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Tém tat: Mang chuyén mach chum quang dugc xem nhu cong nghé dap
tmg duoc nhu cau bing théng va dam bao chat lwong dich vu cho mang
Internet toan quang ctia thé hé tiép theo. Tuy nhién do thiéu b dém quang
tai cac nat chuyén mach 16i vi vy viéc dam bao chat lwong luong dich vu
cho cac dich vu khic nhau trong mang chuyén mach chum quang khé khin
hon so voi mang dién tir truyén thong. Hién nay da c6 mot so giai thuat lap
lich dd dwoc cong bd nham giai quyét duoc van dé nay, tuy nhién cic giai
thuat Iap lich thuc hién dam bao chét luong dich vu cho cac chum wu tién va
khong wu tién thong qua viéc thiét 1ap c6 dinh cac kénh budc song ra ma
khong xem xét tai luu lwong dén cua cac 16p dich vu. Trong nghién ciru nay
chung t6i dé& xuat mot giai thuat Iap lich voi phuong phap du doan duya trén
tai luu luong dén cia cac chum dé phan bé tai nguyén budc song hop 1y cho
cac 16p uu tién trong mang OBS. Cac phan tich va danh gia hiéu qua cua giai
thuat Iap lich dya trén moé phong sé khang dinh wu diém ciia mé hinh duoc
dé xuat nay.

Tir khéa: Mang OBS, giai thuat 1ap lich, phan biét dich vu, phan bd tai
nguyén, du doan tai luu luong.

1. GIOI THIEU

Téc do phat trién nhanh cua Internet trong nhitmg ndm gan déy, cing v4i sy bung nd cia
cac loai hinh dich vuy truyén thong, di 1am gia tang khong ngiing nhu cau vé biang thong
truyen thong. Piéu nay da dat ra mot thach thac moi trong viéc tim kiém cong nghé
truyén thong pha hop nham néng cao kha nang véan chuyén cua mang thé hé méi. Mang
soi quang cung véi su phat trién cua cong nghé ghép kénh budc song (Wavelength
Division Multiplexing), d& mang dén mot giai phap hoan hao dép tmg dugc nhu cau
bang thong bung no cua Internet trong twong lai. Tu khi Xuat hién vao thap nién 90,
mang soi quang da trai qua nhiéu thé hé phat trién [1]: tir nhitng mé hinh dinh tuyen
buge song (Wavelength-Routed) ban dau duya trén nhitng duong quang (lightpath) dau
cubi danh riéng, cho den cac mo hinh chuyen mach go6i quang (Optical Packet
Switching) dugc dé& xuat gan day, voi ¥ tuong Xuat phat tr cac m6 hinh mang Chuyen
mach géi dién tir. Tuy nhién voi mot sb han ché vé cong nghé, nhu chua thé san xuét
cac bo dém quang (twong ty bo nhé RAM trong méi trudng dién tir) hay cac chuyén
mach & toc d6 nano gidy [1] mé hinh chuyén mach goéi quang chua thé tro thanh hién
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thuc. Mot giai phap thoa hiép dugce dé xuat 1a chuyén mach chum quang (Optical Burst
Switching) da m¢ ra mét hudng nghién et moi va duge xem la cong nghé hira hen cho
mang Internet thé hé tiép theo.

M6t dic trung tiéu biéu cia mang chuyén mach chum quang (mang OBS) 1a phan diéu
khién (Burst Header Packet) duoc tach roi véi phan dit liéu (Data Burst). Noi mot cach
khac, dé thuc hién viéc truyén mot chum vao trong mang OBS, goi diéu khién BHP
duogc tao ra va dugc gui di trudc mot khoang thoi gian offset(offset-time). Thoi gian
offset nay phai dugc tinh toan du dé dit trudce tai nguyén va cdu hinh cac chuyén mach
tai cic nut trung gian doc theo hanh trinh ctia chum quang tir ngudn dén dich. Thém vao
d6, mang OBS danh riéng mot s6 kénh (budc song), dugc goi 1a kénh diéu khién cho
viéc truyén géi diéu khién BHP, trong khi cac kénh con lai dugc dung cho viéc truyén
chum dir liéu, nén duoc goi 1a kénh dir li¢u. Nhu vy viéc truyen goi diéu khién BHP
tach roi hoan toan véi truyén dir liéu vé mat khong gian va veé mat thoi gian. Véi cach
truyén dir liéu nhu vay, rd raing mang OBS khong can dén cic bo dém quang dé luu tam
cac chum dit lidu trong khi chd doi viéc xir 1y chuyén mach tai cac nat 18i, ciing nhu
khong yéu ciu cac chuyén mach & toc do nano gidy. Tuy nhién, cach truyén tai nay
cling dit ra ap luc 1 1am thé nao dé mot goi didu khién BHP kip 1ap lich dat trude tai
nguyén va cdu hinh chuyén mach tai cac nit 15i, dam bao viéc truyén tai chum quang
theo sau; do6 chinh 1a nhiém vu cta hoat dong lap lich dat trude tai nguyén tai cac nut 16i
mang. Vi vay van dé 1ap lich rat can dugc quan tim va nghién ciu nham t6i da hiéu suat
bang thong, giam mat mat di liéu, dam bao chét luong cho cac dich vu khac nhau va
nang cao hiéu suat hoat dong cua mang OBS.

Hién nay c6 cac giai thuat 1ap lich co xét dén chit lugng dich vy da dugc dé xuat gom: G-
LAUC-VF (Generalized LAUC-VF) [6], LA-FFVF (Latest Available and First Fit
Unused Channel with Void Filling) [7], SWG (Static Wavelength Grouping)[2], DWG
(Dynamic Wavelength Grouping) [3] va LLAC (Load-Level Admission Control) [4]. Vi
giai thuat LA-FFVF sir dung cac giai thuat 1ap lich truc tiép LAUC dé lap lich cho cac
chum wu tién cao va sir dung giai thuat FFUC-VF & 1ap lich cho cac chum uu tién thap
nham giam d6 phirc tap giai thuat va tan dung cac khoang tréng dugc tao ra trén cac kénh
dé 1ap lich cho cac chum dén. Cac giai thuat SWG, DWG thuc hién dam bao chat luong
dich vu cho cac chum wu tién va khong wu tién théng qua viéc thiét 13p ¢b dinh cac kénh
budc song ra ma khong xem xét tai luu lugng dén cia cac 10p dich vy hay thong tin vé tai
luu lugng dé diéu khién chap nhan 1ap lich hay khong cua giai thuat LLAC duoc biét
trude va khong thay d6i. Bén canh do cac giai thuat nay déu dua giai phap wu tién tuyét
ddi d6i véi cac chim uu tién cao, nén trong truong hop luu lugng chum wu tién cao dén
thap, tai nguyén duoc phan bd cho ching khong dugc st dung hét, gay lang phi bing
thong trong khi ¢ chim wu tién thap khong duoc lap lich. Trong nghién ctu, ching toi
dé xuat mot giai thuat Iap lich dam bao chéat lwong dich vu véi cach phan bo tai nguyén
budc song linh hoat dya trén tai luu lugng dén cua cac 10p dich vu khac nhau.

Céu truc tiép theo cua bai viét nhu sau: muc 11 mé ta giai thuat lap lich dé xuat; muc Il
mo phong danh gia giai thuat 1ap lich dé xuat va muc IV 1a phan ket luan.
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2. GIAI THUAT LAP LICH BE XUAT

Xét mot lién két (céng) ra cua mot nit 16i mang OBS ma tai d6 cac chum dén duoc gia
thiét thugc vé mot trong hai 16p wu tién cao va wu tién thip. Gia s céng ra c6 W kénh
budc séng, mot chum wu tién cao dén co thé dugc 1ap lich 1én bat ky mot trong W kénh
budc song; trong khi mdt chum uu tién the‘ip dén chi dugc lap lich trén mot trong W,
kénh, v6i W, < W. Cach 1am nay nham dé danh tai nguyén kénh budc séng nhiéu nhat
cho cac chim wu tién cao. RS rang viée diéu chinh phan bd bang thong kénh budc song
chi duoc thuc hién ddi voi ludng cac chim wu tién thip dén, trong d6 kénh budc song
duoc cip phat cho ludng nay (W,) va s& duoc xac dinh qua mot ham tinh cac gia tri tai
den va sé& thay d6i tuong ung theo luu lugng tdi cua I6p wu tién cao va thap. Theo do,
van dé dit ra & day 1a can tinh toan luu luong tai cac chum (QoS cao va QoS thap) dén
trong mdi khe thoi gian quan sat (At) dé thuc hién phan phdi kénh budc song (gia tri
W, cho cac chum QoS thap mét cach hiéu qua nhat nham tranh gay lang phi bang thong
trén mdi kénh ciing nhu giam xac suat tac nghén. Khi do, sé kénh budc song cap phat
cho cac chum QoS thap W, (W, < W) duogc xac dinh 1a phan nguyén can trén ciia Cong

thire (1) nhu sau:
W, = [W y YL ] Q)

Vi tai luu lugng dén cua cac chum QoS cao (yy) va chum QoS thap (y,) [2] dugc xéac
dinh dya trén toc d6 chum, d6 dai chum trung binh va bang thong hién tai trén mdi kénh
budc song trong mdi ctra $6 quan sat At va dugce tinh toan nhu sau:

A ()
YL =
p X W
_ Mt ©)
14:i 1y X W

Trong d6 A, (1) 1a toc do chum den U (uy) 1a @6 dai chum trung binh cta cac chum
QoS thap va cao dén trong mdi ctra s6 quan sat. Pugc tinh toan nhu sau:

S6 lwong chum dén QoS thap 4)
L =
At
S0 lwong chum dén QoS cao (5)
H =
At
_ Tdng d6 dai chtm dén QoS thép (6)
H="¢5 lwong chum dén QoS thap
Tong d6 dai chum dén QoS cao (7)
Uy =

S$6 lwong chum dén QoS cao

Vi cach tiep can néu trén, cho phép dam bao uu tién cho cac chum uu tién cao, phan
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b(f) linh hoat hon sb lugng kénh budc séng c6 thé sir dung cho céc chum wu tién thap va
dé danh gia phan tich ¢ trén, trong bai bao nay chung t6i cling dé xuat mot giai thuat lap
lich dudi day:
GIAlI THUAT LAP LICH PE XUAT
Piu vao:
- I ={by,b,,..., by}, bi(s;, e;, prio;), tap n chum dén trong khoang thodi gian mo
phong;
- W: S kénh ra trén mdi lién két W={1,2,....w};
- W: S6 kénh danh riéng cho 16p QoS thip;
- SBy, tap cac chum da duoc lap lich trén kénh tha k (k € W);
Piu ra:
- Tap cac chum duoc 1ap lich 16p QoS théap (I,);
- Tap cac chum dugc 1ap lich 16p QoS cao (Iy);
PHUONG PHAP:
(Khoi tao) At = 0.0001ms; W, = =;
FOR EACH b; € 1 DO
(Khoi tao) sc = —1; gapmin = 0,
IF (prio; = 0) THEN
Slchumdeny = Slchumdeny + 1;
Slgoideny = Slgoideny + (e; — s;);
sc = BFVF(b;,W);
ELSE
Slchumden; = Slchumden; + 1;
Slgoiden; = Slgoiden; + (e; — s;);
sc = BFVF(b;, W,);
IF (sc # —1) THEN
SCHEDULE (b;, sc);
IF (prio; = 0) THEN

I, =1, U {b;};
ELSE
Iy = Iy U {b;};

ENDIF
IF (timecho > At) THEN

__ Slchumdeny __ Slchumdeny,
A =—— Ay =——
At At
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__ Slgoideny, __ Slgoideny
Ho = Slchumdeny,’ Hu = Slchumdeny’
AL .
YL #wa!
An
Yu = #wa!
WL = [W X —YL ],
YHTYL

Slchumdeny = 0; Slgoideny = 0;
Slchumden; = 0; Slgoiden; = 0;
At = At + 0.0001ms;
ENDIF
ENDFOR
RETUNR{I,, I4};
FUCNTION BFVF(ub,W):

INPUT
- ub(Syp, eyp): chum dén chua 1ap lich,
- W: Sé kénh ra trén mdi lién két W={1,2,...w};

- SBy, tap cac chum da dugc lap lich trén kénh thir k (k € W);

ouTouT
- sc: kénh twong ung dé 1ap lich cho chum dén.
PHUONG PHAP:
best_utilisation=co; sc=-1;
FOR EACH k € W DO
eox = 0;Sisp, |41k =< gid trilom >;
FOR EACH j € |SBy| DO

IF(((sup = €jk) A (Sjr1k = eun)) A((Sjr1x — €jx) < best_utilisation)))

THEN
best_utilisation = Sjq1x — €] k;
sc =k;
ENDIF
ENDFOR
ENDFOR
RETURN sc;

P§ phic tap giai thuat: O(N x log(N)), voi N 1a s6 chum 16n nhat da duoc lap lich

trén mot kénh.
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3. MO PHONG PHAN TiCH KET QUA

Dé chimg minh tinh hidu qua cua giai thuat d& xuat chung t6i thyuc hién cai dat mé
phong giai thuat 1ap lich dé xuét dé so sanh voi cac giai thuat da duoc cong bd, bao gom
SAC, DAC, LLAC. Méi trudng md phong st dung goi NS2-0bs0.9a [8] va phan mém
C++, cai dat trén may tinh CPU Intel Core i3 CPU 3.6 GHz, 4Gb RAM.

Mo hinh mang mé phong bao gom 2 nut 16i (C; va C,), trong d6 mdi nut 161 két ndi véi 5
nat bién (E;,i = 1,...,10) nhu md ta & Hinh 1. Gia sir cac ludng dit liéu dén tai cac nit
bién c6 phan phdi Poisson va cac chiim sinh ra c¢6 kich thudc thay doi. Mdi lién két c6 16
kénh dit liéu va 4 kénh diéu khién. Bang thong cuia mdi kénh tir nat bién dén cac nat 16 1a
10GDb/s, bang thong gitra 2 nat 161 1a 30Gb/s. M6 phong duoc thuc hién véi tai luu luong
thay doi tir 0.1 dén 0.9 trong thoi gian 10 gidy véi khe thoi gian du doan 100ps.

30 Gbps

Hinh 1. M6 hinh mang mé phong Dumbell
Mot két qua thong ke trong 100 khe thoi gian du dodn dugc the hién & Hinh 2a, Hinh 2b
cho thay khi tai luu lugng gitra 2 16p uvu tién cao va thap thay doi giai thuat lap lich sé
dicu chinh gia tri W, phu hop dé dap ung duogc tinh trang cac chum dén cho thoi diém
tiép theo.

Load QaS cao Load QoS thédp 14 & kénh WL
12 ]
gﬁjﬁ_, | Awr,l . MH\
E5 1 A e e
Zos | ALY Fw T I
202 | ol MR :

L RN RN R L AR RIN AN I RN R AN IR R R AR I R IR R AR IR R AR R IR LR TR R R R R R LR
1 11 21 31 41 51 61 71 81 91 101
Khe th&i gian dw doan

0 -
1 11 21 31 41 51 61 71 81 91 101
Khe th&i gian dw doan

Hinh 2. () Tdi leu lwong cua |op wu tién va khéng wu tién, (b) s6 kénh Wi twong img.

Qua két qua mo phdng dugc thé hién & Hinh 3, khi so sanh xéac suat mat chum uu tién
cao cua cac giai thuat cho thay, giai thuat dé xuat co6 xac suat mat chum thap nhat diéu
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nay cho thay véi cach du doan theo tai dén cua cac chum trén mdi I6p sau d6 quyét dinh
phan phdi tai nguyén kénh budc séng hop 1y tan dung duogc tai nguyén t6t hon va qua
két qua nay ciing khang dinh giai thuat dé xuat da giai quyét duoc van dé dam bao chat
lwong dich vu tdt nhét cho 16p wu tién cao.

0.3000000

0.2500000 ,//.
0.2000000 /
0.1500000

0.1000000 // /-
0.0500000

0.0000000 —m= i i— il
01 0,2 0,3 0,4 0,5 0,6 0,7 0.8 0,9

—+—SAC 0.00000 |0.00003 | 0.00050|0.00612 |0.03584 | 0.08301 |0.14738|0.20856 |0.26606
—m—DAC 0.00000|0.00003 |0.00012 | 0.00024 |0.00272 |0.01281 0.04130| 0.08387 |0.13136

LLAC 0.00000|0.00003 |0.00010|0.00022 |0.00183 |0.01027 0.03525|0.07346 |0.11782
—m—D&xuét 0.000000.00000 | 0.00007 |0.00020 |0.00115|0.00466 |0.01795 | 0.04643 | 0.08212

Xdc suat mat chum

Tai lwu lwgng

Hinh 3. Xdc sudt mat chiim [6p weu tién

Bén canh d6 mot két qua duoc thé hién ¢ Hinh 4, xac sudt mat chum I6p wu tién thap
cua giai thuat dé xuat giam so vai cac giai thuat dugc cong bd trude do, qua do cho thay
V6i cach du doan duya trén tai luu lugng dé phan phdi tai nguyén kénh bude song cho
mdi 16p dich vy 1a phu hop.

0.45
0.4
£ 0.35
s .
o /
® 025 /
= 0.2 o
2 0.15 / l.//.
& 01 P
= . /
0.05
0 -—m -
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
—+—SAC 0 |0.001605/ 0.00968 [0.0351530.0731870.125834 0.18903 |0.2489960.302503,
—=—DAC 0 |0.0016050.009417|0.0310360.0500610.076982(0. 115485 0.16317 |0.210212,
LLAC | 0.0303 |0.142275(0.228395/0.2710280.2892980.303520(0.32 34890.3511790. 382562,
—m— D2 xudt |0.0000000.0003680.0049980.016741/0.0368570.058726(0.091806(0.1333930. 18063 2
Tai leu lwgng

Hinh 4. Xdc sudt mat chim hai 6p wu tién cao va thap
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4. KET LUAN

Bai bao da dé xuit mot giai thuat 1ap lich dam bao chat lwong dich vu véi kénh budc
song danh riéng cho chum uu tién thap thich nghi dua trén tai luu lugng dén trong mdi
khe thoi gian quan sat. Dya trén cac phén tich va két qua mé phong, giai thuat lap lich
dé xuat da thé hién dugc cac wu diém thong qua ti 1¢ mét chum tong thé thap, ti 1& mat
chum ddi voi Iuong QoS thip va luong thong tin can luu trit it hon so vdi cac giai thuat
1ap lich da cong bd va quan trong nhit c6 dugc hiéu qua hon vé ty 1&6 mat chum wu tién
thip hon S0 Véi cac giai thuat da cong bd trude day.
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Title: A SCHEDULING ALGORITHM ASSURANCE QUALITY SERVICE
IN OPTICAL BURST SWITCHING NETWORKS

Abstract: Optical burst switching (OBS) is considered as a promising technology for the next
generation of optical Internet and ensure the quality of service for the next generation optical
Internet. However, due to the lack of optical buffers at the core switches, it is more difficult to
secure the quality of service for different services in a Optical Burst Switching Networks than
traditional electronic networks. There are already a number of scheduling algorithms available
to address this problem, but scheduling algorithms ensure quality of service for priority and
non-priority clusters through fixed the wavelength channel out without considering the
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incoming traffic of the service layer. In this study, we propose a scheduling algorithm with
predictive method based on incoming load traffic of clusters to allocate reasonable wavelength
resources for priority classes in the OBS network. Analyzing and evaluating the effectiveness of
simulation based scheduling algorithms will confirm the advantages of this proposed model.

Keywords: OBS networks, scheduling algorithm, service differentiation, resource allocation,
load traffic prediction.



