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50 5ANH HII~U SUAT CUA CAC KE HO~CH KIEM SOAT LOI
TRONG M~NG TRUYEN THONG MAY TINH

NGUYEN DINH VI~T

Abstract. This paper analyzes quantitatively link-by-link and end-to-end error control schemes in computer
communicationnetworks. 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
is that: link-by-link error control scheme is superior than end-to-end error control schemes for low-speed
computernetworks, by contrast, for high-speed computer networks end-to-end scheme is superior than link-
by-linkscheme.

T6m t,{t. Bai bao nay ph an tich mqt each dinh tinh cac kg hoach kie'm soat l6i link-by-link va end-by-end
trongmang truyen thOng may tinh. Hai tieu chu1rn dtro'c dung cho Slf so sanh Ia. thai gian tr~ cila g6i tin
vathOnghrong cda mang. V&i hai vi du d~c trimg, vi~c so sanh hi~u sua:t cda cac kg hoach dtro'c thu'c hi~n
chohai trtrong h91>: mang truyen thOng may tinh to'c dq tha:p va mang truyen thOng may tinh to'c dq cao,
Kgtqua la: kg hoach kie'm soat l5i link-by-link tO't h011kg hoach end-by-end dili vo; cac m<).ngtilc dq tha:p,
ngiroclai, dili vo; cac mang tilc dq cao thl ki1hoach end-by-end l<).itilt h011so VO; kg hoach link-by-link.

1. GIOl THI~U

Trong cac mang chuydn mach goi, noi chung co hai each tiep e~n nHm gi<l.iquyet van de cac
bh tin bi mat ho~e bi hong khi chUng drroc truyen giira hai ngiro'i dung cudi (end-user) tren mang.

Cach tiep c~n link-by-link: vi~e ki€m scat l~i ehU yeu dircc giAi quydt bO'i cac giao thirc
tanglien ket dfr li~u (data-link)' trong do hai nut Ian e~n tren dirong truyen phat hi~n va kHe phuc
vi~eban tin bi mat ho~e hong tren dirong truyen noi hai nut do. Theo each tiep e~n nay vh can
phAic6 cac giao thirc end-to-end 0- rmrc eao hen, thi du d€ khlie phuc l~i gay ra do me?t nut m~ng
naod6 tren con diro'ng truyen bi hong,

Caeh tiep c~n end-to-end: vi~e kic1m scat l~i chi dira tren CC1 sO-me?t giao thirc end-to-end,
trongd6 hai nut 0- hai dau rmit cda kenh truyen phat hi~n va kHe phuc vi~e ban tin bi mat ho~e
hongtren cac dirong truyen noi hai nut do. Cac chirc nang truyen thong cua giao thirc tang lien
Ht dii' li~u bi loai bo gan het, m~e dau co th€ vh gifr lai chirc nang phat hi~n l~i chir khOng gifr lai
chircnang khlie phuc l~i.

Trong cac m~ng may tinh d'au tien, dirong truyen co toe de? rat thap va ti suat l~i bit rat eao
sov&icac dufrng truyen ngay nay, thi du m~ng ARPANET thai ky dau sli- dung cac dtrong truyen
50Kbps, ti suat l~i bit khoang 10-5• Nhi'eu nha khoa hoc da nghien crru va ho da chimg minh dircc
r~ng, trong cac mang nay each tiep e~n link-by-link eho hi~u suat eao hen so vci each tiep e~n
end-to-end.

Ngay nay, nho' cac tien be? trong cong ngh~ phan cirng va cong ngh~ quang so'i, chting ta co th€
8U- dung cac dircng truyen toe de? gigabit trong cac mang truyen thong may tinh chuydn mach goi.
Caemang toe de? eao nay co cac d~e tinh khac hh cac m~ng toe de? thap trircc day, cu thg 13.:

• Thu- nhat, ti so cii a toe de? truyen tren toe de? xli- 11da tang len rat nhieu, thtic diy nhu eau
ehuygn cac giao thirc n~ng ve tfnh toan da diro'c d~t trong tang ben dirci len cac tang ben tren
cda mang. (Trong khoang 30 nam qua, toe de? truyen tang ea 105 lan, toe de?xli- 11ea 103 Ian).
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• Thir hai, ti so cua di? tr~ Ian truyen ban tin tren then gian truyen ban tin cling tling len, nhat
la trong tru'o'ng hop m~ng dien rfmg. (Trong khoang 30 narn qua, d so nay tang cO-106 fan).

• Cuoi cung la vi~c sUOdung cap quang lam mdi trirong truyen thOng se lam cho ti suat 16i bit ctla
kenh giam di rat nhieu (tir 103 dgn 104 Din).

Nhirng thay d5i tren lam thay d5i cac ti'en de co' sO-ma ngiro'i ta da dira vao do M phat tri~n
cong ngh~ chuyen mach goi cila cac mang WAN truyen thong, doi hoi chiing ta phai xem xet lai dn
th~n vi~c thigt kg cac giao thirc n~m giii-a cac thigt bi truyen va cac thigt bi chuydn mach toc de?cao
va cac giao thtrc fang irng' dung 0- l&p tren cila mang t<>cdi? cao.

(Mtrans.ftAprop)
I

(Mtrans.,lAprop).

2. MO HINH M~NG

Mo hinh mang diroc dung d~ so sanh vi~c ki~m scat 16i link-by-link va end-to-end dtroc trinh
bay tren hlnh 1a. Mach io (VC - Vitual Circuit) co M dirong truyen, bitt dau tu' nut nguon dU'qc
ghi nhan 1 va kgt thiic tai nut dich diro'c ghi nh an M + 1, Aye la IU'Uhrong di vao mach ao, J..Lb Ja

toc di? ph at bin tin cua diro'ng truyen i, 1/ J.L~rop la di? tr~ Ian truy'en trung binh gifra nut i va i + 1.
Tren thtrc tg mi?t so VC co th~ chia s~ mi?t duong truyen v~t li, thi du tren hlnh l(a) me?tVC co

toc di? .Aint chia s~ dirong truyen gifra nut 2 va 3 v&i .Aye. Chung ta l~p ma hinh anh hirong ciia hn
hro'ng di vao nay bhg each giam nang hrc truyen ma Aye co th~ dung d9C theo m6i dtro'ng truyen
cua VC di mi?t hrong thich hcp. Mo hinh cho mi?t mach io M chang vi thg dtro'c th~ hien tren hinh
l(b), vci J.L~rans bi~u di~n cho nang lire phuc vu hi~u dung ciia dirong truyen i doi v6i mang ao Aye.

·11 Aint,,,

,/

!tint (a)

(b)
Hinh 1. Mo hinh mach io

,., , :::
3. KIEM SOAT LOI END-TO-END

Trong mvc nay chiing ta se ph at tri~n mi?t ma hlnh giii tich M nghien ciru hi~u suat ciia kl
hoach ki~m scat 16i end-to-end. Mo hinh cila chiing ta xet mi?t each cu th~ anh hirong cua de?tn
Ian truyen cila ban tin, dung hrong bi? nh& d~m hiru han, 16i ciia kenh truyen va vi~c SIT dung ca
chg Mt gio- (time-out) trong kg hoachkid m scat 16i.

3.1. Mo ta vi~c kiEi'm soat 16i end-to-end I

Khi nut nguon VC truyen mi?t ban tin, no se nh& trong bi? nh6' d~m ban copy ciia ban tin dl
cho Mn khi nh~n dircc bien nhan (ack) dgn tir tram dich. Tram dich chi sinh ra bin tin bien nh~
khi Lan tin ma no nhan diroc la dung. Neu nut ngubn khOng nh~n diroc ack trong mi?t khoang thin
gian time-out dinh truoc thi no se coi ban tin Ia. bi mat ho~c hong va se truyen lai ban copy ciia b~
tin do. Chung ta gii thigt rhg time-out chi xay ra khi ban tin thirc slf bi mat ho~c bi hong. Chu:
nling ciia nut trung gian trong each tigp c~n nay la don gian: ki~m tra cac ban tin di dgn xem cold
hay khong, ngu co 16i thi loai bo, ngu khong 16i thi xgp vao hang dqi M truyen di tiep. Cac' ban tiI
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di den du khong co 16i, nhirng neu tat d. cac b9 d~m di day thl ciing se bi loai.

3.2. Mo hlnh nnrc lien ket dir li~u cho vi~c kHj'm soat loi end-to-end

Mo hlnh hang dci dircc th€ hi~n tren hmh 2. D€ cho don gian chiing ta gii thiet r~ng tat d.
cae nut doc theo VC la gidng nhau, nghia la cluing co cimg m9t toc d9 truyen ban tin, d9 tr~ Ian
truyen va m9t S<lC<ldinh cac b9 d~m. Nut thu- i diro'c mo hmh b~ng h~ th<lng hang doi M 1M III K.
D9 tr~ Ian truyen II J-Lprop cua diro'ng truyen dtro'c rnd hmh b3'i m9t hang do'i co vo h an server, m8i
server co tile d9 phuc vV b~ng J-Lprop'

I
I
I

I •

I I

pAL (1-PJCji..A-:---MiMjfjtC

Hinh 2. Mo hinh hang do'i cho m9t nut

Khi ban tin den nut i, mot trong 3 su' ki~n sau co th€ xay ra:

• BAntin diroc nh~n nhirng c6 16i voi xac suat p, n6 se bi loai M.

• BAntin khOng bi 18i nhirng khOng can b9 d~m ri'ii, no ciing se bi loai bo.

• BAntin dircc nh~n dung va diro'c cilp b9 d~m.
Chung ta gii thiet rhg m6i goi tin di den nut i m9t each d9C l~p se thay tat d. b9 d~m day

V01xac suat la qi, la xac suat trang thai dimg, qi khac nhau doi vci m6i nut cii a VC. Chung ta ki
hi~u: Ii = qi + p - qiP Ia xac suat ma m9t goi tin bi loai b3 b6-i nut i.

Nguoi ta di co 101giii cho hang do'i MIMI11K nhir sau [1,2]:
• E[Lr,;] la S<lban tin trung binh 6- nut trung gian i, ciing chfnh la chieu dai trung blnh cua hang

doi M/M/1/K tinh diro'c nhir sau:

E[L ] _ { PI,;/(l- PI,i). i = 1
l,t - I( ) ( ) K+I/( K+I) MPI,i 1 - PI,i - K + 1 PI,i 1 - PI,i , i = 2, ... ,

(v61 PI,i = ).i(l- p)/ J-Ltrans)'

• E[WI,i]la th01 gian trung bmh ma m9t goi tin dirng xep hang dci truyen c9ng voi tho'i gian
truy"enj s1l:dung cong thtrc Little cluing ta se c6:

(1)

• E[Wi]la d9 tr~ trung blnh (xep hang + truyen + Ian truyen] ma m§t g6i tin phai chiu khi di
qua dirong truyen i:

E[Wi] = E[WI,i] + 1/J-Lprop • (2)
• Xae suat blocking qi; la xac suilt tilt d. cac b9 d~m tai nut i day, [va vi v~y nut i-I bi ch~n -

blocked):
, _ P [L ,- K] _ (1 - Pl,i)pft

l

q. - r 1,. - - 1 K+I i = 2, ... , M. (3)
- PI,i

Cac plnro'ng trlnh (2) va (3) cho ta d9 tr~ trung blnh va xac suilt blocking tai nut i. M8i phirong
trlnh nay la m9t ham cti a cac gia tri can chira diro'c xac dinh {.Ai}j cac gia tri nay se nhan du'cc
trong muc sau, trong do chung ta ket hop cac ma hlnh rmrc lien ket dii' li~u lai thanh m9t ma hlnh
mire VC.
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3.3. Mo hlnh mire VC eho vi~e ki~ID soat loi end-to-end

Hinh 3 kgt hop M md hmh mire lien kgt dfr li~u rieng bi~t thanh me?t mo hlnh duy nhat cho
VC. l)~ thirc Sl! giai diroc cac xac suat blocking va de?tr~ trung blnh theo cac dtrong truyen, chiing
ta vh phai xac dinh {.Ai}. KhO khan & day Ill. Ai va qi Ill. phu thue?c ham cua nhau, H01l nira
Ai i= Aj i= AYe, do xac suat blocking v6i. cac nut Ill.khac nhau va thirc tg Ill.me?t ban tin se bi loai
b6 t,!-inut dau tien phat hi~n ra no bi l~i. Cach tiep c~n cila chiing ta Ill.trU"<1CMt tlm toc de?di den
va xac suat blocking cho ch~ng cuoi cling cua VC (drrang truyen M), rti s11-dung cac gia tri nay d€
tlm cac gia tri tirong irng cho dirong truyen M - 1, va sau do tigp tuc giii quygt mo hmh mire VC
tu- phia cuoi ngtro'c tr& lai dau cila no.

R6 rang Ill.toc de? truyen bin tin ra dtrong truyen M tai di~m OM tren hlnh 3 dircc cho b&i
AYe/1(1- pl. Do tinh bao toan thong hrong, toc de?di vao dirong truyen M tai di~m 1M cling phai
bhg gia tr] nay, va VI the:

A - Aye
M - (1 - p)2(1 - qM) .

Thay bi~u thirc nay cho AM vao (3) se cho ta me?t phircng trlnh duy nhat v&i me?t bien qM va
nhir v~y chUng ta co th~ tlm ngay diroc qM. Khi di biet me?t gia tri cua qu , (4) se cho ta gia trj
cua AM. Cuoi cling, khi di biet AM, giii plnro'ng trlnh (2) clning ta se nh~n dircc de?tr~' trung binh
qua diro'ng truyen M. Khi di bigt diro'c AM thl qM-I, AM-I, va E[WM-I] co th~ nh~ diro'c bhg
each sli-dung cac l~p lu~n ttrong tl!. Bhg each lam vi~c theo chieu ngiroc tren VC chung ta se nh~n
diroc t~p cac gia tr] chira biet {qi}, {.Ad va {E[Wj]}.

(4)

00

0M Ave.........-
PI l'lz P I I q~ p

Hinh S. Mo hmh mire VC ctia Sl! ki~m scat l~i end-to-end

Cuoi cling, M tfnh de?tr~ trung blnh doc theo VC, phai dinh nghia them me?t so dai hrorig b5
sung nhir sau:

• pfail - xac suat vi~c truyen me?t goi tin tu- nut nguon den nut dfch khOng thanh congo :
M i-1

pfail = L Ii II(1- Ij).
i=1 j=1

• N; - so Ian phai phat lai m9t goi tin trtrcc khi no dtrcc nh~ thanh cong & tram dich, Gii st
d.ng xac suat cua vi~c phat lai m6i goi tin Ill.de?cl~p, Nt co phan be>P[Nt = k] = pfail (1- Pfail),

k = 0,1, ... va gia tr] trung bmh ciia N, (mean):

E[Nt] = L k P[Nt = k] = Pfail
k=1 1- pfail

• Tee - khoang thai gian time-out de>ivoi VC.
• E[Wee] - thai gian tr~ end-to-end trung blnh ma m9t goi tin phdi tdi qua .

. SI! tr~ cda goi tin tu- khi no di dgn nut nguon cho Mn khi diro'c nh~n thanh cong tai dich sinl
ra do N, khoang thai gian time-out, trong sUe>tkhoang thai gian do no diro'c phat di t&i dich nhUll!
khOng th anh cong, ci?ng vci nhirng di? tr~ ma no phai chiu doc theo VC trong Ian no dircc truy]
thanh cong t6i. dich. Vi v~y:
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M

E[WeeJ = E[NtJ(E[WI,IJ + Tee) + L E[WkJ. (6)
k=l

,., , %

4. KIEM SOAT LOI LINK-BY-LINK

U. Mo ta vi~c kiitm soat 16i link-by-link

Trong each tigp c~n link-by-link, m6i nut doc theo VC nhrr d~m ban copy cii a ban tin dtro'c phat
di cho den khi nh~n diro'c ban tin aek eho ban tin d6 tir nut tiep theo trong VC g13:itr6- VEL Nut se
sinh ra ffi{lt ban tin aek eho m6i bin tin ma n6 nhan duoc dung. Ngu khOng nhan diro'c ack trong
khoang thai gian time-out, thi ben gm se truy"en lai ban copy cua ban tin cho nut tiep theo trong
VC.

4.2. Mo hlnh mire lien ket dir li~u cho s",!kiitm soat 16i link-by-link

BEtcho dun gian, cluing ta gill. thiet rhg cac nut 130 dong nhat, Me hinh cii a m9t nut m,!-ng duoc
thEthi~n tren hinh 4; trong d6 chiing ta phai xet den vi~c ban tin se tiep tuc chiern b9 d~m trong khi
n6 va ack cua n6 (neu c6) Ian truyen tren kenh. Me hinh 130 m9t hang do'i M/M/l, toc d9 phuc VV
l/ll-trans, chinh sach phuc vv FCFS, d9 tr~ truyen dtro'c mo hmh bhg thai gian phuc vv cua m9t
server thu9C hang doi c6 vo han server (hang doi IS - Infiniter Sever queue) 130 1/J-LZ = 2/J-LproP' Cac
khach hang (customer) trong hang do'i IS 130 cac ban tin ma thai gian time-out cho chiing da dtro'c
b~t dau tinh, m6i khach hang nay phai chiu m9t d9 tr~ co dinh 130 1/J-Lz = 2/ J-Lprop' Nhir v~y t5ng
so ban tin thirc sv- diroc nhc d~m tai nut i 130 t5ng cua so khach hang trong cac hang do'i FCFS 130
IS. Dung hrong b9 d~m co dinh 130 K, nut se khOng cho phep cac g6i tin di vao mo hlnh hang do'i
node/link (130 phan duoc bao b6-i diro'ng gach gach tren hinh 4) khi t5ng nay bhg K.

maximum K customers
r---------------------~. .

I
I
I
I
I

: fv4a ~" J

Hinh 4. Mo hlnh hang doi mire thap cho giao thirc link-by-link

Chung ta quan tam den phfin bo dimg cua so g6i tin trong hang do'i truyen LI•i va so g6i tion
rna thai gian time-out doi vo'i chung da diroc bitt dau tinh LZ•i' Cho 7fi.m,n = P[LI,i = m, LZ.i = n],
0::; m, n ::;K, m + n :::;K. Mang hang doi nay c6 phan bO chieu dai hang dqi dang tich, cac xac
suat dii dmrc nguo'i ta tinh nhir sau [1,3J:

C-I m P~,i
7ri,m,n = Pl,i -, 'n.

o :::;m, n :::;K, m + n :::;K. (7)

Trong d6

PI,i = >.;(1- P)/J-Ltrans, PZ,i = >.;(1- p)/J-Lz.

a-I la h~ng s5 chuin h6a, diro'c cho nhir sau:

(8)
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Xac suat blocking
K

q. = L 7r',m,K-m.
m=O

(9)

K K-m
E[L1,.J = L m L 7ri,m,n'

m=O n=O

So ban tin trung binh tai nut i cua VC dang dci d€ diro c truyen di duoc cho b01.:

(10)

Theo dinh lu~t cua Little, thai hrong mi?t ban tin phai xep hang du-ng dq'i diro'c truyen di ffi9t
each tich C,!C(nghia la tr ai v&i thai gian dci cho time-out het) dtro'c cho bo-i:

E[Wl,iJ = E[Ll,iJ/A;(I- Ii), (11)

trong d6 Ii = qi + P - qiP la xac suat ma mi?t ban tin ho~c la dtro'c nhan nhirng c6 16i ho~c la khi no
den nut i thi tHy b9 d~m d'ay.

Giong nhir trtro'c day, cluing ta dinh nghia E[WiJla di? tr~ trung binh ma ban tin phai chiu khi
n6 di qua diro'ng truyen i. Chu y rhg n6i chung E[WiJ =1= [W1,.J+ 1/ J.Lprop, bo-i vi trong trufrng hop
link-by-link, ban tin c6 th€ diro'c phat lai mi?t vai l'an trtrcc khi n6 dtro'c nhan thanh cong 0- nut
i + 1. Tuy nhien, chung ta c6 th€ tiep tuc lam theo each da su- dung trong Muc 3.3 va tinh E[w.J
nhir drrci day.

D€ tinh E[W.J chung ta c'an dinh nghia mi?t so dai hrong:

• Nt - so l'an phai ph at lai mi?t g6i tin tai nut i triroc khi n6 nhan diro'c thanh cfmg tai tram
i + 1. Theo gia thiet xac suat phat lai m6i g6i tin la d9C l~p, ph an bo cua Nt la P[Nt = kJ =
Jt+l(1 - Ii+d, k = 1,2, ..., vi the cluing ta se c6:

E[Nf] = fi+l . (12)
1 - Ii+l

• 111 - thai gian time-out ciia dircng truyen. Trong cac thi du chUng ta lay Tll bhg hai l'an d9
tr~ Ian truyen, nghia la 111 = 2/ J.Lprop'

Di? tr~ ciia g6i tin tinh tir khi n6 den nut i cho den khi n6 nh an th anh cong 0- nut i+ 1 sinh ra
do Nt khoang thai gian time-out ci?ng v&i cac di? tr~ ma n6 phai chiu trong l'an diro'c truyen thanh
congo Vi v~y:

E[WiJ = E[N;](E[Wl,iJ + 111) + E[Wl,iJ + 1/J.LproP· (13)

Cac phiro'ng trinh (13) va (9) cho ta di? tr~ trung binh va xac suat blocking tai nut i. Gi5ng
nhir trong trufrng h9'P end-to-end, cac phirong trinh nay deu la ham ciia cac gia tr] con chira diroc
xac dinh {x.}.

4.3. M6 hlnh mire VC cho vi~c ki~m Boat 16i link-by-link

Mo hinh mire VC cho link-by-link giong mo hinh end-to-end; S,! khac nhau duy nhat la cac xac
suat blocking diro'c tinh bhg each su- dung (9) clnr khOng phai la (3). Cach tinh toan tirong t'! nhir
da trinh bay 0- tren.

Di? tr~ cua g6i tin tir khi n6 mrri bi{t d'au den nut nguon ciia VC cho den khi n6 dircc nh~n
thanh cong tai nut dich cua VC la t5ng cua cac di? tr~ rieng bi~t ma n6 phai chiu tren m6i dirong
truyen: -

M

E[Wlcl = LE[WiJ.
.=1

(14)
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5. SO SANH CAC KE HO~CH KIEM SOAT LOI LINK-BY-LINK
VOl END-TO-END

Sau khi da phat tri~n cac md hmh giai tich v'e giao thirc ki~m scat 15i link-by-link va end-to-end,
bay gia chung ta se sa- dung cac ma hmh nay d€ so sanh hi~u suat cii a cac giao thirc. Dum day
chUngta se xet hai thl du v'e mang toe di? thap va rnang toe di? eao, qua d6 se rut ra dircc cac ket
lu~ncan thiet.

5.1. So sanh link-by-link v6i end-to-end 0- m~ng toe diJ thap

Thf du thrr nhat, eho me'?t mang WAN, kich thiroc 400km, slY dung cac dirong truy'en toe di?
thip, ti suat 15i bit eao, tircrng tl! voi cac tham so dircng truy'en cila h~ thong di~n thoai ki~u cu.
Cac tham so cu th~ nhir sau:

So ch~ng (hop) trong mang: M = 8 Di? dai m5i chang: 50 km
Dung hrong dirong truyen: C = 50 Kbps So hro'ng bi? d~m t.ai m~i nut: 2, 4, 10
Di?da.i goi tin (packet): l = 1000 bit Xac suat 15i bit: Pb = 10-5

Tit do tinh ra dtro'c: l//l-trans = l/C = 0,02; l//l-prop = 0,00025; p = 1 * Pb = 10-2. Thay cac
gia tri cu thg nay vao cac bi~u thirc thu dtro'c 6- tren, chting ta se nhan dtroc cac ket qua trong bang
1, va.dmrc hi~u di~n bhg da thi tren hinh 5, trong d6 D Ill. thOng hrong ehu[n h6a, d6 Ill. ti so
cda thOng hrong di vao mang tren dung hrong ciia dirong truyen. Tat ea cac dai hrong thai gian
tinh dltqc den diroc ehu[n h6a theo thai gian truy'en mi?t g6i tin, trre Ill.d'eu diro'c ehia eho 1/ /l-tranB'

Chung toi sa- dung phan m'em Mathead, phien ban 8.0 (Mathead 2000) M tinh toano Cac phep tinh
ducc thirc hi~n voi 15 chit so sau dau phay th~p ph an.

Bdng 1. S,! phu thui?e cila de'?tr~ ehu[n h6a vao thOng hro'ng ehu[n h6a

D 0,02 0,06 0,10 0,14 0,18 0,20 0,24 0,28 0,32 0,36 0,40 0,44 0,52 0,60 0,68

E[ Weel 2710 27;82 29,59 33,11 39,21 43,60 56,24 77,18
K=2 '

E[ Weel 2709 27,48 27,91 28,45 29,20 29,71 31,11 33,30 36,70 42,00 50,39 64,28K=4 '

E[ Weel 2709 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 78,52K=10 '
E[WIlI 8,74 10,02 11,73 14,48 24,41 36,04K=2
E[WIlI 8,74 10,02 11,57 13,46 15,81 17,23 20,84 26,45 42,60K=4
E[WIlI 8,74 10,02 11,57 13,45 15,77 17,13 20,37 24,47 29,76 36,72K=10

Nh~nzit:
• Ngu 85 hi? d~m Ian ho'n 4 va thOng hrong khOng vtro't qua 30% nang hrc v~n chuyen ciia dirong

truy'en thi sa- dung giao thirc ki~m soat 15i link-by-link eho thai gian tr~ nho ho'n hin so vai giao
thac kigm soat 15i end-to-end. Thong thirc te cac mang toe di? thilp thirong heat di?ng trong mi'en
thOng hrong nay, do do vi~e su- dung giao thrrc ki~m soat l~i link-by-link ro rang Ill. tot hon giao
thac end-to-end .

• Trong d. hai giao thirc ki~m soat 15i, 6- mien thOng hrong nho khOng vtrct qua 10% nang hrc v~n
chuygn cda dirong truy'en, vi~e tang them so bi? d~m tJ cac nut m~g khong dem lai lq'i Ich gL
Trong mien thOng hrong Ian ho'n, vi~e tang so bi? d~m tJ cac nut m~g se co Ich, n6 lam giarn
thai gian trt Tuy nhien vi~e tang so bi? d~m len eao khOng lam eho thOi gian tr~ giarn di theo
cimg mi?t ti l~.
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Rinh 5. D9 tr~ chugn h6a thay d5i theo thOng hrcng chufin h6a

5.2, So sanh link-by-link v6'i end-to-end Qo m~ng toe de? eao

Thf du thir hai, cho m9t mang WAN, kich thiro'c 400 km, stYdung cac dirong truy'en tik d9 cao,
ti suat Mi bit thap, tirong t\l' voi cac tham so duong truy'en stYdung cap quang. Cac tham so cu th€
nhir sau:

So chang (hop) trong mang: M = 8 D9 dai m6i chang: 50 km
Dung hrong dirong truyen: C = 100 Mbps So hrong b9 d~m tai m~i nut: 10, 15, 20
D9 dai g6i tin (packet): l = 1000 bit Xac suat Mi bit: Pb = 10-9

Tu: d6 tfnh ra diroc: 1/ J.Ltrans = l/C = 0,00001; 1/ J.Lprop = 0,00025; p = 1· Pb = 10-6. Thay cae
gia tr] cu thg nay vao cac bigu thtrc thu diro'c (y tren, cluing ta se nhan diro'c cac kgt qua trong ban!
2 va dtroc bie'u di~n bhg do thi tren hinh 6, trong d6 thong hrong va thoi gian tr~ chu~n h6a drrq(
dinh nghia giong nhir tren.

Nh~n xet:

• Trang toan b9 mien thOng hro'ng dircc khdo sat, sUodung giao thrrc kie'm soat 16i end-to-end chc
thoi gian tr~ nho hrm h3.n so voi kie'm scat 16i link-by-link. Th~m chi c6 the' n6i d.ng khOng thl
sUodung cac giao thrrc link-by-link, boi vi neu stYdung chung, khi tcLitang tir khOng len khoa
4% nang hrc v~n chuydn cii a dircng truy'en thi thoi gian tr~ tang gap hon ba Ian va se tang lei
rat nhanh ch6ng .

• Ngu sUOdung giao thirc kie'm soat 16i end-to-end, trong phan krn mien thong hrong thiro'ng drrl•

sUodung (drr&i 70% nang hrc v~n chuydn cua dtrong truyen) so b9 d~m h'au nhu khOng anh hrrOO!1
t&i d9 tr~, chi trong mien thong hrong Ion (tren 70% nang hrc v~n chuydn ciia dtro'ng truyen
vi~c tang so b9 d~m mei dem lai loi Ich, nhirng khOng nhieu, Neu so b9 d~m tang len den 20If
c6 thg stYdung Mn 85% nang hrc v~n chuydn cii a dlICtng truyen voi d9 tr~ Ion hon d9 tr~ khi It
nhe khOng qua 1,3 ran. Vi~c tang so b9 d~m virot qua 20 co thg coi la vo ich bo-i vi trong thuc i

khi thiet ke rnang ngiro'i ta khOng sUodung thong hro'ng 0- mien xap xi nang hrc v~n chuye'n d
dirong truyen (mien bao hoa].
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D 0,01 0,02----------~--~----~--~----~----~--~----~----~--~--~=~~208,08 208,17 208,25 208,34 208,38 208,47 210,00 213,37 222,20 239,13 269,58

~=~eJ208,08 208,17 208,25 208,34 208,38 208,47 210,00 213,33 220,15 228,11 236,30 254,82~=;~208,08 208,17 208,25 208,34 208,38 208,47 210,00 213,34 220,01 226,87 232,79 243,07 269,60

E\Wul
K=10 222,41 262,81 376,35 767,24

E\Wul 22241 262,81 376,10 693,71
K=15 '

E\ Wul 22241 262,81 376,06 693,71
K=20 '

Bdng 2. S,! phu thu9c cda d9 tr~ chufin h6a V11.O thOng hrong chu~n h6a
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Thong It/tin!! chlfah hoa
Rinh 6. 1)9 tr~ chua:n h6a thay d5i theo thOng hro'ng chua:n h6a

Thongbai bao nay cluing toi da nghien crru m9t each dinh lnrong va. so sanh hi~u sua:t cua cac
tiSp c~ link-by-link v&i each tigp c~n end-to-end d~ xli' Ii cac ban tin bi mat ho~c bi hong khi cluing
du-qc truy'en giii'a 2 ngirei dung cu5i trong mang, Kgt qua da nhan diro'c bi~u thirc gie!.itich d~ tfnh
tho; gian tr~ cila g6i tin khi di qua m~ng.

Chung tei da dira ta hai thi du v&i cac con s5 cu th~, thi du thU: rihat La.m9t rnang WAN sli'
d,ng dirong truy'en t5c d9 thap, tl sua:t l~i bit cao: thi du thrr hai la. m9t mang WAN sli' dung dmmg
truyln t6c d9 cao, tl sua:t l~i bit tha:p. Kgt qua nghien ciru da chi ra rhg trong cac mang t5c d9 cao
ngaynay, vai mien tham so rnang ma chiing ta quan tam, each tiep c~n end-to-end M ki~m scat l~i
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cho ta hi~u suat b~ng ho~c l&n hon, trong khi do lai doi h6i it tai nguyen mang ho'n (tu-c Ia cae b
d~m va thai gian tinh toan] so v&i each tigp c~n link-by-link.
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