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Trong bai bao nay, chung toi sé khdi quat va
phdn logi cdc thudt toan dinh tuyén ning cao dang
dwoc nghién ciru, cdc thudt toan nay sw dung cdac vu
diém cua mang MPLS aé mo rong cdc thudt toan
dinh tuyén, hé tro QoS va thiét ké luu hrong.Chiing
toi ciing khao sat mot vai dw an hién tai dang nghién
curru va lam viéc voi cdc thudt toan dinh tuyén nang
cao.Bai bdo nay gom 5 phan. Phan 1 Gidi thiéu.
Phan 2 T hudt toan dinh tuyén dua trén QoS: Phadn
loai cac thudt toan dwa trén QosS, Phan 3 Thudt todn
dinh tuyén dwa trén luu lwong: Dwa trén cdc thong
tin cua mang hién tai nhu: Thudt toan dinh tuyén VOi
diém giao toi thiéu MIRA (Minimum Interference
Routing Algorithm) [7], Thudt todn dinh tuyén déng
truc  tuyén DORA(Dynamic On line Routing
Algorithm) [9] va dwa vdo thong tin mo ta nhu:
Thudt todn dinh tuyén dwa vao théng tin mé ta PBR
(Profile Based Routing)[§]. Phan 4 Trién khai cdc
thudt todn dinh tuyén ndng cao. Va phan cudi, Mo
phong véi sw két hop ciia cac géi can thiét, ching toi
xdy dung mot moi truong mo phong cho MPLS dya
trén ns2, cai dat mot vai thudt toan dinh tuyén nang
cao, va danh gia chiing véi cdc giao thirc dinh tuyén
cil.

1. Gidi thi¢u

T yéu ciu cua mang thuc, phai c6 mot giao
thirc méi, d6 1a su két hop cua giao thic IP va cac
giao thirc trén cadc mang bang rong nhu Frame Relay,
ATM... giao thic nay khong dugc thay ddi toan bd
kién trac IP ciia mang va ciing khong lam giam tdc
dd cua mang bang rong. Giao thirc MPLS duogc
nghién ctru va phat trién. Giao thirc MPLS duoc hién
thuc bing viéc dong goi cac tiéu dé nho va goi IP
trong mién MPLS, do d6 chung ta khong phai thay
d6i nhiéu. Mdi tiéu dé c6 mot nhan, MPLS ¢6 thé sir
dung nhin d6, dung k¥ thut chuyén mach dé giam
b6t thoi gian tré clia goi trén mdi router va van giit

dugc tbc d6 cua mang bang rong. Chung toi s& gidi
thiéu ngin gon vé MPLS. [1][2][3]

Trong MPLS, cic géi duoc dong tiéu dé
MPLS tai dau vao. Mdi tiéu dé c6 4 bytes, va phan
quan trong 13 phan nhin dung dé chuyén mach céc
g0i vao cac Puong Chuyén Mach Nhan LSP (Label
Switched Path) tai moi nit. Cac LSP mang céc dong
tap trung bao gébm dong cdc goi co cung dac diém
nhu 13 cung dia chi ngudn-dich, dia chi dich trung
v6i tién t6 IP xac dinh hodc 1a c6 cung cong TCP...
Tap hop cac goi dugc goi la FEC, va mot FEC sé
duoc lién két véi mot LSP dé chuyen di cac goi.
Nhin cia LSP tir diém vao dén diém ra ctia mién
MPLS dugc bao bdi cac giao thirc bao hi¢u nhu la
RSVP-TE hodc CR-LDP.

Khi mang MPLS phat trién, rat nhidu van dé
dinh tuyén xuit hién. Van dé vé& QoS la viéc chon ra
cac tuyén duong dap img cac yéu cau vé bing thong,
do tré, ti 16 mat goi... Van dé vé thiét ké luu luong 1a
viée t6i wu va sir dung hiéu qua tai nguyen mang
bang cach dleu khién dong luu lugng. Yéu céu cho
viéc phat trién cac thuat toan dinh tuyén cao cip 1a
phai dam bao nhiéu yéu cdu LSP cho dinh tuyén
dong trong MPLS (thudt toan dinh tuyén cia giao
thire IP dam bao giai phap tdi wu tai thoi diém hién
tai nhung khong dam bao vé kha ning tic nghén
trong twong lai, do do rat nhiéu yéu cau LSP trong
tuong lai khong thé dwoc dam bao). Nha quan tri
mang thuong tinh toan giai phap tdi wu cho van dé
trén va cau hinh tinh trén router MPLS. Nhung giai
phép nay khong hi€u qua véi cac mang lon va giai
phap dong. Voi nhiing ly do trén, cac thuat toan dinh
tuyén nang cao dwgc nghién ctu, phat trién va trién
khai trén mang MPLS.

Hon nita, MPLS ¢6 cac dic diém can thiét hd
tro cho cac thuat toan dinh tuyén nang cao. Cac LSPs
c6 thé duogc cai dat mot cach doc 1ap voi cac thuat
toan dinh tuyén cii (thuat toan IP) do LSPs dugc dinh
tuyén boi cac nhin. Do d6, chung ta c6 thé thiét ké


mailto:conghung@ptithcm.edu.vn
mailto:thanhnh@ptithcm.edu.vn
mailto:duc_thang@ptithcm.edu.vn

LSPs voi cac thuat toan dinh tuyén nang cao dé mo
rong cdc chirc nang dinh tuyén. Giao thuc dinh tuyen
nang cao yéu cau phai c6 giao thirc quang ba mdi. dé
quang ba khong chi théng tin vé metric, s hop, do
tré... (sir dung bdi cac giao thirc dinh tuyén cii nhu 1a
OSPF, IS-IS...) nhung ciing bao gorn cac thong tin
vé tai nguyén con lai cta mang. Thiét ké luu luong
14 diém manh cia MPLS va MPLS hoan toan hd trg
cac thong tin trén véi giao thic dinh tuyén mé rong
nhu 13 OSPF-TE, IS-IS-TE... béi vi MPLS cin
chung cho viéc xay dung Co S¢ Dt Liéu K§ Thuat
Luu Lugng TED (Traffic Engineering Database).

C6 rat nhidu thuat toan dinh tuyén cao cap trén
MPLS dang dugc nghién ctru. Ching ta phan loai cac
thuat toan dinh tuyén ra 2 loai. M6t loai hd tro cac
thudt toan dinh tuyén rang budc va dich vu QoS,
ching ta goi la thuat toan dinh tuyén dua trén QoS.
Loai khac hd tro tim giai phap dap tng cho nhiéu yéu
cau LSP va lam giam kha nang tic nghén trong tuong
lai, dugc goi 1a dinh tuyén dya trén luu lugng. Trong
phan 2, chung ta nghién cuu vé Thuat toan dinh
tuyén dwa trén Qos, phan 3 dwa trén K thuat luu
lugng, phan 4 vé cac mo hinh va dy an hién tai va
phan 5 vé md phong .

2. Pinh tuyén dya trén QoS

Ngay nay, Internet hd trg chi dich vu “két qua-
t6t nhat”, nhung khong c6 co ché dam bao cho viée
mat goi, bang thong, do tré, jitter... trong khi céac
dich vu cii nhu 1a FTP, mail... 1am viéc tot véi nén
tang Internet ci, thi cac dich vy hién tai nhu la dién
thoai Internet, Video truc tuyén... yéu cau bing
thong cao, do tré thap va jitter nho. [4]

QoS 1a mdt tap cac yéu cau vé dich vu cho
mang khi truyen tai dit liéu. Noi cach khac, QoS la
muc d¢ yéu cau vé dich vu cia nguoi dung, dugc dac
trung boi ti 16 mat goi, bang thong, do tré dau cubi.
QoS 14 thoa thuan giita ngudi ding va nha cung cép
mang boi Thoa Thuin Vé Muc Do Dich Vu
SLA(Service Level Agreement).

Dinh tuyén dya trén QoS: dinh tuyén sao cho
tuyén duong dam bao dich vu QoS (la thoéa thudn
gilta nguoi dung va nha cung cap dich vu mang vé
bing thong, do tré, ti 16 mét goi...) Bén canh do 1a
cac rang budc, cac rang budc phai dam bao 1a tbi uu
tai nguyén mang.

QoS metric: SLA dugc thé hién bdi QoS metric. QoS
metric bao gdm béng thong, jitter, gia thanh, ti 16 mat
goi. Mot tap m(ny,ny) 1a metric cia lién két (n,n).
Véi bat ct tuyén duong P (path) ndo,
P=(n;nyns, ...nyn;), metric m la:

- tinh cong (additive), néu m(P) = m(n;,n;) +
m(nynz) + ... + m(n,ny)

- tinh nhan (multiplicative), néu m(P)
m(ng,ny) *mnyns) *... *m(n,n)

- tinh 16m (concave), néu m(P) = min{
m(ng,ny), m(nyns), ..., m(n,n) }

Phin loai cic thuit toan QoS:

Vé&i mot vai metric, metric cta tuyén duong bi
anh huong boi cac lién két v6i metric t6i thidu (bang
thong, khong gian bo dém). Chung ta goi do la cac
lién ket nghén ¢6 chai. Chung ta c6 thuat toan dinh
tuyén tdi wu lién két (link optimize )(tim mot tuyén
duong t6i wu tai lién két bj nghén cd chai) va dinh
tuyen rang budc lién két (link constrained ) (tim
tuyén duong tot nhat ma lién két bi nghén cb chai
thoa man mot vai rang budc metric)

Véi mot vai metric, metric cta truyén dudng la
su két hop cia metric cua tat ca lién két doc theo
tuyén duong d6. Chiing ta co dinh tuyén t6i wu tuyén
dudng (path optimize routing) (tim tuyén dudng véi
metric tuyén duong t6i wu) va dinh tuyén rang budc
tuyén duong (path constrained routing) (tim tuyén
duong thoa man mot vai rang budc metric)

Thuit toan dinh tuyén c6 thé gidi dwoc véi thoi
gian da thirc

- Pinh tuyén rang budc lién két, téi uu tuyén
duong (Link-constrained, path-optimization routing)
- Dinh tuyén t6i wu lién két, rang budc lién két
(Link-constrained, link-optimization routing)

- Dinh tuyén rang budc nhiéu lién két (Multi-
link-constrained routing)

- Pinh tuyén rang budc lién Kkét, rang budc
tuyén duong (Link-constrained, path-constrained
routing)

- Pinh tuyén rang budc tuyén duong, toi wu
lién két (Path-constrained, link-optimization routing)

V6i cac bai toan trén, ddu tién chung ta phai
giai bai toan rang budc lién két hodc t6i wu lién két,
ching ta sé co mot tp gioi han cac két qua phu thudc
vao so lién két, va sau do6 chung ta giai bai toan rang
budc tuyén duong hoic téi vu tuyén duong.

Thuat toan dinh tuyén khong thé gidi dwoc véi
thoi gian da thirc (Van dé NP_No Polynomial)

- Dinh tuyén rang budc tuyén duong, téi wu
tuyén duong (PCPO_ Path Constrained, Path
Optimize)

- Dinh tuyén rang budc nhiéu tuyén dudng
(MPC_ Multi-Path-Constrained): Néu tat ca céc
metric déu phu thudc vao mdt metric chung, ching ta
co the chuyen bai todan MPC vé bai toan tuyén duong
ngan nhét véi thoi gian da thirc.

Pé tim duoc giai phap cho nhiing van dé trén,
ching ta phai duyét tat ca cac tuyen duong tur nguon
t6i dich, nhung thoi gian dé duyét hét tt ca cac tuyén
duong 13 mot ham mii cua so6 dinh, do d6 né 1a bai
toan NP kho. Chiing ta chi c6 thé tim ra giai phap gan
v6i giai phap t6i wu bang cach sir dung cac thuat toan
tim kiém tri tué nhan tao v&i heuristic dé lam gian
khong gian tim kiém. Vi du: v6i bai toan dinh tuyén
rang budc nhiéu tuyén duong, ching ta c6 thé chon
heuristic 14 metric 13 mot ham két hop cua moi



metric, va gia tri tdi thiéu cua no 1a sy két hop cua
cac metric bao gdm giai phéap t6i wu gan dung[6]

C6 nhiéu thuit toan dinh tuyén dua trén QoS
duoc phan loai mot cach hé thng trong [5].

3. Dinh tuyén dua trén hru hrong

V6i thuat toan tim duong ngén nhét, nhugc
diém cua cac thuat toan nay 1a khi mot cung 13 tot voi
nhiéu cip ngudn-dich, thi cac cip ngudn-dich s& chon
cung d6 cho tuyén duong cua ching va dan dén tic
nghén trén cung d6. Thuft toan dinh tuyén dua trén
lwu Iugng khong chi ti wu tai nguyén mang tai thoi
diém hién tai, nhung ciing cho yéu cau cua tuong lai.
Thuat toan dinh tuyen dya trén luu lugng sé ti€n doan
lién két nao s& bi tac nghén khi ching ta dinh tuyén
qua nhiéu luu lwong qua chung va sé giam dinh tuyén
luu lugng qua cac lién két do.
Phan loai

- Dua trén thong tin cua mang hién tai, tinh

toan va chon ra nhimg lién két 1am t5i thiéu kha

ning tic nghén clia mang trong tuong lai.

- Dua trén thong tin thong ké boi server hoic

router, chung ta s& c6 thong tin gan ding vé yéu

cau trong tuong lai. Ching ta s& goi cac thong
tin thong ké d6 1a “théng tin mo ta (profile)”.

Sau khi c6 céac thong tin md t4, ching ta s€ sur

dung quy hoach tuyén tinh dé tim ra giai phap

t6i wu trong tuwong lai.

Tiép theo, chung 61 sé chi ra mot vai thuat toan
dinh tuyén dua trén luu lugng, cac thuat toan nay goi
¥ ra cac ly thuyét co ban va cac y tuong tong quat
cho cac thuat toan dinh tuyen dua trén luu lugng.

3.1. Dua trén thong tin hién tai ciia mang

Thuit toan dinh tuyén véi diém giao toi
thitu MIRA (Minimum Interference Routing
Algorithm) [7] Chiing ta biét ring d¢é dam bao yéu
cu cai dat LSP, gia tri maxflow cang nhd sau khi
moi ciap ngudn-dich chon duogc tuyén duong thi kha
nang cua mang dap tmg cho yéu céu cua tuong lai
cang 16n. Van dé nay co thé duoc mo ta boi cong

thiic toan hoc: Pat €., 1a maxflow cia cip ngudn-

dich (s,d) dugc tinh toan sau khi théa man yéu ciu
thiét 1ap LSP, bai toan dit ra 14 cyc dai tong 6, cia
moi cip ngudn-dich. Myc tiéu t6i ru la:

>0,
(s,d)eP(a,b)

Bén canh do6, ching ta phai tim ra luu luong
ciia mdi cip ngudn-dich, thiét 1ap tuyén duong voi
bang thong D va dam bao rang budc: tong bing thong
cia moi luu luong di qua mdi lién két ‘phai nho hon
bang thong duy tri cua lién két do, va tong luu lugng
di vao bang véi tong luu luong di ra mdi nut cia
mang.

Dé giai quyét hoan toan van dé 1a mot bai toan
NP kho. Tac gia tim ra giai phap gan dung cho viée
giai quyét van dé trén va dugc mo ta boi thudt toan
MIRA: tir thong tin vé& dung lugng dy trir ciia moi
cung, chiing ta c6 thé tinh toan ra maxflow ciia moi
cip ngudn-dich. Vi mdi cip ngudn-dich, ching ta
tim ra tdp mincut, va nhiing li€n két thude vé céc tap
d6 dugc goi 1a cac lién két t&i han (critical links). Cac
lién két t6i han nay c6 tinh chét 1a néu ching ta dinh
tuyén luu luong cia cip ngudn-dich di qua chung,
maxfow cua cap nguén-dich s€ bi giam. Do d6, muc
tiéu clia thut toan MIRA la tranh dén téi da viéc di
qua céc lién két t6i han.

Maximize

Y tudng

Y tudng cua thudt toan 1a cac duong di s€
khong anh huéng qua nhiéu de théa man yéu cau
tuong lai. Thut toan phat trién dwa trén heuristic
“critical link” [7]. “critical link” dugc chi dinh boi
thuat toan, va 1a cac két ndi vé6i cac thude tinh ma
mot LSP duoc dinh tuyén qua cac két ndi nay gia tri
ludng 16n nhat (maxflow) ciia mot hodc nhiéu doi
ngd vao-ngd ra (ingress-egress) giam di. Néu “critical
link” c6 tai nang thi mang khong c6 kha nang thda
man cho tuong lai.
chinh

Céc y tudng

Hinh 1: cac y twéng chinh
3



Vidu:

Néu thuat toan it tram nhit (min-hop) duogc
sir dung , tuyén tir S; toi Ds 12 1-7-8-5 va n6 s& khoa
cac tuyén giita (S;, Dy) va (S,, D»). Trong vi du nay,
su lya chon tbt hon 13 1-2-3-4-5.

Chung ta thiét 1ap ludng cuc dai (maxflow)
v gitra mot cdp ngd vao —ngd ra (S, Dy). Gia tri nay
1a gio1 han trén cua tong bang thong co thé di tir ngd
vao dén ngd ra. Gia tri ludng cuc dai s& giam D don
vi khi bang théng yéu ciu cua D don vi duoc dinh
tuyén gitta (S, D).

Cac dudong giao tdi thiéu (Minimum
Interference Paths): ching ta c6 thé nghi duong
giao t6i thiéu 1a duong di téi da cua t6i thiéu
ludng cuc dai (minimum maxflow) ctia moi cip
ngd vao-ngo ra.

Chon dudng di bang tinh toan duong di
ngén nhét: sau khi xac dinh cac “critical link”
ching ta s& tranh dinh tuyén LSP trén cac
“critical link”. Chiing ta s& sir dung Dijkstra hay
Bellman-Ford dé tinh duong di. Thuc hién diéu
d6 bang cach xay dung ma tran trong sd (matrix
weight) 1am tang chi phi khi cac tuyén LSP di
qua “critical link”. Sau d6 ta chon duong di theo
thuat toan duong di ngan nhat.

MIRA  (Minimum
Algorithm)

Sau day 1a két qua mo phong ciia MIRA. Véi
mo hinh va bing thong giéng nhu trong tap tin doan
ma thi luu lugng tir ngudn 0 s& di théng qua con
duong 0-6-7-4 nhung voi MIRA, sau khi tinh toan
cho céc critical links, luu lugng tir ngudn 0 s& di qua
con duong 0-1-2-3-4, vi thé 5, 9 va 8, 10 c6 nhiéu co
hoi dé thiét 1ap mot LSP thong qua két ndi 6-7
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Hinh 2: MIRA 1

Véi thuat toan MIRA, duong di tr nat 1 dén 5 1a
1-3-5, tirnat 1 dén 4 1a 1-2-4 va con duong tir nut
2 dén 3 la 2-4-3. Sau do6 ta sir dung dinh tuyén

tuong minh dé thiét 1ap ER-LSP doc theo cac nut
nay. Voi MIRA, mang ctia ching ta ¢ thé toi vu
tai nguyén cho cac yéu cau tuong lai.
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Hinh 3: MIRA 2

Thuit toian dinh tuyén dong trwc tuyén
DORA (Dynamic On line Routing Algorithm) [9]
thuét toan DORA cling dya trén thong tin hién tai ctia
mang dé tién doan ra cac lién két c6 kha ning bj tic
ngh&n dé tranh di qua ching. DORA khéac biét véi
MIRA & chd MIRA thi dya trén maxflow, trong khi
DORA xem xét vé sd tuyén duong di qua mot lién
két (Xem xét dén moi cap nguon-dich). bat n la s6
tuyén duong (ciia moi cip ngudn-dich) di qua mot
lién két, gia tri cua n cang lon, kha nang tic nghén
trén lién két do trong tuong lai cang lon, do do
DORA chon 7 1am trong s6 cho moi lién két va su
dung thuat todn tim duong ngin nhét dé tim ra tuyén
duong c6 trong sb toi thiéu. Ngoai ra, két hop n véi
cac didu kién tdi vu metric khac (vi du m), thuat toan
DORA xay dung gia tri trong s bang cong thirc:

w=an+(1-a)m'
n',m' 1a cac gia tri duogc chuin hoa cua
n,m trong pham vi /0,100].
0<a <1, chon gia tri a dua trén thuc
nghiém (thong thuong o = 0,5).

3.2. Dwa trén thong tin mo ta
Pinh tuyén dwa trén thong tin mé ta PBR
(Profile Based Routing) [8] Ching ta gia sir rang
bang viéc st dung router hodc server, chung ta c6 the

do duoc luu lugng di qua mang, va cé duoc thong tin
mo ta cua dong luu lugng d6. Mdi thong tin mo ta
thuoc vé mot 16p, bao gdm B; thé hién bang thong
yéu cau cua LSP giita ngudn s; va dich d; va dugc
anh xa toi classID. Chung ta ky hiéu mdi bang mo ta
bang (classID, s, d, B) va ching ta goi la
commodity thr i. Dé dam bao mot cach gan ding cho
moi yéu cdu trong tuong lai, ching ta pha1 g1a1 hé
phuong trinh dé tim ra luu luong cua mdi ciip nguon—
dich phan phdi trén mdi lién két (budc dau tién). Néu
van nay giai quyét duoc, chung ta ap dung két qua
cho mang cia chiing ta. Cho mdi yéu cdu LSP, ching
ta xac dinh 16p cta n6 va sir dung két qua (¢ budc
dau tién) cho mdi 16p dé khoi tao to6pd mang, sau do
chung ta str dung thuét toan tim dudng ngin nhit dé
tim ra giai phap t6i uu (budc thir hai). Trong trudng
hop tong quat, khong phai moi bang mé ta déu co thé
duogc hoan toan théa man. PBR thém vao cac canh
phu vao d6 thi. Cac canh phu e, nay 1a cac cung nbi
gilta cdp ngudn dich (si,di) ctia 10p i va co bing
thong vo cung 16n (mot gid trj rt 16n). Vi canh phu
dugc thém vao, hé phuong trinh Iudn ludn giai duoc
va c6 nhiéu nghiém. Piéu ma PBR can 1a tbi da viéc
dap tmg yéu cau cua PBR, do d6 ching ta phai lam
sao toi thiéu dinh tuyén luu lwong di qua cac canh
phu.



Excess

edge for $2-D2

Hinh 4: Cac canh phu (excess edges) dwgc thém vao db thi

Gia str rang chung ta c6 k bang mé ta, dat x;(e)
la gia tri luu luwong cua i di qua canh e. Muyc tiéu toi

uu la:
Minimize Z(cost(e)zk:xi (e)]

cost(e)=o néu e la canh phy va
cost(e) =1 néu e 1a canh binh thuong.

Va bay gio, hé phuong trinh dugc dua vé bai
toan quy hoach tuyén tinh va co thé giai dugc véi
thoi gian da thirc. Két qua nay s& duoc sir dung cho
budc thir hai cua thuat toan PBR.

Gia str chiing ta c6 hai gia thuyét sau:

- class id 0, source 0, destination 2, aggregated
bandwidth 28M

- class id 1, source 1, destination 3, aggregated
bandwidth 25M

Bing thong can cho nat 0 dén nit 2 14 8M va bing
thong can cho nat 1 dén nat 3 1a 9M. Sau khi tinh
toan lugng commodity cia mdi class id trén mdi két
ndi, thi bang théng con lai ban dau va sau d6 ap dung
thut toan du tién dé tim min-hop-path. Vi thé luu
luong tir nat 0 dén nat 2 (class id 0) 1a 0-5-2 va tir nut
1 dén nat 3 (class id 1) 1a 1-0-3
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4. Trién khai cac thuit toin dinh tuyén
nang cao

Céac thuat toan dinh tuyén ning cao rit kho
khan dé hién thyc trén router béi vi gidi han cua bd
nh¢, toc d6 CPU va chic ning cia hé théng. Do do,
cac thuat toan dinh tuyén nang cao dugc hién thuc

Hinh 5: PBR
trén server vi mo hinh tap trung. Céc server ly cac
thong tin clla mang tir cac giao thirc quang ba nhu la
OSPF-TE, IS-IS-TE,... sau d0, server tinh toan tuyén
duong t6i wu, st dung COPS,SNMP, telnet,... dé
diéu khién cac cap ngudn-dich thiét 1ap LSP moi.
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Hinh 6: M6 hinh server tip trung hd trg thuit toan dinh tuyén nang cao trén MPLS

Mot vai du an dang thyc hién voi cac thuat toan dinh
tuyén nang cao trén MPLS voi server

Server ky thuit luwu lwgng RATES (Traffic
engineering server)[10] duoc xay dung bdi phong
thi nghiém Bell, RATES sir dung TE-server dé tinh
toan cac tuyén duong téi wu dwa trén thuat toan
MIRA, sau d6 COPS server thiét 1ap tuyén duong boi
giao thitc COPS [15].RATES st dung CORBA cho
viéc lap trinh phan tan.

Ky thuit hru lwong dé dam bio QoS cho
mang Internet dién réng TEQUILA (Traffic
Engineering for Quality of Service in the
Internet at Large Scale)[17] la dy an cong tdc cua
Chau Au. N6 dua ra kién trac cung cap QoS cho
Internet. TEQUILA c6 cac thanh phan chinh nhu 1a
mat phing diéu khién, mit phing di liéu, mit phing
quan ly ... TEQUILA su dung SLS cho viéc lay cac
yé€u cau cua ngudi st dung mang, va cac thanh phan
ciia né lién lac véi nhau thong qua CORBA. Mbi
router duoc c4u hinh béi giao thirc COPS.

Tw dong quén ly ky thuit luu lwgng MATE
(Traffic Engineering Automated
Manager)[11] sir dung thuat toan SPeCRA [12] cho
dinh tuyén. Thuat toan nay don gian hon MIRA. M6
hinh nay duogc hién thyc trén router véi Linux.

MATE guri thong diép yéu ciu téi router thong qua
SNMP/Telnet dé cau hinh router, yéu cau router liy
thong tin bang TFTP, sau d6 router cip nhat thong tin
cu hinh cho chinh no.

5. M6 phong

Viéc xdy dung mot méi truong md phong rat
quan trong trong viéc danh gia hi€u qua cua thuat
toan dinh tuyén va chon ra giai phap tot nhét cho cac
thuat toan trén. ns2 [19] 1a phan mém mo phong ma
ngudn mo trén hé diéu hanh linuz, va thuong dugce sir
dung dé hién thuc cic gbi méi trong nghién clu.
Khoi dau ns2 khong c6 mdédun MPLS, chung ta sir
dung modun MNS [20] cho MPLS. D¢ c6 thé quéing
ba cac thong tin cua mang, ching t6i st dung goi
QOSPF [13][14][18] bdi vi IS-IS-TE, OSPF-TE...
chua duoc xay dung trén ns2. Mot vai thudt toan cin
giai bai toan quy hoach tuyén tinh, chiing ti st dung
g6i PPRN [16]. Va cudi cung, ching t6i chinh stra
cac phién ban khac nhau cta cac goi trén, két hop
chung v6i médun cia chung t6i va ching téi c6 mot
moi truong mé phong MPLS hoan chinh cho viée
kiém tra va mo phong céc thuit toan dinh tuyén ning
cao.
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Hinh 8: M6 hinh Iy thuyét ciia chiing t6i dé trién khai thuit toan dinh tuyén ning cao dua trén ns2 véi MNS

C6 rat nhiéu thuét toan dinh tuyén dua trén
QoS. Do la két qua cua sy két hop cua rat nhleu bai
toan t6i wu va rang budc, sy két hop cua rat nhiéu
loai metric nhu la bang thong, do tré, jitter... va cac
heuristic dugc dwa ra dé giai quyét bai toan NP kho.
Chuing t6i s€ khong di sau vao cac thudt toan dya trén
QoS, va dé thay dugc két qua rd rang trong viée so
sanh gitra thuét toan dinh tuyén nang cao va cac thuét
toan dinh tuyén cll, chung t6i cai dat mot s6 thuat
toan dinh tuyén dya trén luu lugng. Thuat toan cii
dugc dem ra so sanh 1a MHA (Min-Hop Algorithm),
thudt toan vdi sO hop t6i thiéu. MHA s& chon tuyén
duong v6i sb hop-tdi thiéu. Néu tuyén duong thoa
man diéu kién bang thong, nd s€ chon viéc cai dat

LSP. Néu khong, yéu ciu s& bi tir chdi. Két qua so
sanh dugc thé hién trén d6 thi véi cac yéu cau duoc
dap g (truc Y) va tong s6 yéu cau (truc X), va dugc
thé hién boi xgraph (trén ns2).

Topd don gian 1a topd duoc su dung trong [7].
Trén top6 nay, cac canh mong co6 dung lugng 1200
don vi, va cac canh day c6 dung lugng 4800 don vi.
Chung ta c6 4 cip ngudn-dich (S0,D0) (S1,DI)
(52,D2) (S3,D3).Tuong tung, PBR st dung 4
commodity, mdi commodity c6 2700 don vi. Ching
t61 str dung ham ngau nhién déng nhét hd tro boi ns2
dé phat sinh ngiu nhién bing thong va cip ngudn-
dich. Thuét toAn DORA str dung ¢ =0.5.

s

Hinh 9: Top6 dwgec sir dung trong thi nghiém

Trong thi nghiém 1, ching t6i c6 500 yéu cau
LSP, mdi yéu cau chon lya ng?lu nhiéu mot cap
ngudn-dich va bang théng yéu cau tir 100 t&i 400 don
vi. Trong thi nghiém 2, ching t6i c6 1000 yéu cau
LSP, moi yéu cau chon lya mdt cach ngau nhién
bang thong tir 10 téi 40 don vi. Chung ta c6 thé thiy
rang trén d6 thi, thuat toan MIRA va DORA dam bao
s6 yéu cau dugc dap Gmg 16n hon thuét toan PBR va

MHA trong hai truong hop ndy, va dic biét v6i sb
luong 16n cac yéu cau, su khac biét trd nén 13 rang.
Trong hai thi nghiém nay, PBR khong c6 ding bang
mod ta boi vi bang mod ta tién doan ring moi
commodity (cap nguén dich) c6 téng 2700 don vi
bang thong, nhung diéu d6 khong dung. Do do, thuat
todn PBR khoéng hig¢u qua.
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Hinh 10: Tong s6 yéu ciu LSP dwoc dap &ng trong thi nghiém 1 va 2

Trong thi nghi€ém 3, ching ta tao diéu kién
cho PBR c6 ding bang mo tad. Chung ta dinh nghia
mot bang md ta va ép budc ludng luu luong cua
mang di theo bang mo ta d6. Bang mo ta la m5i yéu
cau chon lya mot cach ngau nhién cap nguon -dich,
nhung tong s6 bang thong yéu cau cua mdi cip
nguon-dich khéng dugc vuot qua 2700 don vi, va
bang mo ta nay dugc ap vao mang. Chung ta c6 1000

yéu cau LSP, mdi yéu cau chon lwa mot cach ngiu
nhién mot cip ngudn-dich va bang thong tir 10 t&i 40.
Véi bang moé ta thich hop, PBR chiing minh duoc
hiéu qua hon hai thi nghiém trén. B6i vi bang thong
yéu cau cia moi cdp nguén-dich khoéng vuot qua
2700 don vi, nén thyc ra chiing ta c6 gan dung 420
yéu cau LSP cho mdi cip ngudn-dich (<1000) nhu
ching ta thay trong hinh 11.
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Hinh 11: S6 yéu ciu LSP dwoc dap &ng trong thi nghiém 3

Trong 3 thi nghiém nay, chiing t6i chimg minh
duoc hiéu qua céac thuat toan dinh tuyén nang cao
(thuét toan dinh tuyén dua trén luu luong) véi thuat
toan dinh tuyén cii (MHA) trén MPLS cho viéc dam
bao yéu cau LSP ( do d6 thé hién kha ning giam tic
nghén) trén mang dong va ciing thé hién sy khac biét
giita thuat toan dinh tuyén c6 bang moé ta va thuat
toan khong c6 bang mod ta (trén modi truong mod
phong).

6. Kétluan

Ngay nay, v6i sy xuat hién ciia nhidu dich vu
va rang budc mdi cho mang MPLS cia nguoi dung,
nha cung cip va ngudi quan tri, can thiét phai co
nhitng thudt toan dinh tuyén nang cao mdi trén
MPLS. MPLS hd tro kién tric ha ting va mdi truong
day tiém ning cho viéc phat trién cac thuat toan nay.
Trong bai bao nay, chung toi thé hién cac dic diém
chinh va phan loai cic thuat toan dinh tuyén ning cao
trén MPLS. Chung t6i cling m6 phong mot vai thuat



toan dé thay duoc hiéu qua cua chung va dé cip dén
mot vai du 4n v6i thudt toan dinh tuyén nang cao.
Trong tuong lai, rat nhidu dy an s& dugc x4y dung c6
hd tro cac thuat toan dinh tuyén ning cao khong chi
cho server ma con cho router, thiét bi hién nay chi hod
tro giao thuc dinh tuyén IP va CSPF (tuyén duong
thoa rang budc ngan nhat) (cho thiét ké Iuu lugng).
Néu chung ta mudn phat trién cac thuét toan ndy trén
MPLS router, thuét toan ndy phai don gian va hiéu
qua dé thich hop voi cac thiét bi router. Va dé 1a
huéng nghién ctru trong tuong lai ciia ching toi vé
thuat toan dinh tuyén nang cao trén MPLS.
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