lién két giira hai
nat mang dau Ss va nit mang cudi Sp va céc nat mang
(hop) trung gian S, véi (I=1, ...,L-1). Nhu Vay'tre déu cudi
D; cua goi tin i xét tai thoi diém bat ki cua tuyén dugc tinh
bang

D, =YLiD}l + 1)

Trong d6 D} 1a tré tai nat Sy, Dy, 1a tré truyén lan cua
goi tin trén tuyén. Tré truyén lan D, duwgc xem nhu mot
hang s6 doi voi tuyén truyen xac d1nh con tré D} bao gdm
ba thanh phan chinh: tr& hang doi phu thudc vao trang thai
cua mang, duoc tinh trén d dai hang d¢i by dém, tre xur li
va tré truyén dan 1a dai lugng thuong khong dang ké, va co
thé dugc tinh nhur mot hang s0 tai nut mang xéc dinh. Trong
cac phan tich va nghién ctru vé hé thong vién thong kinh
dlen da chi ra rang tré hang doi tai mgt nut mang 12 mot
bién ngdu nhién 6n dinh c6 cac tham sé va phan bo phu
thugc vao mo hinh luu luong dén, 46 dai bo dém va toc do
truyén thong lién két dau ra. Do viy, c6 thé xem xét dai
luong Dl nhu mét bién ngau nhién v6i phén bd xéc dinh,
dan den D cling s€ 1a mot bién ngau nhién 6n dinh, c6 cung
phan b cho tat ca goi tin i thudc cing mot tuyén. Trong
phuong phép dinh tuyén QoS dlra trén phan tich tai ting
nat mang trung gian, cac tham s0 tré D} dugc tinh toan dua
trén hé thng hang doi voi cdc mo h1nh Iwu lwong dau vao
xéc dinh. P c6 rat nhiéu cac két qua nghién ctru cho cac
mo hinh luu lugng khac nhau (md hinh Poisson, luu lugng
phu thudc truong ki, ...) dua ra phan b tré va tinh toan cac
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tham s6 tré, mét g01 . M6t han ché cua _phuong phap nay
la phai blet dugc md hlnh va cac tham s0 luu lugng mang,
doi hoi s6 licu thong ké 16n va khé dat duoc trén mang hon
tap hién nay. Pong thoi, day cling 1a phuong thirc su dung
thong tin toan cuc dé tinh toan tré, khong phu hop vai gidi
phap dinh tuyén sir dung thong tin ndi by. Phuong phap thir
hai dya trén cac phép do va thir nghiém, D; dugc do truc
tiép bang cac mau thi, tranh duoc cac tinh toan phuc tap,
tuy nhién 1am tang tai mang va chi c6 dugc céc so do tai
mot s6 thoi diém trong qua khir 1am co s6 Iya chon dinh
tuyén, khong 6 duge phan bd cung nhu cac tham s6 khac
ctia bién ngau nhién tré dau cudi D;, do vay khong dat duoc
dd chinh xac cao va khong thoa mén duoc cac tham s tré
khéc (nhu bién thién tré, ti 18 tré vuot gidi han, ...).

Dé co duoc cac quyet dinh lya chon dudng dinh tuyen
hi¢u qua dam béo tr¢ end-to-end, cac tic gia dé xuat
phuo’ng phap du béo tré cho cho cac ludng luu luong dau
cuoi sur dung li thuyet gia tri vuot troi (extreme values),
dam bao tham s tré cho ludng trong sudt thoi glan ton tai
cua ludng. Phuong thirc dy bao tr¢ nay chi su dung cac
thong tin thong ké, thu thap tai nat ngudn, do vay co thé ap
dung cho céc giai thuat dinh tuyén str dung thong tin ndi bd
dam bao chi tiéu tré QoS.

B. Phdn tich tré dau cudi sir dung phirong phép duong
bao

Xem xét ludng dir liéu bao gom céc goi tin duge danh
s6 thir ty i=0,1,2,.... Tai thoi diém xem xét t, goi tin cudi
cung da dén dlch la n. Gia su dong goi tin trén tuyén xac
dinh c6 d6 dai du 16n n>MK, thiét 1ap M cac nhom lién tiép
bao gom K gdi tin, bét dau tir goi tin N-MK, trén mdi nhom
lay gi4 tri tré 16n nhit cia nhom

Dmax,, = D; v6im=12,... (2)

max
n—-(M-m)Kzizn—-(M-m+1)K

Tré cuc dai Dmax,, trong nhom K géi tin lién tlep la
gia tri tré 16n nhét tir K mau cua cung phén bo tré dau cudi
D;, tao thanh ham duong bao cua tre dau cudi. Gia str cac
bién ngau nhién D; khong phu thudc, xudt phat tir 1i thuyet
gia tri vuot troi ham phan b6 cua Dmax,, (m=1,2,...) c6
thé duoc biéu dién qua ham phan bd F cia D; nhu sau [6]:

Fmax(x) = FK(x) (3)

Vanéu co duoc phan bd cia Dmax,, c6 thé suy ngugc
lai ham phan bo D;,

F(x) = [Fmax(x)]l/K 4

Cac s do théng ké va phan tich ciing chi ra rang tré dau
cu61 D; ¢6 cac déc tinh phu thudge chu yéu vao thanh phan
tré hang doi, la bién ngau nhién ¢6 phan b dugc woc lugng
trong dbi chinh xac bing cac ham heavy-tailed nhu
Gamma, Weibull, Pareto, ... [11,12]. Dleu nay hoan toan
phu hop vai li thuyet va phan tich hé thong hang doi tai cac
bo dinh tuyén véi ban chit cia luu lugng mang Internet
dang phu thudc truong ki (long-range dependent) [13-15].
Trong [16], d6i v&i phan 16n cac dang phén b6 thuong gap
nhu Gamma, log-normal, Gausian, . . déu cho két qua wdc
luong phan b cta bién cuc dai la Gumbel (hay con goi la
phan b gia trj vugt troi téng quat —loai I) v6i lua chon gia
tri cuc dai trong s6 luong K mau la 16n. Phuong phéap ude
lugng gid tri cuc dai cua bién ngiu nhién bét ki bing phan
bb Gumbel da tung dugc sur dung va cho ket qua kha chinh
xac trong cac ing dung khac nhau, nhu dé uéce lugng gia
tri cue dai luu lugng mang [17,18]. Uu diém 16n nhat khi
wdc lwong Dmax,, bang phan bé Gumbel 1a cho phép tim
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duoc dac tinh cua gia tri cuc dai ma khong can mo hinh hoa
hay théng ké dé biét dugc phan b bién ngiu nhién tré goi
tin D;, thuong doi hoi lugng 16n dir liéu va tinh toan phirc
tap, va khong kha thi trong diéu kién mang c6 dung luong
16n. Do vay, c6 thé biéu dién ham phan bd Dmax,,,

_e=(x-W)/B ®)

Epax(®) = P[Dmax,, <x] =e

Trong d6 tham s6 u (location) va do B (scale) lién hé
voi gia tri trung binh va d6 1éch chuén nhu sau

E[Dmax,,]| = u+ 1B, (6)
A ~ 0.5772 1a hang s6 Euler-Mascheroni
_bm

Nhur vdy dé xac dinh ham phan bd F(x) cua D;, chi can
wdc tinh cac tham sb p va B tir gié tri trung binh va do léch
chuén cia Dmax,,, xac djnh Frax(x) va ap dung (4).
Trong muyc sau, cac tham so nay s€ duoc dy béo cho ting
nhom K g01 tin trong tung khodng thoi gian tiép theo su
dung céc so liéu thong ké tré dau cudi thu thap tir cac mau
trong qua khtr tai cac ntit mang dau cudi.

C. Du bdo cdc tham sé tré cuc dai

Dy bao cac tham s6 clia mot bién ngiu nhién dua trén
cac miu co thé sir dung mot s6 phwong phap khéc nhau,
tuy nhién céc tac gia lya chon ki thuat du bao tuyen tinh
don gian vdi do phirc tap tinh toan kh6ng 16n, dam bao tinh
kha thi va tinh thoi g1an thue khi dp dung trén mang [19].
Tai thoi diém t, tir M méu tré cyc dai dau cudi di dugc thu
thap tr M nhém goi tin trong qué khir Dmax,, (m=1,2,
...M), chiing ta s& udc lugng cac tham so cla bién tre cyc
dai Dmax,, ., cho nhdm K goi tin tiép theo. Trudc hét tinh
gia tri trung binh thong ké cia Dmax,,

Dimax — S=10max (8)
M
Thiét 1ap ham s6 twong quan cua Dmax,,
Cor(i) = E[Dmax;Dmax;,;| v6ij=1,2,..M-i.  (9)

V6i E[] 1a ham lay gi4 tri trung binh cia bién ngau
nhién. Ham tuong quan c6 thé dugc ude lugng tir cac miu
cia Dmax,, nhu sau

Z]-”L_li DmaxjDmax;.;

Cor(i) = i

(10)
Gié tri trung binh ctia Dmax,,, 1 c6 thé duoc tinh bang
Dmaxy,., = Dmax + L,IT'¥ (11)
Trong do

I = [YI,M' Y2m ---iYM,M] ;

I; 1a ma tran MxM c6 cac phan tir Yij:

— Dmax, Dmax,,_, —
— Dmax]"

= [Dmaxy
Dmax, ..., Dmax,

Yij = Cor(i — j) — (Dmax)?

Phuong sai 16i cia wéc lwong gia tri trung binh
Dmaxy; .4 cling chinh 1a phuong sai cua bién ngau nhién
Dmaxy 4

02Maxy,q = Ohay + LI T (12)

Trong do
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2

—1lgm D 2
Omax = 3 i=1[Dmax; — Dmax)]

T
I3 = [Ym1 Ymz -0 Yum]
D. Du bdo cdc tham sé tré end-to-end

Trén co s¢ udce lugng dudng bao tré va xac dinh phan
bd tré dau cudi cho mot tuyen bat ki dya trén s6 liéu tré
thong ké tai tuyén, cac tham s6 tre cua tuyen duoc dy bao
nhu sau. Gia st tai thoi diém t xuét hién yéu ciu dinh tuyén
cho mét luong luu luong c6 do dai bat ki. Chia luong luu
luong thanh cac doan co d6 dai K géi tin va dyu bao tré dau
cuoi trung binh ciing nhu jitter cho tirng doan dir li€u nay:

e Théng ké KM mau tré dau cudi trude thoi dlem t
cho tuyén duong ung vién tir nit mang ngudn Ss
dén nut mang cuoi Sp;

e Tu MK ~In?tu tré dau cudi lay M mau tré cyuc dai
trong moi nhom K géi tin lién tiecp Dmax,y,;

e Ddi voi tuyén xem xét p, du bdo gia tri trung binh
va phuong sai tré cuc dai Dmaxy . ctia K goi tin
tiép theo;

e Xdcdinh phan bb Dmax,,,, theo (5) v6i cac tham
s0 dugc tinh tu (6) va (7);

e Ubc lugng phan bé tré dau cudi D; cua K goi tin
cua doan dir liu yéu cau (4);

e Ubc lugng cac tham s6 tré co ban cua doan dir
liéu yéu cau

1) Gia tri tré trung binh:

E[D;] = J,” xdF (x) (13)

2) D6 léch chuan cua tré dau cudi:

1/2 o) 1/
(E[D?] = E2[D;]) " = (J, x*dF (x) — E*[D}])
(14)
3) Tilé tré vuot ngudng Dy, cho trudc:
P[D; > Dyos| = 1 = F(Dyos) (15)

Do phuc tap tinh toan cua giai thuat uée lugng tré duogc
quyét dinh boi céc giai thuat dy bao tuyén tinh tham so tré
cuc dai, phu thudc vao s lugng mau du béo M, do vay cé
bac l1a 0(M?).

IV. GIAI THUAT PINH TUYEN LDCQR-DP

Muc ti€u cua giai thudt LDCQR-DP la dam bao tré QoS
end-to-end tir khia canh ngudi sir dung va dong thoi t6i wu
ti 1¢ nghén mang tir khia canh mang. LDCQR-DP Ia giai
thuét dinh tuyén nguon nit nguon s€ tinh toan lya chon
tuyen duong kha thi nhét c6 thé dép ing cac diéu kién QoS
cta ludng. Duya trén cac thong tin trang thai thu thap duoc
tai nut mang, LDCQR-DP tién hanh du bao tre end-to- end
trung binh trén khoang thoi gian ton tai cua ludng yéu cu
dé quyét dinh lya chon tuyén truyén.

Ciing nhu tit ca cac giai thuat dinh tuyén sir dung théng
tin noi bo, tai mdi nut nguon LDCQR-DP phai duy tri mot
tap cac dudng img cir cho mdi cdp nguf‘)n dich. Phuong
phép chon céc duong ung cu ¢o thé su dung gidng nhu 4p
dung trong CBR va cac giai thuat da dé xudt [5 9]. Tap ung
cu gilra cap nguon -dich thuong bao gdm céc tuyén c6 do
dai mlnhop va (minhop+1). Tré trung binh end-to-end trén
mdi tuyén ting ctr (duoce du bao tir cong thire (13) Phén IIT)
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dugc str dung nhu tiéu chi cho qua trinh lya chon tuyén.
Mbi khi ¢6 luong méi dén, tuyén duong véi tré end-to-end
trung binh dy bao nho nhat s¢ dugc chon dé truyén ludng
yéu cau. Nhu véy, tré end-to-end trung binh dy béo duge
st dung nhu ti€u chi danh gia chat lugng cua tuyén ung cu
trong thoi g1an st dung truyen luong, dap tng tham s6 QoS
ludng yeu cau dugc truyén. Do v@y dam bao duoc tinh
chinh xac khi dam bdo tré QoS cho ludng khi truyén trong
thoi gian tlep theo, khac véi cac phuong phap trude day
[9.10], chico thé sir dung cac tham s6 tré qua khir duoc do
bang cac gbi thir nghlem dé danh gia, Iya chon, va kiém
tra duorng dinh tuyen. Ngoai ra, s dung tiéu chi chon
dudng véi tré du bao nho nhat c6 the dam bao tuyen duoc
chon 1a kha thi nhit dé dam bao tré luong yeu cau, do do
cling dam bao kha nang nghén luong c6 thé xay ra la thap
nhéit. Dong thoi mdi lan dinh tuyen cac thong tin vé tré ctia
ludng ciing s& duoc thong ké dé sur dung nhu cac thong tin
trang thai danh gia chat lugng tuyén va cap nhat s6 liéu cho
cac du bao tiép theo.

V6i phuong phap du bdo va chon tuyén nhu vay,
LDCQR-DP s& tranh duoc qua trinh kiém tra chat luong
tuyén dugc chon, thuc hién bang céc ban tin kiém tra nhu
trong cdc giai thuat dinh tuyén QOS su dung thong tin ndi
bd truyen théng [9,10]. Do véy giam dugc do tré dinh
tuyén, do phuc tap cua qua trinh dinh tuyen cling nhu luu
lugng dénh gié trang thai mang, Yéu cau truyén ludng luu
luorng s€ bi chéi bo néu giatri tré trung binh dy bao trén tat
cd cac tuyén tng cu déu khong thoa man gia tri tré QoS
yéu cau. Ti 1& - yéu cau ludng bi chdi bo thuong duge goi la
ti 1& nghén ludng.

Ngoai phuwong phap danh gia chét lugng tuyen truyén
va sir dung 1am ti€u chi lya chon dudng bang tré end-to-
end trung binh (13) trong LDCQR-DP, cac két qua du béo
trong Phan III cling cho phep 6 thé phat trién cac giai thuat
dinh tuyén QoS khac véi cac tham sb nhu jitter (14), ti 1€
tré vugt ngudng (15), hay két hop nhiéu tham sé QoS, dap
ung cac doi hoi khac nhau cua dich vu phirc hop.

Mot trong nhung van dé can xem xét 1a lya chon gia tri
tham s6 K va M tham gla trong qua trinh dy bdo cua
LDCQR-DP. Thyc té K cang nho, du doan va udc luorng
cac tham s6 tré dwoc thuc hién trén cac doan dir lidu qui
mo nho s€ dam bao tinh thich ngh1 v6i su bién ddi cua tré
mang. Dong thoi, thich hop cho cac ludng dir lidu c6 thoi
gian ton tai khong dai. Tuy nhién, K nho s& doi hoi tan suét
tinh toan 16n hon, va chu ki xac dinh duong dinh tuyén s&
phai dién ra lién tyc, ting do phtrc tap cua glal thuat. Gia
tri M don thuan tac dong_ dén do chinh xac cua giai thuat
du bao tuyen tinh. S6 mau M cang 16n cang dam bao do
chinh xéc, tuy nhién s& kéo theo yéu cdu ting dung lugng
bd nhé luu trit cac mau, va tang do phuc tap cua thuat toan
du béo. Giai phap dinh tuyén QoS doi hoi théng ké sb
luong cac mau 16n va lién tuc, do vy thong thuong phu
hop cho qua trinh dinh tuyen trén mang gitra cac bo dinh
tuyén, hodc giira cac thiét bi dau cudi c6 luu lugng truyén
théng cao.

V. MO PHONG VA PANH GIA

A. M6 hinh mé phong kiém thir

Dé khao sat hoat dong cua giai phap dé xuat mo phong
tho nghiém duoc tién hanh trén mé hinh tuyen p bao gom
5 lién két két ndi v6i nhau theo thir ty tir 1 dén 5 (Link 1
dén Link 5) va duong dinh tuyén p tir nguon (Source) tGi
dich (Destination). M6 hinh mang va duong dinh tuyén gia
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lap trén co s mang thyc tién don gian bao gdm 3 phan
mang truy nhap, mang MAN va mang 15i.

Luong luu luong nut nguon gln dén nat dich duoc thiét
18p véi toc do 100 Mbps. Téc do cua lién ket 1 (Link 1) va
lién két 5 (Llnk 5) an dinh bang 10 Gbps; tdc do lién két 2
(Link2) va4 (Link 4) 1280 Gbps va toc do lién két 3 (Link
3) la 480 Gbps. Tuong tmg véi moi lién két, ching ta an
dinh bd dém sao cho tre hang doi t6i da trén lién két khong
vuot qua 100 ms, du 16n aé dam bdo ti 1€ mat g0i va tranh
tac nghén. Trén tuyen p liy tong thanh phan tré truyén dan
va truyen lan tal mo1 nut mang trung gian 1a 4 ms, tuong
duong tong tré truyén dan va truyén lan cia ca tuyén la 24
ms.

Luu luong st dung trong md phong dugc xay dung dua
trén céc phén tich va do luong luu lugng mang Internet
thuc té. Luu luong mang hdn tap bao goém 8 16p luu luong
phén biét, tai moi nut cac goi tin duge xtr 1i theo co che
phén bi€t dich vu (DiffServ). Luu luong trén mdi 16p duge
tao thanh bang cach téng hop mot sd nguon luu lvgng mo
hinh ON-OFF. Trong chu ky ON, cic géi tin dugc tao ra
dé dat téc d6 luu lugng 1 Gbps; trong chu ki OFF, khong
6 g0i tin nao dugc tao ra, Dé don gian héa tinh toan ma
khong 1am mét dic tinh théng ké cua luu lugng, ciing nhu
khong anh huong dén hoat dong cua giai thuat dinh tuyén,
c6 thé su dung cac goi c¢o do dai cd dinh. Trong truong hop
thr nghlem nay, chon do dai goi tin 500 byte. Phan bd va
céc tham s0 cho cac 16p luu luong dugc dua ra trong Bang
I. D6i v6i cac 16p luu lugng ¢ phan bd Pareto tham s6 hinh
dang (shape parameter) dugc chon bang 1 .3, twong Ung véi
tham s0 Hurst ddc trung cho tinh bung nd cta dong luu
luong bang 0.85. Cac tham sé sir dung trong mé hinh lwu
lugng nay nhu phan bd va d6 dai cac chu ki ON, OFF duoc
tham khao tir cac gid tri thdng ké luu luong mang Internet
thuc tién, da dugc sir dung trong cac nghién ctru mo hinh
hoéa luu 1u0’ng [13-15]. Mo phong dugc tien hanh voi tai
trong khac nhau trén mdi lién két, nham thir nghiém hoat
dong cua giai phap dé xuét véi cac dleu kién mang dac
trung. Tai cua céc 16p luu luong trén mdi lién két dugc tao
ra bang cach 4n dinh sb luong cia luu luong ngudn ON-
OFF trong tig 16p luu lugng cia lién két.

Bang |. M6 hinh Iwu lwgng cta cac I6p Iy luong va tai
trong trén céc lién két

Lop Mo hinh luu lugng Tai Tai Tai
Iuu : . .| trén trén trén
lugng | Loal | Dodai | Dodai | jian | jign | lign
phan | trung | trung | yxey | go | Kée3
bo binh binh vas va 4 (%)
chuki | chuki (%) (%)
ON OFF
(ms) (ms)
1 Pareto 1.0 100 7,92 7,43 6,19
2 Pareto 1.0 50 15,69 | 14,71 | 12,25
3 Pareto 2.0 300 53 4,97 4,14
4 Pareto 2.0 200 7,92 7,43 6,19
5 Ham 1.0 100 7,92 7,43 6,19
mil
6 Ham 10.0 400 19,51 | 18,29 | 15,24
mi
7 Pareto 2.0 100 15,69 | 14,71 | 12,25
8 Pareto 1.0 200 398 | 3,73 | 311
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Téng 83,93 | 78,68 | 65,57
tai

lién
két

B. Panh gia tinh chinh xdc cua thudt toan dw bao tré end-
to-end

Trude hét do tin cdy, tinh kha thi ciia giai phap dé xuat
duoc danh gla thong qua tinh chinh xac cta cac tham s tré
dau cudi woc lugng cho ludng u khi duoc dinh tuyen trén
p. Tai thoi dlem t tién hanh thir nghiém va danh gia qua
trinh dinh tuyén cta ludng luu luqng u véi do dai trén 5
tri¢u goi tin dwgc chia thanh cac nhém K goi tin. Thu
nghiém dugc thyc hién trén nhiéu gia tri M khéc nhau - s6
nhom gdi tin thong ké va quan sat trong qua khir dé udc
lugng tré khoang thoi gian tiép theo. Tuy nhién ket qua thur
nghiém cho thdy khong co su sai 1¢ch nhiéu vé d6 chinh
xac dbi v6i cac gia tri M du 16n. Dleu nay cung hoan toan
hop i, do két qua dy béo chu yéu phu thudc vao cac mau
m&i nhét, c6 mdi twong quan 16n hon véi dir liéu du bao.
Do vay, dé dam bdo tinh toan thoi gian thyc, ¢6 thé lay
M=100 ma van dam bao d9 chinh xac dy bo. Két qua uoc
luong tré trung binh véi s6 lugng goi tin trong mdi nhom
luu lugng cua luong K=1000 dugc duara trong duoc Hinh
1. C6 thé thay g1a1 thudt udc luong cho céc gia tri tré trung
binh khd chinh xac, c6 thé dép tmg sir dung cho cac phuong
phap dinh tuyén QoS trén mang.

Ué&c lwong tré trung binh
250
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o O O O O O O O o
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— N &N N oono<

4500
4900
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Hinh 1. D béo tré trung binh véi nhém tin K=1000.

Ti 1& tré ddu cudi vuot ngudng cho trude Dges =
100ms trong nhom K=1000 géi tin dugc dy béo theo (15)
ciing cho cac két qua kha quan, véi ti 1¢ tré vuot ngudng
trung binh thdng ké trong mot khoang thoi gian du 16n (vi
du nhu trong truong hop mo phong, trén 5 tri€u goi tin
tuong ung do dai khoang 200 s cua luong Iuu lugng 100
Mbps) 1a 21% dbi véi ti 1é thuc te va 24.37% cho két qua
du bao. V&i muc tidu dam bao tré dau cudi cho cac ludng
va tmg dung thich ung kip thoi voi su thay d6i cua trang
thai, ti I¢ tré vuot ngucmg cling dugc quan tric lién tuc cho
ting khoang thoi gian nho, (vi du cho ting nhom 1000 goi
tin, trong duong do dai ludng 100 Mbps trung binh 40 ms).
Két qua quan sat cho mot doan dir liéu dién hinh mé ta
trong Hinh 2.

C6 thé thay voi cac nhoém g0i tin khong 16m, ti 1€ tre
vuot mdt ngudng xac dinh bién thién lién tuc va ngau
nhién, trong mot dai rong tir 0 dén 1.0. Hién tugng tré dau
cudi goi tin vuot ngudng thuong xay ra lién tuc trong mot
khoang thoi gian ngan tmg véi thoi diém tic nghén trén
mang. Tuy nhién co thé thiy cac thuét toan dy bao ciing da
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dat dugc tinh thich nghi tirc thoi, udce lugng kha sat dugc
céc diém xay ra tic ngh&n va xu huong bién thién cua ti 1¢
tré vuot gia tri cho trudc. Didu nay khang dinh d9¢ tin cay
cua cong cyu dy bdo va co thé dong vai tro nhu mot chi bao
tic nghén trén duong dinh tuyén, hd trg cho qua trinh dam
bao chit lugng dich vu.

Ti 1é tré vwot ngwdng 100ms
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Hinh 2. Dw béo ti 16 tré virot nguéng QoS cho nhém goi
tin K=1000.

C. Pdnh gid tinh chinh xdc dam bdo tré end-to-end ciia
giai thudt LDCQOR-DP

Danh gia ti 1¢ dam bao tré QoS trén tuyen duogc chon
duogce thyc hién véi yéu cau gia tri tré ddu cudi phai nho hon
gia tri cho truédc, trong trudong hgp thir nghiém chon
Dgos = 100ms. Vi muc dlch danh gla hiéu nang dinh
tuyén QoS, giai phap dinh tuyén dé xuat LDCQR-DP ciing
duoc so sanh voi gidi thuét dinh tuyen QoS dam bao tré
end-to-end truyen théng sir dung céc ban tin k1em tra
[9,10]. Vi céac gidi thuat nay, tai thoi diém t, nat ngudn sir
dung tre tirc thoi do dugce thong qua ban tin thir nghiém.
Do d6 tré glrl va nhén goi tin qua mang, goi tin thir nghlem
phai duge guri trudce thoi diém t mot khoang thoi glan xap
xi RTT cua mang. Trong truong hop nay, tré goi tin thu
nghiém dugc lay bang 160ms. Hai phuong phap dinh tuyen
dam bao tré dau cudi duoc dénh gid qua xé4c suat dinh tuyen
thanh cong, tirc 1a ti 1€ quyét dinh dinh tuyen ding cua giai
thuat dinh tuyen QoS, dya trén tré dau cubi thuce té co dap
g dugc yéu cau tré Dgos trén tuyén duong da duge chon
hay khéng (Hinh 3).
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Hinh 3. Tinh chinh xac dém béo tré dau cudi cla gidi thuat
dinh tuyén QoS LDCQR-DP.

Két qua cho thay giai thudt dinh tuyén dé xuat LDCQR-
DP dat hi¢u ndng dinh tuyén hon han so véi phuong phap
truyen thong sir dung ban tin do tré. Dic biét ddi voi dinh
tuyen cho cac doan dit liéu K nho. Nguyén nhan xuét phat
tir do tré clia goi tin thur nghiém (bang RTT clia mang) khi
dugc sir dung dé do hién trang tirc thoi mang. Do tre nay
cang 16n so voi do dai doan dir liéu K g01 tin thi sai 1éch
khi dua ra quyet dinh dinh tuyén ciing cang 16n. Tir d6 co
thé thay han ché cta phuong phap do luong khi dinh tuyén
v6i cac ludng thoi gian ton tai ngan, va dugc khic phuc bai
phuong phép dinh tuyén dé xuat dya trén wéc luong tré dau
cuoi. Co thé thay d6 chinh xac cua phuong phap dy bao
giam di khi tang d¢ dai doan dr liéu, tuy nhién giai phép
van dat dugc d tin cay cao. Giai thuat LDCQR-DP vi vay
dam bao kha nang thich nghi véi cac d¢ dai ludng bat ki,
va su thay di trang thai mang. Ngoai ra, giai thuét d& xuét
con cho phép su dung cac chi tiéu QoS khic ma cac gidi
thuat do luong danh gia tré bi han ché, nhu bién thién tré,
ti 1¢ tré vuot ngudng, ...

VI.KET LUAN

Trong bai bao nay céac tac gla dé xudt giai thuat dinh
tuyen QoS st dung thong tin noi b LDCQR-DP. Diém
méi quan trong trong glal thuat dé xuét 13 4p dung phuong
phap du béo tré dau cudi thong qua phan tich phan bb ciing
nhu cac tham sb cia gia tri tré cyc dai. Phuong phép cho
phep tinh toan tré thich nghi cho bét cir luong Iuu luong
voi d6 dai linh hoat, ddm bao tinh chinh xéc cting nhu d6
phtrc tap gidi thudt, va do d6 c6 kha nang umg dung trén
mang Internet thyc té. Giai thuat LDCQR-DP la co s dé
thyuc hién céc giai phap dam bao QoS theo yéu cau cho céc
ung dung, dic biét la cac ung dung da phuong tién, doi hoi
dap ung nghlem ngdt cac chi tiéu vé thoi gian truyen dan,
bao gdém ca tré trung binh, bién thién tré, hay ti 1€ tré vuot
gioi han, trong cac khodng thoi gian yéu cau khac nhau.
Giai phap dé xuét cho phép xac dinh truge cac tham s6 QoS
ctia ludng dir liéu ma  khong can xem xét dén luu luong hay
hién trang mang, khic phuc duge mot trong nhiing ton tai
cua cac giai thuat dinh tuyen QoS truyén thong. Dong thot,
LDCQR-DP con don g1an hoéa qua trinh dinh tuyen va do
tré dinh tuyen khong can pha1 thuc hién do d4anh gia chat
lugng tuyén dugc chon, giam luu lugng gtri ban tin didu
khién dinh tuyén mang.
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Pé xuét dinh tuyén QoS st dung thong tin ndi bo
LDCQR DP phu hgp v6i cac md hinh dinh tuyén tap trung
va dinh tuyén end-to-end theo xu thé ctia mang thé hé mai,
nhu cong ngh¢ SDN, MPLS. Trén co s¢ cic két qua dat
duoc, hudng ngh1en ctru t1ep theo la xay dyng md hinh dinh
tuyén QoS véi cac yeu cau da dang vé tré dau cudi, ciing
nhu mé rdng cac yéu cau khéc ve tinh tin cay, thong luong.
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LOCALIZED QOS ROUTING TO GUARANTEE
END-TO-END DELAY

Abstract: A QoS routing algorithm to guarantee end-to-
end delay metrics for real time applications, especially
multimedia, is an important issue supporting Quality of
Service (QoS) over Internet. Recently, localized QoS
routing has been proposed as a promising alternative to the
deployed global QoS routing algorithms. This approach
significantly reduces the overheads associated with
maintaining global states at each node, which in turn
improves the overall routing performance. Routing with
delay guarantee involves path-constrained requirements,
which are harder and more complex to satisfy than routing
with bandwidth guarantee, which involves only link-
constrained requirements. In this paper, we introduce a
Localized Delay-Constrained QoS Routing algorithm
using Delay Prediction (LDCQR-DP), which can
guarantee end-to-end delay requirements over any runtime
of flows. Simulation results have shown high accuracy of
delay guarantee and considerable routing performance
improvement achieved by the proposed QoS routing
algorithm.
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