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Tém tat: Lap lich 1a mot trong nhiing hoat dong quan trong trong mang chuyén mach chim
quang. Khi géi diéu khién cia mét chum dén tai mot nat 16i mang, dwa vao thong tin chira
trong gbi diéu khién nhu thoi diém dén va thoi diém két thac cua chum, mot giai thuat 1ap
lich sé duoc goi d€ tim kénh budc séng ra kha dung cho viéc 1ap lich chum dén. Muc dich
chinh cta giai thuat 1ap lich 1a sép x&p cac chtim dén trén cac kénh bude séng ra sao cho t5i
da hiéu sudt st dung bédng thong va giam mat mat chum. Trong bai bdo nay, ching t6i dé
xuat moét giai thuat 1ap lich nhom OPT-GS nhim t8i wu hiéu qua lap lich. Qua phan tich,
danh gi4 va tir két qua md phong da khing dinh wu diém cua giai thuat dwoc dé xudt méi
nay.

T khoa: mang OBS, lap lich nhom, hiéu suét sit dung bang thong, ti 1& mat mat chum
1 Giéi thiéu

Mang chuyén mach chum quang (Optical Burst Switching, OBS) [1, 2, 5] duoc xem la mo6
hinh thay thé phut hop nhét hién nay cho chuyén mach gdi quang (Optical Packet Switching) khi ma
cong nghé quang chua thuc sy treong thanh dé€ san xudt cac bd dém quang (optical buffer) [4] va
cac bo chuyén mach géi nhanh (véi téc d6 nano giay). Mot dac trung cia mang OBS 1a goi diéu
khién BHP (Burst Header Packet) tach roi v6i phan dix liéu cua né (chum di liéu, burst) vé mat
khong gian va thoi gian, tic la gdi diéu khién sé duoc gui di trude trén mot kénh diéu khién, tach
roi véi kénh dit liéu va thuc hién dat trede tai nguyén cho chim ctia né tai cac nat 16i mang.
Hoat dong dat trudc tai nguyén ctia mot goi diéu khién khi dén tai mot ntt trung gian thue chét 1a
viéc thuc hién mot giai thuat 1ap lich cho chum dix liéu di sau gdi diéu khién trén mét kénh bude

song ra.

Lap lich la mét trong nhitng hoat ddng quan trong trong mang chuyén mach chum quang.
Khi géi diéu khién ctia mot chum dén tai mot nuat 16i mang, dua vao thong tin dugc chita trong
goi diéu khién nhu thoi diém dén va thoi diém két thic cua chum, mot giai thuat 1ap lich sé dwoc
goi dé€ tim kénh budc séng ra kha dung cho viéc 1ap lich chum dén. Muc dich chinh cua giai thuéat
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1ap lich 1a sap xép cac chum dén trén cac kénh budc séng ra nham t8i da hiéu suat bang thong str

dung, giam s6 lwgng chum bi loai bé va nang cao hiéu suat hoat dong ctia mang OBS.

Hién da c6 nhiéu giai thuét 1ap lich duoc dé xuét va c6 thé phan loai chung thanh hai
nhom tiép can chinh: 1ap lich tryc tiép va lap lich nhém. i véi 1ap lich truc ti€p, khi mot goi
diéu khién dén mot nut 16i mang, mot giai thuat 1ap lich truc tiép sé dugc goi d€ tim kénh budc
song kha dung 1ap lich cho chum ctia nd; néu c6 nhiéu hon mét kénh bude song kha dung, giai
thuat 1ap lich nay sé chon mét kénh 14p lich ma t6i wu tiéu chi dat ra cua giai thuat. Tuy nhién,
giai thuat lap lich truc tiép chi quan tdm dén hiéu qua cua viéc 1ap lich chum hién thoi, ma
khoéng xem xét dén nhitng tac dong ctia n6é dén tinh trang tai nguyén cho nhiing lan lap lich
sau. Két qua la bang thong trén cac kénh dit liéu ra bi phan manh va viéc st dung bang thong

cta cac kénh tré nén khong hiéu qua.

Mot giai phap cho van dé néu trén la 1ap lich nhém, trong d6 cac géi diéu khién dén
trong mdi khe thoi gian 1 sé tién hanh 1ap lich dong thoi cho cac chum tuong tng ctia ching.
Nhu da duoc chiing minh trong [3, 6, 9], 1ap lich nhém hiéu qua hon 1ap lich truc tiép dua trén
s& chum bi loai bo giam, mutc d¢ khai thac bang thong tot hon va giam xac sudt mat mat dix liéu
trén toan mang. Hién da c6 mot sd giai thuat 1ap lich nhom duwoc dé xudt ma chung c6 thé dugc
chia thanh 2 nhém: hudng ti€p can heuristic bao gom SSF (Smallest Start-time First), LIF (Largest
Interval First), SLV (Smallest-Last Vertex) va MCF (Maximal Cliques First) [7], va hudng tiép can
to1 wu 1ap lich véi viéc xem xét bai toan 1ap lich nhém trong mang OBS nhu bai toan 1ap lich
trén mdy dong nhat bao gom GreedyOPT [8][9] va BATCHOPT [10]. Cac giai thuéat lap lich
nhém theo hudng heuristic ¢6 dd phtic tap giai thuat thdp do chi dua trén cach sip xép cac
chum trude khi thyce hién 14p lich tuan tw, nhung ching chuwa dat duoc két qua lap lich t6i uu;
trong khi cac giai thuét theo hudng tiép can t6i uu, nhu GreedyOPT va BATCHOPT phai chiu
mot do phuc tap 16n vé mat tinh toan; hé thong phai c6 nhitng thay d6i trong giao thitc trong
dat truede lai tai nguyén; s6 goi diéu khién tang 1én; cac nut mang OBS phai thuc hién nhiéu x
ly hon va tranh chdp tai nguyén, do d¢, sé tang thém. Ngoai ra, viéc go tat ca cac chum da duoc
1ap lich trén cac kénh la khong thuc t€ ¢ trén mang that. Bai bdo sé dé xuat mot giai thuat lap

lich nhém t6i wu két qua 1ap lich.

2 Mot s6 khai niém toan hoc lién quan

D0 thi G 1a mot cap (V,E), trong d6 V 1a tap hiru han cac dinh va E 1a tap cac canh. Néu
canh (u,v) € E thi ta ndi hai dinh u va v lién ké va canh (u, v) lién thudc vé6i cac dinh u, v. Canh
c6 dang (v, v) duoc goi la khuyén. Khi ta khong phan biét thit ty cia cac cap dinh trong tap E thi
d6 thi G = (V,E) con duoc goi 1a d6 thi v6 hwong. Nguoc lai, G 1a d6 thi co hwéng. Cac canh trong
do6 thi c6 hudng con dugc goi la cung. Trong nghién ctru nay, khi chung t6i dé cap dén d6 thi
nhung néu khoéng noi 1o 1a vo hudng hay c¢6 hudng thi d6 thi nhu vay cd thé vd hudng va cling

c6 thé c6 hudng. D6 thi khong ¢ khuyén, trong d6 mdi cap dinh duoc ndi v6i nhau béi khong
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qua mot canh, duoc goi la don dé thi. Nguoc lai, néu d6 thi khéng c6 khuyén va c6 nhiing cdp
dinh dwoc ndi vdi nhau béng nhiéu hon mot canh thi dwoc goi la da 46 thi. Mot d6 thi G’ =
(V',E") trong @6 V' € V va E' € E duoc goi la do thi con caa G = (V,E).

Bic cua dinh v trong d6 thi vd hudng G = (V,E) la s6 canh lién thudc véi v va ky hiéu la
deg(v). Binh v goi 1a dinh treo néu deg(v) = 1 va goi la dinh c6 ldp néu deg(v) = 0. Canh c6 mét
dinh la treo dwoc goi la canh treo. Bac 16n nhét (twong tng nho nhét) cta cac dinh trong G dwgc
goi 1a bdc cwe dai (twong Gng bdc cuee tiéu) ctia G va ky hiéu la A(G) (twong tng §(G)). Truong
hop d6 thi ¢6 hudng thi khai niém bac duoc phan lam hai loai: bac ra va bac vao. Bic ra (tuong
tng bic vao) cua dinh v trong d6 thi ¢6 hudéng G = (V,E), ky hiéu la deg™ (v) (twong tng
deg~(v)), 1a s6 cung cua G di ra khoi (twong ung di vao) v. Dinh v goi 1a dinh treo néu
deg*(v) = 0 vadeg™(v) = 1. Truong hop deg* (v) = deg™(v) = 0 thi v dwoc goi la dinh ¢é ldp.

Cung c6 mot dinh treo dwoc goi la cung treo.

Mot dwong di @6 dai n tix dinh u dén dinh v trong d6 thi ¢ = (V,E) 1a mot day n canh hay
cung ey, ey,..., e, cia G sao cho e; = (v, vy), e; = (V4,V3),..., €, = (Vp—1, V) hodc mét dayn + 1

dinh vy, vy, ..., v, 520 chou = vy, v = v, va (v;,vi41) €E, i = 0,1,...,n — 1.

3  Giai thuat lap lich dwgc dé xuat OPT-GS

Xét tap cac n gbi diéu khién {BHP,, BHP,, ..., BHP,} dén trong khe thoi gian 1, yéu cau lap
lich cho n chum twong tng ctia né I = {by, b, ..., by}, mdi chum b; dugc md ta boi cap (s, ;)
trong do s; la thoi diém dén va e; thoi diém két thic chum trén tdp m kénh ra tai mot cong ra
(W ={1,2,...,m}). Hai chum b; va b; c6 thé lap lich cing nhau trén kénh thit k (1 < k < w) néu
thoi diém dén cta chum 16n hon gia tri LAUT trén kénh d6 (s; > LAUTy, s; > LAUT}) va chting
khong chong 1dp nhau (s; > e; hodc s; > e;)). Muc tiéu cua giai thuat dwoc dé xuat va duoc goi
la OPT-GS (Optimal Group Scheduling) la tim tap cac chum I' € I ¢6 thé 1ap lich cung nhau trén

m kénh ra sao cho tong do dai cac chum duwoc 1ap lich 1a 16n nhat.

D¢ dat duoc muc tiéu nay, dau tién cac chtm trong I duoc sdp xép khong giam theo thoi
diém két thic (e) va thu dugc tap sau khi sap xép 1a A = {ay, ay, ..., a,}, a; €I Véii = 1,2,...,n.
Tiép d6, van dé 1ap lich n chum dén trén m kénh ra duwoc mo hinh hoa thanh mét don d6 thi c6

hudng véi trong s6 G = (V, E) nhu sau
e Mbidinh i € V twong tmg chtim a; va trong s6 cua dinh i 1a 6 dai chum ;.
¢ Hai dinh i,j tao thanh mot cung di tir i dén j khi va chi khi:
+i<j;

+ Chum g; khong chong lap chum a;;
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+ Khong ton tai dinhx (x € (i +1,j — 1)) sao cho chum a, khong chong lap véi

chtim q; va a;.

Vi cach xay dung d6 thi nhu vay, mot duong di xuét phét tir dinh khong c6 bac vao va
két thuc & dinh khong c6 bac ra thi tap cac dinh trén duong di d6 chinh la tap cdc chum cé thé
lap lich trén cac kénh budc séng. OPT-GS tim tat ca cac duwong di va tinh trong s6 cia mdi
duong dua trén cac dinh di qua. Puong di ¢6 trong s6 16n nhét sé dwoc chon dé 1ap lich cho cac
chtim twong tng cac dinh ma dwong d6 di qua.

Giai thuat OPT-GS

Pau vao: — Tap n chum can lap lichI = {by,b,, ..., b, }; trong do, mdi b; = (s;,€;) voi s; thoi

diém dén va e; két thiic ctia chum (i = 1,2, ...,n);
-TapmkénhdxrlieuraW = {1,2,...,m}.

Déu ra: - I tap cdc chum dwgce 1ap lich trén cac kénh ra sao cho tdng do dai 1a 16n nhat (I’ < 1);

Phuong phap

Budc 1: Sép xép khong giam cac kénh theo gia tri LAUT}: k = {1,2, ..., m} 1a day cac kénh sau khi

da duoc sap xép;

Buéc 2: Sap x€p khong giam tap I theo thoi diém két thic ctia mdi chim trong I va thu duoc

tap A sau khi da sép xép A = {a,a,,..,a, }, a; €[ Véii=1,2,..,n;
Budc 3: T tap A xay dung don d6 thi ¢6 hudéng c6 trong s6 G = (V, E), trong dé6:

Budc 3.1: Mdi dinhi € V tuong tng chuim a; va trong s cua dinh i la l;. Nhw vay, tap
dinhcta GsélaV ={1,2,...,n};

Buwdc 3.2: Hai dinh i, j tao thanh mot cung di t&t i dén j khi va chi khi:
+ i<
+  Chum a; khong chong 1ap chum a;;

+ Khong ton tai dinh x (x € (i +1,j — 1)) sao cho chum a, c¢6 thoi diém dén

khong chong 1ap véi chum a; va a;.
Budc4: Véi mdikénh k € {1,2,..., m}, im tap cac duong di va luvu vao tap D, nhu sau:
Budc 4.1: Véi mdi chum a; véii € {1,2, ...,n}, néu (s; < LAUT) thi:
Loai bd dinh i va cac cung lién thudc cua i trong d6 thi G;
Budc 4.2: Véi mdi dinh i € V: Tinh bac vao deg ™ (i) va bac ra deg™ (i);

Buwéc 4.3: Khoi tao D, = @;
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Buwdc 4.4: Véi mdi dinh (i € V) va deg™ (i) = 0: Tim moi duwong di d¥ xuat phét tir dinh i
co6 dang {ry, 13, ..., 1} trong d6: ry = i; (1, 1341) €E,Vi=1..1—1; (n, 1) € E,Vk > |; valuu
tap cac duong di vao tap Dy (gia st D, = {d¥,d5%, ..., d¥});

Budc 5: Hop m duong di trong tap D = {Dy: k = 1,2,...,m} va luu vao tap P; tinh tong trong sd
twong tng cac tap p; € P. Sau dd, chon tap cd tdng trong s6 1on nhat va 1ap lich cac chum tuong

tng vai cac dinh trong tap do.
Budc 5.1: Véi mdi duong di trén kénh 1 d} (j = {1, 2, ..., | D, |}:
pj=di; P=PU{p;};
Budc 5.2: Khéigan Q = @; h = 0;
Buwdc 5.3: Véi mdi kénh k € {2,3..,m}k
Bwéc5.3.1: Véimdii € {1,2,...,|P|}:
Véi moi duong di df (j = {1,2, ... | Di|}:
h=h+1;
qn =pi Y d}'{\Pi)
Q=0Qu{an}
Buw6c5.3.2:GanP=Q,h=0vaQ = ¢;
Buéc5.4: Véimdii € {1,2, ..., |P|}:
Tinh tong trong s6 cac dinh trong p; ky hiéu la L;;

Budc 6: Lap lich cho cac chum tuong ting cac dinh trong q,(I’) c6 tong trong s6 L; 16n nhat trén
tap m kénh ra;
Budc 7: Két thuc.

Vi du: Xét mot tap cac 6 goi diéu khién {BHP,, BHP,, BHP;, BHP,, BHPs, BHP:} dén trong
khe thoi gian t (Hinh 1a), yéu cau lap lich cho 6 chum twong tng I = {by, b,, bs, by, bs, bs}. DO
dai ctia cac chum Tan lwot laly = 3,1, =4,13,=3,1, =5, ls = 6, [, = 4 trén hai kénh dir liéu ra

voi gia tri LAUT, va LAUT, tuong tng.
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Khe thai gialn
i L Kénh diéu khién
BHP, BHP, -
XT3 S N -1 ) N | bs(d) |
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TG B 1,
Wy

Hinh 1. (a) M6t vi du vé tinh trang cac chum dén yéu cau 1ap lich hai kénh di liéu ra va (b) két qua lap
lich t&i wu cac chum trén hai kénh ra.

Hinh 2. Pon d6 thi ¢6 huéng duoc xay dung tir tip cac chum dén trong Hinh 1.

Giai thuat OPT-GS thuc hién nhw sau:
Budc 1: Sap xép cac kénh khong giam theo gia tri LAUT.

Budc 2: Sap x&p cac chum dén 1ap lich khong giam theo thoi gian bat dau, luc nay tap A =

{a;,a5,a3,a4,05,a6}, a; €1 vOii =1,2,...,6 latap cac chum sau khi sép x€p;
Budc 3: Xay dung don d6 thi ¢6 hudéng G = (V, E) twong éng vdi tap cac chum trong A (Hinh 2).

Budc 4: Tim tat ca cac duong di bét dau dinh c6 bac vao deg™ (i) = 0 va két thuc tai mot dinh
bacradeg® (i) = 0.

Trén kénh 1 ¢6 tap cac duong di: D, = {di,d3, d3, d}}; trong d6, df = {1,4,6}, d3 = {1,5},
dl = {2,6}, d} = {3,6).

Trén kénh 2 c6 tap cac duong di: D, = {d?,d3,d3,d}; trong d6, df = {2,6}, d5 = {3,6},
di = {4,6}, di = {5}.

Budc 5: Hop hai duong di d€ tim tap cac chum duoc 1ap lich trén hai kénh ra cé tong chiéu dai

cac chum 1ap lich 16n nhat.
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p1 = di Ud?\d} = {1,4,6,2} cb tong trong sd
Ll == 15

ps = di Ud35\di = {1,4,6} co tdng trong sO
L, =10

ps = d3 Udi\d; = {1,5,2,6} cb tong trong s
L =18

p; = d3 U d3\d; = {1,5,4, 6} c tong trong sd
L, =15

po = d3 U d?\d3 = {2,6} c6 tong trong s6 Ly =
9

p11 = d3 U d3\d} = {2,6,4} 6 tong trong s6
L11 = 12

p13 = di U d?\d} = {3,6,2} ¢4 tong trong s6
L13 = 13

p1s = di U d3\d; = {3, 6,4} co tong trong sd
LIS = 11

p; = di Uds\di ={1,4,6,3} c tong trong sd
Lz == 15

P = di Udi\di ={1,4,6,5}, c6 tdng trong sd
L, =16

pe = d3 U d3\d3 = {1,5,3, 6} 6 tong trong s6
Ly =17

pg = d3 U df\d} = {1,5} c6 tong trong s6 Lg =
9

P10 = d3 U d3\d3 = {2, 6,3} co tdng trong sd
Llo = 13

P12 = d3 U d3\d} = {3,6,5} cb tong trong s6
L12 == 14’

P14 = di U d3\d} = {3, 6} co tong trong s
Li, =7

P16 = di U d3\d; = {3,6,5} co tong trong sd
Ly = 14

Budc 6: Cac dinh trong tap ps = {1,5, 2, 6} twong ting chum {by, bs, by, be} c6 tdng chiéu dai 16n
nhat sé duoc chon dé€ 1ap lich trén hai kénh ra (Hinh 1b) va day cing la két qua lap lich t6i wu

véi tong do dai cac chum duoc 1ap lich 16n nhat.
Do phirc tap giai thuat OPT-GS dwgc xac dinh nhu sau:

Buwoc 1: Sép x€p cac kénh theo LAUT c6 d phtic tap O(m X log(m));

Buéc 2: Sap x8p cac chum khong giam theo thoi gian bat dau cé do phic tap 0(n x
log(n));

Budc 3: Xay dung d6 thi ¢6 do phtic tap 0(n?);

Budc 4: Tim tat ca cac tap duong di trong do thi theo giai thuat duyét sau c6 dd phutc tap
0(V? X E);

Budc 5: Hop cac duong di ¢ d6 phtec tap O(m X |P| X |D|) véi |D| = max(|D,,|) (w €
{1,2..,m});

Buwdc 6: Lap lich cho cac chim ¢ dd phttc tap 0(n).

Cac budc duoc thuee hién doc lap, vi vay do phiic tap cua toan bd giai thuat la Max{(m X

log(m)),0(n x log(n)),0(n?),0(V? x E),0(m x |P| X |D])}. O day, m 1a mot s xac dinh twong
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tng sd kénh ra tai mot cdng ra nao do6 va |P| x |D| 1a gid tri 16n nhat nén d¢ phuc tap cta giai
thuat OPT-GS 1a O(|P| x |D|).

4 Mo phong va phan tich két qua

D€ ching minh tinh hiéu qua ctua giai thuat b.%mg thiec nghiém, ching téi thuc hién cai
dat mo6 phong OPT-GS va so sanh véi cac giai thuat da dé xuat trude day dua trén xac sudt mat
goi tin (cac goi tin dugc chira trong cac chum bi mat). Moi truong md phong la NS2 véi goéi mo
rong obs0.9a [11] va phan mém C++ trén mdy tinh CPU Intel Core 2 CPU 2.4 GHz, 2G RAM. Hai
mo hinh mang m6 phéng duoc thiec hién la mang Dumbbell va mang NSFNet. Mang Dumbbell
gom 10 nut bién (E,, ..., Ey) va 2 nut 16i (Cy, C,); bang thong gitra nit bién va nut 16i 1la 10 Gb/s va
gitta 2 nut 15i la 30 Gb/s (Hinh 3). Mang NSFNET gom 14 nut 16i (C;,i = 0,1,...,13); trong do,
mdi nat 16i két ndi véi mot nat bién (Ej, i = 0,1, ..., 13) (Hinh 4). Céc ludng dit liéu dén tai nat
bién cé phan phdi Poisson. Mdi lién két c6 4 kénh dit liéu va 1 kénh diéu khién. Bing thong trén
modi kénh 1a 10 Gb/s. M6 phong duoc thuc hién véi tai chudn hod tir 0,1 dén 0,9.

Hinh 4. M6 hinh mang m6 phong NSFNET.
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Xéc sudt mat goi tin cia OPT-GS thap hon nhiéu so véi 4 giai thuat heuristic SLV, MCF,
SSF, LIF da duwoc cong bd ddi voi ca 2 moé hinh mang moé phong Dumbbell va NSFNet (Hinh 5,

0.12
e 0.1
£
5
+ 0.08
o
£
&
S 006
a
1°]
@
= 004
0.02
o o
0.1 ) 0.8 .
OSLV | 0.005353886 | 0.010056264 | 0.019969178 | 0.033314518 | 0.047354228 | 0.064577464 | 0080984653 | 0.098871889 | 0.1182397
OMCF | 0.004481291 | 0.009309929 | 0.017871092 | 0.03056879 | 0.043704086 | 0.060974804 | 0,077789469 | 0.095683022 | 0.116115489
BaSssF 10.004574959 | 0.009349653 | 0.017871092 | 0.030691498  0.043696648 | 0.060963215  0.07778187  0.095709545 | 0.116080683
ourF 0.004313674 | 0.009244926 | 0.018081137 | 0029065915 | 0.04485045 | 0.060093648 | 0,077632881 | 0.093638987 | 0.114764696
[OPT-GS | 0.003429576 | 0.006949343 | 0.012856771 | 0,022519175 | 0.033411911 | 0.0479564 | 0.063920543 | 0.081059957 | 0.100747466
Tai Iwu lwong

Hinh 5. So sanh xac sudt mat gdi tin cia OPT-GS véi SLV, MCEF, SSF, LIF
trén mo6 hinh mang mé phong Dumbbell.

0.07
0.06
£
* o005
0
v
& o
£
4+ 003
m
a
2 0
~m
= o001
o e [TH
0.1 0.2 0.3 0.4
OSLV  |0.000182986 0.002363654|0.004657786 0.012627375 |0.023859256|0.036572855 0.052432452 | 0.05033663 (0.052627927
OMCF  |0.000182986] 0.00272857 |0.005367662|0.011153858 0.017228561/0.024347373 0.033158521|0.0361459910.041686458
BSSF |0.000149716/0.002355361|0.0045290950.010417039 |0.016014461/0.023059161 0.031020071|0.035787778 0.039851115
OUF  |0.000166351)0.002040207 |0.003644863 0.009818829 |0.020256523|0.030011435 0.043092416|0.050779886 0.058641248
EOPT-GS 0 |0.000928875(0.002312288(0.004827707|0.007488687 0.010928916| 0.0152145 | 0.01451535 [0.014780854
Tai lwu lwgng

Hinh 6. So sdnh xac sudt mat géi tin cia OPT-GS v6i SLV, MCF, SSF, LIF
trén mo6 hinh mang moé phong NSFNET.

Hinh 7 va 8 mo ta so sanh két qua mo6 phong dua trén xac sudt mat goi tin cua giai thuat
duoc dé xuat OPT-GS voi GreedyOPT va BATCHOPT, trong d6 OPT-GS c6 xdc suat mat goi
thdp hon so véi GreedyOPT. Nguyén nhan la do GreedyOPT dua trén y twong tham lam khi

sép x€p cac chum theo thoi diém dén sém nhat va thyce hién 1ap lich cho cac chum trong danh

sach d6 nén GreedyOPT chi t6i wu trong truong hop cac chtim cé d6 dai bang nhau. Néu d6 dai

chum bién thién thi viéc 14p lich ctia GreedyOPT sé khong hiéu qua.

13
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Xac sudt mat géi tin

0l | L]

o1 0.2 o3 o4 os 0.6 0.8 0.9
OGreedyOPT  0.003639919 0.007495853 0.013804725 0.02492658 0.036878431 0.052920777 0.070917443 0.089305864 0.112565755
@BATCHOPT I 0.003429576 0.006349343 0.012850477 0.022444381 0.033269197 0.047831238 0.063699536 0.080633276 0.100806586
QOPT-GS 0.003429576 0.006339343 0.012856771 0022519175 0.033411911 0.0479564 0.063920543 0.081059957 0.100747466

Tai lvu lrgng

Hinh 7. So sdnh xac suat mat géi tin cia OPT-GS vdi GreedyOPT va BATCHOPT
trén mo hinh mang Dumbbell.

0.016

0.014

0.012

p

Xac suat mat géi tin
o
8
8

0.1 0.2

[ GreedyOPT | 0.000166351 | 0.002172903 & 0.00401433 0.00957232 | 0.014396355 @ 0.020885408 0.027890462 0.032310022 = 0.036088302
EIBATCHOP o] 0.000928875 | 0.002312288 | 0.004827707 | 0.007488687 | 0.010928916 & 0.015066732 | 0.014229295 | 0.014638477
BOPT-GS o] 0.000928875 | 0.002312288 | 0.004827707 @ 0.007488687 | 0.010928916 0.0152145 0.01451535 | 0.014780854

Tai Iwu lwong

Hinh 8. So sanh xac sudt mat gdi tin cia OPT-GS véi GreedyOPT va BATCHOPT
trén mo hinh mang NSFNET.

Mot van dé khac 1a GreedyOPT g& cac chum da dwoc lap lich va thuc hién 1ap lich lai
ching cling véi cac chim méi dén. Tuy nhién, cach lam nay khong dam bao rang cac chum da
duoc lap lich sé dwoc 1ap lich lai hét va viéc 1ap lich nay c6 thay d6i kénh so voi vi tri ban dau.
Trong truong hop c6 su thay doi kénh 1ap lich lai hoac bi loai bo do khong 1ap lich duoc, mét
goi diéu khién ctia chum da duoc lap lich nay sé duoc gui lai vao mang dé thong bao cac thay
ddi, ma diéu nay sé lam tang s8 lugng g6i diéu khién guri lai va két qua la lam tang xac suét tac
nghén trong mang. Mot chitng minh bf?mg thuc nghiém vé ti 1é cac chum da duoc lap lich, bi go
ra va khong thé 1ap lich lai duoc trinh bay chi tiét 6 Bang 1. Bén canh d6, hiéu qua cua OPT-GS
gan tuong duong véi BATCHOPT. Diéu nay duoc giai thich rang véi giai thuat BATCHOPT,
thuc hién go cac chum da duoc 1ap lich trude d6 va thue hién lap lich lai cing véi cac chum dén
hién tai. D€ tim dwoc tap cac chum tdi wu cd tong trong sd 16n nhat dé€ 1ap lich trén da kénh ra,

giai thuat BATCHOPT thuc hién xay dung do thi ludng va tim luéng cuc tiéu trén d6 thi d6 va

14
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loai bo. Viéc lam nay sé dan dén tap cac chum con lai trén d6 thi chinh la tap cac chum lap lich
trén da kénh ra t6i vu. Vi vay, két qua lap lich cua giai thuat BATCHOPT la t6i wu lap lich toan
cuc. Giai thuat OPT-GS t8i wu v6i tap cac chum dén 1ap lich hién tai. Tuy nhién, véi giai thuat
BATCHOPT ciing giong nhu GreedyOPT, cac chum da dwoc 1ap lich trude d6 sé dugc go ra, vi
vay nd lam gia tang sd goi diéu khién, thay d6i lai giao thic truyén va khong thuc t&€ d€ tng

dung trong mang OBS.

Két qua trén Hinh 9 mo6 ta anh hudng cta kich thudc khe thoi gian t© dén hiéu qua lap lich
nhom cua cac giai thuat va cho thdy khi tang kich thudc khe thoi gian t thi xac sudt mat goi tin
giam. Day ciing la mét vu di€ém caa 14p lich nhom va diéu nay ciing giai thich vi sao giai thuéat
BATCHOPT t8t hon giai thuat OPT-GS. Tuy nhién, kich thudc T con phu thudc va yéu t8 do tré
va thoi gian s6ng ctia cac gdi tin; vi vay, kich thudc khe thoi gian t duoc thiét lap d€ thoa man 3

rang budc do.

Bang 1. Thong ké s& chum duoc go ra va 1ap lich lai thanh cong ctia giai thuat GreedyOPT

Tai S6 chum S6 chum lap lich lai Ty 1€ 1ap lich lai
bi loai bo qua kénh khac thanh cong (%)

0,1 319 276 86,52

0,2 392 327 83,42

0,3 560 481 85,89

0,4 620 537 86,61

0,5 739 646 87,42

0,6 797 692 86,83

0,7 929 803 86,44

0,8 1072 805 75,09

0,9 1286 904 70,30

0.065

0.064

Xac sudt mat goi tin

0.061

N

N

P N AW
600 700 800 900 1000
S O0PT-GS 0.064284263 0.063920543 0.06390799 0.063751402 0.063672778
DBATCHOPT 0.064284263 0.063699536 0.063683679 0.063668483 0.063485467

Khe théi gian

Hinh 9. So sdnh anh huong cta kich thudce khe thoi gian © dén hiéu qua lap lich nhém
ctia OPT-GS v6i BATCHOPT.
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5 Kétluan

Lap lich la mét hoat dong quan trong trén mang chuyén mach chum quang va c6 anh
huong dang ké doi véi viée truyén thong qua mang. Trong nghién ctru nay ching toi da dé xuat
mot giai thuat 1ap lich nhom tdi wu trén mang chuyén mach chum quang. Cac phan tich va két
qua mod phong cho thdy giai thuat lap lich dé xudt OPT-GS c6 xac sudt mat goi tin thdp hon cac
giai thuat da duwoc cong bd. Hon niva, giai thuat dé xuat OPT-GS theo hudng tiép can tdi uu nén
khong lam gia tang s6 lwong goi diéu khién, khong thay doi giao thitc truyén thong hién tai va

thuc t€ ¢ thé trién khai trén mang that.
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AN OPTIMAL ALGORITHM FOR GROUP SCHEDULING
IN OPTICAL BURST SWITCHING NETWORKS

Nguyen Hong Quoc?!, Vo Viet Minh Nhat?, Nguyen Hoang Son?

"University of Education, Hue University, 34 Le Loi St., Hue, Vietnam
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Abstract: Scheduling is one of the most important operations in optical burst switching
networks. When the control packet of a burst arrives at a core node, on the basis of the
information contained in the control packet such as the arrival time and the end time of the
burst, a scheduling algorithm is called to find an available outgoing wavelength channel to
schedule the incoming burst. The main purpose of the scheduling algorithm is to arrange
incoming bursts on the wavelength channels to maximize the bandwidth utilization
efficiency and reduce the number of lost bursts. In this study, we propose an OPT-GS
scheduling algorithm that optimizes the scheduling efficiency. The advantages of the
proposed algorithm are confirmed through simulation-based analysis and evaluation.

Keywords: OBS networks, group scheduling, bandwidth utilization efficiency, burst loss
rate
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