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SO SANH HIEU SUAT CUA CAC KE HOACH KIEM SOAT LOI
TRONG MANG TRUYEN THONG MAY TiNH

NGUYEN DINH VIET

Abstract. This paper analyzes quantitatively link-by-link and end-to-end error control schemes in computer
communication networks. Two measures used for performance evaluations are mean packet delay time and
throughput of the networks. With two specific examples, performance comparisons are made for two cases:
traditional computer networks (low-speed) and high-speed (gigabit/sec) computer networks. The results
i8 that: link-by-link error control scheme is superior than end-to-end error control schemes for low-speed
computer networks, by contrast, for high-speed computer networks end-to-end scheme is superior than link-
by-link scheme.

Tém tdt. Bai bdo nay phan tich mdt cach dinh tinh cdc k& hoach ki€m soat 15i link-by-link vi end-by-end
frong mang truyén théng mdy tinh. Hai tiéu chufn dwgc ding cho sw so sinh 1i thdi gian tré cda géi tin
va thong lwong cda mang. Véi hai vi du dic trung, viéc so sénh hiéu sudt cda céc k& hoach dwoc thuc hién
cho hai trwdmg hop: mang truyén théng may tinh t6c d6 thip vi mang truydn théng mdy tinh tSc d6 cao.
Két qud 13: ké hoach kiém so4t 16i link-by-link t5t hon k& hoach end-by-end d38i véi cic mang t8c d6 thip,
nguoc lai, d8i véi cdc mang t8c dd cao thi k& hoach end-by-end lai t8t hon so véi k& hoach link-by-link.

1. GIOT THIEU

Trong cic mang chuyén mach géi, néi chung cé hai cich ti€p cin nhim gidi quyét vin d@ cic
bdn tin bi mat hodc bi hdng khi ching dwoc truyén giira hai ngudi dung cudi (end-user) trén mang.

Cach ti€p can link-by-link: viéc ki€m sodt 16i chd yéu dwoc gidi quyét bdi cic giao thirc
tang lién két dir lidu (data-link), trong d6 hai nit 14n cin trén dudng truyén phét hién va khic phuc
iéc bdn tin bi mait hogc héng trén duwdng truyén ndi hai ntt dé. Theo cich tiép cin nay vin cin
phdi c6 cic giao thirc end-to-end & mic cao hom, thi du dé€ khic phuc 15i giy ra do mét nit mang
nao d6 trén con dudng truyén bi hdng.

Céch ti€p can end-to-end: viéc ki€m so4t 18i chi dwa trén co s& mot giao thirc end-to-end,
rong d6 hai ntt & hai dau mit cda kénh truyén phat hién va khic phuc viéc bdn tin bi mat hoic
hdng trén cic dwong truyén ndi hai nit d6. Cic chic ning truyén thdng cia giao thirc ting lién
két dir liéu bi loai bd gin hét, mic diu c6 thé vin gii lai chirc nidng phat hién 15i chir khéng giir lai
chitc ning khic phuc 13i.

Trong cdc mang may tinh d3u tién, dwong truyén cé t8c dd rat thap va ti sudt 16i bit rit cao
0 v6i cac dwdng truyén ngiy nay, thi du mang ARPANET th&i ky diu st dung cdc dudmg truyén
50 Kbps, ti suit 16i bit khodng 10~°. Nhiéu nha khoa hoc da nghién ctru va ho da chirng minh dwoc
rdng, trong c4c mang ndy cich ti€p cin link-by-link cho hiéu suft cao hon so véi céch tiép cin
end-to-end.

Ngay nay, nho cic ti€n bd trong cong nghé phin cing va cdng nghé quang soi, ching ta c6 thé
it dung cdc dwdng truyén t8c dd gigabit trong cic mang truyén théng mdy tinh chuyén mach géi.
Céc mang t8c db cao ndy cb cic dic tinh khic hin cic mang t3c d6 thip trwéc diy, cu thé la:

o Thir nhit, ti s6 cda t8c do truyén trén tSc do xi& lf da ting 1én rat nhiéu, thic ddy nhu ciu
chuyén cic giao thirc ning vé tinh toin di dwoc dit trong ting bén dwéi lén cic ting bén trén
cda mang. (Trong khodng 30 nim qua, t3c d6 truyén ting c& 10° lin, t8c d§ xd li ¢& 10° Ian).
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e Thi hai, t{ s3 cia dd tré lan truyén bidn tin trén thoi gian truyén ban tin ciing ting lén, nhit

13 trong trudng hop mang dién réng. (Trong khodng 30 nim qua, ti s8 niy ting c& 10° lin).

e Cudi cung 13 viéc st dung cdp quang 1dm méi truwdng truyen théng sé 1dm cho ti sust 13i bit cda
kénh gidm di rdt nhidu (t&r 10% dén 10* Iin).

Nhirng thay ddi trén lam thay d8i cic tién dé co s& md ngudi ta di duwa vio dé dé phat tridn
cdng nghé chuyén mach géi cda cdc mang WAN truyén théng, doi hdi chiing ta phai xem xét lai can
than viéc thiét ké cic giao thirc ndm gifra cic thi€t bi truyén va cc thiét bi chuyén mach t8c db cao
va céc giao thirc ting ¢ng dung & 16p trén cda mang t8c d6 cao.

2. MO HINH MANG

M hinh mang dwoc dung dé€ so sénh viéc kiém soét 13i link-by-link vi end-to-end duoc trinh
bay trén hinh la. Mach 4o (VC - Vitual Circuit) ¢c6 M dwdmng truyén, bdt diu tir nit ngudn dwo
ghi nhan 1 va k&t thdc tai ndt dich dwoc ghi nhan M + 1, Ayc 1 lwu lwong di vio mach o, uj |
t8c d6 phét ban tin cia dwdng truyén 1, 1/Mhrop 12 d0 tré lan truy®n trung binh gifra ndt ¢ va 1 +1

Trén thuc t& mdt s8 VC cé thé chia sé mét dudng truyén vat li, thi du trén hinh 1(a) mét VCoc
t3c dd Ain¢ chia sé dudmng truyén giira niit 2 va 3 véi Ayc. Chiing ta 13p mé hinh dnh huéng cial
lwong di vao ndy bing cich gidm ning luc truyén ma Ayg c6 thé dung doc theo mdi dwdng truyd
cda VC di mdt luong thich hop. Mé hinh cho mét mach 40 M ching vi thé dwgc thé hién trén hi
1(b), v6i pi ans bi€u dién cho ning lwc phuc vu hidu dung cda duwdng truyén ¢ d8i véi mang 3o Ave

s
s
s

Aint

Ave 7\ (Mtrans. Morop) /~ (Mtrans. Mprop) (Mtrans, Mprop) Ave
(b)

Hinh 1. M4 hinh mach 4o

3. KIEM SOAT LOI END-TO-END

Trong muc niy ching ta sé phat trién mét mé hinh gidi tich dé nghién ctru hiéu suit cia
hoach ki€ém soét 161 end-to-end. M6 hinh cda chiing ta xét mét cich cu thé dnh hudng cia dé ¢
lan truyén cda bédn tin, dung lwong bd nhé dém hitu han, 18i cda kénh truyén va viéc st dung
ch& hét gid (time-out) trong ké hoach ki€m soat 16i.

3.1. Mb td viéc kiém soat 16i end-to-end

Khi nit nguén VC truyén mot bén tin, né sé€ nhé trong bé nhé dém bdn copy cda bidn tin
cho dén khi nhin dwoc bién nhin (ack) dén tir tram dich. Tram dich chi sinh ra ban tin bién nhj
khi ban tin ma né nhan dwoc 13 déing. Néu nit ngudn khéng nhin dwoc ack trong mét khodng th
gian time-out dinh truéc thi né sé coi badn tin 13 bi m4t hodc hdng va sé& truyén lai bdn copy cia b
tin d6. Ching ta gid thiét ring time-out chi x4y ra khi bdn tin thuc su bi m4t hoc bi hdng. Ch
ning cda nit trung gian trong cich tiép cin niy 13 don gidn: ki€m tra cic ban tin di dé€n xem cé
hay khong, n€u c6 18i thi loai bd, néu khéng 15i thi xép vio hang doi d€ truyén di tiép. Céc banti

L
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dén di khong c6 161, nhung néu tat cd cic bé dém da diy thi ciing sé bi loai.

M6 hinh mirc lién két dir liéu cho viéc kiém soat 16i end-to-end

hinh hang dqi du'o_'c thé hién trén h‘mh 2. Dé’ cho don gién chﬁng ta gid thiét r?mg tit cd

Ai

e Rt

pAL [(1-P)GiMe ™ MMFAJK ~
Hinh 2. M5 hinh hang dgi cho mdt nit

| bén tin dén nit 7, mét trong 3 sw kién sau c6 thé xdy ra:

dn tin dwoc nhan nhung cé 18i véi xédc sudt p, n6 sé bi loai bd.

n tin khong bi 16i nhwng khong con bdé dém rdi, né ciing s& bi loai bé.

B4n tin duwgc nhin ding va dwoc cip bs dém.

Shiing ta gid thi€t rang mdi géi tin di dén nit « mdt cach doc 1ip sé thiy tat cd bo dém diy
ic suit 13 ¢;, 13 xdc sudt trang thai dirng, ¢; khac nhau ddi véi mdi nit cda VC. Ching ta ki
fi = ¢; + p — ¢;p 13 x4c sudt ma mot géi tin bi loai bd béi nit 3.

Ngudi ta da cé 101 gidi cho hang dgi M/M/1/K nhu sau [1,2]:

E[L; ;] 13 s ban tin trung binh & nit trung gian 4, cling chinh 1 chiéu dai trung binh cda hang
doi M/M/1/K tinh dwoc nhu sau:

E[Lu] p1i/ (1= p1s), t=1
)= :
pri/(1—pri) — (K + 1)pf 1 /(1—p1 1Y), i=2,., M
(véi Bl )‘i(l 5 p)/,u'tra.ns) .
Wi, 12 thoi gian trung binh ma madt géi tin ding xép hang dei truyén cong véi thoi gian
yeén; st dung cong thicc Little ching ta s cé: -
EW, ] = E[Ly;]/}(1 - fi). ‘ (1)
E[W;] 1a 46 tré trung binh (xép hang + truyén + lan truy€n) ma mgt géi tin phdi chiu khi di

EW;] = EWy] + 1/ pprop - (2)
suit blocking ¢;, 13 xdc sudt tit cd cic bs dém tai nit ¢ diy, (va vi viy ntt ¢ — 1 bi ch¥n -
cked):
(1-pr)ota s .
q1'=PI‘[L1,1‘=K]=—i——?‘_FT—, ’L=2,...,M. (3)
TP

phuong trinh (2) va (3) cho ta d6 tré trung binh vi x4c suit blocking tai niit 7. M&i phwong
y 14 m6t ham cda cdc gid tri con chua dwoc x4c dinh {);}; cdc gid tri ndy sé nhin duwoc
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3.3. Mb hinh mitc VC cho viéc ki€m so4t 16i end-to-end

Hinh 3 két hgp M mé hinh mitc lién két dir liéu riéng biét thanh mdt mé hinh duy nhat cho
VC. Dé thuc sr gidi dwoc cic xic suit blocking va dd tré trung binh theo cic dwdng truyén, ching
ta vin phdi xdc dinh {);}. Khé khin & diy 13 ); vi ¢; 13 phu thudéc him cda nhau. Hom nia
Ai # X; # Avc, do x4c sudt blocking véi cdc nit 13 khic nhau va thuce t&€ 13 mét ban tin sé bi loai
b3 tai nit diu tién phéat hién ra né bi 16i. Cach ti€p cin cda ching ta I3 trwéc hét tim t8c do di dén
va x4c sudt blocking cho ching cudi cing cda VC (dwdng truyén M), rdi st dung céc gid tri ndy dé
tim c4c gid tri twong ¥ng cho dwong truyén M — 1, va sau d6 ti€p tuc gii quyét mé hinh mic VC
tr phia cudi ngugc tré lai ddu cda né.

RG rang 1a t8c dd truyén bédn tin ra dwong truyén M tai di€ém Oy, trén hinh 3 dwgc cho béi
)\vc/l(l —p). Do tinh bdo toin théng hrcmg, t8c d6 di vio dwdng truyén M tai di€m Ips ciing phdi
bing gid tri nay, vi vi thé:

At = ——VG (@

(1-p)2(1 - qum)

Thay bi€u thic nay cho Aps vio (3) sé cho ta mot phuong trinh duy nhit véi mét bién gas va
nhu viy ching ta c6 thé tim ngay dwgc gar. Khi di bi€t mét gid tri cda gar, (4) s& cho ta gia tii
cda Aps. Cudi cling, khi da biét Ay, gidi phwong trinh (2) ching ta sé nhin dwgc dd tré trung binh
qua dudmg truyén M. Khi da bi€t dwoc Ay thi gar—1, Aar—1, v3 E[Was—1] c6 thé nhin dwoc bing
céch st dung céc 14p ludn twong tu. Bing cich 1am viéc theo chitu ngugc trén VC chiing ta sé nhin
dwoc tdp cac gid tri chwa biét {g;}, {\:} va {E[W,]}.

Ave

Hink 8. M6 hinh mirc VC cda sy ki€m sodt 16i end-to-end
Cudi cing, d€ tinh d4 tré trung binh doc theo VC, phai dinh nghia thém mét s3 dai lwgng bd
sung nhu sau:

® piail - X4c sudt viéc truyén mot géi tin tir nidt nguBn dén nit dich khéng thanh céng.

Pfail = E fs H 1 - f])
=1

e N, - s Ian phdi phat lai m6t géi tin trwéc khi né dwge nhan thinh cdng & tram dich. Gii
ring xdc suit cda vidc phét lai mdi géi tin 13 ddc 13p, Ny c6 phin b8 P|N; = k| = pk;, (1 — prail
k=0,1,... va gid tri trung binh cda N; (mean):

o o]
E[N]=Y kP[N, = k] = 2L (5
Pt 1 - prail
e T, - khoidng thoi gian time-out ddi véi VC.
e E[W,,| - thoi gian tré end-to-end trung binh ma mét géi tin phdi trdi qua.
" Sw tré cda géi tin tir khi né di dén nidt ngudn cho dén khi dwoc nhin thianh cong tai dich si
ra do N; khodng thdi gian time-out, trong sudt khodng thdi gian dé né dwoc phét di t&i dich nh
khéng thanh céng, cdng véi nhirng dd tré mi né phai chiu doc theo VC trong 15n né dugc truyé
thanh cong té1 dich. Vi vay:
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EW.] = E|N,)(E[Wy,1] + T.e) + Y E[Wy]. (6)

4. KIEM SOAT LOI LINK-BY-LINK
L1. M6 td viéc kiém so4t 16i link-by-link

Trong céch ti€p can link-by-link, mdi nit doc theo VC nhé dém bén copy cia bin tin dwgc phat
di cho dén khi nhin dwoc ban tin ack cho bdn tin dé tir nit ti€p theo trong VC gii trd ve. Nit sé
inh ra mot ban tin ack cho méi ban tin ma né nhin dugc ding. Néu khong nhin dugc ack trong
hodng thdi gian time-out, thi bén gii sé truyén lai bdn copy cda bdn tin cho nit ti€p theo trong

.2, M hinh mitc lién két dir liéu cho sy ki€m soat 16i link-by-link

Dé cho don gidn, chiing ta gi4 thiét ring cic nit 13 ddng nhit. M6 hinh cda mét nit mang dwoc
hién trén hinh 4; trong dé ching ta phai xét dé€n viéc ban tin sé ti€p tuc chi€m bd dém trong khi
a ack cda né (néu cé) lan truyén trén kénh. Mé hinh 13 mét hang doi M/M/1, t8c d6 phuc vu
[Pirans: chinh sich phuc vu FCFS, d6 tré truyén dwogc mé hinh bing thoi gian phuc vu cda mét
er thudc hang doi c6 v6 han server (hing doi IS - Infiniter Sever queue) 13 1/u2 = 2/puprop. Céc
h hing (customer) trong hang doi IS 13 cdc bdn tin ma thdi gian time-out cho ching da dwgc
diu tinh, m&i khdch hang nay phdi chiu mét d6 tré ¢§ dinh 13 1/us = 2/pprop. Nhu viy tong
dn tin thuc sw dwoc nhé dém tai nit ¢ 13 tong cda s khich hang trong cic hing doi FCFS la
[S. Dung lwong b dém c& dinh 13 K, nit s€ khong cho phép céc géi tin di vao md hinh hang doi
node/link (12 phin dwgc bao bdi dwdng gach gach trén hinh 4) khi tdng nay bing K.

maximum K customers

Hink 4. M6 hinh hang doi mtc thip cho giao thic link-by-link

" Chiing ta quan tim dén phan b8 dirng cia s géi tin trong hiang doi truyén Ly ; va s8 géi tion
thdi gian time-out di véi ching d3 dwoc bit ddu tinh Ly ;. Cho i pm n = P[L1; = m, Ly; = nl,
m,n < K, m+n < K. Mang hang doi niy c6 phin b8 chiéu dai hang doi dang tich, cic xdc
1t da dwoc ngudi ta tinh nhu sau [1,3]:

n

r;,m,,L:G_lp;’,‘i%"—{', 0<mn<K, m+n<K. (7)

P1i = Ai(l - p)/“trans 1 P2i— Ai(]- - P)/,U»z .

2! 13 hing s8 chu#n héa, duoc cho nhir sau:

K .

l_pll z’

G= , vé1 Sk (z E —. (8)
S (p2t)_P11 SK(P21/P11) j=0 ‘
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Xdc suit blocking -
%= Z Ti,m,K—m - : (9)
m=0 .
SG ban tin trung binh tai nit 1 cda VC dang doi d€ dwoc truyén di dwoc cho bdi:

K

K—-m ’ :
E[Ll,,'] = Z m Z Ti,m,n - (10)
n=0

m=0

Theo dinh ludt cda Little, thoi lwgng mdt bdn tin phdi x€p hang démg doi dwoc truyén di mét
cach tich cuc (nghia 13 trai véi thoi gian doi cho time-out hét) dwoc cho bédi:

EW.;] = E[Ly1:]/%(1 - fi), (11)

trong dé f; = ¢; + p — ¢ip 13 x4c sudt ma mot ban tin hodc 13 dwgc nhan nhung cé 15i hodc 13 khi né
dén nit 5 thi thy bd dém dy.

Gi6ng nhu truéc diy, ching ta dinh nghia E[W,] 12 d5 tré trung binh ma ban tin phai chiu khi
né di qua dudng truyén 7. Chd y ring néi chung E[W;] # [W1 ;] + 1/prop, bédi vi trong truwdng hop
link-by-link, bdn tin c6 thé dwgc phat lai mét vai Iin trwéc khi né dwoe nhin thanh céng & nit
¢+ 1. Tuy nhién, ching ta cé thé tiép tuc lam theo cich di st dung trong Muc 3.3 va tinh E[W,]
nhu duéi day.

Dé tinh E[W;] chiing ta cin dinh nghia mét s§ dai lwong:

e N} - 58 lin phdi phét lai mdt géi tin tai nit ¢ trwée khi né nhin dwoc thinh céng tai tram
t+ 1. Theo gid thi€t x4dc sudt phat lai mdi géi tin 1a doc 1ip, phan b3 cda N} 1a P[N} = k| =
k(1= fiz1), k=1,2,..., vi thé ching ta sé cé:
E|Nj] = o~ (12)
1=Fi
e T;; - thoi gian time-out cda dwdmg truyén. Trong cdc thi du ching ta 1dy 7}; bing hai lin d¢
tré lan truyén, nghia 1a T} = 2/pprop-

D3 tré cda géi tin tinh tir khi né dén nit 5 cho dén khi né nhin thanh céng & nit 7 + 1 sinh ra
do N; khodng thoi gian time-out cdng véi cdc d6 tré ma né phéi chiu trong Iin dugc truyén thinh
cong. Vi viy:

EW;] = E[N:](E[Wl,i] £ TH) + EWy,4] + 1/pprop - (13)

Céc phwong trinh (13) va (9) cho ta d§ tré trung binh va xic sudt blocking tai ndt z. Gidng
nhv trong truwdmg hop end-to-end, cic phwong trinh niy déu 13 ham cda céc gid tri cdn chwa dugc
xdc dinh {);}.

4.3. M6 hinh mirc VC cho viéc kiém soét 16i link-by-link

M3 hinh mtc VC cho link-by-link giéng mé hinh end-to-end; su khidc nhau duy nhét 13 cdc xéc
suit blocking dwoc tinh bing cich st dung (9) chié khéng phdi 14 (3). Céch tinh toin twong tu nhu
da trinh bay & trén.

D6 tré cda géi tin tir khi né6 méi bit diu dén nit ngudn cda VC cho dén khi né dwgc nhin
thanh céng tai nit dich cda VC 13 tng cda céc dd tré riéng biét ma né phai chiu trén mdi dudng
truyen: .

M

EWy] =) _ E[Wi. (14)

i=1
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5. SO SANH CAC Ki HOACH KIEM SOAT LOI LINK-BY-LINK
VOI END-TO-END

khi d3 phat trién cdc m6 hinh gidi tich vé giao thirc ki€m soat 18i link-by-link vA end-to-end,
chiing ta sé st dung cidc mé hinh niy dé so sinh hidu suft cda cic giao thicc. Duéi day
a s€ xét hai thi du v€ mang t8c d6 thip vd mang t8c dd cao, qua d6 sé rit ra dwogc céc két
can thiét.

sdnh link-by-link véi end-to-end & mang téc dd thip

Thi du thé nhit, cho mét mang WAN, kich thuéc 400km, st dung cic dwong truyén tSc dd
tf sudlt 16i bit cao, twong tw véi cdc tham s§ dwdng truyén cda hé thdng dién thoai kifu cil.
tham s6 cu thé nhwr sau:

36 ching (hop) trong mang: M =38 D6 dai mbi ching: 50 km
Jung lvong dwdng truyén: C =50Kbps S8 lwgng bé dém tai mdi ndt: 2, 4, 10
)6 dai géi tin (packet): I = 1000 bit ~ X4c suit 15i bit: Py = 1075

fir d6 tinh ra dwgc: 1/prans = I/C = 0,02; 1/pprop = 0,00025; p = 1 % P, = 10™2. Thay cic
i cu the ndy vio cic bi€u thirc thu dwoc & trén, ching ta sé nhin dugc cac két qud trong bing
dwoc bi€u dién bing d5 thi trén hinh 5, trong d6 D 13 théng lwgng chuin héa, d6 1a ti 3
hong lwong di vio mang trén dung lugng cda dudng truyén. T4t cd cac dai lwong thoi gian
déu dwoc chuin héa theo thoi gian truyén mét géi tin, tic 13 déu dwoc chia cho 1/pirans-
1g t6i st dung phin m&m Mathcad, phién bén 8.0 (Mathcad 2000) d€ tinh todn. Cic phép tinh
thuc hién véi 15 chit s§ sau dau phdy thap phan.

Bdng 1. Sw phu thudc cia d6 tré chuin héa vio théng lwong chuin héa

002 006 0,10 014 0,18 0,20 0,24 0,28 0,32 0,36 0,40 0,44 052 0,60 0,68

27,82 29,59 33,11 39,21 43,60 56,24 77,18

27,48 27,91 28,45 29,20 29,71 31,11 33,30 36,70 42,00 50,39 64,28

27,47 27,89 28,36 28,87 29,15 29,76 30,44 31,22 32,12 33,20 34,53 38,63 47,60 78,52
10,02 11,73 14,48 24,41 36,04

10,02 11,57 13,46 15,81 17,23 20,84 26,45 42,60

10,02 11,57 13,45 15,77 17,13 20,37 24,47 29,76 36,72

u 86 bd dém 16m hon 4 vi thong lwong khdng vuot qué 30% ning luc van chuyén cia dwomg
thi st dung giao thirc ki€m soét 15i link-by-link cho thdi gian tré nhd hon hén so véi giao
ki€m so4t 161 end-to-end. Trong thuc t& cic mang t8c dd thip thudng hoat déng trong mien
lwgng nay, do d6 viéc st dung giao thirc ki€ém sodt 15i link-by-link rd rang 13 t8t hon giao

ong c4 hai giao thirc ki€m so4t 15i, & mién théng lwong nhd khéng vuot qua 10% ning luc van
n cda duwdng truyén, viéc ting thém s6 bd dém & cidc nit mang khéng dem lai loi ich gi.
mien thong lwong 1én hon, viéc ting s6 bé dém & cic nit mang s€ cé ich, né lam gidm
an tré. Tuy nhién viéc ting s6 bd dém 1én cao khdong lam cho thoi gian tré gidm di theo
g mét t1 18
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Thing lvgng chudn hoa
Hinh 5. D6 tré chuan héa thay d8i theo théng lwong chuian héa

5.2. So sdnh link-by-link véi end-to-end & mang t6c dd cao

Thi du tht hai, cho mét mang WAN, kich thuéc 400km, st dung cdc dwdng truyén t8c dd cao
ti sudt 15i bit thdp, twong tw véi cic tham s8 dwdng truyén st dung cdp quang. Céc tham s3 cu the
nhu sau:

S8 ching (hop) trong mang: M =38 D6 dai mdi ching: 50km
Dung lugng dudng truyén: C = 100Mbps S8 lwong bé dém tai mbi ndt: 10, 15, 20
D4 dai géi tin (packet): 1 = 1000 bit X4c sudt 161 bit: P, =10"°

Tir d6 tinh ra dwoc: 1/pirans = I/C = 0,00001; 1/ppr0p = 0,00025; p= 1*P, = 1076, Thayc
gia tri cu thé nay vao cc bi€u thirc thu dwoc & trén, ching ta sé nhin dwoc céc két qud trong by
2 va dugc biéu dién bing db thi trén hinh 6, trong d6 thong lwong vi thi gian tré chuin héa dug
dinh nghia gidng nhu trén.

Nhin zéi:

e Trong toan bé mién théng lwong duwgc khdo sit, si- dung giao thirc ki€m soat 15i end-to-end ¢
th&i gian tré nhd hon hin so véi ki€m soat 151 link-by-link. Tham chi ¢ thé néi ring khong t
st dung cédc giao thirc link-by-link, bd1 vi n€u st dung ching, khi tdi ting tir khong 1én kho
4% ning luc van chuyén cda duwdmg truyén thi thoi gian tré ting gdp hon ba lin va sé ting!
rat nhanh chéng.

e Néu st dung giao thirc ki€m soat 15i end-to-end, trong phin lén mién théng lwong thudng dug
st dung (duéi 70% ning lwc vin chuyén cda dudng truyén) s bé dém hiu nhu khong dnh hu
t6i do tré, chi trong mién théng lwgng 16m (trén 70% ning luc van chuyén cda dudng truyé
viéc ting s bd dém méi dem lai lgi ich, nhung khéng nhi€u. Néu s8 bd dém ti&ng 1én dén 204
6 thé st dung dén 85% ning lwc vin chuyén cda dudng truyén véi d6 tré 16m hon do tré khi
nhe khéng qué 1,3 [in. Viéc ting s3 bé dém vugt qua 20 cb thé coi 1 vb ich bdi vi trong thuc
khi thi€t k&€ mang ngudi ta khéng st dung théng lwong & mién xip xi ning lwc vin chuyén ¢
dudng truyén (mién bio hoa).
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 Bdng 2. Sy phu thuéc cda dd tré chuin héa vio thong lwong chuin héa

0,02 0,03 004 005 0,06 020 040 060 0,70 0,75 0,80 0,85
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8 208,17 208,25 208,34 208,38 208,47 210,00 213,34 220,01 226,87 232,79 243,07 269,60
,41 262,81 376,35 767,24

41 262,81 376,10 693,71

2,41 262,81 376,06 693,71
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Hinh 6. D tr& chusn héa thay d8i theo thong lugng chuin héa

6. KET LUAN

béo ndy ching t6i di nghién ctru mdt cich dinh hwéng va so sénh hiéu suit cda céc
nk-by-link v&i cich ti€p cin end-to-end d& xi i cic bdn tin bi mat hoc bi hdng khi chiing
8n gifra 2 ngudi diing cudi trong mang. Két qui di nhin dwgc bi€u thic gidi tich dé tinh
iré cda géi tin khi di qua mang.

g t61 d3 dwa ta hai thi du véi céc con s8 cu thé, thi du th& nhit 13 mét mang WAN si
truyén tSc do thip, ti sudt 15i bit cao: thi du thi hai 13 mét mang WAN sit dung dudmng
6 cao, t1 suit 151 bit thip. K&t qud nghién ctru di chira ring trong cdc mang t8c db cao
véi mign tham s8 mang ma ching ta quan tim, cich tiép cin end-to-end dé ki€m soat 15i
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cho ta hiéu suft bing hodc 16n hon, trong khi dé lai ddi héi it tai nguyén mang hon (t&c 13 cicb
dém va thoi gian tinh todn) so véi cich ti€p cin link-by-link.
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