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Tom tit: Hidu nang lap lich cta nat 16i dong mot vai tro
quan trong d6i v6i hiéu nang truyén théng chung cua toan
mang OBS. Nham nang cao hiéu ning 1ap lich cua nat I8i,
nhidu nghién ctru tién hanh két hop cac ki thuat lap lich
v6i chuyén ddi budc song, dinh tuyén 1éch hudng hay sir
dung duong tré FDL. Hiéu ning lap lich tai mot cong ra
clia mot nat 161 phu thude vao nhiéu yéu tb, trong d6 thoi
gian dén ciia chum, théi gian bat dau va két thuc cua cac
khoang tréng va thoi diém chua duoc 1ap lich kha dung
sau cting nhat cia mdi kénh ra 1a cac yéu to c6 anh huong
chinh dén hiéu ning lap lich. Bai bdo nay do d6 dé¢ xuét
phuong phap phan tich dir liéu trang thai 1ap lich nham
tim ra nguyén nhan 1ap lich khong thanh cong. Trén co so
két qua phan tich, bai béo chi ra ring viéc st dung dudng
tré FDL nham tranh chong ldp dau va chdng ldp LAUT la
giai phap pht hop nhit nhim ting ti 1& 1ap lich thanh
cong, giam mét mat chim va do d6 tang hiéu qua sir dung
bang thong trong mang OBS.

Tir khoa: mang OBS, 1ap lich, phan tich di li¢u, xt Iy téc
nghén, lam tré dya trén FDL.

I.  GIOITHIEU

Soi quang dwoc xem 1a phuong tién truyén dan dir liéu
hiéu quéa nhit hién nay, hay it nht 14 trong mét tuong lai
gn, nhd vao tiém nang bing thong rit cao va kha ning
truyén duoc dir lidu di xa véi ti 18 suy giam tin higu thap.
Cung véi nhimg tién bo vé cong nghé ghép kénh phén
chia kénh budc song (Wavelength Division Multiplexing,
WDM), c4c md hinh chuyén mach quang ciing da dugc
phat trién, ban dau 1a cac md hinh chuyén mach kénh
quang (Optical Circuit Switching, OCS) vdi cac kénh
budc séng danh riéng, dén cAc mo hinh chuyén mach goi
quang (Optical Packet Switching, OPS) dugc lay cim
himg tir céc md hinh chuyén mach goi dién tir (chang han,
mo hinh chuyén mach goi IP). Tuy nhién, mo hinh
chuyén mach chum quang (Optical Burst Switching, OBS)
md&i thue sy 14 md hinh chuyén mach géi quang kha dung
do né cé tinh linh hoat va dd min chuyén mach & mirc
“g6i” dir lidu, nhung lai khong yéu cau cac bd chuyén
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mach phirc tap va by dém quang nhu OPS. Néi mdt cach
khéc, mang OBS di tich hop dugc cac uu diém cua OCS
va OPS, trong khi loai bo cic han ché cua mdi loai
chuyén mach nay [1][2].

Nhu duge mé ta trong Hinh 1, mang OBS bao gdm cac
nat bién va nat 16i. Nat bién vao ¢6 nhiém vu tiép nhan dir
lidu (vi dy, cac goi IP) dén tir cac mang truy cap, tap hop
ching thanh céc chum dir liéu (data burst) va truyén
ching vao mang 15i. Mot goi diéu khién chum (Burst
Control Packet - BCP) duoc truyén di trudc mot khoang
thoi gian offset nham dat trude tai nguyén va ciu hinh cac
chuyén mach tai cac nat (I6i) trung gian; nhd d6 chum dir
liéu theo sau sé& duoc chuyén mach toan quang khi dén tai
mdi nit trung gian nay trén hanh trinh cia tir ngudn dén
dich. Tai nut bién ra, mot hoat dong ngugc lai duge thuc
hién nham tach chim va khoi phuc lai dit li¢u ban dau.
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Hinh 1. Kién tric tiéu biéu cua mang OBS.

Hiéu nang 18p lich cta nut 161 dong mot vai trdo quan
trong d6i voi hiéu nang truyén théng chung trong toan
mang OBS. C6 2 loai k¥ thuat 1ap lich da dwgc dé xuét:
lap lich khong lap day khoang trong (without void filling)
va lap lich véi lap day khoang tréng (with void filling).
Trong lap lich khong 1ap day khoang trong, mot chim dén
s¢ dugc lap lich sau thoi diém chua duoc 1ap lich kha
dung sau ciing nhit (Lastest Available Unscheduled Time,
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LAUT) nhu dugc chi ra ¢ Hinh 2(a) va Hinh 2(b), nguoc
lai v6i lap lich véi 1ap day khoang tréng, chum dén s&
duogc 1ap lich vao khoang biang thong nhan rdi dugc tao ra
gitra hai chum da dugc 1ap lich trude d6 trén mot kénh ra
nhu tir Hinh 2(c) dén Hinh 2(f). Lép lich 1ip day khoang
trong duoc danh gia 13 hiéu qua hon vé mat sir dung bang
thong [3]. Tuy nhién, viéc lap lich thanh céng phu thude
vao nhiéu yéu t6 nhu thoi gian dén va chiéu dai cia chum,
LAUT, thoi gian bat ddu va két thuc ciia khoang trong
trén cac kénh ra. Bai bao s& trinh bay mdt phuong phap
phan tich dir lidu trang thai lap lich nham xéc dinh nguyén
nhan gay ra viéc lap lich khong thanh cong, tir d6 d¢ xuat
giai phap sir dung duong tré trong viée ting ti 1¢ 1ap lich
thanh cong, giam mét mat dir lidu va do do tang ti 1& sir
dung bang thong.

Céc déng gbp chinh cua bai bao bao gdm:

- P& xuit ¥ twong phan tich dit liéu trang thai lap lich
nham xac dinh cac yéu té chinh anh huong dén viée lap
lich khong thanh cong. Dé thyc hién diéu d6, mot mod
hinh thu thap dir liéu dwoc dé& xuét, & d6 moé hinh mang
mo phong va cAu trac dir lidu lap lich can trich xudt duoc
phan tich;

- Dir liéu thu thap duwoc sau d6 dugc phén tich trén
cong cu Weka [4], & d6 mot sé thuat toan danh gia thude
tinh dit liéu duge thuc hién dé tim ra cac yéu td tac dong
dén viéc 1ap lich khong thanh cong;

- Trén co sO cac yéu td tac dong dén viéc lap lich
khong thanh céng dugc xac dinh, mét mo hinh 1ap lich
két hop st dung duong tré FDL tai nat 16i dugce dé xuat
nham ting ti 1& 1ap lich thanh cong va giam mat mat dir
liéu.

Céc phan tiép theo trong bai bao nay bao gdm: Phan II
trinh bay cac giai thuat 1ap lich trong d6 cac diéu kién lap
lich ctia cac giai thuat khac nhau dugc phéan tich. Trén co
s& phén tich cac truong hop khong thé 1ap lich duoc tai
Phan 111, bai bao di dé xuit mé hinh trich xuét dit liéu 1ap
lich, cu truc dit liéu can thu thap va cach tiép can phan
tich nguyén nhéan 14p lich khong thanh céng. M6t mé hinh
diéu khién lap lich tiép d6 dwoc dé xuat trong Phan 1V,
trong d6 cac duong tré FDLs dugc sir dung dé tranh
chong 1ap dau va chong lap LAUT. Mo phong va phan
tich két qua mo phong dugc thuc hién trong Phan V dé
chi ra hiéu qua cua cac dé xuat. Cudi cung, két luan cua
bai bao dwoc mé ta trong Phan VI.

II. CACNGHIEN CUU LIEN QUAN

Lap lich trong mang OBS la m¢t hoat ddng co tac dong
dang ké dén hiéu ning truyén thong chung trong toan
mang OBS. Lap lich dugc thyc hién tai ca nat bién vao va
nat 16i. Do nat bién vao dugc trang bi cac bd dém cho qua
trinh tap hop chim nén viée 1ap lich c6 thé dugc diéu
khién dé& dang bai cac ky thuat dua trén bd dém, néu ¢o
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xung dot xay ra. Tuy nhién tai nat 156i, do khoéng cé bo
dém, mot chim dén s& khong duoc 1ap lich néu khong tim
thdy tai nguyén tai cong ra. Bai bao s& tap trung vao van
dé 1ap lich tai nat 13i.

Viéc lap lich mot chum dén l1én mot trong cac kénh ra
tai mot céng ra duoc md ta nhu Hinh 2. M6t chum dén
thuong dugc dic trung boi cap dai luong: thoi gian dén
(Sw) va do dai chum (leny) trong d6 ub la ky hi¢u cua
chum chua dugc 1ap lich (unscheduled burst). Khi mot
chim ub dén tai mot cong ra, mot giai thuat lap lich s&
dugc goi dé tim kiém bang thong nhan rdi cho chim ub.
Bing thong nhan rdi 1 phan bang thong ciia mot kénh ra
ma chua duoc diat trude cho mot chum nao. Gia su tai
cong ra co trang bi cac b chuyén ddi day di, mot chum
dén trén mot bude séng co thé dugc chuyén doi thanh bt
ky budc séng nao twong ung véi bude song ciua kénh ra
¢ bang théng nhan rdi. Trong truong hop cong ra chi
dugc trang bi cac bo chuyén doi budc song gidi han, mién
chuyén d6i bude song dbi véi chum dén s& bi thu hep; dic
biét khi khong co bo chuyén dbi nao duoc trang bi, chum
dén chi dugc xem xét 1ap lich trén kénh c6 cung budc
song voi no. Bai bao gia thiét cong ra dugc trang bi cac
bo chuyén d6i bude song ddy du, nén mot chum dén co
thé duogc 1ap lich 1én mdt kénh bude song bét ky.
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Hinh 2. Vi du m0 ta cac k¥ thuat 1ap lich khac nhau.

Moi kénh ra duy tri mot gia tri LAUT, 1a thoi diém sau
cung nhit cua bang thong kha dung chua duoc sir dung.
Tuy nhién, nhu mé ta trong hinh v&, cac khoang tréng
(void), khoang bing thong nhan rdi dugc tao ra gilta 2
cham duoc 1ap lich lién tiép, thuc t& 1a kha phd bién trén
mdi kénh ra nhu trong cac Hinh 2(c), 2(d), 2(e) va 2(f),
nén mot chum dén c6 thé duoc xem xét dé 1ap lich vao
mot trong cic khoang tréng nay. M6 hinh 1ap lich nay
dugc goi 1a lap lich lap day khoang trong. Nhu vay, mdi
kénh ra, ngoai viéc duy tri gia tri LAUT, thong tin vé cac
khoang trong: thoi diém bat dau (Seid) va két thic (evoid),
cling phai dugc duy tri.

Duya vao cach thuc khai thac bang thdng néu trén, cac
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k¥ thuét 1ap lich dugc phén thanh 2 loai: 1ap lich khong
lap day khoang trong, nhu FFUC, LAUC [5] va lap lich
v6i 1ip day khoang trong, FFUC-VF, LAUC-VF [6],
Min-EV [7], BF-VF [8].

Nhu mo6 ta trong Hinh 2, cac k¥ thuat 1ap lich khong
1ap day khoang tréng (FFUC va LAUC) b6 qua thong tin
khoang tréng va chi so sanh thoi diém dén cta chum dén
(sw) va LAUT ciia mdi kénh ra. Néu sw > LAUT;, chim
dén s& duoc lap lich 1én kénh thir i. Su khac biét cua
FFUC va LAUC la trong khi FFUC chon kénh kha dung
dau tién dap tng dicu kién lap lich trén (Hinh 2a), thi
LAUC sé& chon kénh c6 khoang hd (gap) nho nhat (Hinh
2b). Khoang ho 1a khoang cach tir thoi diém dén cua
chum dén LAUT. K¥ thuat LAUC c6 d6 phirc tap 16n hon
FFUC vi phai duyét qua tit ca cac kénh dé chon kénh co
khoang hé bé nhat.

V6i cac ky thuat 1ap lich 14p day khoang trong, néu su
> LAUT;, tién trinh 14p ddy khoang tréng s& duoc kich
hoat. FFUC-VF s& tim khoang trong phit hop déu tién (Su
> Syoig Va lenyy < lenyoig, trong d6 lenvoid = €void — Svoid 1a do
dai khoang tréng), nhu Hinh 2c, trong khi LAUC-VF s&
tim khoang trong co khoang hd dau, 1a khoang cach tir
thoi diém dén ctia chum ub dén thoi diém bat dau cia
khoang tréng (gap = Sub — Swid), bé nhat, nhu Hinh 2d.
Min-EV [7] s& tim khoang tréng c6 khoang hé dudi, 1a
khoang cach tir thoi diém két thuc cia chim dén dén thoi
diém két thuc cua khoang tréng (gap = ewis — (Sup +
lenys)), bé nhét, nhu Hinh 2e. BF-VF dugc danh gia 1a ky
thuat 1dp ddy khoang trong tot nhét, trong d6 mot dai
luong vé muc do s dung bang thong (utilization) duoc
dinh nghia:

utilization = (lenu, x 100) / lenyoig;

BF-VF s& chon kénh véi khoang tréng co utilization
16n nhat.

Mot so sanh dya trén mo phong vé hidu qua lap lich
giita cac giai thuat co 1ap day khoang trong di dugc danh
gi& trong [3], trong do khi tai dén cang 1on thi ti 1& (xé4c
sudt) mit chum cang cao, nhung BF-VF luén cho ti 16 mat
mét thdp nhit. Tuy nhién, mot chum dén van c6 thé khdng
duoc 1ap lich mac du bang thong cua kénh ra chua bi khai
thac hét. Chéng han nhu vi du trong Hinh 3, mdt chum
dén van s& bi loai bé néu n6 chdng ldp LAUT (Hinh 3(a)),
chong lap dau (Hinh 3(b)) va chong ldp dudi (Hinh 3(c))
v6i cac chum da duoc 1ap lich trude d6. Néu chum dén c6
chiéu dai 16n hon kich thudc khoang trdng, no ciing sé& bi
loai bo.
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Hinh 3. Cac trudng hop khong 1ap lich dwoc do chdng
lap: (a) LAUT, (b) dau hay (c) dudi.

I1l. PHAN TICH DU LIEU TRANG THAI LAP
LICH

I11.1 D3t van dé

Xét mot cong ra cd W kénh ra kha dung va duoc trang
bi céc bo chuyén doi bude song day du, mot chum dén do
d6 co thé 1ap lich 1én mot trong W kénh. Xét ddi véi mot
kénh i cu thé, mot chum dén chi lap lich duoc néu thoi
diém dén cua nd sau LAUT; (sw > LAUT,), hodc né lap
dugc vao khoang tréng (Sus > Swoid VA Sup + leNyy < evoid)
ctia kénh i ndy. Mot chum dén s& khong 1ap lich dwoc néu
no:

(1) chong lip LAUT, tirc chong lap duéi véi chum da
dugc 1ap lich sau cting nhét (evig < Sub < LAUT),

(2) chdng 1ap dau véi khoang tréng (Sub < Svoid),

(3) chdng lap dudi v6i khoang trong (Su» < €void VA Sub +
lenus > €evoid).

Nhu vy, néu c6 thé diéu chinh dugc thoi gian dén
hay/va chidu dai thi mét chum dén s& co co hoi duoc lap
lich cao hon. Viéc didu chinh nay rd rang can cic thong
tin nhu: thoi gian dén va do dai chum, LAUT, thoi gian
bat dau va két thic cia khoang tréng.

Mot s6 yéu t6 khac nhu: tai cac chim dén, bang thong
kha dung cuia cong ra ciing c6 tic dong dén xac suit lap
lich thanh cong. Tuy nhién, 2 yéu t6 nay thuc té da duoc
bao ham trong tan suat cac chum dén (thoi gian dén giia
cac chim lién tiép gan hay xa nhau) va kich thudc bi thu
nho cua cac khoang tréng dugc tao ra. Viéc dyua vao tan
sudt (va d6 dai) cac chum dén va kich thudc cac khoang
tréng duoc sinh ra s& du bao dwoc tai chuin hoa (thuong
cta tai dén véi biang thong) tai cong ra.

Toém lai, cac thuge tinh can thiét cho dit liéu lap lich
can trich xuét 13: thoi gian dén va do dai cham, LAUT,
thoi gian bt dau va két thuc cua khoang trong.
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111.2 Trich xuat dir li¢u trang thai 1ap lich

Mo hinh mang duge md phong dé trich xuét dir liéu 1ap
lich 12 mot mang NFSNET bao gdm 14 nit, trong d6 do
dai lién két (km) gitra mdi cap nat dugc chuyén thanh do
tré truyén thong (s). Cac ludng dit liéu dugc thiét 1ap gitra
cac nut 151 co két ndi dén tai cac nat bién 1a nhu mé ta
trong Hinh 4. Két qua mo phong cho thiy ty 1& mat dir
lidu tai cac nat 3, 5 va 8 la dang ké va dir liéu lap lich
dugc trich xuét tai day c6 thé dai dién cho dir liéu 1ap lich
chung tai cac nut 161 trén toan mang.

M6 phong duoc trién khai trén mot may tinh PC véi
cau hinh 2.4 GHz Intel Core 2 CPU, 2G RAM. Gia thiét
ring cac goi tin dén tai cac hang doi cua 14 nut 13i OBS
¢6 phan phdi Poisson; mdi nut bién vao ¢6 ngudng tap
hop chum lai v6i cap gia tri: ngudng d6 dai 1a 100Kb va
ngudng thoi gian 100ps; gia trj thoi gian bu dép tai mdi
nut duoc thiét 1ap 1a 10ps; s6 bude song trén mdi lién két
ra la W = 8; bang thong ctia mdi lién két 1a 1Gbps. Mo
phong dugc thyc hién trong NS2 [9] vdi gbéi mod phong
mang OBS la obs-0.9a.

Hinh 4. Mang NFSNET duogc st dung cho viéc trich
xuat dir liéu 1ap lich

Véi thoi gian mo phong 1a 1s, c6 44959 mau (ban ghi)
duoc trich xuét tai cac nat 13i b 3, 5, 8. Vi du cac mau dix
liu 1ap lich dugc mo ta nhu trong Bang 1, trong do trang
thai lap lich duoc thé hién dudi dang nhi phan: status = 1
néu chum duoc lap lich thanh coéng va status = 0 néu
chum khéng 1ap lich dugc. Luu y, cac thudc tinh
(attributes) khéc trong Bang 1 duoc do bang don vi thoi
gian giay (s).

Bang 1. M6 ta dir liéu trang thai lap lich dugc trich xuét tir cac nat 15i.

Thudc tinh | Thoi diém Do dai LAUT Bit dau Két thic Trang thai lap lich
ttribute) | chum dén chum dén (LAUT) | khoang trong | khoang trong (status)
Mau (pattern (Sub) (lenun) (Svoid) (evoid)
5 0.073854 | 0.000004608 | 0.073897 0.073852 0.073872 1
25 0.073953 | 0.000008704 | 0.073957 0.073917 0.073932 1
26 0.073917 | 0.00003328 | 0.07363 0.073317 0.073614 0

nhan 1ap lich khdng thanh céng bao gdm: LAUT overlap, head_overlap va tail_overlap.

Thudc tinh | Thoi diém Do dai LAUT Bt dau Kétthic | Nguyén nhan I3p lich
tribute) | chum dén chum dén (LAUT) | khoang trong | khoangtrong | khong thanh cong
Mau (pattern (Sub) (lenub) (Svoid) (eVOid) (status)
26 0.073917 | 0.00003328 | 0.073957 | 0.073917 0.073932 LAUT overlap
27 0.073917 | 0.00003328 | 0.073962 | 0.073952 0.073953 head_overlap
28 0.073881 | 0.000016896 | 0.073917 | 0.073823 0.073896 tail_overlap
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Bang 2. M6 ta dit lidu trang thai 1ap lich khdng thanh cong dugc trich xuét tir Bang 1, trong d6 cac trang thai nguyén
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burst_length, 3. void_start. Hinh 6 chi ra thir hang cac | = ) [] e
thudc tinh dwoc tim thay boi phuwong phap CSE. —= — - = =

Hinh 7. Két qua xép hang céc thudc tinh véi CA
(Cosentis. ] [ osenua. | [ openos. | [ cenemwe. J[ wnee [ e [ s | Két qua phén tich dit liéu 1ap lich trong Hinh 5 cho
prei— = thdy ring chdng 1ip dau (head_overlap) va chong lap
 Selocotstriute LAUT (LAUT overlap) 1a nguyén nhan chinh gy nén
S g ey S e wBSE | mét cham (chiém hon 90%), trong d6 hai thudc tinh thoi
| e e gian dén (burst_time) va do dai chum (burst_length) c6
e I e S R R tic dong chinh dén viéc lap lich khong thanh cong (Hinh
e st sl 6 va 7). Pay chinh 1a co s cla dé xudt sau ddy nhim
" nang cao hiéu ning 14p lich theo nghia ting ti 1& 1ap lich
L — ] . - thanh cong, giam mat mat dir lidu va ting mirc sir dung
s o] e bang thong tai nut 16i.

] IV NANG CAO HIEU QUA LAP LICH DUA TREN
Hinh 5. Phan bo cac 16p head_overlap, LAUT overlapva gpL

tail_overlap trong dit liéu 1ap lich khong thanh coéng ]
) V.1 Xir ly tranh chap tai nguyén tai nut 16i
CA déanh gia céc thudc tinh lién quan dén 16p dich.
Phuong phap tuong quan Pearson dugc st dung dé do S T AR )
mbi twong quan gitta timg thudc tinh va thude tinh 16p  Phap XU Iy co thé gom: chuyén _dOI bude song [10] su
dung duong tré FDL (fiber delay link) [11] hay dinh tuyén
léch huéng ddi v6i chum tranh chép [12]. Chuyén doi
budc song 1a hoat dong chuyén ddi bude song clia chum
dén sang mot budc song méi cia mot kénh ra kha dung co

Khi mot chum dén khong thé 1ap lich duoc, cac giai

dich. N6 xem xét cac thudc tinh trén co s¢ gia tri va mdi
gi4 tri dong vai trdo nhu mot chi béo. Bing cach két hop
cach danh gia thudc tinh nay véi phuong phap xép hang
(Ranker) tim kiém, xép hang cua ba thudc tinh dau tién ;
bao gdm: 1. burst_length, 2. burst_time, 3. LAUT. Hinh 7 theé 1ap lich dugc chum ndy. Trong méw hinl} mang OBS
chi ra thtr hang céc thudc tinh dugc tim thdy boi phuong duge xem xét ’trong ‘béi bao ndy, chuyén doi bude song
phép CA. d}mc gia thuyét la day dﬁ,’ nén phuong phap nay k,h(")ng

can xem xét nira. Pinh tuyén Iéch hudng 1a dinh tuyén lai

chim tranh chép ra mot cong ra méi (so véi cong ra du

kién ban dau) va di chuyén trén mot hanh trinh méi dé
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dén dich. Phuong phap dinh tuyén léch huéng 1a it ton
kém (vi khong can trang cap thém thiét bi) nhung doi hoi
cac tinh toan phirc tap va lam tang xac suit tic nghén do
phat sinh cac tuyén méi ngoai dy kién, dic biét khi khi tai
mang cao. Giai phap duong tré FDL dugc ching t6i lya
chon bai vi dé cai dat va phu hop véi muc tiéu la lam tré
thoi gian dén cia chum nhiam ting co hoi lap lich thanh
cbng cho né.

IV.2 M hinh diéu khién Iap lich dwa trén FDL

Dya trén két qua phan tich & Muc I11.3, da s6 céac
truong hop 1ap lich khong thanh cong 1a do chong lap dau
hay chong ldp LAUT. Thém vao d6, thudc tinh c6 tac
dong chinh dén viéc 1ap lich khong thanh cong nay 1a do
dai chum (burst_length) va thoi gian dén cia chum
(burst_time). Tai nut 151, viéc thay ddi d6 dai chum chi co
thé duoc thuc hién bang cach phan doan chim [13], theo
d6 phan chong ldp cia chum tranh chép s& bi loai bo va
mot yéu cau truyén lai phan nay s& dugc gui trd lai nat
ngudn. Tuy nhién phuong phap phan doan chum yéu cau
nhiéu xir Iy phtic tap hon va gy lang phi bang thong do
g6i diéu khién dit trude tai nguyén ludbn nhiéu hon so véi
nhu cu bing théng can sir dung; thtr tuy dir liéu dén nat
bién ra 1a khong dugc dam bao. Bai viét nay khdng xem
Xét dén viéc thay d6i d6 dai chum ma chi tap trung vao
lam tré thoi gian dén cta chum tai cong ra. Nhu mo ta &
Hinh 8, néu thoi gian dén duoc 1am tré mot khoang vira

JE—

chom j+1 | | chi¥nk ¢
L

du At, viéc 1ap lich s€ thanh cong.

chum j

. »
(@ ‘At' thoi gian
SLLQ' .
ct shumk
/N ===
chum j chuthik ! | chom j+1
»
(b) - thoi gian
At

Hinh 8. Chong 1ap LAUT (a) hay chong lap dau (b) déu
¢6 thé dwoc khic phuc nho thay ddi thoi gian chum dén

C6 2 kién trac duong tré FDL di duoc dé xuét trong
mang OBS [14]: truyén thing (feed-forward) hay hdi quy
(feed-back). Cu thé, nhu mé ta trong Hinh 9a cac FDL
duoc dat tai cac céng ra va chi dugc st dung boi cac
chim dén cong ra do6, trong khi cac FDL hoi quy dugc dit
tai nit 16 va cac chum dén trén cong vao bat ky déu co
thé sir dung néu chiing kha dung (Hinh 9b). Trong bai bao
nay, chang toi st dung kiéu duong tré truyén thang do
tinh don gian vé cai dit va diéu khién ctia ching [14].
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Hinh 9. Hai mé hinh duong tré chinh trong mang OBS

Viéc diéu khién 1ap lich dya trén duong tré FDL duoc
dé xudt nhu trong Hinh 10, trong d6 khi mét chum dén
khong thé 1ap lich duoc, viée kiém tra chong lap dau va
chdng lap LAUT sé& dugc xem xét (phan hinh chir nhat nét
duat). Néu c6 chong lap dau hay chdong lap LAUT, chum
s& dugc dua vao duong tré dé 1am thay doi (1am tré) thoi
gian dén cuia nd. Trong truong hop chong lap dudi, chum
s& bi loai bo (dropped).
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Hinh 10. M6 hinh diéu khién 1ap lich tai nut 156i OBS

Do dai dudng tré FDL ciing c6 nhitng tic dong dang ké
dén kich thude cua nat chuyén mach va ting thém do tré
cho cac chum. Po dai duong tré cin duoc trang bi phu
thudc vao thoi gian cn 1am tr& cho cac cham, ma cu thé &
day 1a At ctia khoang chong 14p dau hay chong lap LAUT.
Tuy nhién, duong tré ciing can phai du dai dé chia tron
ven mdt chum co kich thudc 16n nhét; d6 cling chinh 1a
ngudng do dai tap hop chum trong mang OBS dugc xem
xét. Cac dudng tré duoc s dung trong bai viét nay c6 do
dai bang ngudng d6 dai tap hop chum.

V. MO PHONG VA PHAN TICH KET QUA

V6i cac tham sb cai ddt nhu trong Muc 111.2, ching toi
tién hanh mo phong dé so sanh ti 16 mat chum (dugc tinh
bang s6 chim bi loai b6 / tong s6 chim dén tai cong ra)
cua 3 truong hop: khong sir dung duong tré va co sir dung
duong tré véi gia tri duong tré 1an luot 12 1 va 1,5 lan
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ngudng d6 dai tdp hop chum. Chung t6i chi cai dat trudng
hop lam tré& 1 1an véi FDL d6i v6i cac chum khong thanh
cong & lan 1ap lich dau tién.

V.1 Phén tich ti 1¢ mat cham khi sir dung FDL

Chung toi tién hanh so sanh ti 1¢ mat chum trong 3
truong hop khong sir dung duong tré (No_FDL), sir dung
duong tré voi gia tri duong tré 1a ngudng do dai tap hop
cham (FDL (100 ps)) va bang 1,5 1an ngudng do dai tap
hgp chum (FDL (150 ps)).

Hinh 11 cho thay rang viéc sir dung dudng tré FDL cho
ti 1¢ mat chum trong khoang tai chuan héa tir 0.1 dén 0.6
giam nhiéu nhat khoang 60% so vé&i khong sir dung
duong tré. Nhung khi tai ting tir 0.7 dén 0.9 thi ti 1¢ mét
giam rét it (khoang 4%). Piéu nay la do khi tai cao, vai sb
luong chum dén nhiéu thi cac chim bj lam tré tiép tuc bi
chdng l4p véi cac chum da duogce lap lich trude do, nén bi

loai bo.
0.7000
0.6000 No_FDL
g 05000 FDL (100ps)
=3
2 04000 FDL (150ps)
"
£ 03000
@
=

0.2000
0.1000
0.0000

0.1 0.2 0.3 0.4 05 0.6 0.7 038 0.9
Tai dén

Hinh 11. So sanh ti 1&¢ mat chum khi c¢6 va khong st dung
duong tré FDL

FDL véi do tr& 100 ps cho ti 16 mét chim thip hon so
FDL v6i @6 tré 150 ps. Nguyén nhan 1a do khi tang do dai
duong tré thi cac trudng hop chdng lap LAUT (nhu duoc
chi ra ¢ Hinh 8a) s& khong bi tac dong, nhung cac truong
hop chong lap dau (nhu dugc chi ra & Hinh 8b) s& co ¢O
kha nang tro thanh chong 1ap dudi véi chum da dugce lap
lich trudc d6. Trong truong hop nay, chium tiép tuc bi loai
b6. Do d6 viéc chon d6 dai duong tré phu hop sé& co anh
huong déang ké dén hiéu qua lap lich.

V.2 Phan tich d tré khi sir dung FDL

Nhu thé hién trong Hinh 12 ti 1€ d6 tré trung binh ctua
cac chum tang thém khi sir dung duong tré FDL. Chling
ta nhan thiy rang khi d6 dai FDL cang 16n thi d6 tré trung
binh cang cao hon. Cu thé & day 1a khi st dung FDL véi
do tré 150us thi d¢ tré chim ting thém trung binh khodng
21% so v6i gan 16% khi sir dung FDL véi d¢ tré 100 ps.
Hinh 12 ciing cho ching ta thdy rang khi tai cao thi do
tang thém do sir dung dudng tré ciing ting cao. Diéu nay
1a do khi tai cao thi s& c6 nhiéu chum khong thanh cong
trong lan 1ap lich du nén phai sir dung duong tré dé thur
lai 1ap lich & 14n tiép theo; két qua 1 i 1& do tré trung binh
cua cac chum tang 1én.
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Hinh 12. Ti 1é phan trim d tr& trung binh tang thém khi
sir dung duong tré FDL

Tém lai, viéc sir dung duong tré ddi voi truong hop
chdng 1ap dau va chdng lap LAUT 13 rang di mang lai
hiéu qua vé giam ti 1€ mét chum nhu dugc chi ra & Hinh
11. Tuy nhién viéc sir dung duong tré FDL ciing lam gia
tang do tré ting thém cho cac chum khong thanh cong &
lan lap lich déu tién. Viéc sur dung duong tré FDL trong
truong hop tai cao thi s& 1am ting thém do tré 16n nhung
khéng lam giam dang ké ti 16 mat cham. Do do, viéc sir
dung dudng tré chi pht hop & cac muc tai thip, ma cy thé
nén dudi mic tai chuan hoa 0.6.

VI KETLUAN

Bai bao di dé xudt mot huong tiép can phan tich
nguyén nhan mat chum dya trén dir liéu trang thai lap
lich. Bé 1am dwoc didu nay, chung t6i dd mo phong va
trich xuét dit lidu trang thai 1ap lich tai cac nut 161 ciia mot
mang OBS véi hinh thai mang NSFNET. Dir liéu trang
thai 1ap lich sau d6 dugc phan tich béng tng dung Weka.
Két qua phan tich cho thdy ring chdng lap dau va chdng
lip LAUT la cac nguyén nhan chinh gay nén mét chim.
Tir @6, ching t6i dé xuét giai phap st dung dudng tré
FDL d thay d6i thoi gian dén cta chim khong thé lap
lich dwoc trong 1an dau tién. Két qua moé phong da chi ra
rang dudng tré FDL da giup giam ti 16 mat chum, nhung
lam tang do tré trung binh cua chum. Két qua mé phong
ciing khuyén cdo rang viéc lam tré bang FDL chi phu hop
v6i tai mang chuan hoa trong khoang [0.1, 0.6]. Khi tai
mang cao, viéc lam tré bang FDL chi lam ting thém tic
nghén.
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IMPROVING THE SCHEDULING
PERFORMANCE OF CORE OBS NODES BASED
ON DATA ANALYSIS AND USING FDL

Abstract: The scheduling performance of the core node
plays an important role in the overall communication
performance of OBS networks. In order to improve the
scheduling performance of the core node, many studies
have been carried out combining scheduling techniques
with wavelength conversion, deflection routing or using
FDL. The scheduling performance at an output of a core
node depends on many factors, including the arrival time
of burst, the start and end time of voids and the latest
available unscheduled time (LAUT) of each channel. It is
the factors that have a major influence on scheduling
performance. This paper therefore proposes a method for
analyzing scheduling data to find the cause of scheduling
failure. Based on the results of the analysis, the article
shows that using FDL to avoid head- and LAUT overlaps
is the most appropriate solution to increase the success
scheduling rate, reduce the burst loss and thus increase
the efficient use of bandwidth in OBS networks.
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