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DE XUAT HE SO DANH GIA CAN BANG BANG THONG MANG

Tran Minh Anh, Pham Dinh Chung, Nguyén Chién Trinh
Hoc vién Cong nghé Buu chinh Vién théng

Tom tat: Viéc t6i uu hoa bang thong mang luén 1a
mot van dé ma cac nha khai thac, quan 1y mang quan
tam nham tiét kiém chi phi dau tu va dam bao tot nhét
viéc dap tmg nhu cau khach hang. Trong béi canh
viéc tang truong st dung bing thong trén thé g101
dién ra v6i toc d6 nhanh nhur hién nay, thi viéc tdi uu
bang thong mang ludn dat ra nhiing thach thuc méi.
Trén co s& nghién ciru cac phuong phép tdi wu hoa
bang thong va viéc tinh toan cén bang bing thong
trong mang, bai bao dé xuat phuong thirc danh gia sir
dung bang thong mang hién nay nhu 1a mdt giai phap
gitip cho viée dau tu, toi wu va khai thac mang vién
thong hiéu qua hon.

Tir khoa: BBM, bang thong, hi¢u ndng mang, can
bang tai

I. DAT VAN BE

Trong xu thé phat trién manh mé ctia nén kinh té tri
thirc, nén kinh té thong tin hién nay, nhu cau trao
(101 thong tin trong thoi dai cong nghe la diéu kién
song con ctia moi hoat dong va 1a diéu klen dé phat
trién kinh té xa hoi cling nhu sy phat trién céc dich
vu vién thong. Theo nghién ciru ciia Cisco [1], luu
lugng thong tin trén mang Internet cho dén nim
2019 va cac nam tiép theo 1a mot sy bung nd rat
nhanh chéng, véi toe do tang truong tong hop hang
nim dat 23%/ndm nhu biéu dd du bao hinh 1.

Viéc tang trudng nhu cau dir liéu da dan dén viée
cac nha cung cap mang phai d6i mat voi viée dam
bao chat lwong cho ngudi sir dung. Hon nita, voi
yéu cau phat trién 1én mang thé hé moi, sd lugng
nit mang, luu luong thong tin rat cao, thi viéc tim
ra cac thong s6 ¢6 thé nhanh chong danh gia duoc
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hiéu suét sir dung tai nguyén mang, kha ning cta
mang trong viéc dap ung nhu cau nguoi sir dung la
rat thiét thuec.

Dy bao luu legng Internet
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Hinh 1. Biéu db du bdo tdng truéng luu lugng
théng tin dén 2019 - Nguén [1]

Bén canh do, viéc nang cip mang, ting cuong dung
luorng, gia tang két ndi glua cac nat mang ciing 1a
mot van dé can g1a1 quyét d6i véi cac nha quan
1y khi dua ra quyét dinh déu tu nhim t6i da hoa
loi nhuén, t6i thiéu chi phi. Do d6, bén canh viéc
nghién ctru dwa vao thuc té cac cong nghé mai, cac
giai phap qui hoach mang méi (twong ung vdi cac
thiét bi du dinh dau tu), thi viéc dua ra cac phuong
thirc danh gid mang, dam bdo bang thong va cac
tham sé QoS ciing 12 mét thach thirc va dong thoi
12 mot nhiém vu cén dit ra.

ba co nhleu du an cung nhu nhiéu phuong phap
dugc d& xudt dé co thé danh gia duoc tinh t6i uu,
hiéu qua, dap ung chét lugng dich vu cho nhu cau
ngudi dung ciia mang. Mot s6 nghién ctru [2-6] dé
cap dén viéc xay dung chi sb danh gid mang, lién
mang, mang khong day... déu dinh huéng danh gia
mang mang tinh chung nhat Tuy vay, tuy Vao tung
hoan canh va muc tiéu cin ¢6 nhitng thong sé danh

gia phu hop.
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P61 v6i mang vién thong dang phat trién nhanh
hién nay, dac biét trong bdi canh nha mang phai
cam két dam bao chit luong duong truyén, chét
lwong dich vu v6i khach hang, thi can c6 nhiing
thong sd danh gia sat hon véi thuc tién, giup cac
nha khai thac nhanh chéng dua ra quyet dinh phat
trién mang. Trong d6, viéc danh gia d6 on dlnh can
bang hay t6i wu mang 1a mot khia canh can nhén
manh. V&1 mot hé théng mang phuc tap, can su
danh gia, so sanh cu thé giita nhiéu phuong an thiét
ké, thi viéc dwa ra mot hé sd, tam goi 13 hé s danh
gia can bang bang thong mang s€ giup dinh hudng
cho viéc quyét dinh chon phuong an t6t nhat trong
cac phuong an dugc dua ra.

Dong gop chinh ciia bai bao 1a dé xuat hé s6 danh
gia mang voi cac myc tiéu trén. Cac két qua dugc
kiém chimg thong qua so liéu md phong va cac
tmg dung hé sb d& xuat trong mot sé mo hinh
mang cu thé.

Il. NHU CAU THUC TE VA BE XUAT HE SO
DANH GIA

A. Mét 6 yéu cdu thuc té can dam bdo khi danh gid
cdn bang bang thong mang

Hién nay, viéc mé rong, ning cip mang trd nén
thuong xuyén hon, do nhu ciu thong tin cta x hoi
tang dot bién [7, 8]. Cac nhu cAu xa hoi tang cao
dan dén viéc dap ing chét Iwong dich vu cho nguoi
dung cang tré nén khé khin va phirc tap hon rat
nhiéu. Viéc dap ting bang thong, chat luong dudng
truyén vé do tré (Delay), bién thién tr& (Jitter),
mat goi (Packet Loss) ... trd nén khit khe hon véi
cac dich vu truc tuyén, dich vu thoi gian thuc nhu
truyén hinh s, truyén hinh theo yéu cau, truyén
hinh tuong tac... hay la cac dich vu ban vé qua
mang, tro choi tryc tuyén...

Giai phap dam bao QoS phd bién nhét hién nay van
1a cam két ctia nha mang vé toc d9 (bang thong) toi
thiéu cho duorng truyen cua khach hang (thué bao)
tie 1a cam két vé& goi cude ciia cac nha cung cép
dich vu ddi v6i nguoi dung. Tat nhién, khi bang
thong doi dao, lugng thué bao khong qua 16n, thi
viéc cam két bang thong nay 1a dé dang va qua do
chat luong duong truyén t6t hon s& dap ung tot
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cac tiéu chi khac cia QoS nhu d6 tré, mat goi...
Nhung khi c6 han ché vé bang thong, rd rang la
viéc két ndi mang phai theo mot nguyén tic 1a thiéu
thi phai bo sung, thém két ndi, ting dung luong...
nham dam bao dugc cam két voi ngudi dung khi
dang ky sir dung dich vu. Ngoai ra, cam két vé cac
thong s6 QoS khac voi bang thong nhu tré, jitter,
mat goi... cling c6 thé duge chuyén ddi sang bang
thong trong mot s6 trudng hop nhu phén tich [9].

Vay van dé dit ra 13 nang cap the nao, chd nao, tiéu
chi nao dé danh gi4 viéc nang cap nay, t6i wu hon
viéc nang cép kia... Pdng thoi, khi can xdy dung
mang méi, dya vao dau dé danh gia tinh t6i wu, tinh
hi€u qua cua mang duoc thiét ké. Trén co s& do, bai
bao dé xuit mot hé sd danh gia lién quan dén dam
bao bang thong cho khach hang dbi véi cac truong
hop cu thé, tr 46 co thé hd trg dua ra lwa chon,
phuong 4n hidu qua nhét.

B. Dé xudt hé s6 danh gid lién quan dén cin bang
bang thong trén mang

Dé dat dwoc tinh t6i vu bang thong ctia mot mang
cho trudce, thi viéc chénh 1éch bang thong st dung
giita cac dudng lién két (Link) trong mang d6 duoc
xem la nho nhét. Dé co duge gia tri nhd nhét do,
can tim ra mot hé sé biéu dién gi4 tri chénh léch
bang théng toan cuc ctia mang dang xét, 1a ham s6
cua tat ca gia tri bang thong cac duong lién két, he
sO str dung, hé s6 uru tién theo niit mang va yéu cau
bang thong cua tit ca nit xét trén mot mang do.

Goi mang dang xét 1a G(N, L) v6i N nut mang va
L duong két ndi thuc té (c6 cac gia tri bang thong
tuong mg giita hai ntit mang lién ké a va b 1a L,
trong mang G. Néu giita hai ntit a va b bat ky khong
6 két ndi truc tlep, thi L , = 0. Tuong (mg véi cac
nit mang la yéu cau bang thong tai cac nut do, ky
hieula N, i = {1,N}.

Lap ma tran M, véi cac chisd M 5 duoc xac dinh
nhu sau:

Xét hai nit mang i, j bat ky trén mang G. Gia st
gitra hai nit trén c6 v duong két ndi kha di. Goi
mmhop 1a s6 chang (hop) it nhat khi n01 hai nut
ivaj vad I d6 sau cua dudng két ndi. Xét tap
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V... V) gdm c6 v dudng két ndi giita hai nut
trén c6 sd hop khong vugt qua (mznhop + d). Céac
duong két ndi duoc hiéu 1a cac duong néi khong co
nut 1ap, minhop > 1, 0 <d<(N - 2).

Vé6i mdi duong két ndi v B k = {1,v}, goi minB’,
la g1a tri bang thong bé nhat trong cac duong llen

két céu thanh Vk Gia tri M ¢ chinh la gi tri 16n
nhit cia minB‘_ xét trong tap Ve, véi @6 séu la d.
Nghia la:

minB‘, = min(L, L, ... L) (1)
v6i duong ndi thir k ctia tap V¢ gdm cac nut i, k1,
h2... hs, jvaO<s<(mznh0p +d—2);s=0khinut
ivaj ndi truc tlep nhau.

M; = max(minB®,), voi k={1,v} (2)

Dé don gian hoa, M chinh la 1a gia tri béng thong
nho nhat trong céc ducmg két ndi tot nhat giira hai
nat mang i va j (trong truedng hop xem nhu bo qua
d6 tré truyén din va tré hang doi) va dudng ndi nay
¢6 s6 hop khong vuot qua (minhop +d).

Ap dung thuat toan Dijkstra nhu tai [10], ta dé dang
tim duoc gia tri minhop va gia tri nay thuong dugc
ung dung trong cac thudt toan tim duong, cac giao
thic dinh tuyén... Vi gid tri 4o sdu d, néu ting d
thi s6 lugng dudng két ndi dé so sanh tim ra M d

1a cang 16n. Trong khudn kho bai bao nay, ta lLra
chon d = 0 (chinh 1a tip cac duong ngin nhét) va
d=(N - 2) (goi la gia trj tdi da) dé minh hoa trong
cac truong hop cuy thé.

Ta ¢6 ma trAn M¢ nhu sau:

d
Mgl o1 | 2 ].]| N P |y
d d < d
1 0 | My My | 2M5 | o T
i=1
d S d
2 ]\41(12 0 MN2 ZMiZ (Xz Yz
& 1 d
d d
N | My | Moy| - 0 | XMy Oy | Y

20 7z chi KHOA HOC CONG NGHE
THONG TIN VA TRUYEN THONG

Goi:

m: gia tri trung binh ctia bang thong kha dung
theo so nut

B: Trung binh bang théqg toan mang (bang
tong bang thong chia tong link)

b: Qié t’rj trung binh bang thong kha dung theo
s0 két noi.

P: Tdng gi4 tri biang thong kha dung tai mdi nut.

Khi @b P la tong MU , véimoi i, tic 1a :

d
P/:Z;Mij 3)
N
2., 1iP, A
m=2 ~ “4)
=—71°°17/P (©6)
(N?=N)

Véi a, y, 1a cac hé s6 wu tién cho nut thir ;, lién
quan dén mtc d6 st dung va kha nang phat trién
mang. Trong mot mang c6 cac mirc do wu tién tai
cac nut nhu nhau thi cac hé s6 o, Y, bang nhau va
bang 1.

Vi cac dinh nghia trén, ta sé théy duoc dd chénh
1&€nh str dung bang thong qua toan mang, twong Ging
v6i trung binh quan phuong cua tong bing thong
kha dyng theo timg nat P..

Dé c6 thé ap dung cho cac mang thye té, v4i cac hé
sé wu tién 601 voi tiing nat mang %, 75 thi ta c6 thé
dé xuat hé sé BBM (Balanced Bandw1dth Metric)
dugc tinh bang cong thirc sau:

N
ZN . B ijl“j viP
YT T 7

2

B
b(N-1)

BBM =

N-1

BBM c¢6 thé dugce viét gon lai nhu sau:
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B (ZJ‘ o5 1B - )) (8)

T b(N-1) N-1

Cac gia tri o

L ©)
'ONN;

Con gia tri Y, duogc tinh tuong Gng voi du klen nhu

cdu biang thong tai cac niit. Phan tich cu thé vé viéc

xac dinh gia tri wu tién Y, tai cac nut sé duwoc dua ra

trong muc I1.E.iii dudi day.

Gia tri BBM thu duoc tai (7) hay (8) n6i 1én mic do
can bang tai bang thong qua mang, so vi mirc bang
thong trung binh toan mang, tor d6 thé hién mirc do
tbi wu trong viée sir dung ngudn luc mang cho nhu
cau thuc té. Gia tri BBM cang nho twong tng viée
str dung bang thong toan mang cang cao va di nhién
gia trj tot nhat van 1a BBM = 0, khi d6 mang dugc
goi 13 can bang vé bang thong toan mang.

V6i cach tinh trén, 16 rang, hé s6 BBM nay c6 thé
ap dung cho cac h¢ thdng mang phirc tap hon nhu
hé théng mang c6 cac dudng hen két co bang thong
khac nhau, hay cac niit mang van co toc do tuong
tir nhau nhung chua dam bao cung cip luong bing
thong véi khach hang...

Pé 1am rd hon viée ung dung BBM vao mang thuc
te, chung ta xét vi du véi hai truong hop d =0 va
d =N - 2. Gia dinh v6i mdt mang nhu sau:

]

1M

101

20M 11

Hinh 2. Mang gia dinh 1
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Mang trén ¢6 N = 6 nat va L = 8 duong ndi thuc
té v6i cac gia tri bang thong di kém. Gia st cac
nit mang ¢ muc vu tién a, y, va cac gia tri bo
dinh tuyen do tré nhu nhau. Giao thirc dinh tuyen
theo kiéu chi chon dudng c6 bang thong rong nhat
tir ngudn dén dich (twong ung véi truong hop
d=N-2).

Lap ma tran bang thong két ndi, cu thé:

Bdng . Ma tran két n6i 1

Milo|1|2]3|4|s5]|P | BBM
o Jo|3]10]5|10]10]3s
1|3 ]o 3335
2 [10]3] o1 |2]11]ss

3,02
3 s s[nloln|n]a
4 [10]3]20]11]0]n]ss
s [ 3|11 o]a

Theo cong thure tinh (8) thi mang trén c6 BBM =
3,02. C6 nghia 13, hé sé bang thong can bang chi
dat muc 3,02, ching to nhiéu nat mang chiu tai c6
mirc bang thong cao hon hodc thap hon rat nhiéu so
v6i muc trung binh.

Gia sir ta d6i két ndi 2-3 thanh 1-3. Mang ltc nay
sé la:

SM
]

M M

1M

105

a 20

Hinh 3. Mang gia dinh 2

Lap ma tran bang thong két ndi, cu thé bang II:

Theo cong thirc tinh (8) thi mang trén c6 BBM =
2,14. C6 nghia 1a, h¢ s6 bang thong can bang méi
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dat mirc 2,14 < 3,02 so v6i mo hinh dau, véi gid tri
trung binh bang thong kha dung theo s6 két ndi b 1a
9,33M. R4 rang, so voi md hinh dau, chi véi viéc
thay d6i két ndi (hoan toan nhu nhau) thi kha ning
déap ing ctia mang sau da tot hon trude. Va rd rang,
chi s6 BBM d phan anh rd diéu nay.

Bang Il. Ma tran két néi 2

M;; 0 |1 2 3 4 5 PJ. BBM
0 O |5|10 )10 |10 ]| 10| 45
1 510 5 5 5 5 25
2 10 |5 0 11 | 20 | 11 | 57

2,14
3 10|51 0 11 | 11 | 48
4 10 | 5]20 | 11 0 1 | 57
5 10 |5 (11|11 |1 0 | 48

C. Tinh todn hé s6 BBM khi cé quan tam dén so
luwong hop cua duwong truyén

Trong thuc té, viéc sir dung thuat todn tim dudng
ngan nhét van dugc s dung thudng xuyén trong
cac giao thirc Internet hién nay, dé dinh tuyén véi
viéc chon duong cé sd chiang (hop) 1a nho nhét,
tuong ung vdi truong hop d = 0 va cac budce cho
tai cac nut 1a nho nhét. Vi cach tinh nay va voi mé
hinh mang dugc xét & phan 2.2 trén, ta s& c6 hé sb
BBM cu thé nhu sau:

V&i mo hinh dau ma tran két noi la:

Bang Ill. Ma trgn két néi 3

M;; 0 1 2 3 4 5 P, | BBM
0 0 |2(1)(10(1)| 5(2) | 6(1) [10(2) |33
1121 0 |3(1) | 3(22) | 3(2) | 3(2) |14
2 (10m|3mf o 5(1) |120(1) [ 11(1) | 49

3,15
3 | 5(2) [3(2)] 5(1) 0 5(2) |11(1) | 29
4 | 6(1) [3(2) | 20(1) | 5(2) 0 [11(2)| 45
5 (102 [3@) [ 11(M) [11(1)|11(2)| 0 |46

(chi s6 trong ngodic ld s6 hop bé nhdt)

Va hé s6 BBM sau khi d6i két ndi 2-3 thanh 1-3 la:
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Bang IV. Ma trdn két ndi 4

Ml o |1| 23] 4 5 | P | BBM
ol o |2m|10m| 22 |60 | 102 | 30
112m] 0 |3 ]5M]32 | 52 | 18
2 [1om 3] o [11@]20m] 1101 | 55

2,97

3 1 2(2) |5(1) 11(1) | 40

4 1 6(1) |3(2)(20(1)|11(3)] 0 | 11(2) | 51

5 [10(2)|5(2)|11(1)|11(3)|11(2)| O 48

Két qua ciing tuong dbi gidng truong hop trén, tuy
nhién véi cach tinh khi d = 0 thi hé s6 BBM da
cao hon, ching t6 viéc ing dung dinh tuyén duong
ngin nhat yéu cau vé can bang biang thong cao hon.

Toém lai, viéc 4p dung hé s6 BBM nay dé danh gia
s& thay rat rd rang viéc ning cap, thay d6i cdu hinh
mang dem lai ¥ nghia thé nao voi viéc dam bao
bang thong cho ngudi dung.

D. Anh huong cua viéc sw dung cac hé so a, y

Nhu d3 gioi thidu trong muc I1B, o, y 14 cac hé sb
danh gia mic do quan trong cua ting nit mang
trong mang da cho. Vi trong thuc té, khi mot nit
mang bd tri tai mot khu vuc thi nd phai chiu tai
tuong (mg voi nhu cau tai khu vuc d6, do d6, mirc
yéu ciu cang cao thi mirc d6 quan trong cang cao.

o 1a hé s6 danh gia muc d6 yéu cau bing thong
tai nit so véi trung binh toan mang.

y: 12 hé s6 wu tién khu vuc. Day 1 hé s6 mang
tinh tuong lai. Néu mot nat duoc cho 1a ¢
kha nang chiu tai cao hon trong tuwong lai thi
né c6 gia tri cao va nguoc lai.

Trong céc vi du trén, a, y déu dugc dit biang 1 dé dé
tinh toan. Trén thyc té, thi can tinh toan chi tiét trén
co s s6 liéu cy thé. Trong do, o, 1a hé sO yéu cau
bang thong nut j twong g bang tong bang thong
trung binh toan mang trén tong nhu cau biang théng
tainutj. Va Y la murc d¢ uu tién khu vuc tai ntt ;.

Céc gia tri @y, can duoc tinh toan chi tiét dé c6 thé
duarahé sé BBM sat voi thuc té, danh gia dung thuc
chit mang dé co quyét dinh dau tu hiéu quéa nht.
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E. Vi du cho viéc g dung cdc théng sé BBM va a,
y trong viéc tinh toan mang

1) Xét truong hop moi nut cé do wu tién nhu nhau

(=1

Xét mang vién thong khu vue gdbm 9 nit mang, véi
cac dung lugng bang thong cac hudng, lugng thué
bao thuc té tai cac nat chiju tai, tuong ung 1a hé s6 o
cua cac nat d6. Cac nit c6 do uu tién y 1a nhu nhau
va bang 1 (nhu hinh 4)

Wit 2, 27000 TB

Niit 8, 7000TB

it 6, 300078 A

Hinh 4. Mang khu vuc dién hinh

Vén dé dit ra 1a giira hai chon Iya két ndi 2 - 7 va
3 - 4, nén chon cach nao thi tot hon. Ta xét ma tran
ket noi (chon duong ngan nhat) khi cé kétnoi 2 - 7.

Lap ma tran bang thong két ndi khi c6 kétndi 2 - 7,
cu thé:

Bang V. Ma trdn két n6i 5

Mlj 0|1] 2 3 4 |[5(6 (7|8 Pi Q,
0O |01 2 2 1 |1(1(2|2]|12]307
1 1|10( 1 1 2 (1141|112 3.07
2 2110 10 | 10 (4| 2 | 4| 2 | 35| 057
3 2(2|10]| O 10 (22| 2]|2]|32]|073
4 1(12(10]| 4 0 (4|22 2] 277|037
5 111 4 4 4 (012|118 | 3.07
6 14| 2 2 2 |1{0 (|1 (1|14 ] 192
7 211 2 2 2 |2({1(0(1]| 13| 085
8 2121 2 2 2 |12 (10| 14| 219

Va ma tran khi c6 kétndi 3 -4 1a
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Bang VI. Ma trgn két n6i 6

M,;’o1z345678Pj a |BBM
0 |0|1]|2 2 1 1T(1{2(2]|12]3.07
1 110 1 2 2 (1141|214 ]307
2 (2|1]0(|10[|10[4]|2]|2]|2]|33]|057
3 [2|2|10]0 |4 |4|2]|2]|2]|28]073
4 12|10 4|0 (4]|2|2|2]|27]037|2.55
5 1111414401 ]2]1 18 | 3.07
6 1141 2 2 2 (110 1]2]15]192
7 [2]11] 2 2 212111011 13 |1 0.85
8 [2]2] 2 2 2 (1121110141219

Tir cac hé s6 BBM trong vi du noi trén, chung ta rit

ra mot sO nhan xét:

1. Sy khéc biét giira hai giai phap két ndi 1a khong
16n, thé hién qua cac hé so BBM 1a 2,37 va 2,55;

2. Cac hé s6 BBM trén déu 16n so véi 0, ching to hién
tai co sy bat can bang trong mang nay;

3.Khi chon Iya bd sung dudng truyén dan, cach két
noi nut (2-7) s€ tot hon so voi cach sau.

Mang trén chi c¢6 9 nat, nén c6 thé dé dang udc
luong va dua ra lya chon dem lai hi¢u qua su dung
mang t6t hon. Tuy nhién, néu a mang khu vuc co
nhiéu nat mang va hang tridu thué bao trg 1én va
can thiét phai di doi, thay ddi, bo sung hang loat
nat mang, duong truyén, thi viéc tinh toan, udc
luong s& trd nén kho khan hon va nhiéu khi khong
hiéu qua. Dong thoi viée tinh toan s& gitip tiét kiém
nhiing duong truyén khong hiéu qua, c6 quyét dinh
dau tur t6t hon.

2) Xét truong hop cac nat c6 d6 uu tién khac nhau

Viéc tng dung hé sb y vao tinh toan BBM cho toan
mang duoc ap dung tuong tw hé sb a co nghia 1a n6
ciing dugc nhan tryc tiép nhu a. Tuy nhién, ¥ nghia
cua y s€ khac 1a n6 s€ giup cho cong tac hoach dinh,
du bao quy hoach tai cac nuat chiu tai “tuong lai” s€
cao hon céc nut khac.
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Vi du: Tai nut Quan X dang c6 lugng chiu tai 1a 7,
he s6 a 1a a, twong (mg véi s6 thué bao (hay yéu
ciu bang thong) tai nit 1a T,. Tuy nhién trong du
bao, ty 1¢ bang thong yéu cau (tuong ung v6i s6
thué bao du klen) s& 1a hé sd b. Vay hé s0 y s€ 1a
b/a. Tir do, chung ta s€ tinh BBM toan mang theo
cac hé s6 a, y méi. Tai cac nit khong c6 cac chi sb
uu tién thi 4p dung bang 1.

3) Ung dung trong viéc quyét dinh dau tu

Do BBM chi 1a hé s6 danh gia mang sau khi da
tinh toan, dy tinh dung luong dudng truyén... nén
BBM chi gitp cho biét 1a v&i cach tinh do, thi tinh
hiéu qua dat dugc nhu thé nao. Pé tmg dung trong
thuc té, chung ta can duy tru trude véi mang cu thé
A, thi khi b6 sung duong truyén thi tinh can bang
nhu thé nao va cach bd tri nao 1 hop 1y nhat (so voi
kha ning dau tu). Vi thé, hé sé BBM dugc xem nhu
1a mot giai phap giup cho viéc danh gia can bang
bang thong mang tir d6 giup dua ra quyét dinh dau
tu cudi cung.

lll. MO PHONG SUY DUNG HE SO BBM

DPé ¢6 thé két luan mot mang c6 hé¢ s6 BBM thép
hon c6 chét luong truyén din nhu do tré dau cudi-
dau cubi tot hon, ta xét mot mang tuong ung voi vi
du thuc té & phﬁn 2.5.1, hinh 4.

St dung phian mém OpNet RiverBed Modeler
17.5, m6 phéng mdt mang c6 9 nut va cac bd dinh
tuyén nhu vi du trén (gia dinh c6 do wu tién nhu
nhau, twong tmg véi mirc nhu cau bing thong nhu
nhau), do d6 trén mdi nut ta dat sb may tram nhu
nhau dé dé theo doi.

Téc 46 gia lap trén mdi mdy tram la:
10Kbytes/0,5ms, twong ung voi mirc 10.000 (byte/
packet)* 8 (bit/byte) * (1/0,0005)=160Mb/s.

Dung lugng trén toan mang (45 mdy tram) 1a 7,2 Gb/s.

Dé so sanh két qua mo phong, ta 1ap mdi lién két
SW3-SW4.

Céac thong so so sanh bao gom:

- Global statistics: Delay Ethernet, Traffic

Received (bit/s), End-End Delay...
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- Node Statistics: Delay Ethernet, Traffic

Received (bit/s), Load (bit/s).

Mang mo6 phong nhu hinh 5.

i B o St Tl ol Praosis (65 Voo e
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Hinh 5. Mang mé phéng 1

Sau d6 nhan ban hoat canh trén, x6a bo ndi két
SW3-SW4, thay vao d6 1a lién két SW2-SW7 hoan
toan tuong tu mbi lién két vira x0a, ta co mang mo
phong thir 2 nhw hinh 6.

Viéc thiét 1ap cac giao thirc, cac tham sb tuong ting
cho hai hoat canh dugc thuc hién truede khi nhan
ban hoat canh va dugc ung dung hoan toan nhu
nhau khi so sanh két qua mé phong.

Hinh 6. Mang mé phéng 2

Qué trinh mo phong cho ta cac két qua sau:
1) Thong s6 tré toan mang

RO rang hai phuong an tuong ung voi 2 mang mo
phong déu giy tré trong mot khoang nhit dinh,
trong do, phuong an 2 (mang mé phong thur 2) sé it
gay hiéu g tré hon.
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Hinh 7. So sdnh théng sé tré toan mang

2) Théong s6 luu lugng nhan toan mang

Traffic SnkTrafc

100,000,010
85000000
20000000
85000000
a0,000000
75000000
7000000
55,000,000
a0,000000
55000000
50000000
45000000
4000000
35,000,000
2000000
25000000
2000000
15000000
1000000

5,000,000

04
s 13 2 a 45 S 6 7

Hinh 8. So sdnh luu lugng nhan toan mang

Vé tong thé, so voi luu luong phat 1a nhu nhau
nhung phuong an 2 t6t hon va dam bao lugng
thong tin thu nhén cao hon.

3) Thong s6 tré ndi bo cac nit

Ethiernet Delay (sec)

s 1s 2 s 4 55 65

Hinh 9. So sdnh théng s6 tré noi bé cdc nat
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(Ghi chu: Trong ca ba hinh 7, hinh 8 va hinh 9
vé so sanh két qua mé phong, dwong mau xanh la
phuwong an 1, mau do la phwong an 2)

R4 rang viéc nhan thong tin tai cac nut theo phuong
an 2 1a tot hon (it tré hon).

Céc thong s6 khac vé co ban 1 nhu nhau, thé hién
qua thong s6 BBM cua chiing cling xap xi nhau.

4) Két luan va danh gia

Tré cuia mang van dang ké, dic biét trong giai doan
giita chu trinh. Viéc gdy tré ndi bo nut ciing giy
anh huong dén viée truyén dir liéu trong giai doan
giita chu trinh truyén sb liéu. Va vai cac két qua
xéc 14p tir viéc mo phong trén, ta co thé nhan thiy
phuong 4n 2 (mang mo phong 2 véi két ndi SW2-
SW7) tét hon mot chiit so voi phuong an 1 (mang
mo phong 1 vai két ndi SW3-SW4), twong mg véi
hé s6 BBM d4 tinh trong phan 2.5, v6i phuong an
2 ¢6 gié tri hé s6 BBM thap hon.

Pé cai thién cac thong sb trén, can thiét phai bd
tri can bang hon trong toan mang dé giam gia tri
BBM, tuong ting giam cac thong sd tré, ton that goi
tuong ung trong mang.

IV. KET LUAN VA HUONG PHAT TRIEN DE TAI

Viéc danh gia va xay dung phuong phap danh gia
mang vién thong ludn 13 bai toan dit ra cho nha
quan ly, nha khai thac mang. Viéc xay dung mot hé
s6 danh gia dwa trén thong s6 can bang bang thong
trong mot mang khu vuc bat ky s€ dem lai mot hiéu
quéa 16n cho nha quan ly trong viéc xdy dung ké
hoach dau tu ngén han, tham chi 1a dai han.

Trong khudn kho bai bao, viéc xdy dyng va dua ra
hé s6 BBM lién quan dén dam bao can bang bing
thong trong mang s& hd trg cho nha quan 1y, khai
thac mang cong cu hiéu qua, nhanh chéng dé c6 thé
xdy dung quyét sach trong viéc dau tu, tai dau tu...
nhiam dam bao cho nhu cu cua khach hang.

Noi dung va dong gop cua bai bao mdi chi xay
dung hé s6 BBM lién quan dén cin bang bing
thong, mot trong cac thong s6 cua QoS. Trong
tuong lai, khi ma nhu cdu khach hang ting cao,
viéc dam bao du cac chi sé nhu tré, jitter... cho
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khach hang trd nén birc thiét, thi viéc xay dung cac
hé s6 khac nhu BDM (Balanced Delay Metric),
hay BQM (Balanced QoS Metric) s€ trd nén quan
trong hon va dam bao danh gia cu thé muirc do dap
mg ctia mang v&i nhu cau cia khach hang trong
thoi gian toi.
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PROPOSAL OF A METRIC TO EVALUATE
NETWORK BANDWIDTH BALANCE

Abstract: Network quality evaluation is always
a problem for which the network providers and
managers care to save investment cost and to satisfy
the demand of customers. Accompanied with the
fast development of telecommunication (telecom)
network presently, telecom services require the
assurance of network quality more and more strictly.

On the base of researching the bandwidth
equilibration, the paper proposes a new metric
which helps to evaluate the network quality by
calculating the bandwidth equilibrium, and also
helps to invest, research and exploit telecom
networks more efficiently.

Keywords: Bandwidth; BBM; load balancing; network
effectiveness;
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