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TOM TAT

Mang chuyén mach chum quang (mang OBS) duoc xem la cong nghé hita hen cho
Internet thé hé ti€p theo, trong d6 lap lich la mét trong nhitng hoat ddng c6 anh
hudng 16n dén hiéu ning cia mang OBS. Hién da c6 nhiéu giai thuat 1ap lich duoc
dé xudt ma c6 thé duoc phan thanh cac loai nhw lap lich truc tiép, 1ap lich nhom,
1ap lich két hop véi cac ki thuat xi ly tdc nghén. Trong mang OBS c6 xét dén QoS,
viéc 14p lich can phai xem xét thém mot s diéu kién wu tién va da c6 mot s6 cong
bd vé diéu khién chap nhan 1ap lich. Trong bai viét nay ching toi dé xuat mot cai
tién vé diéu khién chap nhén 14p lich trong mang OBS c¢6 xét dén QoS. Cac phan
tich va danh gia hiéu qua dua trén md phong sé khang dinh vu diém ctia md hinh

duoc cai tién nay.

T khoa: mang OBS, QoS, diéu khién chap nhan lap lich.

1. GIOI THIEU

Chuyén mach chum quang (Optical Burst Switching, OBS) [1] duwgc xem la mot
giai phap chuyén mach gdi quang kha thi cho mang Internet thé hé ti€p theo, trong dé
bang thong cac soi quang co thé duoc khai thac mot cach c6 hiéu qua nho vao cong
nghé ghép phan chia kénh budc séng (Wavelength Division Multiplexing, WDM) [2].

Co 2 loai nat mang dwgc phan biét trong mang OBS: nuat bién va nut 16i. Cac
nut bién, bao gom nut bién vao va nat bién ra, dugc xem 1a giao dién gitta mién dién ti
va mién quang. Nut bién vao ¢ nhiém vu nhan d@ liéu dén tir cdc mang truy cap
(chdng han cac géi tin IP), tip hop chiing thanh cac chtm dit liéu (burst) va truyén
chung vao mang 16i. Mot goi diéu khién sé dugc truyén di trudc mot khoang thoi gian
bl dap (offset time) nham dat triede tai nguyén va cdu hinh cac chuyén mach tai cac ntt
trung gian (nat 16i); nho d6 chum di liéu sé€ duoc chuyén mach toan quang khi dén tai
moi nit trung gian nay cho dén khi dat dén ntt bién ra ctia nd. Nt bién ra thuc hién
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mot hoat dong ngwoc lai véi nut bién vao la khoi phuc lai cac dit liéu (cac goi IP) ban
dau.

Nhu cdc mang chuyén mach géi khac, tac nghén cling xay ra trong mang OBS,
khi c6 hai hodc nhiéu chum dén tai cing mot cong ra, cuing mot thoi diém va yéu cau
cung mot budc song. Trong trieong hop mot chum dén yéu cau tai nguyén (bude song)
tai mot kénh ra ma dang bi chiém gitr boi mét chum khéc da lap lich trude do, d6 ciing
duoc xem 1a mot trudng hop khac cta tac nghén. Cac loai tic nghén nay la dé dang
duoc xt ly trong mang dién bf?mg cach stt dung cac bo dém (chéng han, bo nhé RAM),
nhung no tré nén kho khan trong mang quang vi cong nghé quang hién nay chua cho
phép san xudt cac bd dém quang. Do vay van dé tac nghén trong mang OBS thuong
duwoc xtt ly thong qua hoat dong lap lich.

Viéc lap lich cac chum dén thong thuong duoc thyc hién tuan tu, theo kiéu dén
trude, phuc vu trudce (first come, first served). Tuy nhién trong moi treong cd xét dén
QoS, viéc lap lich thanh cong mot chum trude (c6 QoS thdp) cd thé gay tdc nghén cho
mot chum dén sau (cd QoS cao hon). Ly vi du d6i véi treong hop dugce néu ra nhw
trong Hinh 1a, néu chum QoS thdp dén tai thoi diém to dwgc lap lich va chum QoS cao
dén ngay sau do (tai thoi diém #1) thi chum QoS cao sé khong thé dwoc 1ap lich do hét
tai nguyén. Nén dé€ wu tién tai nguyén d6i véi chum QoS cao, chum QoS thap dén tai fo
can dugc danh roi. Do d¢, 1ap lich véi diéu khién chap nhan la can thiét nhim dé danh
nhiéu tai nguyén cho chum QoS cao, trong khi han ché tai nguyén déi véi cac chum
QoS thap.
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Hinh 1. Mot vi du vé viéc 4p dung diéu khién lap lich trong d6 chum QoS thdp bi danh roi dé

danh tai nguyén cho chuum QoS cao dén sau (b) so véi lap lich dén trude, phuc vu trude (a).

Da c6 mot s6 ky thuat diéu khién lap lich dwoc dé xuat d6i véi mang OBS ¢ xét
dén QoS, nhu ky thuat phan phdi tai nguyén tinh (Static Admission Control, SAC) [3],
phan phdi tai nguyén dong (Dynamic Admission Control, DAC) [3] va phan phoi tai
nguyén dua trén muc tai (Load-Level Admission Control, LLAC) [4]. Tuy nhién, cac ky
thuat nay van boc 16 mot s6 nhugc diém sau: ddi véi SAC va DAC, (1) ti 18 phan b6 cac
kénh budc song ra dbi voi cac luong chum QoS cao va QoS thédp la ¢d dinh va mang
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tinh chu quan cua cac tac gia dé xudt (2) hiéu qua stt dung bang thong thap, khi ma luu
luwong luéng chum QoS cao dén thap, trong khi luu luwong luéng chum QoS thap dén
cao; va (3) thong tin can phai luu triv tai mdi nat vé trang théi cdc kénh budc song 1a
16n, can nhiéu khong gian nhé. B6i voi LLAC, mat du thong tin can luu tri la it hon,
nhung (4) ti 1€ tai dwoc thiét 1ap cho cac ludng chum QoS cao va QoS thdp 1a c6 dinh va
khong co6 can cii; hon nira (5) cach thiét lap tuy tién nay lai gay ra ti 1é danh roi chum
QoS thdp cao hon so voi DAC. Bai viét nay sé dé xuat mot mo hinh cai tién vé diéu
khién chdp nhan lap lich ma phéan nao giam nhe duoc tat ca cac nhuwoc diém trén.

2. CAC NGHIEN CUU LIEN QUAN

Cac tac gia trong [3] da dé xuat hai co ché diéu khién chdp nhan lap lich cho
mang OBS ¢4 xét dén QoS, bao gdm ky thuat phan phoi tai nguyén tinh va déng. Cu
thé, xét mot cong ra c6 W kénh budc song kha dung, k§ thuat phan phéi tinh (ky thuat
SAC) sé phan bd Wo (Wo < W) budce séng cho cac chum QoS cao va Wi (Wi < W) bude
séng cho cac chtim QoS thap. Luu y rang, Wo> Wi va Wo + Wi = W. Nhu vi du duoc chi
ra trong Hinh 2a, véi W = 4 budc séng ¢ cong ra, ky thuat SAC phan bd Wo = 3 bude
song gom Ci, Cz, va Cs danh riéng cho cac chum QoS cao va Wi = 1 bude séng con lai,
kénh Cs, cho cac chum QoS thdp; nén mét chum QoS thdp dén tai thoi diém to sé duoc
lap lich vi kénh Cs rOi.
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Hinh 2. Vi du vé ky thut SAC (a) va DAC (b).

Uu diém cta ky thuat SAC la don gian, ddm bao danh riéng cdc kénh buwdc
song cho cac chum QoS cao nén dam bao chat lwong dich vu. Tuy nhién, trong treong
hop ludng cac chum QoS cao la thdp, trong khi luéng cac chum QoS thédp la cao, mot
su lang phi tai nguyén sé xuat hién ddi voi cac kénh budc séng danh cho cac chum QoS
cao, trong khi cadc chum QoS thdp bi danh roi vi thiéu tai nguyén. D€ linh hoat hon
trong van dé phan bd tai nguyén, cac tac gia trong [3] dé xuat tiép mot ky thuat phan
phoi dong.

Khéc véi ky thuat SAC, 1a cac kénh budc song dugc danh riéng tuyét doi (vé
mat vat ly) cho mdi loai chim QoS cao va QoS thap, ky thuat DAC chi dya trén luong
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phan bd kénh budc song vé mat dinh lwong duoc cap phéat chu quan ban dau. Cu thé
1a, xét tai thoi diém dén (fo) ctia mot chum dén, néu sd chong 1ap (chi€ém dung chum
cung thoi diém chum dén trén cac kénh budc séng) ctia chum nay vdi cac chum cung
loai (v hay @) ma nho hon lwgng budc séng duoc phan bo (av < Wo hay @1 < Wh), viée
1ap lich la dwgc chdp nhan. Nhu vi du dwgc chi ra trong Hinh 2b, mét chum QoS thép
dén tai thoi diém to van c6 thé duoc 1ap lich 1én kénh Cs hodc Cs vi s8 chong 1ap d6i véi
loai chum nay la @ =0, trong khi Wi =1, nén @ < Wi.

Uu diém cta ky thuat DAC 1a linh hoat hon so véi SAC trong viéc st dung tai
nguyén, nhung ciing nhu SAC, ky thuat DAC cling gay lang phi tai nguyén d6i véi cac
kénh budc song danh cho cac chum QoS cao néu méat do cac chum nay dén thap, trong
khi cac chum QoS thap bi danh roi vi thiéu tai nguyén. Ca hai ky thuat SAC va DAC
déu yéu cau luu lai thong tin trang thai cua tat ca cac kénh budc song bi chi€ém boi
chum dén nén can nhiéu bd nhd cho viéc luwu trix.

Dé€ cai thién vé mat st dung bang théng cua cac kénh budce song danh riéng va
khong gian luu trix, cac tac gia trong [4] da dé xuat mot ky thuat phan phoi dua trén tai
LLAC, trong d6 chi ¢ thdng tin muc tai ctia mdi 16p va tdng s budc séng bi chiém
duoc luu trir. Cac muc tai (I hay h) sé dwoc qui dinh trudc cho mdi 16p QoS cao/thap;
néu s6 chong 14p cua mot chum dén véi bat ky loai chum nao da dwoc 1ap lich trén cac
kénh ra () 1a nhé hon muc tai (o < lo hay @ <I1) chum dén sé dugc lap lich. Nhw vi du
duoc chi ra trong Hinh 3a, vi hai mtece tai lo = 4 va I = 1 duoc thiét 1ap d6i voi 2 loai
chum QoS cao va QoS thép, khi c6 mot chum QoS thap dén tai thoi diém to, nd dwoc
lap lich vi @<l (0= 0). Tai thoi diém t1, mot chum QoS cao dén va né duoc lap lich vi
o < lo (ltc nay o = 1). Tuy nhién trong Hinh 3b, véi mgt chum QoS cao dén tai thoi
diém fo, nd dwoc 1ap lich vi @ <o (w = 0). Tai thoi diém 1, mot chum QoS thap dén va
no6 khong dwoc lap lich vi @ =1 (Itc nay o= 1). Twong tw v6i Hinh 3¢, mot chum QoS
thap dén tai thoi diém fo sé khong duoc lap lich vi @ =11 (o = 1), trong khi mot chum
QoS cao dén tai thoi diém +1 van dwoc lap lich vi o<l (0= 1).
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Hinh 3. Vi du vé cach thic hoat dong cua LLAC.

Tuy nhién, ky thuat LLAC c¢6 xu hudng danh roi cac chum khéng c6 QoS nhiéu
hon so véi ky thuat DAC. Nhu vi du trong Hinh 4, kj thuat DAC sé khong danh roi
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chum khong c6 QoS khi né dén tai thoi diém fo (Hinh 4a); trong khi ky thuat LLAC sé&
danh roiné vi o=l (w=1).
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Hinh 4. So sanh gitta DAC (a) va LLAC (b).

Toém lai, ca 3 ky thuat SAC, DAC va LLAC ¢ cac wu va nhugce diém nhu duoc
chi ra trong Bang 1.

Bdng 1. Uu nhuoc diém ky thuat SAC, DAC, LLAC

Ky thuat Uu diém Nhuoc diém
- Pon gian. - Lwu nhiéu thong tin trang thai;
SAC - Lang phi tai nguyén danh riéng cho QoS cao;
- Ti 1é phan bd kénh cd dinh, khong c6 can ct.
- Phan b6 kénh linh hoat - Lwu nhiéu thong tin trang thai;
DAC hon SAC; - Ti 1é phén b8 kénh ¢& dinh, khéng c6 cin ct.
- S&t dung bang thong
hiéu qua hon SAC.
- Luru it thong tin trang - Ti 1€ xac dinh tai c¢6 dinh, khong c6 can cu;
LLAC = thaihonSACvaDAC. . P4nh roi nhidu chitm khong QoS hon SAC
va DAC.

RO rang ¢6 mot nhu cau can cai tién cac phuong phap phan phéi tai nguyén
nay, ma sau day sé md ta chi tiét mét cai tién nham giam bét cdc nhuoc diém cua
chang.

3. PIEU KHIEN LAP LICH DUA TREN TOC PO CHUM DPEN

Phan nay sé mo ta mot thuadt todn diéu khién lap lich cai tién (improved
Scheduling Admission Control, iSAC) cho mang OBS c6 hd tro QoS. Y twong cai tién duoc
chung t6i dé xuat nhu sau:

- Cac chum QoS cao duoc lap lich trén bat ky budc séng nao tai mot cong ra (Wo
= W) va duoc lap lich truc tiép c6 lap day khoang trong;

- 56 budc séng ma cac chum QoS thap cé thé st dung (Wi = W) dugc diéu

5
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chinh tang/giam dinh ky tuy thudc vao tdc d6 dén ctia ching trong khoang thoi gian
quan sat (w) 100pus.

Cu thé, goi 70 la t6c d¢ ludng cac chum QoS cao va r1 1a téc dd ludng cac chum
QoS thap, sd budc song cap phat cho luong cac chum QoS thap (W) duwoc xac dinh la
phan nguyén can trén cta cong thirc sau:

r
W, =|W, x—21

N A , N PV A LA T S T TA
Viéc c6 duge cong thire trén 1y do boi ty 18 —2— <1 lubn ton tai, thé hién ty 1€
h+1

téc do dén cua Iop 1 trong toan mang va viée xac dinh s8 kénh danh riéng cho 1ép vu
tién thap Wi bang tdng s6 kénh dwoc cdp phat (Woe=W) nhan ty 1é téc d6 dén caa lop 1
trén toan mang roi 1dy phan nguyén can trén la cach xac dinh théa man cho viéc diéu
chinh gia tri Wi phu hop. Trong dé t6c d6 cac chum (QoS cao va QoS thap) duoc xac

Vg

dinh duya trén t6c do chum trung binh r™? véi gia tri khoi tao ban dau ™ =0.5, i =

{0,1}, va t8c dd chum hién thoi ™" dén trong ctra s6 quan sat w. Muc dich ctia viéc xem

xét ca 2 tc d6 chum trung binh va tc do chim hién thoi 1a nham quan tdm dén céc
trueong hop c6 thay doi dot ngdt vé toc do.

T6c do cac chum (QoS cao va QoS thép) ti€p d6 duoc tinh nhw sau:

L=axr®+1-a)xr"

h=pAxi+1-g)xi™

, trong d6 a, B (0< a, p<1) la cac trong so thé hién mirc dd quan trong gitra toc
dd trung binh va toc d¢ hién thoi d6i vdi viéc du doan téc dd chum trong thoi gian ké
tiép. Thong thwong hé sd nay duoc gan mot cach chu quan hodc dua trén kinh
nghiém, trong mo phong 6 Phan 4, cac trong s6 nay duoc chon la @ = =0.3. Viéc dinh
ra mot ctia s8 quan sat w nham dé giam khdi lugng tinh toan.

Luu y rang, tdc do chiim trung binh r*® ctia [an tinh toan tiép theo chinh la t&c
dd chum dwoc du dodn, tkc 1a K (t+1) =r(t) . Toc do6 chum hién thoi ™" sé duoc
7 . M n, 7 \ A \ A A~ A
x4c dinh bang ™" = —, trong d6 ni la s6 chum (QoS cao hay QoS thap) dén trong mot
W
ctra sO quan sat w.

V6i cach tiép can néu trén, rd rang thuat toan iISAC dam bao wu tién cho cac
chum QoS cao, phan bd linh hoat hon luwgng budc song cé thé stv dung cho cac chum
QoS thap, giam duoc s8 lwong thong tin luu trir s§ chum twong Gng ctia mdi loai bi
chong 1ap trén cac kénh da phan bo va khong phu thudc vao viéc phan bo tai theo chu
quan cua tac gia dé xudt hodc dya trén kinh nghiém nhw trong SAC va LLAC. D6 phtic
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tap thuat toan iSAC 1a O(nlogan).

Sau day 1a mo ta chi tiét vé thuat toan iSAC.

Thuat toan iSAC

Piu vao: - Tap cac chum dén Bw = {ubili =1 ..N}, ubi= {sw, ew, priow}, trong do6 suw va euw
la thoi gian dén va két thuc, priow = {0,1} xac dinh chum ub 1a QoS cao (0)
hay thap (1).

Piaura: - Tap cac chum QoS cao duwoc lap lich, So, va bi danh roi, Dy;

- Tap cac chum QoS thap dwoc lap lich, Si, va bi danh roi, Dy;

Phuong phap

1 time_last < 0; w < 100; /[ xdc dinh civa s6 quan sét (us)

2 che-L,a«03p<«03

3 while (Bw # ) do;//

4 ub < chum dau tién ttr tap Buw

5 Bub <— Bu \ {ub}; /] duyét chizm dén tiép theo

6 if (priow = 0) then

7

8

9

o< no +1; //dém s6 chum QoS cao.
ch < BFVF(ub,W);
if (ch # -1) then
10 So« Sp+1; IILdp lich chivm ub trén kénh ch va ting So
11 else
12 Do « Do+ 1; I[Loai bo chivm ub
13 end if
14 end if
15 if (priow = 1) then
16 nm« m+l; //dém s6"chum QoS thdp
17 time_cur < thoi gian hién thoi;
18 if (time_cur - time_last) = w then
19 o < Do,
w
20 < Ly
W
21 Leaxii@+l-a)xp";
22 <« Bxr+@-p)xr™;
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23 W, « {WO X1 1
h+h

24 no < 0; n1 < 0;

25 time_last < time_cur;

26 9«1y 10«

27 end if

28 ch <~ BFVF(ub, Wh);

29 if (ch # -1) then

30 S1<S1+1;

31 else

32 D; « D;+1;

33 end if

34 end if

35 time_wait = time_cur;

36 end while

Ham BF-VF(ub, W) ¢6 nhiém vu 1ap lich chum ub 1én mét trong W kénh: néu
lap lich thanh cong, ham BE-VF [5] tra vé kénh duoc chon dé 1ap lich cho ub; néu viéc
lap lich khong thanh c6ng, ham BF-VF tra vé -1.

Ham BFVE(ub, W)

Pau vao: - ub(sw, ews) chum dén;
- W kénh budc song
Paura: - Kénh dwoc lwa chon best_channel.
Phuwong phap
1  best_utilisation <— o;
2 best_channel < -1;
3 foreachk € Wdo
4 eox<— 0;
5 SBr<«tap cac chum da lap lich trén kénh k
6 for each sbixe SBx do
7 if (((suw > eik) A (Sirrk > ew) A (Sinik— eik) < best_utilisation))) then
8 best_utilisation <— Siik— eik;
9 best_channel < k;
10 end if;
11 end for;
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12 end for;

13 return best_channel;

4. MO PHONG VA PHAN TiCH KET QUA

Céc thuat toan SAC, DAC, LLAC va iSAC duoc cai dat mdy tinh c6 CPU 2,4
GHz Intel Core 2,2G RAM. Xét c6 2 loai lubng dén, luéng QoS cao (ro) va ludng QoS
thdp (r1). Gia thi€t cac chum dén c6 phan phdi Poisson va kich thude cac chum ¢ phan
phoi ham sd mai. Cac chum nay duoc sinh ra ttr géi moé phong mang obs 0.9a [7] ctia hé
mo phong NS2.

Muc tiéu md phong la so sanh hiéu suat cta cac thuat toan SAC, DAC, LLAC
va iSAC véi treong hop lvu luong tai tang ctia luéng chum QoS thap dén tai mot cong
ra cia mot nat mang OBS véi chum QoS cao va bang thong stt dung ctia cac giai thuat
d€ chi ra vu diém cua dé xuat. Luu y r:?mg, tai chuan hoa duwoc tinh xac dinh nhw sau:
Tai chuan hoéa = (t6c 4o chum dén x d6 dai chum trung binh) / bang thong cac kénh ra.

Nhu vay Tai chuan hoéa e [0,1].

Hiéu suat cua cac thuat toan duoc do bf!mg ti 16 mat chum (burst loss rate, blr),
dwoc xac dinh nhw sau:

blr = s6 chum bi danh roi / tong s6 chum dén.

Nhu md ta trong Hinh 5 vé ti 1é mat chum cua 16p QoS cao, thuat toan SAC cho
két qua mat chum cao nhat, trong khi thuat toan dé xudt ctia ching t6i, iSAC cho ti 1é
mat chum thdp nhat. Két qua mo6 phdong nay ciing phan anh duoc cac cai dit da dwoc
thuc hién trong [4], trong d6 LLAC cho két qua lap lich t6t hon so véi DAC va SAC.
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Hinh 5. So sanh ti mat chum 16p QoS cao gitta SAC, DAC, LLAC vaiSAC.
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Xét d6i véi 16p QoS thap, ti 1é mat chum cua iSAC c6 thap hon LLAC nhuw tai
Hinh 6, nhung cao hon so véi SAC va DAC. Thyec t€ ludn c6 mét sy hai hoa gitra ti 16
mat chum, d6 phtc tap giai thuat va luong thong tin can luvu triv. Nhu da duoc phan
tich trong [4], lwong thong tin can luu trit ctia LLAC it hon so v6i SAC va DAC; nhung
ddi voi iISAC, nhw da phan tich trong Muc 3, thuat toan duoc dé xuét cua ching toi cd
ti 16 mat chum va luong thong tin can luu tri thap hon so véi LLAC, nén ciing ching
td duoc wu diém cua iSAC.

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Tai chuan hoa

=

Ty 18 mat chum (blr)
o o o o o o o o o
O N T N

o i

mSAC m DAC mLLAC ISAC

Hinh 6. So sanh ti mat chum QoS thap gitta SAC, DAC, LLAC vaiSAC.

Cubi cung, khi xét dén hiéu qua cua viéc sit dung bang thong trén tai toan
mang thi giai thuat dé xudt cting cho két qua dung bang thong t6t hon nhiéu so véi cac
giai thuat trudc d6 gom co: SAC, DAC va LLAC nhu phén tich trong Hinh 7, cang
khang dinh duoc wu diém cta giai thuat dugc dé xuat.

LAC SRETENERERTIRERRSSaaaSSs»»».

DA

]

SAC

Tai chuin héa

Hinh 7. Bang thong st dung trung binh cua cac giai thuat SAC, DAC, LLAC va iSAC.
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5. KET LUAN

Trong bai bdo nay, mét thuat toan lap lich thich nghi iSAC da dwgc dé xuat.

iSAC dua trén thuét toan 1ap lich t6i wu khoang tréng BF-VF [5] va viéc cdp phat tai

nguyén cho chum wu tién thdp dua trén sy thay doi twong ng trong mot khoang thoi

gian quan sat tdc d¢ dén cua cac loai chum dén. Dua trén két qua md phédng va phan

tich, iSAC thé hién duoc cac vu diém théng qua ti 1€ mat chum thdp hon va luong

thong tin can lvu trit (khong luu trit s6 chong 1ap cta ting loai chum trén cac kénh da

cap phat) it hon so vdi giai thuat da cong bd trudce day.
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AN IMPROVEMENT OF SCHEDULING ADMISSION CONTROL
IN QoS SUPPORTING OBS NETWORKS

Pham Trung Duc
University of Sciences, Hue University
Email: ptduc1988@gmail.com.
ABSTRACT

Optical Burst Switched Networks (OBS network) is considered as a promising
technology for the next generation Internet, in which scheduling is one of the most
influential activities to efficiency of the OBS network. There have been already
many proposed scheduling algorithms that can be classified into categoties such as
direct scheduling, group scheduling, scheduling combined with congestion
processing techniques. In the OBS network, if there is refered to QoS, scheduling
must be considered further about some priority conditions and therefore there
have been some releases of scheduling admission controls. In this article, we
propose an improvement about scheduling admission controls in OBS networks
including in QoS. The effective analyses and evaluations based on simulation will

confirm the strengths of this proposed new model.

Keywords: admission control scheduling, OBS Networks, QoS.
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