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CAC YEU TO ANH HUONG PEN HIEU NANG THUAT TOAN LAP LICH
TREN MANG CHUYEN MACH CHUM QUANG OBS

THE FACTORS AFFECT TO PERFORMANCE OF SCHEDULING ALGORITHMS IN OBS
NETWORK

Pham Trung Durc
Céng ty Quan Iy bén xe Thira Thién Hué, Hué

TOM TAT

Trong mang chuyén mach chum quang khi mét goi didu khidn dén mét nat 16i, mot giai thuat 1ap lich
dwoc thye hién dé an dinh chum chwa dwoc 18p lich 1én mot kénh di liéu trén lién két ra. Muc dich cua viéc lap
lich giip nang cao hiéu néng st dung mang. Bai bao nay nhdm tap trung phan tich dén cac yéu té anh huéng
dén hiéu nang thuat toan lap lich nhw d6 phirc tap, sb lwong théng tin trang thai da s dung, mrc d6 khai thac
bang théng cla thuat toan cling nhw dwa trén cac thiét bj hd tro khac dé& danh gia hiéu nang giai thuat lap lich va
mé phéng trén géi OBS-NS dé thé hién sy anh hwéng d6 théng qua ty 1& mét chum.

T khéa: Mang chuy&n mach chum quang; thuat toan 1ap lich; OBS-NS.

ABSTRACT

In optical burst switching network, when a control packet arrives a core node, a scheduling algorithms is
carried to assign burst which has not been scheduled for a data channel on outgoing link. The purpose of
scheduling is improving network utilization performance. This paper analyzes mainly the factors affecting to
performance of scheduling algorithms in OBS network such as complexity measure, number of used state
information, exploiting level of algorithms’ bandwidth as well as basing on other supported devices to evaluate

performance of scheduling algorithms and simulate on the NS-OBS package in order to show these influence
through burst loss ratio.

Keywords: Optical Burst Switching; scheduling algorithms; NS-OBS.

1. Giéi thiéu Hon nita mang chuyén mach chum

Mang truyén din quang véi nhing kj ~ quang khoéng yéu cau cac bd dém quang Yé
chuyén mach nhanh [4], do d6 viéc diéu khién
luu lwong, tranh tranh chép xay ra va nang cao
hiéu qua st dung tai nguyén mang phu thudc
vao cac k¥ thuat 1ap lich chum tai cac ntt bién
va nat 18i. Viéc diéu khién luu luong, tranh
tranh chdp xay ra va nang cao hiéu qua su
dung mang co6 thé dugc thuc hién nho cac k¥
thuat lap lich chum.

thuat truyén tin tién tién 1a giai phap hitu hiéu
nham dap tmg nhu cau truyén thong ting cao.
Kién trac cua mang gém cac nut bién, nut 161,
duge két ndi v6i nhau bang cac soi quang nhu
Hinh 1. Mang chuyén mach chim quang 1a k¥
thuat giai quyét nhitng vin dé phat sinh trong
truyén tai thong tin quang. Ap dung mé hinh

chuyén mach chum quang tai cac nat chuyén Céc thuat toan lap lich cho kénh dit liéu

mach lam nang cao hiéu nang truyén tai thong ¢6 thé duoc phan thanh 2 loai, bao gbm:

tin doi voi viée xur Iy va dinh hudng thong tin tur + Thuat toan khong lép diy khoing
trong (without void filling) bao gdm thuat toan
FFUC (First Fit Unscheduled Channel) va
LAUC (Latest Available Unscheduled Channel)

ngudn dén dich mot cach hig¢u qua.
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Hinh 1. Kién triic mang chuyén mach chim quang [2]
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Hinh 2. Ldp lich khéng xét dén ldp day khodng trong
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Hinh 3. Ldp lich c6 xét dén lap day khodng trong

+ Thuét toan lap day khoang trong (with
void filling) bao gom thuat toan lap day ca 15
trbng FFUC-VF (First Fit Unscheduled Channel
with Void Filling), thuat toan ldp diy mot phan
16 tréng LAUC-VF (Latest Available
Unscheduled Channel with Void Filling) va
Min-EV (Minimum Ending Void), va thuat toan
lip day tdi wu 16 tréng BFUC-VF (Best Fit
Unscheduled Channel — Void Filling).

Qua viéc phan loai cic giai thuat lap
lich, bai bao s& chi ra cac yéu t6 anh huéng dén
hiéu nang cta thudt toan lap lich trén mang
chuyén mach chim quang nhu sy khac nhau vé
d6 phtrc tap cuia thuat toan 1ap lich khong lap day
va lap ddy khoang tréng. Puogc dién giai qua
viéc cai dat thuat toan trong ngon ngit 1dp trinh
C-++, mot thuat toan dai hon hay st dung nhiéu
vong 16p “for”, nhiéu cau diéu kién “if ... then”
s& anh huong dén do phirc tap thuat toan, qua d6
chi ra rang sy phtc tap thoi gian ciia cac thuat
toan khong 1ap day khoang trdng 1a it hon cac
thuét toan 14p day khoang tréng; hay viéc chi ra
s6 luong thong tin trang thai cua thuat toan lap
day khoang tréng 1 nhiéu hon so v6i thuat toan
khong 1ap day khoang tréng va cubi cing 1 mo
phong ty 18 mat chum cua giai thuat 1ap lich trén
g6i OBS-NS dé két luan ty 1¢ nghich v&i muc do
str dung bang thong cua thuat toan, hiéu qua khi
sir dung céc thiét bi hd tro trong viéc lam giam
ty 1€ méat chum va néu mot vi du danh gia mirc
dd su dung bang thong thong qua viéc su dung
khoang trong dé so sanh va dbi chiéu.

Phan 2 s& phan loai cac giai thuat lap
lich co s&, bao gdm cac giai thuat khong xét dén
lap ddy khoang tréng nhu FFUC va LAUC, va
cac giai thuat c6 xét dén lap diy khoang trong
nhu FFUC-VF va LAUC-VF (hay Min-SV),
Min-EV, BFUC-VF va phan tich cac yéu td anh

2

hudng dén hiéu ning cua thuat toan 1ap lich trén
mang chuyén mach chum quang.

Két qua md phong trén goéi OBS-NS,
dugc trinh bay & phﬁn 3, s€ chi ra hiéu nang cua
ting giai thuat va qua do6 thdy duogc su tac dong
qua lai cua cac yéu td dugc phan tich va can thiét
phai c6 mdt md hinh chon lya cac giai thuat tai
mdi nat khi thuc hién lap lich.

2. Mot sb giai thudt Iap lich co sé va cac yéu
t6 anh hwéng dén hi¢u ning thuit toan lap
lich trén mang chuyén mach chim quang
Phan nay chi trinh bay mét sd thuat toan
lap lich co s& ctia mang chuyén mach chum
quang bao gom cac giai thuat lap day va khong
1ap day khoang tréng. Chi tiét day du vé cac giai
thuat l1ap lich trong mang chuyén mach chum
quang c6 thé xem trong [2], [3].
2.1. Tong quan vé ky thudt lap lich trong mang
chuyén mach chium quang
2.1.1. Ldp lich trén mang chuyén mach chim quang
Khi mot géi tin diéu khién toi tai mot nat
161, mot thuat toan 1ap lich kénh duoc goi dé gan
chum chua duoc 1ap lich véi mot kénh dit ligu o
cong ra. BO 1ap lich kénh nhan duoc thoi gian
dén cua chum va khoang thoi gian chum chuwa
duoc 1ap lich tir goi tin diéu khién. Thuat toan c6
thé can duy tri thoi diém chua 1ap lich kha dung
gan nhat (LAUT), cac khoang ho (gap) va cac
khoang tréng (voids) trén moi kénh dit lidu ra.
2.1.2. Phdn logi cac thudt toan lap lich

Céc thuat toan 1ap lich cho kénh dit li¢u co
thé dugc phan thanh 2 loai, trong pham vi bai béo
s€ nghién cuu cac thuat toan tuong img sau: Thuat
toan khong ldp dy khoang tréng (without void
filling) bao gém thuét toan FFUC va LAUC.

Thuat toan lap day khoang tréng (with
void filling) bao gém thuat toan lap day ca 16
trbng FFUC-VF, thuat toan lap ddy mot phan 16
trbng LAUC-VF va Min-EV, va thuat toan lap
day toi wu 15 trong BFUC-VF.
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Hinh 4. Ldp lich xét dén cé hay khéng lap day
khoang trong

- L: d6 dai chum dén chua dugc 1ap lich.

- Di: kénh dir liu ra thir 1.

- LAUT;: thoi diém chua lap lich kha

dung gan nhat cua kénh dit liéu the i (i =

0,1, 2..W-1).

- s: thoi diém bét dau lap lich.

- e: thoi diém két thuc lap lich.
2.2. Cic yéu to anh hwong dén hi¢u néing lip
lich trén mang chuyén mach chiom quang
2.2.1. Do phirc tap thudt toan

Dua trén bai bao [5] tac gia da chi ra su
khéc nhau vé& do phure tap cua cac thuat toan 1ap
lich khong l4p day va lap dy khoang tréng. Dé
thdy rd hon diéu ndy c6 thé duoc dién giai qua
viéc cai dat thuat toan trong ngén ngit 1ap trinh
C++, tir do xac dinh d6 phtrc tap cua tung thuat
toan 1am co s¢ dé biét duoc thuat toan nao hiéu
qua hon trong viéc 1am giam ty 18 mat chum, qua
d6 rat ra két luan d6 phuc tap cang 16n thi ty 18
nghich véi ty 1& roi chum va chi ra rang su phic
tap thoi gian cua cac thuat toan khong lap day
khoang tréng 1a it hon cac thuat toan lap day
khoang trong, ma cy thé dugc xac dinh nhu sau:
a) Do phuec tap thuat toan cta cac thuat

toan lap lich khong 1ap day khoang tréng
Thuat toan FFUC (O(logW))
for(u_inti=ncc_; i <maxChannels_; i++)

{
if( schedTime >= unschTime_[i] )
{
result.channel() = 1i;
result.startTime() = schedTime;
break;

¥

}
Thuét toan LAUC (O(W))
for(u_inti=ncc_; i <maxChannels_; i++)
{
if( schedTime >= unschTime_[i])
if( ( schedTime - unschTime_[i] ) < diffTime)
{ diffTime = schedTime - unschTime_[iJ;
result.channel() = i;
result.startTime() = schedTime;

1}
b) D(f)’phli"c tap thuat ‘Eoén cua cac thuat
toan lap lich lap day khoang trong
Thuét toan FFUC-VF (O(WIogNy))
for(u_inti=ncc_; i <maxChannels_; i++)
{
if( schedTime >= startTime_[i] )
if( (endTime_[i] - schedTime >= schedDur )
{
result.channel() = i;
result.startTime() = schedTime;

}

if( schedTime >= unschTime_[i])
{
result.channel() =i,
result.startTime() = schedTime;
break;

}
Thuit toan LAUC-VF (O(WIlogNp))
for( u_inti=ncc_; i <maxChannels_; i++)
{
if( schedTime >=startTime_[i] )
if( (endTime_[i] - schedTime >= schedDur)
if( ( schedTime - startTime_[i]) < diffTime)
{diffTime = schedTime - startTime_[i];
result.channel() = i;
result.startTime() = schedTime;

¥

if( schedTime >= unschTime_[i] )
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if( (schedTime - unschTime_[i] ) < diffTime)

{diffTime = schedTime - unschTime_{i];
result.channel() = i;
result.startTime() = schedTime;

Thuét toan Min-EV (O(logzNp))
for(u_inti=ncc_; i <maxChannels_; i++)
{
if( schedTime >= startTime_[i] )
if( (endTime_[i] - schedTime ) >=schedDur)
if( (schedTime - startTime_[i] ) < diffTime)
{
diffTime = schedTime - startTime_[i];
result.channel() = i;
result.startTime() = schedTime;

¥

if (result.channel() >=0)
break;
for(u_inti=ncc_; i <maxChannels_; i++)
{ if(schedTime >= unschTime_[i] )
if((schedTime - unschTime_[i]) < diffTime)
{diffTime = schedTime - unschTime_[i];
result.channel() = 1i;
result.startTime() = schedTime;
1}
Thuét toan BFUC-VF (O(logzNp))
for(u_inti=ncc_; i <maxChannels_; i++)
{
if( schedTime >= startTime_[i] )
if((endTime_[i] - schedTime ) >= schedDur )
if((endTime_[i] - startTime_[i] ) <diffTime)
{ diffTime = endTime_][i] - startTime_{i];
result.channel() = i;
result.startTime() = schedTime;

}

if (result.channel() >=0)

break;

for(u_inti=ncc_; i <maxChannels_; i++)

{ if(schedTime >= unschTime_[i])
if((schedTime - unschTime_[i]) < diffTime)
{ diffTime = schedTime - unschTime_[i];

result.channel() =i,
result.startTime() = schedTime;

}
¢) So sanh d¢ phtrc tap
Baing 1. So sanh dj phuee tap giita cdc thudt toan lap

lich [1], [3]

Thuit toin

FFUC

LAUC

FFUC-VF

LAUC-VF

MIN-EV

BFUC-VF

Code tao ra

Don gian

Don gian

Don gian

Phiec tap

Don gian

Don gian

P§ phic tap

OflogW)

oWy

O(WlogNw)

O(WlogNu)

Ologz Nu)

O(logz Nu)

Trong d6, W: S6 budc song tai mdi cong ra.

Np: S6 chum di 1ap lich trén mdi kénh
dur liéu.
2.2.2. 86 lwong thong tin trang thdi

Thuét toan 1ap lich 1ap diy khoang trdng
sir dung nhiéu thong tin trang thai duoc Iuu dé so
sanh chum dén. Thuat toan l4p lich khong lap
day khoang tréng chi luu giit thong tin vé
Horizon va LAUT, con thuat toan lap lich lép
day khoang trong luu thoi diém két thuc va bét
dau cua chum da 1ap lich dé so sanh cham méi
dén chua l1ap lich.

Bang?2. So sanh s6 lrong thong tin trang thdi cdc
thudt toan lap lich [1]

Thujt todn Khong lap day khoang trong | Lap dayv khoang trong

Théng fin trang thai Horizon; SiiEs

Trong d6: Horizoni: Horizon cua kénh dit liéu
thur 1.
Sij va Eij: Thoi gian bat dau va két thuc
ctia s6 lugng t6i da cac chum dit liéu j trén kénh i.

2.2.3. Murc d6 s dung bang thong
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Thuét toan 1ap lich dugc coi 1a dat hiéu
qué cao khi ty 1& mat chum roi it trong qua trinh
lap lich, diéu d6 dugc thé hién nguoc lai qua
viéc su dung bang théng (tic 1a bang thong su
dung cao thi s luong géi tin roi s& thap). Cau
hoi dat ra 1a 1am thé nao dé ndm duoc viée st
dung bang thong trong cac thuat toan lap lich,
trong phan tiép theo s& néu ra 2 phuong phap dé
thuc hién diéu nay:

a) banh gia mac d6 str dung bang thong
thong qua mé6 phong
Bdng 3. So sanh mirc do sir dung bang théng cua cac
thudt toan lap lich [1], [3]

Thujt toan FFUC | LAUC | FFUC-VF | LAUCVF | MIN-EV | BEUCVF
T+ 1é mat chum | Cao Cao Thap Thap Thap Thap
Bang théng dung | Thap | Thap Cao Cao Cao Cao

b) Panh gia mc d6 st dung bang thong
qua viéc sir dung khoang trong

Hinh 5. Si mdt khodng trong ciia thudt toan LAUC-
VF va Min-EV [5]

Tinh toan yéu t6 viéc st dung khoang
tréng trong thuat toan lap lich lap dy khoang
trbng qua cong thirc sau:

utilization = (a x 100 ) / x

V6i a la chiéu dai chum dit lidu, x 1a chidu dai
khoang trong. Gia tri s6 thé hién trong hinh 5: t,
- t1 = 12ps, ts - t3 = 10ps, ts - ts = Sus, va chiéu
dai ciia chum dir liéu Bo = 5ps. Khoang trdng sir
dung trong thuat toan:

e LAUC-VF, sitdung=(5* 100)/ 12=41,67%

e MIN-EV, st dung = (5 * 100) / 10 = 50%

e BFUC-VF, stt dung = (5 * 100) / 8 = 62,5%.

Diéu nay cho thdy, khoang trdng sir
dung trong thuat toan BEUC-VF dugc tot hon
so v&i 2 thudt toan so sanh [5].

2.2.4. Dya trén cdc thiét bi ho tro [6], [7], [8]

Céc thiét bi hd trg danh gid hiéu nang
cua cac thuat toan 1ap lich bao gém bo chuyén
d6i bude song va dudng tré FDL [6], [7], [8].
Trong pham vi bai bao, st dung dudng tré
FDL d¢ danh gia sy anh hudng dén hiéu ning
cac thuat toan 13p lich. St dung thuét toan lap
lich khong 14p day khoang tréng va lap day
khoang tréng két hop v6i duong tré ¢d dinh dé
md phong so sanh hi€u qua trong chuong 3.

3. M6 phéng va phin tich két qua

Mo phong vé cac yéu té anh huong dén
hi€u nang 1én viéc lap lich dugc thyc hién trén
g6i OBS-0.9a [10] ctia phan mém mo phong NS
[9]. Hinh thai ctia mang OBS thyc hi¢én mo
phong 1a mét mang hinh vong duoc tao thanh tur
21 ndt 16i (Ci, i=0..20), mdi nut 16i két ndi véi
hai nat bién (E;, i=1..42) nhu mé ta ¢ hinh 6. Céc
luéng dir liéu duoc tao ra lién tuc (theo phan bd
poisson) gitta cac cap nut E; va E; (i,j=1..42) vai
mat do day dac. Cac chum do d6 duoc sinh ra tai
céc thoi diém thay ddi va co kich thudc thay doi.

P <;€3Y§D
%/%( @};
= c o c Nt

Hinh 6. Hinh thai mang OBS mé phong tao thanh tir
21 nat 16i, 42 nat bién.

M6 phdéng duge thuc hién trong cac
khoang thoi gian khac nhau (tir 0.05 dén 0.09
gidy), két qua mé phong (Hinh 7) chi ra rang cac
giai thuat 1ap lich LAUC hiéu qua hon FFUC vi
t6i uu khoang cach giira cac burst. So sanh mtrc
d6 sir dung bang thong cua thuét toan lap lich 1ap
day va khong 14p ddy khoang tréng qua viéc
phén tich s lugng goi tin roi trong cic trudng
hop mo6 phong sau:
3.1. So sanh mirc dp s dung bing thong thudgt
todn ldp lich

a) So sanh 2 thuét toan FFUC va LAUC

Két qua mo phong hinh 7 chi ra ring cac

5
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thuat toan lap lich LAUC hiéu qua hon FFUC,
thé hién & ty 16 mat chum dit liéu it hon.

T ees ees [ eer | oos | e % gidy(s)
FFUC 38387080 33102208 07327144  $1380224 90101712
LAUC 37139130 51053060 64309302 77354008 91506272

Hinh 7. Biéu do so sanh 2 thudt toan ldp lich FFUC
va LAUC
b) So sanh 2 nhém thuét toan 1ap lich
khong 1ip day khoang tréng va co lip day
khoang trong

feeeend - Lavc

asoococn - Mirey
" EFLCE

10000000

10000000

LAUC 37130120
LAUC-VF 33026544 43638688
MIN-EV 32673728 43109528
BFUC-VF 32637856 43060464

51053960 64309392
53733280
52078032

52894776

77554008 91596272
63432012
62570000

62453424

73620744
72574360
72430400

Hinh 8. Biéu do so sanh 2 nhém thudt toan ldp lich

6 va khong lap day khodang trong

Hinh 8 cho thdy rang nhom thuat toan
c6 lap day khoang tréng (LAUC-VF, MIN-EV
va BFUC-VF) la hiéu qua hon 13 rét so vdi
nhom thuat toan khong lip ddy khoang trong
(dai dién 1a thuat toan LAUC) thé hién & ty 1&
mat chum thap hon. Nguyén nhdn 1a do nhom
thuat toan co lap day khoang trong di tan dung
dugc bing thong nhan rdi trong cic khoing
trbng dugc sinh ra khi 1ap lich, trong khi cac
thuat toan lap lich khong lap day khoang tréng
lai khong xét dén.

¢) So sanh céc thuét toan 1ap lich ¢6 1ap
day khoang tréng véi cac tiéu chi t6i uu khac
nhau

FFUC-VF 36460624 50242052 63503328 FIL12648 20058072

LAUC-VF 33026544 43638088 53733280 63432012 TIG20744

32673728 43100528

43060464

52078032 62570000 72574360

BFUC-VF 32637856 52894776 62453424 72430400

Hinh 9. Biéu do so sanh 4 thudt toan ldp lich lap day
khoang tréng

Két qua mo6 phong & hinh 9 cho thiy ty
1& mét chum ctia cac thuat toan LAUC-VF, Min-
EV va BFUC-VF chénh nhau khong dang ké.
Néu xét ty 16 mit chum trén toan mang (truong
hop cac nut mang st dung cung mét thudt toan
1ap lich), thuat toan BEUC-VF thé hién hiéu qua
cao nhét.
3.2. So sanh hi¢u qud ciia viéc sw dung dwong
tré FDL

Viéc sir dung thuat toan két hop duong
tré FDL lam cho s6 luong chum giam di dang
ké, thé hién trong Hinh 10.

o]

600000000 | 497341560 444119840

388055872 367093344
400000000

’ ° l I . .
0
sé

0 FDL 1FDL 3FDL 4 FDL [ tong
FDL

Hinh 10. Hiéu qua thudt todn két hop dwong tré FDL

Két qua mé phong ap dung véi tong ty 18
mit chum trén cac thuit toan lap lich FFUC,
LAUC, FFUC-VF, LAUC-VF, MIN-EV va
BFUC-VF chi ra rang khi ¢6 st dung dudng tré
FDL (v6i 1 FDL), s6 chum roi trén toan mang
giam dang ké (ti 1& 10,70 %) so véi khi khong sir
dung duong tré FDL (0 FDL). Khi sb duong tré
tang thém (3 FDL), s6 chum roi cang giam nhiéu
hon (ti 1€ 21,97 %) va (4 FDL) la (ti 1€ 26,19 %).

a) Nhém thuit toan khong lip diy
khoang trong

Két qua md phong (Hinh 11) chi ra rang
thuat toan lap lich khong lap day khoang trong
v6i duong tré ¢ dinh LAUC-FDL hay FFUC-
FDL la hi¢u qua hon nhiéu so voi thuit toan
LAUC va FFUC.

096161712

82571872 73533104 FO177184

91596272 73533168 65011328 62508176

Hinh 11. Biéu d6 so sanh 4 thudt toan LAUC va
FFUC c6 va khong swr dung FDL
b) Nhém thuat toan c6 lap day khoang
tréng
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FFUC-VF 90058072 79026144 67878336 64910406

LAUC-VF 73620744 69723568 60467104 S6707648

MIN-EV 72574360 69636672

69628416 0550744

60606256 56417856

BFUC-VE 2430400 56371084

Hinh 12. Biéu d6 so sanh 2 thudt todn ldp ddy
khodng trong
Tuong ty, thuat toan 1ap lich cé lép dﬁy
khoang tréng v6i duong tré ¢ dinh LAUC-VF-
FDL ciing hiéu qua hon so voéi thuat toan LAUC-
VF, nhu mé ta trong Hinh 12.

4. Kétluan

Viéc nghién ciru vé mang chuyén mach
chum quang OBS va nhiing thuat toan lap lich chum
budc dau da thu dugc nhing két qua quan trong.
Trong bai bao nay, toi di tap trung trinh bay vé cac
yéu t6 anh huong dén hiéu nang thuat toan 1ap lich
dua trén do phiec tap, ) lugng théng tin trang thai
va viée sir dung bang thong. Qua phén tich cac yéu

td va cai dit thuat toan do, da thuc hién md phong
thanh cong trén mot md hinh mang dé thay dugc ty
18 mat chim, danh gia mic do sir dung bang thong

cua giai thuat 1ap lich. Qua két qua phéan tich, cho
théy hiéu nang cuia cac thuat toan 1ap lich phu thude
truc tiép dén cac yéu t6 duoc dé xuat, véi yéu t6 do
phtrc tap cua thuat toan lap lich va ) lugng thong
tin trang thai khi tdng thi twong tng hiéu ndng cua
thudt toan dugc sir dung tét, lam giam ty 1& mat
chum khi guii gdi tin. Nguoc lai, voi mirc do su
dung bang thong cang cao thi ty 1& mit chum cang
l6n 1am giam hi€u nang str dung cua cac thuat toan
lap lich. Ngoai ra, qua md phong cac thuat toan két
hop FDL con néu lén duoc vai tro duong day tré t6i
cac thudt toan. Tur d6, bai bao gitip néu bat duoc
mdi wu, nhuge diém cac thuat toan 1ap lich nho chi
dinh duoc cac yéu t anh hudng dén hiéu ning cia
cac thuat toan lap lich trong mang chuyén mach
chum quang OBS.
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