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TOM TAT: Ldp lich la mot trong nhitng hoat dong quan trong, c6 anh hudng lon dén hiéu nang cua mang OBS. Trong mang OBS
6 hé tro QoS, viée ldp lich can phdi xem xét voi mot so diéu kién wu tién cu thé. Pd cé mét s6 cong b vé diéu khién chip nhan lgp
lich, trong d6 da s6 xem xét trong cdc diéu kién tinh va ly wong. Bai viét sé nghién ciu viéc diéu khién chdp nhan 1dp lich trong
mot moi truong dong, trong do viéc dw doan téc dg chum dén duwoc siv dung dé diéu khién hiéu qua hoat déng lap lich. Mot so
phicong phdp duw dodn téc do chim dén ciing dwoce phan tich, so sanh va danh gid.

Tir khéa: Mang OBS, QoS, diéu khién chdp nhdn ldp lich, di dodn dwa trén toc dg, hiéu qua Idp lich.

I. GIOI THIEU

Chuyén mach chim quang (Optical Burst Switching, OBS) [1] 1a m{t giai phap chuyén mach g6i quang kha thi
cho mang Internet thé hé tiép theo. Vi nhimng thanh cong gén day cua cong ngh¢ ghép phén chia kénh bude song
(Wavelength Division Multiplexing, WDM) [2], mdi s¢i quang don co thé ghép/tach tir 160 dén 320 kénh (budc song),
trong d6 toc do truyén trén mdi budc song c6 thé dat tir 10 Gb/s dén 40 Gb/s [3]; bang thong cac soi quang do d6 c6 thé
duogc khai thac mot cach c6 hi€u qua.
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Hinh 1. Kién truc tiéu biéu ciia mang OBS

Kién tric mot mang chuyén mach chum quang (mang OBS) ¢6 thé dugc mé ta nhu trong Hinh 1, trong d6 c6 2
loai nat mang duoc phén biét: nit bién va nat 15i. Nut bién, bao g6m nit bién vao va nut bién ra, dugc xem I giao dién
gilta mién dién tir (cac mang truy cép) va mién quang (mang OBS). Nut bién vao c6 nhiém vu nhén dir liéu dén tir cac
mang truy cép (chang han cac goi tin IP), gdp ching thanh cac chum dir li€u (bursts) va truyén cac chum nay vao mang
161. Mot goi diéu khién chum (Burst Control Packet, BCP) dugc truyén di trudc mot khoang thoi gian bu dép (offset-
time) nham dit trude tai nguyén va cau hinh cac chuyén mach tai cac nut trung gian (nit 15i); nho 6 chum dir lidu cia
n6 theo sau s& duoc chuyén mach toan quang tai tat ca cac nit trung gian cho dén khi dat dén nit bién ra ma khong mat
thoi gian cho doi nao. Tai nut bién ra thyc hién mdt hoat dong nguoc lai véi nit bién vao dugce thuc hién nhim khoi
phuc lai cac dit liéu (cac goi IP) ban dau.

Diéu khién chp nhan lap lich c¢6 thé dugc thuc hién tai nit bién vao va nat 15i; tuy nhién nhd c6 sir dung cac bo
dém dién tir ma diéu khién 13p lich tai cac nut bién véo thudng hiéu qua hon [4]. Trong da s6 cac k¥ thuat diéu khién
1ap lich, nhimg chum dif liéu c6 16p QoS (wu tién) thip s& co xac suat bi danh roi nhiéu hon dé danh tai nguyén cho 16p
QoS cao hon khi ¢6 tranh chép xay ra.Viéc 1ap lich céc chum dén thong thuong duoc thuc hién tuan tu, theo kiéu dén
truge, phuc vu trude (first come, first served). Tuy nhién khi 6 xét dén QoS, viéc 1ap lich thanh cong mot chium trude
(thude 16p QoS thap) c6 thé gay tic nghén cho mét chum dén sau (thude 16p QoS cao hon). Nhu dugc chira trong vi
du 6 Hinh 2a, néu chum QoS thap dén tai thoi diém #, dugc 1ap lich thi chum QoS cao dén sau do (tai thoi diém ¢#,) s&
khong thé 1ap lich duoc do hét tai nguyén. P& wu tién tai nguyén cho cic chum QoS cao, chim QoS thip dén tai 1
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thudng dugc chu dong danh roi. Do do, 1ap lich véi dicu khién chdp nhn 1a cin thiét nhdm dé danh nhiu tai nguyén
hon cho chum QoS cao, trong khi han ché tai nguyén doi véi cac chum QoS thap.
Di c6 mot s6 ki thuat didu khién lap lich duoc dé xuét trong mang OBS ¢6 hd trg QoS, nhu ky thuat diéu khién

tinh (Static Admission Control, SAC) [5], diéu khién dong (Dynamic Admission Control, DAC) [5] va diéu khién dya
trén mue tai (Load-Level Admission Control, LLAC) [6].
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Hinh 2. Mot vi du vé viéc chi dong danh roi chim QoS thip dé danh tai nguyén cho chim QoS cao dén sau (b),
so vdi kiéu lap lich dén trude, phuc vu trude (a)

Tuy nhién, cac k¥ thuat nay van bdc 16 mot 6 nhuoc diém sau: d6i véi SAC va DAC, (1) ti 1¢ phan bd céc kénh
(buéc song) ra dbi voi cac chum QoS cao va QoS thép 1a ¢b dinh; do d6 (2) hiéu qua sir dung bang thong thap, khi ma
luu lwong chum QoS cao dén thap trong khi luu lwong chum QoS thap dén cao; va (3) thong tin (vé cac chum dang dugc
1ap lich trén mdi kénh) can phai luu trit tai mdi nut 1a 16n va can nhiéu khong gian nhd. Doi véi LLAC, mic du thong tin
can luu trit d duoc cai thién hon so v6i SAC va DAC nhung (4) ti 18 tai duogc thiét 1ap cho cac ludng chum QoS cao va
QoS thap vén la ¢ dinh; hon nita (5) LLAC cho ti 1¢ chim QoS thép bi danh roi cao hon so véi DAC. R rang c6 mot
nhu cau can phan bo tai nguyén linh hoat hon déi véi cac ludng chum dén nham st dung hiéu qua bang thong. Bai viét
nay s€ phan tich véan dé diéu khién chép nhén lap lich dya trén méot ) k¥ thuét du doan tdc dd chum dén; tir d6 chi ra réng
mdt giai phap thoa hiép trong diéu khién 1ap lich s& mang lai hiéu qué str dung bing thong tot hon.

II. CAC NGHIEN CU'U LIEN QUAN

Di c6 mot s6 dé xuit vé cac ky thuat diéu khién 1ap lich tai mot céng ra cua mdt nut mang OBS. Cu thé, Moraes
va CS trong [5] da dé xuét hai co ché diéu khién chap nhan lap lich tinh va dong. Xét tai mot cong ra c6 W kénh budce
song kha dung, k¥ thuat diéu khién tinh (k§ thuat SAC) s& phan bd W, (W, < W) budc song cho cac chum QoS cao va
W, (W, < W) bude song cho cac chum QoS thép, trong 46 Wo> W, va Wy + Wi = W. Nhu vi du dugc chi ra trong Hinh
3a, v6i W = 4, k¥ thuat SAC phan bd W, =3 kénh bude song (C;, C,, va C;) cho cac chum QoS cao va W, =1 budc
song con lai (Cy) cho cac chum QoS thap; nén mot chum QoS thap dén tai thoi diém 1, s& duoc 1ap lich vi kénh C, 1di.
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Hinh 3. Vi du v& diéu khién lap lich ciia SAC (a) va DAC (b)

Uu diém cua k¥ thuat SAC 1a don gian, dam bao danh riéng cac kénh budce song cho cac chum QoS cao nén
dam bao chat lwong dich vu. Tuy nhién, s& xudt hién mot sy phan b tai khong ddng déu trén cac kénh budc song néu
cac chum dén chi thudc vé mot phia. Cu thé, nhom cac kénh W, (hoac W) sé& qua tai, trong khi nhém céac kénh W,
(hodc W) 1 nhan rdi néu cac chum dén chi thudc vé QoS cao (hodc QoS thap). B¢ linh hoat hon trong sir dung cac
kénh budc song, Moraes va CS trong [5] da dé xuét tiép ky thuat phan phdi dong (ky thuat DAC), trong do cac kénh
khong duoc chi dinh cu thé cho cac 16p QoS ma chi kiém soat s6 lwong kénh dugc phép sur dung t6i da cho m01 loai
chum QOS cao va QoS thap. Nhu vi du dwoc chi ra trong Hinh 3b, xét tai thoi diém dén (1)) ciia mot chum dén, néu sb
chdng 14p ctia chim nay véi cac chum ciing loai (ay va @) ma nhé hon lwong bude song duge phan bd (ay < W, va @,
< W), viée 1ap lich 1a duoc chip nhan. Do d6 mot chum QoS thap dén tai thoi diém 7, van co thé dugc 1ap lich 1én kénh
C; hodc C, vi s chéng lép ddi véi loai cham nay la @, = 0, trong khi W, =1, nén o, < W,.
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Uu diém cuta ky thuat DAC 1a phén b6 tai dong déu trén cac kénh hon so véi SAC nhung cting nhu SAC, k§
thuat DAC ciing gay lang phi tai nguyén dbi v6i cac kénh danh cho cac chum QoS cao néu mat do cac chum nay dén
thip, trong khi cac chum QoS thip bi d4anh roi vi thiéu tai nguyén. Ca hai k¥ thuat SAC va DAC déu yéu cau luu lai
thong tin trang thai cua tat ca chum dang dwoc 1ap lich trén cac kénh nén cin nhidu bd nhd cho viée huu trir. Mot han
ché khac cua hai ky thuat SAC va DAC la ching chi hiéu qua khi biét trude luu lugng cac ludng chim (wu tién thap va
cao) dén va cac luu luong nay khong bién dbi dang ké trong mot thoi gian dai; nhung diéu nay nguoc véi thuc té vi luu
lwong trén mang ludn thay doi.

Dé tang hiéu qua viéc phan phdi cac kénh budc song ra va giam khong gian luu trlr, cac tac gia trong [6] da de
xuat mot k¥ thuat didu khién dua trén tai (k¥ thuat LLAC), trong do chi ¢6 thong tin vé murc tai ciia moi 16p va tong so
budc song bi chiém 1a duogc luu trit. Cac mirc tai (/) va /) s& duoc quy dinh trude cho mdi 16p QoS cao va thap; néu sd
chdng 1ap ciia mot chum dén véi bat ky loai chum nao da dugc 1ap lich trén cac kénh ra (@) 1a nhé hon muc tai (@ < [,
va @ < [}) chum dén s& duogc 1ap lich. Nhu vi du duoc chi ra trong Hinh 4a, véi hai muc tai [y =4 va [} = 1 dugc thiét
1ap trudce ddi v6i 2 loai chim QoS cao va thép, khi ¢6 mdt chum QoS thép dén tai thoi diém 4y, n6 duge lap lich vi @ <
l; (w=0). Tai thoi diém #,, mot chum QoS cao dén va no duoc 1ap lich vi @ < [y (IGc nay @ = 1). Tuy nhién trong Hinh
4b, véi mot chum QoS cao dén tai thoi diém 7o, né duoc lap lich vi @< [y (o= 0). Tai thoi diém #;, mot chum QoS thép
dén va né khong dugce 1ap lich vi @ =/, (lic ndy w= 1). Tuong tu véi Hinh 4c, mot chim QoS thap dén tai thoi diém
to s€ khong duoc lap lich vi =1, (w=1 va [; = 1), trong khi mét chum QoS cao dén tai thoi diém #, van duoc lap lich
vio<ly(w=1valy=4).
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Hinh 4. Cac vi du vé cach thirc hoat dong cua ky thuat LLAC

Mot nhuoc diém cua ki thuat LLAC 1a n6 ¢6 xu huéng danh roi cac chim QoS thap nhidu hon so véi ky thuat
DAC. Nhu vi du trong Hinh 5, k§ thuat DAC s& khong danh roi chum wu tién thap khi n6 dén tai thoi diém ¢, (Hinh
5a); trong khi k¥ thuat LLAC s€ danh roi né vi =1, (o =1 va l; = 1). Ngoai ra, mét nhugc diém khéc cua LLAC la
khong dura ra bat cir cach nhan biét nao vé tai dén trong khi khi y twong ciia dé xudt 1a gia dinh biét truée duoc tai luu
lwong sau d6 phan bo kénh dya trén tai biét trudc nay.
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Hinh 5. M6t so sanh v& hiéu qua lap lich giita k¥ thuat DAC (a) va LLAC (b)

Tom lai, ca 3 ky thuat SAC, DAC va LLAC déu khong xét viéc phan ph01 bang thong trong moi truong mang
ma ¢ d6 luu luong chum dén cong ra thay dbi lién tuc. Hon nita, viéc can luu nhiéu thong tin vé trang thai cac kénh ra
cling doi hoi can nhiéu ving nhé dugc trién khai tai cac nat dé co thé ap dung cac ky thudt nay. Trong phan tiép theo,
ching t6i s& phan tich anh hudng cua viéc phan ph01 kénh ra dbi véi toc do chum dén va dé xuit ap dung mot sb
phuong phap wéc tinh tdc d6 dén nhdm nham phén phdi cac kénh ra mot cach hiéu qua hon.

IIL. PIEU KHIEN LAP LICH DUA TREN TOC PQ CHUM DEN

Xét mot céng ra cia mot nit mang OBS ma tai d6 c6 cac luéng chum dén dugc gia thiét thudc vé mot trong hai
16p QoS cao va QoS thap. Gia st cong ra c6 W kénh (budc song) kha dung va chum QoS cao dén co thé duoc 1ap lich
trén bat ky W kénh budc song, van dé 1a can tinh toan luu lugng cac chim (QoS cao va QoS thap) dén dé thuc hién
phan phdi bang thong mot cach hiéu qua nhat cho cac chum QoS thap.
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Goi Ay 1a téc’d(f) dén cua cac chum QoS cao va 4, la térc do dép cua cac chum QoS th?ip, s6 kénh cép phat cho
cac chum wu tién thap (Wi, W< W) c6 th€ dugc tinh ti 1¢ voi toc d6 den cua hai loai chum nay nhu Cong thire 1. Luu y
rang, cac chum uu tién cao dugc stir dung tat ca cac kénh, cé nghia la W, = W.

A
W, = Wy x—m (M
Ay + 4

C6 nhiéu céch tiép can khac nhau dé dy doan toc do chum dén. Cach don gian nhit 1a dém s6 chum dén (n,,
trong do i = 0 v&i chum QoS cao va i = 1 véi chum QoS thap) trong mdt khung ctra s6 quan sat (7,,) sau tung khoang
thoi gian dinh ky (AT, AT > T,,). Téc d6 chum dén trong tuong lai khi d6 dwoc du doan boi Cong thirc 2.

n.
A =0x—+— 2
i XT (2

w

trong d6 612 mét tham s6 diéu khién va thuong dugc chon g?m béng 1 véi mot muc 161 wée tinh chép nhan duoc nao
do; trong diéu kién ly tudng, 6= 1.

Tuy nhién, cach tiép dwa trén cira sd quan sat can phai xac dinh kich thudc T,, dii 16n sao cho c6 it nhit co mot
vai chim dén trong khoang thoi gian nay. Tuy nhién trong trudng hop luu lugng chum dén thay d6i voi bién do 16n thi
viéc chon kich thudc cira s6 quan sat phu hop tr¢ nén kho khan hon. Mot cach tiép can khac dugc dé xuat 1a dém mot
lugng dugc cho cac chum dén rdi chia cho khoang thoi gian dén cua chung (7). Téc d6 chum dén do d6 dwoc wdc
tinh bang Cong thirc 3:

n.
A =0x - (3)
TW

Mot truong hgp de}c biét cuia mé hinh dua trén dém chum la viée cép phat lai budc séng duge thuc hién mdi khi

c6 mot chum QoS thap dén theo Cong thuc 4:
1
A =05 ©)

trong d6 T, 1a khoang thoi gian 2 chim QoS thap dén lién tiép.

Cac mo hinh du doan néu trén Vé’ ban chét hodc dua trén tde do trung binh cdc chum dén trong mat ctra sf) thoi
gian (Cong thirc 2 va 3) hodc dya trén toc do tire thoi cua chum QoS thap (Cong thuc 4). Tuy nhién, cac cach ti€p can
nay khong phan anh dugc qua trinh dén trung binh trong qua khir va sy tang giam dot bién gan day nhat cua luong
chum dén. D¢ ket hop ca hai yéu t0 nay, mé hinh dy doan dya trén phuong phap TW-EWMA [7] x4c dinh toc do dén
cua chum wu tién cao (i = 0) va uu tién thap (i = 1) bang Coéng thic 5

Ay = (1)< A+ o< A5 )
trong d6 A" 1a téc do dén trung binh trong qua khtr, A" 1a toc do dén hién thoi; (1- ;) va ¢, 1a trong s6 cua A"
va A" . Trong [7], trong s ndy duoc chon la & = 0.3. Tuy nhién, theo dé xuét trong [8], hé sb nay c6 thé dugc diéu
chinh linh hoat dua trén tbc do trung binh trong qué khtr va tdc do hién thoi nhu Cong thtrc 6.
1 _ al /lavg icur

a. - Jewr E:)ai = Qe 4 q9ve

Thuét toan diéu khién chap nhan lap lich dva trén dy doan téc d6 dén mot cach thich nghi do d6 co tén goi la
ARP-SAC (Adaptive Rate Predition SAC).

(6)

Céc cira s6 quan sat c6 thé 1a lién tuc; tuy nhién, dé giam chi phi tinh toan, viéc quan sat c6 thé dugc thuc hién
v6i cac ctra s6 gian doan nhu dwoc mé ta trong Hinh 6. Mot luu ¥ rang kich thudc cira sb quan sat c6 mot tac dong
dang ké dén tinh chinh xac cua viéc du doan va chi phi tinh toan. Néu ctra s6 16n thi viée du doan s& chinh x4c hon,
nhung chi phi tinh toan sé& ting cao; trong khi néu ctra sé quan st bé thi tinh chinh xac cua du doan s& giam, nhung chi
phi tinh toan s& thip [7]. Mot thoa hiép giita tinh chinh xac va khdi luong tinh toan do d6 can dugc tinh dén. Trong bai

T,
, N , s 5 2 fo1y A A . \ A , ' w
béo nay, chung t6i chon ctra s6 quan sat baing mot phan hai chu ky thyuc hién dy doan: 7;, = 7 .
€ T"y—> —Ty—> Ty, —>
-~ T, Pt T, 4——T,,,—— Thoi gian

Hinh 6. Cic cira s6 quan st gian doan dugc thuc hién véi phuong phap TW-EWMA
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Viéc‘ diéu,khién chép nh@n lép lich m6t chum dén duoc thuc hién dya trén mdt tham ) K duoc dinh nghia la
muc d chong lap cua chum dén doi véi cac 5:h1‘1m da dugc l1ap lich trén cac kénh ra. Cu thé, mét chum dén (ub,
unscheduled burst) s€ dugc xem xét 1ap lich (bang cach goi mot giai thuat lap lich, chdng han BFVF [9] 1a gidi thuéat
1ap lich lap day khoang tréng tot nhat hién nay) néu mirc d¢ chong lap (@) nho hon sé kénh (bing thong) dugc cap phat
w)).

Sau day 1a mo ta chi tiét v€ thuat toan ARP-SAC va hai ham omega(ub,, W) va BFVF(ub,W).

Thuat toan ARP-SAC

Pau vao: - Tap cac chum dén B, = {ubli =0, 1}, Vo1 ub; = {s,4, €, prioy}, trong d6 s, va e, la
thoi gian dén va két thuc, prio,, = {0, 1} x4c dinh ub 12 QoS cao (0) hay thap (1).
Paura: - Tap cac chum QoS cao duoc lap lich, Sy, va bi danh roi, Dy;
- Tép cac chum QoS thép duoc lap lich, §j, va bi danh roi, Dy;
Phwong phap
1 =0 // khéi gan diém bat dau cua cira s6 quan sat
2 T, :=5000; // khéi gan kich thude cira s6 quan sat (bang % ctia 10.000 ps)
3 Ag¥ =0; 4™:=0;  //khéi gan téc d6 trung binh cua cac 16p wu tién
4 pause = 0; // chi @ém khi pause = 0 va khong dém khi pause = 1
5 ch:=-1; // kénh duoc chon dé 1ap lich, ch = -1 khi khéng chon dugc kénh nao
6 while (B, |= &) do
7 ub = chum dAu tién tir tp Byy;
8 By, := By, \{ub}; // 1oai chum dén d3 duoc xem xét lap lich
9 if (545 — £ < T,) then
10 if (prio,, = 0) then
11 no:=no+1; //dm sb chum QoS cao.
12 else
13 ny=n;+1; //dém sb chum QoS thip
14 end if
15 else
16 if (pause = false) then // trudng hop trong ving cira s6 quan sat
17
Jor = Lo qer 2 // tinh te d6 dén hién thoi
TW TW
18 ﬂ/cur cur
a, = —0 ; Q= —1 ; // diéu chinh trong s6 theo toc do dén
lb(l)/lr + laovg AJLIMV + Alllvé
19 A0 = (1=, ) x A% + oy x A2 // tinh lai téc do dén trung binh
20 A% = (1— 0t )< A" + oty x A™ 5 // tinh lai tbc 40 dén trung binh
21 W, = Wy x———; // diéu chinh lugng bang thong cap phat W,
iav‘g + ﬂav‘g
0 1
22 ny:=0;n,:=0;
23 pause = 1;
24 end if
25 end if
26 if (s, — " > 2 x w) then // trudng hop ngoai ving cira sé quan st
27 pause = 0;
28 £ = S
29 end if
30 if (prio, = 0) A (omega(ub, W) < W,)) then // 1ap lich chim QoS cao dén
31 ch:=BFVF(ub, W),
32 if (ch '=-1) then
33 So := 8o U {ub};
34 else
35 Dy := Do U {ub};
36 end if
37 else if (prio,, = 1) A (omega(ub, W) < W) then // 1ap lich chiim QoS thap dén
38 ch := BFVF(ub, W);

39 end if
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40 if (ch !=-1) then

41 S] = S1 ) {ub},
42 else

43 Dl = Dl ) {ub},
44 end if

45 end if

46 end while
Ham omega(ub, W) la thuat toan xac dinh s6 chong 14p (count) cua chum dén (ub) voi cac chum cung 16p QoS
da duoc lap lich. Do thuc té toc d6 dén va toc do chuyén tiép cac chum tai cong ra 1a rat nhanh, nén chi tdi da hai chum
duoc 1ap lich sau cung trén moi kénh ra la dugc xem xét (|SB; | < 2). Po phic tap cua ham omega(ub, W) do d6 1a

o).

Ham omega(ub, W)
Piu vao: - ub; // chim dén ub = {s,p, €, Priow
-W; // cac kénh budc song ra

Paura: - count. // s6 chong lap
Phwong phap
count :=0;
for each k € Wdo

epr = 0;

SB, := tap cac chum da 1ap lich trén kénh £;

for each sb;, € SB; do

if (prio,, = prio; ) A

(((Sub 2 Si,k) N (Sub S ei,k)) Vv ((eub 2 si,k) N (eub S ei,k)) v ((Sub S Si,k) N (eub 2 ei,k))) then

AN N AW N =

7 count++;
8 end if

9 end for

10 end for

11 return count;

Ham BFVF(ub,W) 1a mot thuat toan 1ap lich 1ap day khoang tréng t6t nhét hién nay dugc tham khao tir [9], ¢6
nhiém vu 1ap lich mot chum dén ub 1én mot trong W kénh kha dung tai cong ra: néu 1ap lich thanh cong, BFVF tra vé
kénh duogc chon dé 1ap lich cho ub; néu khong thanh cong, BFVF tra vé -1. Po phtic tap cua ham BFVF phu thudc vao
2 vong lap for each (tir dong 3 dén 12 va tir dong 6 dén 11) nén co d phirc tap bang O(Wx|SBy|), trong d6 |SB;| 1a sb
chum da 1ap lich trén kénh &. Nhu da giai thich & trén, |SB;| <2, nén la d6 phtic tap cia ham BFVF(ub,W) 1a O(W).

Ham BFVF(ub, W)

Dhu vao: - ub(s,, e.) chum dén;
- W kénh budc song
Piu ra: - Kénh duoc lya chon best _channel.
Phwong phap
1 best utilisation := oo,
2 best_channel := -1;
3 foreachk € Wdo
4 epri=10;
5 SB, :=tap cac chum da 1ap lich trén kénh £;
6 for each sb;; € SB; do
7 if (((Sup = €10) A (Siv 16> eun)) A ((Siv 16— €ix) < best_utilisation))) then
8 best_utilisation := Si11 x— €ix
9 best _channel := k;
10 end if
11 end for
12 end for

13 return best _channel,
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Do phuce tap cia ARP-SAC phuy thudc vao ham emega(ub, W) va ham BFVF(ub, W). Do hai ham nay thyc hién
101 rac (khong léng nhau) nén d§ phuc tap cua thuat toan ARP-SAC la O(NxW), trong d6 N la s6 chum dén trong tap
cac chim chwa dugc 1ap lich By, va W 14 tong sb kénh ra. Xem xét viéc 1ap lich cta timg chum dén (N = 1), 66 phirc tap
cua ARP-SAC giam con O(W).

IV. MO PHONG VA PHAN TiCH KET QUA

Céc mo hinh diéu khién 14p lich trudc day (SAC, DAC va LLAC) va mé hinh dugc dé xut dya trén ¢y doén toc
d6 chum dén thich nghi ARP-SAC duogc cai dat may tinh c6 CPU 2,4 GHz Intel Core 2,2G RAM.

Hinh 7. M6 hinh mang m6 phong Dumbbell

Mang m6 phong c¢6 hinh thai Dumbbell (Hinh 7), trong d6 cac chum dén tai niit C; c6 phan ph01 Poisson, dugc
sinh ra tu phan mém mo phong NS2 [10] v6i goi hd trg obs 0.9a. Xét 2 loai ludng chum theo tai chuan héa 0.9 (QoS
cao va QoS thap) dén véi toc d6 1an luot ro va ry, voi ba truorng hop ty 1€ ro:ry duorc xem xét 1a 3:7, 5:5 va 7:3. Thoi
gian mo phong 1 s (gidy); s6 budc séng trén lién ket & cong ra (W) 1a 12, ctra sb quan sat trong ARP-SAC 1a 10 ms
(mili gidy) duoc 1y nhu trong [7], v6i gia tri cua s6 udc tinh nay chung t6i ¢6 thé quan sat duoc sy thay d6i luu lugng
dén (Nhu thé hién trong Hinh 8). Tai chun héa (B) dugc tinh theo cong thirc:

B = (tbc do chum dén x d6 dai chum trung binh) / bang thong kénh ra.
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Hinh 8. Sy thay ddi dit lieu dén trong 50 ctra b udc tinh dau tién

Muc ti€u mé phong 1a so sanh hiéu qua cua moé hinh diéu khién 1ap lich dya trén du doan ARP-SAC véi cac mo
hinh da duoc d€ xuat trude day (SAC, DAC va LLAC) dua trén ty 1¢ mat chum uu ti€n, khong uu tién va toan mang
(ca uu tién va khong uu tién), trong d6 ty 1€ mat chum duoc tinh nhu sau:

Ti 16 mat cham (burst loss rate, blr) = s6 chim bi danh roi / b chum dén.
A. So sanh ty 1¢ mit chum ciia cac 16p QoS

Nhu dugc chi ra trong Hinh 9, 10 va 11, m6 hinh diéu khién 1ap lich dya trén du dodn ARP-SAC c¢ nhiing cai
thién dang ké vé ti 16 mat cham. Cu thé, trong Hinh 9, DAC ludn c6 ti 1& mit chum thap hon so v6i SAC va LLAC
ludn c6 ti 16 mét chim 16n hon DAC ddi véi ca 3 truong hop ti 16 ludng QoS cao va thip dén: 3:7, 5:5 va 7:3. Diéu nay
1a phu hop véi két qua md phong da duge thuc hién trong [6]. Riéng doi voi ARP-SAC, két qua mé phong trong Hinh
9 chi ra rang ti 16 mat chum cua ARP-SAC ludn cho két qua t6t nhat nhd chinh sach cip phat thém bang thong cho
ludng chum QoS thap. Ti 1& ci thién vé ti 16 mat chum dbi voi ludng chum QoS thap trong trudng hop niy la 44%,
38% va 20% véi cac truong hop ti 18 ludng QoS cao va thap dén 3:7, 5:5 va 7:3 Tuy nhién viéc cai thién hiéu qua cia
ludng chium QoS thép ciing ¢6 tac dong tiéu cyc dén hidu qua cua ludng chum QoS cao nhu dugc chi ra trong Hinh 10.
Tuy nhién ti 1¢ ting vé ti 1é mét chum d6i voi ludng chum QoS cao trong truong hop nay chi chiém 4,5%, 3,4% va
0,8% dbi voi cac truong hop ti 1¢ mat cham luéng QoS thép dén 3:7, 5:5 va 7:3. Ngoai ra, khi xét v& ti 16 mit chum déi
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v6i ca hai luf)ng cham QoS cao va thap, ARP-SAC ludn cho két qua tot nhat nhu trong Hinh 11. Cu thé hon, ti 1¢ cai
thién vé ti 1& mat chum ddi v6i ludng chum QoS cao va QoS thap trong truong hop nay 1a 30%, 17% va 6% 61 voi cac
trudng hop ti 1& ludng QoS cao va thap dén 3:7, 5:5 va 7:3. Két qua nay khang dinh hi¢u qua ctia mé hinh diéu khién
1ap lich dua trén dg doan ARP-SAC.

i 1& mat chum (blr)

Hinh 9.
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Hinh 11. So sanh ty 1& mét chum cua 16p QoS cao va thip giita SAC, DAC, LLAC va ARP-SAC

B. So sanh sé buéc song dwge phin bd cho 16p QoS thip

Nhu dugc phan tich & trong Muc IV.A m6 hinh ARP-SAC da cai thién hi€u qua lap lich dang ké cho cac chum
QoS thap. Piéu nay c6 duoc 1a do ARP-SAC cung cip mot cach linh dong sé bude song W, cho ludng chium QoS thap
khi mat d6 dén cua chung cé sy thay dbi so voi ludng chum QoS cao. Nhu dwoc chi ra trong Hinh 12, tuy thuc vao
toc do ludng chum QoS cao va thap dén ma s6 bude song W, duge cép phat cho ludng chum QoS thép c6 thay doi: vi
du voi ty 18 3:7, sb Jbudce song duge cung cap thém cho ludng chum QoS thip dwoc thuc hién tai cia sé quan sat thir 3
hay 12, trong khi sb song dugc cung cap lai giam xudng tai cia sb quan sat thir 6 hay 18. Trong truong hop ty 1¢ ludng
chum QoS cao va thip dén bang nhau (5:5), s6 budc song W, duge cap phat khong thay dbi va bang % W, (theo cong
thirc 1) nén khong cé thay doi vé sé bude song duge cap phat.

Toém lai, viée cip phat linh dong so budce song W cho 1uong chim QoS thap dén theo cong thic 5 va 6 chi co hiéu
qua khi c6 mdt su chénh 1éch dang ké vé toc d6 dén cua cac luong chim QoS cao va thép. Trong truong hop ty 1€ ludng
chiim QoS cao va thap dén x4p xi nhau, sé budc song W, duogc cip phat cho ludng chim QoS thép 14 khong thay di.
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Hinh 12. So sanh sy phan b budc song cho ludng chum QoS thip trong 20 cira sé udce tinh dau tién

V.KET LUAN

Bai bao da d& xuit mot thuat toan diéu khién chép nhan 1ap lich thich nghi dya trén du doan toc d6 dén ARP-
SAC, trong d6 viéc cAp phat sb lwong budce song cho ludng chum QoS thip dugc thuc hién linh hoat tuy thudc vao ti 16
tdc d6 dén cua cac chum QoS thip va cao. Dua trén cac phan tich va két qua mé phong, ARP-SAC di thé hién dwoc
céc uu diém thong qua ti 16 mét chum téng thé thip, ti 16 mat chum dbi véi ludng QoS thip va luong thong tin can luu
trit it hon so v&i thudt toan da cong bd trude day. Tuy nhién, thuat toan diéu khién chap nhan 1ap lich thich nghi ARP-
SAC chi hiéu qua trong md truong mang ma & do6 toe do dén cua cac ludng chim nay c6 nhiéu thay doi dot agot. Ciing
nhu cac phuong phap duya trén du doan khac, ARP-SAC ciing chiu chi phi tinh toan dédng ké, mt du cua s quan sat da
duogc giam % so voi chu ky du doan.
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SCHEDULING ADMISSION CONTROL BASED ON ARRIVING BURST RATE
PREDICTION IN OBS NETWORK
Pham Trung Duc, Vo Viet Minh Nhat, Dang Thanh Chuong

ABSTRACT: Scheduling is one of the important operations that has a significant influence on the performance of OBS networks. In
the QoS supporting OBS network, scheduling needs to be considered with extra priority conditions. There have Leen several
proposals about scheduling admission control, which most of them is considered in static and ideal conditions. The article will
examine the scheduling admission control in a dynamic environment in which the rate of arriving bursts is predicted tc control the
scheduling operation effectivety. Some methods of arriving burst rate prediction is also analyzed, compared and evaluated.



