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Tong quan

e Tuan trudc
Giao thuc IP
Pia chi IP va cau tric géi tin IP
Giao thic ICMP

e Tuan nay: Tiép tuc vé tang mang
Thé nao la chon dwdng?
Chon dwong tinh va chon dwong déng
Gial thuat va giao thirc chon duwdng



Chon dwong la gi?

Cac nguyén ly chon dwong
Co ché chuyén tiép géi tin
Quy tac “Longest matching”




Co ban vé chon dwdng (1)

e Khi mét may tram gi mot gaoi tin IP t&i mét may
khac
e Neéu dia chi dich nam trén cting mét duong truyen vat ly:
Chuyeén tryec tiép
e Néu dia chi dich nam trén mét mang khac: Chuyén gian
tiép qua bod dinh tuyén (chon duwdong)
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Co ban vé chon dwdng (2)
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duong di)




Chon dwong la gi?

e Co ché dé may tram hay bd dinh tuyén
chuyén tiép goi tin tir ngudn dén dich
e CAac thanh phan cta chon dwdng
Bang chon dwdng
Thong tin chon dwong
Giai thuat, giao thirc chon duwdng




Bd dinh tuy en?

e Thiét bj chuyén tiép cac goi tin gitra cac
mang
La mdt may tinh, véi cac phan cirng chuyén dung
Két ndi nhiéu mang véi nhau
Chuyén tiép goi tin dwa trén bang chon dwéng
e CO nhiéu giao dién
e Phl hop v&i nhiéu dang lwu lwong va pham
Vi cla mang



Mot so vidu...
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Router ngoai vi

Cisco CRS-1
- Router mang truc
Hitachi ——
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http://www.buffalotech.cdm

Cisco 3700 Router ¢@ trung




Bang ch on dwong

e Chi ra danh sach cac duwdng di co thé,
duwoc lwu trong bd nhé cua router
e Cac thanh phan chinh cua bang chon
duwong
Pia chi dich/mat na mang
Router ké tiép




Bang ch on dwéng va c o che HE
chuy entiéep (1) e

Network Next-hop
10.0.0.0/24 A
172.16.0.0/24 C
Router A Router B Router C

I — g T

? ° 10. 0.0.0/24‘jl72.16.0.0/24 g u|

10.0.0.0/24 "192.168.0.0/24 | 172.16.0.0/24 |
B D B H

z - 10
Lwuy quyt ac: No routes, no reachability!




Quy tac “Longest matching”(1)

Gid sir mét dia chi mang dich lai cé nhiéu hon
m&t muc trong bang chon duwdng

Pia chidich: 11.1.2.5
Router ké tiép nao sé dwoc st dung?

Network Next hop
11.0.0.0/8 A
11.1.0.0/16 B
11.1.2.0/24 C
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Quy tac “Longest matching”(2)

Pia chi dich:

11.1.2.5 =00001011.00000001.00000010.00000101
Pwong di 1.

11.1.2.0/24 = 00001011.00000001.00000010.00000000
Puwong di 2:

11.1.0.0/16 = 00001011.00000001.00000000.00000000
Puwong di 3:

11.0.0.0/8 = 00001011.00000000.00000000.00000000

“Longest matching” la gi?
Tai sao phai can quy tac nay?
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Bang chon dwéngvacoche %
chuy entiep (2) ( Internet

Router A Router B Router

o —~ p—

. |\ ° 10. 0.0.0/24‘j172.16.0.0/24 g u|

11192.168.0.0/24

E

| 172.16.0.0/24 |

I

10.0.0.0/24

u!D ‘ch

Network Next-hop Q. Mﬁ ta péng chon
duwong trén C

10.0.0.0/24 A b e v

172.16.0.0/24 C ey - Notvao

Internet?
192.168.0.0/24 Direct 13




PDwong di mac dinh

e Néu duwdng di khong tim thay trong bang chon
duong
o Pudng di mac dinh tré dén mot router két tiép
o Trong nhiéu trwdng hop, day 1a dwéng di duy nhat
e 0.0.0.0/0

o La mét trwdng hop dac biét, chi tat ca cac dworng di

Router A &
=< ( InternetB
T L

Router ké tiép ludn 1a A
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Két hop dwdng di (Routing
aggregation)

e CO bao nhiéu mang con trén mang Internet?

e Sé& c6 rat nhiéu muc trong bang chon dwdng?

e Céc mang con ke tiép v&i cuing dia chi dich c6 thé duoc tong
hop lai dé lam giam sO6 muc trong bang chon duwong.

.

g—C 200.23.1.0/24 >

200.23.0.0/23 / o

»
»

\ - .,
200.23.0.0/22 / == 2\0333/ 2.024,>
> l N
\ —~ - | ks
— /84(\,@9.0/24_.
N
200.23.2.0/2 U\

- 7 — T

N < 200.23.4.0/24 3

—_— rv{/,

15

Wi



Két hop dwérng di (2)

e Vi du vé Viettel
Khong gian dia chi IP: kha I&n
203.113.128.0-203.113.191.255
Pé két ndi dén mét mang con cla Vietel (khach
hang): Chi can chi ra dwdng di dén mang Viettel
e Duwdng di mac dinh chinh [a mét dang cua viéc
két hop dwong
0.0.0.0/0
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Vi du vé bang ch on dwéng —
may tr am

C:\Documents and Settings\hongson>netstat -rn
Route Table

06 P MS TCP Loopback interface
O0x2 ...08 00 1fb2 al a3 ...... Realtek RTL8139 Family PCI Fast Ethernet NIC -

Active Routes:

Network Netmask Gateway Interface Metric
0.0.0.0 0.0.0.0 192.168.1.1 192.168.1.34 20
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
192.168.1.0 255.255.255.0 192.168.1.34 192.168.1.34 20
192.168.1.34 255.255.255.255 127.0.0.1 127.0.0.1 20
192.168.1.255  255.255.255.255 192.168.1.34 192.168.1.34 20
224.0.0.0 240.0.0.0 192.168.1.34 192.168.1.34 20

255.255.255.255 255.255.255.255 192.168.1.34 192.168.1.34 1

Default Gateway: 192.168.1.1 .



Vi du vé bang ch on dwéng —
Router (trich)

#show I p route
Prefix

203.
203.
203.
203.
192.
203.
202.

238. 37.
238. 37.
238. 37.
170. 97.
68. 132.
254. 52.
1/71. 96.

Next Hop
0/24 via 203.178.136. 14
96/ 27 via 203.178.136. 26
128/ 27 via 203.178. 136. 26
0/24 via 203.178.136. 14
0/24 via 203.178.136. 29
0/24 via 203.178.136. 14
0/24 via 203.178.136. 14
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Chon dwong tinh va ch on
dwong dong

Chon dwong tinh
Chon duwong dong
Uu diém — nhuoc diém




Van dé cap nhat bang ch on dworrig

e Sy thay doi cau tric mang: thém mang mai, mot nGt 1
bi mat dién

e Su can thiét phai cap nhat bang chon dwdng
o Cho tat ca cac nit mang (vé ly thuyét)
e Thuec té, chi mét sd nat mang phai cap nhat

nang

Network Next- Network Next- Network Next-
hop hop hop
192.168.0.0/24 B 10.0.0.0/24 A 10.0.0.0/24 B
172.16.0.0/24 B 172.16.0.0/24 C 192.168.0.0/24 B
172.16.1.0/24 B 172.16.1.0/24 C
Router A Router B Router C

10.0.0.0/2

92.168.0.0/2

New Network

2y B

72.16.0

|
.0/2

I
72.16.1.0/2

J



Lam th @ ndo dé cap nh at?

e Chon dwong tinh

Céc muc trong bang chon dwdng dwoc stra ddi
tha céng béi nguwdi quan tri

e Chon dwong dong

Tw déng cap nhat bang chon duwdng
Bang cac giao thirc chon dwdng
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Chon dwong t nh

(_./" \
e Khico sw co: ( internet
~ O T Bt

» Khong thé nbi vao \
Internet ké ca khi cé ton « -
tai dwdng di dw phong ~%/—\' <z~

o Nguwdi quén tri mang can 10.0.03 0009
thay déi \\ 000

Next-hop 10.0.0.3

/

-

Bang chon dwdng cta 10.0.0.1 (1 phan)

Prefix Next-hop

0.0.0.0/0 100072 Next-hop 10.0.0.1
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Chon dwong dong

e Khi co su co:

o Puwdng di thay thé dwoc cap
nhat mot cach tw déng

Bang chon dwéng cta 10.0.0.1 (1 phan)
Prefix Next-hop /Két ndi dy phong 10.0.0.3 \ / 10.0.0.2
0.0.0.0/0 |10.0.0.2 Next-hop~10:0.0.3 —

N NNNIN 1N NN X e . (X
UUTOTOTO [ TUU 00 P~ Két ndi bj I6i

Next-hop 10.0.0.1
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Pac diém ciaa chon dwérng
tTnh

o Uu
o On dinh
e An toan
o Khéng bi anh huwdng béi cac yéu td tac dong

e Nhuwoc
» Clng nhac
» Khong thé s dung tw déng két ndi dw phong
o Khé quan ly
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Chon dwong dong

o Uu
Dé quan ly
Tw déng st dung két ndi dw phong

e Nhuworc
Tinh an toan
Céc giao thirc chon dwdng phirc tap va kho hiéu
Kho quan ly
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Cac giai thu at va giao
thrc ch on dwong

Giai thuat Dijkstra va Bellman-Ford

Giao thire dang link-state va dang
distance-vector




Biéu dien mang b &i do thi
° D§) thi vé&i cac nat (bo dinh tuyén) va cac canh (lién
két)
e Chi phi cho viéc st dung méi lién két c(x,y)
Bang thong, dd tré, chi phi, m&c dd tac nghén...
e Gia thuat chon duwdng: Xac dinh dwong di ngan nhat
gilra hai nut bat ky
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Cay dwérng di ngan nhat - SPT

e SPT — Shortest Path Tree

e CAc canh xuat phat ttr nat goc va tdi cac la

e Duwong di duy nhat tlr nut goc téi nat v, la dwdng di ngan nhat
gilra nut gbc va nat v

e MOI nut sé co mét SPT cua riéng nut do
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Tap trung hay phan tan

e Tap trung
e Thu thap thong tin vao mét nut mang
o S dung cac giai thuat tim dwdng di trén do thi
o Phan bd bang chon dwéng tir nit trung tam toi
cac nut
e Phan tan
o MOi nut tw xay dwng bang chon duwdng riéng
e Giao thire chon dwong: Link-state hoac distance-
vector
o Puwoc st dung phd bién trong thuc té
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Tap trung hay phan tan

e Thong tin chon dwdng la can thiét dé xay dwng
bang chon dudng
e Tap trung hay phan tan?
e Tap trung:
M@i router c6 thdng tin day du vé trang thai ctia mang
Giai thuat dang “link state”
e Phan tan:
Cé&c nut chi biét dwoc trang thai cha lién két vat ly t&i nut ké
bén
Lién tuc I13p lai viéc tinh todn va trao déi théng tin véi nut ké
bén
Giai thuat dang “distance vector”
“Ban cua ban ciing la ban”
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Giai thu at dang link-state

Giai thuat Dijkstra’s
e MOi nlt déu co so dd va chi phi mai link
e Quang ba “Link-state”
o MGi niit c6 cling théng tin
e Tim duwong di chi phi nhé nhat tr mét nat (‘nguon’)
tdi tat ca cac nut khac
» dung dé xay dwng bang chon duwong
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Ky hi éu

o : Do thj vi tap dinh V va tap canh E

. chi phi cda lién két x t6iy; =~ néu khong
phai 2 nut ké nhau

° chi phi hién th&i cha dwérng di tv ndt nguon toi
nuat dich. v

. nat ngay trwdc nit v trén dwdng di tv nguon to
dich

e T: Tap cac nut ma dwdng di ngan nhat da dwoc xac
dinh

32



Cac thu tuc

e |nit():
V&i moi nat v, d[v] = «, p[v] = NIL
d[s]=0
e Improve(u,v), trong do (u,v) u, v la moét canh
nao doé cua G
If d[v] > d[u] + c(u,v) then
d[v] = d[u] + c(u,v)
plvl=u
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Dijsktra’s Algorithm

BN OTAE WD E

Init() ;
T=q
Repeat
u: udT | d(u)labé nhat;
T=T U{u}
for all v O neighbor(u) va v OT
update(u,v) ;
Until T=V
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Dijkstra’s algorithm: Vid u

Step T d(v),p(v) dWw),p(w) d(x),p(x) d(y),p(y) d(z).,p(z)
2,X oo

4.y

4.y

4.y

Bang chon dwd'ng cua u:

destination link
v (u,v)
X (u,x)
:.> y (u,x)
W (u,x)
z | (uxy




Giai thu at dang distance-vector (1)

Phuwong trinh Bellman-Ford (quy hoach dénq)

Dinh nghia
d,(y) := chi phi ctia dwérng di ngan nhat
t X to1y
Taco

d,(y) = min {c(x,v) + d,(y) }

cho tat ca cac v 1a hang xém cua x
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Minh h oa Bellman-Ford Eq.

Dé thay, d (z) =5, d(z) = 3,d,(z) =3

B-F eg. cho ta biét;

dy(z) = min { c(u,v) + d,(2),
c(u,x) + d,(2),
c(uw) + dy(2) }

=min {2 + 5,
1+ 3,
5+3} =4

NUt ndo lam gié tri trén nhd nhat =< Lwa chon l1a
nat ké tiép trong bang chon dudng
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Giai thu at dang distance-vector (2)

y twdng co ban:

e DV: Vector khoang cach, tam coi la
dwdng di ngan nhat cha tr mot nit téi
nhirng nuat khac

e MOi nat dinh ky gtvi DV cla nd t&i cac
nut bén canh

e Khi nut x nhan dwoc 1 DV, nd sé cap
nhat DV cua né qua pt Bellman-ford

e V&I mot sO diéu kién, woc lwong D (y)
sé héi tu dan den gia tri nho nhat d (y)

MOi nat:

'
Cho (Thay doéi trong DV cua
nat bén canh)

|

Tinh lal wéce lwong DV

|

Néu DV thay déi, Bao cho
nut bén canh

38



tw

. (Y X
D,(y) = min{c(x,y) + D,(y), c(x,z) + D,(y)} 98
=min{2+0 , 7+1} =2 ®
chi phi t&i chi phi t&i
XYy z Xy Z
N o D.(z) = min{c(x,y) +
02 7 X0 2 3 X ’
00 00 0 y %1/ Dy(Z), C(X’Z) + DZ(Z)}
=min{2+1 , 7+0} = 3

e

chi phi t&i
Xy z

o0 o0 o0

(o 0]

o0 o0

» thoigian 39



D,(y) = min{c(x,y) + D(y), c(x,z) + D(y)}
=min{2+0 , 7+1} = 2

nut x

tw

chi phi t&i chi phi t&i
Xy Z XY Z
02 7 x(02 3

0O 0O o0

chi phi t&i
Xy z

chi phi t&i
Xy z

02 7

20 1
710
chi phi t&i
Xy z

o0 o0 o0

(o 0]

o0 o0

tw

N <

02 7
20 1

twr
N < X

D,(2) = min{c(x,y) +

= min{2+1, 7+0} =3

D, (2), ¢(x,2) + D (2)}

chi phi t&i
Xy z

N <

02 3

2 0 1
310
chi phi t&i
Xy z

e

-

02 3

201
310

chi phi t&i
Xy z

02 3
201

310

» thoigian 40



So sanh cac gi ai thu at LS va DV

Théng diép trao dbi

e LS: nnut, E canh, O(nE)
thong diép

e DV: Chitrao dbi gira cac
hang xom
o Thoi gian hoi tu thay

doi

Toc do hoi tu

e LS: Thuat toan: O(n?) can
O(nE) thong diép

e DV: Thay doi

Sw chac chan: Giai str mot
router hoat dong sai
LS:
e nut gri cac chi phi sai
e MOi nit tinh riéng bang
chon duwong -> c6 ve chac
chan hon

o DV c6 thé bj gli sai
e M®i nit tinh toan dwa trén
cac nut khac
L&i bi lan truyén trong
mang
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Tom t at

e Nguyén ly cua bai toan chon duwdng
e Tinh vs. ddng, tap trung vs. phan tan
e Link-state vs. distance-vector

42



Tuan t&i: CAc giao th pc chon
dwong trén Internet

e Chon dwdng phan cap
o RIP

o OSPF

o BGP

43
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00
Giang vién: Ngd Hong Son : ®

B& mon Truyén thdng va Mang may tinh

1
Bai gidng c6 st dung nguon tai liéu cung cap béi trwérng Pai hoc Keio, Nhat Ban



Tong quan

e Tuan trwdc: Khai niém chung vé chon
duong.
Chon dwong tinh va chon dwong déng
Cac giao thirc chon dwong
e Tuan nay: Céac giao thirc chon dwdng cu thé
trén Internet
Van dé phan cap trong chon dwdng
Chon dwong ndi vung (Intra-domain): RIP, OSPF
Chon dwong lién vung (Inter-domain): BGP



Phan c ap trong ch on
dwong

Cac hé tu tri
Chon duwdng ndi vung
Chon duwong lien vung




Tong quan

e Van dé chon dwdng da hoc
dwoc xem xét trong diéu kién ly
twdng C
e Cac nut mang co vai tro nhw n}@u
o Chi c6 mot mang duy nhat, mang..
“phang” o \“—-— Fr—

e Thuc té khéng giong nhw vay

e Tinh md réng: Internet c6 hang triéu (ty) may tram,
chon dwdng bang LS hay DV?
e LS: Qua tai thdong tin chon dwdng
e DV: C06 héi tu dwoc khong? .



— \
M’ii/f
-

\>/ =

Kién tric phan ¢ ap cua Internet

e Internet = Mang cua cac mang

e M6i mang c6 thé lwa chon riéng cho minh mét chién lwoc chon
dwdng riéng.

e MO6i mang nhw vay cé thé goi la mét hé tw tri - Autonomous
System (AS)
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sl Combine 5 and 6
sonnh, 3/8/2008



s2

Khai ni ém heé tw tri - AS

e Tap hop cac nut mang co cung chinh sach chon duwong (Giao
thire, quy woée chi phi...)

e Cac ASes duwoc ndi két thdng qua cac router hay gateway

e Mbi hé tw tri c6 mot sb hiéu rieng — AS number (ASN - 16 bits
hay 32 bits).

/ NTT-COMMUNICATIONS-2914 - NTT America, Inc. \
BTN-ASN - Beyond The Network America, Inc.
CHINANET-BACKBONE No0.31,Jin-rong Street

GLOBEINTERNET Teleglobe America Inc.

VNGT-AS-AP Vietnam New Generation Telecom

VNNIC-AS-VN Vietnam Internet Network Information Center
CAMBOTECH-KH-AS ISP Cambodia

K .................................. / 6

Source: http://www.cidr-report.org
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s2 Explain about AS
sonnh, 3/8/2008



AS Count

So lwong ASN c ap phat b &i
|JANA

550':'0 I I I 1 1 1

G

Source: http://www.potaroo.net/
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25000
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Phan c ap giao th ¢c chon
dwong

e Trong mot hé tw tri: Glao thire chon duwong
ndl vung
e IGP: Interior Gateway Protocol
RIP: Routing Information Protocol
OSPF: Open Shortest Path First
1S-IS, IGRP, EIGRP (Cisco)...
e Gilra cac hé tw tri: Giao thirc chon dwong
lién vung
o EGP: Exterior Gateway Protocol
BGP (v4): Border Gateway Protocol



000
Intra-domain va Inter-domain :"
routing 2
AS?2
AS1 e(f'aKO UIGP, EGP | —
| . e WY =

RIP domain

RIP domain

OSPF domain

RIP domain




Chon dwéong n i vung

RIP
OSPF




RIP ( Routing Information Protocol)

o IGP
e RIP v.1, phién ban md&i RIP v.2
e Giao thirc dang vector khoang cach

e Chon dwérng di theo sé nat mang di qua (# of hops,

max = 15 hops)

Tw nut A:

DPich dén sb nat

N< X £ < C

NWWPNDN R

11



Nhac lai: Ch on dwéng dang DV (1)

e Ban cua ban la ban

a% Net A
133.27.4.0/24

To 133.27.4.0/24
1 hop — Net B

W\.wﬁ p 133.27.5.0/24

.




Nhac lai: Ch on dwéng dang DV (2)

e Ban cua ban la ban

qﬂ% ﬂ% Net A
133.27.4.0/24

To 133.27.4.0/24

2 hop
To 133.27.4.0/24
1 hop — Net B
\ V/\/_

133.27.5.0/24

To 133.27.4.0/24 n g
2 hop J & 13

Router -




Nhac lai: Chon dwérng d ang DV (3)

e Ban cua ban la ban

qﬂ% ﬂ% Net A
133.27.4.0/24

To 133.27.4.0/24

2 hop To 133.27.4.0/24
To 133.27.4.0/24 3 hop
1 hop — Net B
\ V/\

~ 133.27.5.0/24

To 133.27.4.0/24 - =
2 hOp | 3 14

Router -




Nhac lai: Chon dwéng dang DV (4)

e Ban cua ban la ban

i

Net A
133.27.4.0/24

[

o

To 133.27.4.0/24
1 hop

.%/_\’

N\

S L T
Router B e —— %l—\.

To 133.27.4.0/24
2 hop

Lwu y: Tén c ua router

Net B

133.27.5.0/24

Db .
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s3 Explain in opposite way: How B is annouced
sonnh, 3/8/2008
s4 Expain that we announce networks address. not router id

sonnh, 3/8/2008



RIP: Trao doi thdng tin

e Trao dbi bang chon dwdng

e Dinh ky
Céc vector khodng cach dworc trao dbi dinh ky - 30s
M6i théng diép chira toi da 25 muc
Trong thwc té, nhiéu thdng diép dwoc st dung

e Su kién
GWi thdng diép cho nat hang xém méi khi cé thay doi
NUt hang xd6m sé cap nhat bang chon dwdng cua no

16



Cac bé dem th &i gian - RIP
timer (1)

e Update timer
Dung dé trao di thong tin c& 30s
e Invalid timer
Khé&i tao lai moi khi nhan dwoc thdng tin chon dwdng
Néu sau 180s khéng nhan dwoc thdng tin -> trang thai hold-down
e Hold down timer
Gilr trang thai hold-down trong 180s
Chuyén sang trang thai down
e Flush timer
Khé&i tao lai mdi khi nhan dwoc thdng tin chon dwéng
Sau 120s, x6a muc twong rng trong bang chon dwdng

17
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Loi lap vo h an (Ping-pong

failure)

e Néu 192.168.0.0/24 bi |6i...

» B cap nhat théng tin vé 192.168.0.0 cho A
o Céc goi tin dén 192.168.0.0/24 sé bi quan

e A cap nhat théng tin vé 192.168.0.0 cho B

o Luan quan, vd han

192.168.0.0/24

conn

192.168.1.0/24

conn

192.168.1.0/24 conn

192.168.2.0/24

192.168.2.0/24 conn

xS

192.168.0.0/24 A

&

192.168.0.0/24

192.168.1.0/24 192.168.2.0/24



s6

OSPF: Pé tranh | i 1ap vo h an

e Gi®i han sb hop toi da
16
e “Split horizon”

Thong tin chon dwdng khéng dwoc quay vé nit
nguon

e “Poison reverse”
Khi lién két bi 16i, gtri gia tri cia chi phi la 16
Lién két chuyén sang trang thai hold-down

20
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s6 16 TTL vs. this?
sonnh, 3/8/2008



s/

OSPF: Open Shortest Path First

o |[GP

e Open: Chuadn mé& cua IETF (phién ban 3,
dinh nghita trong )

e Shortest Path First: Cai dat giai thuat Dijkstra.

e Thong tin vé trang thai lién két - LSA (link
state advertisement) dwgc quang ba “tran
ngap” trén toan AS

21
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s7 Tittle slide
sonnh, 3/8/2008



Mot so6 dac diém caa OSPF

e An toan: théng diép OSPF dwoc bao vé

e V&i cac AS Ién: OSPF phan cap

e Dia chi khdng phan I&p (Variable-Length
Subnet Masking -VLSM )

e M6i link s& co6 nhiéu gia tri vé chi phi khac
nhau dwa trén TOS (tuy nhién hol phwc tap
va chwa dwoc st dung)

22
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Phan cap OSPF

e Trong viéc chon duwdng, tai sao phai chia mang
thanh cac vung nhé hon?

e Néu c6 quéa nhiéu router
Théng tin trang thai lién két dwoc truyén nhiéu [an hon
Phai lién tuc tinh toan lai
Can nhiéu bé nh& hon, nhiéu tai nguyén CPU hon
Lwong thdng tin phai trao dbi tang Ién
Bang chon duwdng I&n hon

| |
e \VUNg

Nhom céac router co cung thong tin LSA &
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s9 Explain why we need to reduce the calculaiton
sonnh, 3/8/2008



Phan c ap OSPF

J boundary rouler
50 ' bockbone rouler

e orea e
(5% % border £

routers TR TE
; internal

S roviers ot
2 L — &<

Areg 2

24



Cac dang router

e ABR - Area border routers: Quan ly 1 vung va
két ndi dén cac ving khac

e ASBR - Autonomous system boundary
router: NOi dén cac AS khac

e BR - backbone routers: thwc hién OSPF
routing trong vung backbone

e Internal Router — Thwc hien OSPF bén trong
mot vung

25



Thong tin ch on dwong?

o Link-State Advertisement (LSA) Chi ra mot nut
dwoe ndi téi nat nao (link) va chi phi (cost) twong
ng

e Vidu: nut A
o link to B, cost 30 A 20 S
e link to D, cost 20 - =2
’ C -
o linkto C, cost 10 \\0/\ \T\ 20
e Vidu: nut D
e linkto A, cost 20 B E

e linkto E, cost 20
e linkto C, cost50

26



Chi phi trong giao th wc OSPF -
metric

e Gia tri mac dinh
100Mbps / bandwidth of interface
Hién nay nguwdi quan tri co thé gan giéa tri nay
e Khi tinh toan bang chon duwdng
Chon dwdng di chi phi nhd nhat
e Chi phi bang nhau
C6 thé thwe hién can bang tai

27



Chi phi m ac dinh cua OSPF

Link Bandwidth

Default OSPF cost

56Kbps serial link 1785
64Kbps serial link 1562
T1 (1.544Mbps) serial link 65
E1 (2.048Mbps) serial link 48
4Mbps Token Ring 25
Ethernet 10

16Mbps Token Ring

FDDI or Fast Ethernet

Gigabit Ethernet / 10G network

28




Quang ba thdng tin LSA

‘\
CO—») Ol
=
O O—E——C
(b)

X has link to A, cost 10
X has link to C, cost 20 C

&

(@)

@G
@

(C) (d) 29
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s8 What information is flood
sonnh, 3/8/2008



Router dai dién - DR

e Dé tang hiéu qua cla viéc quang ba LSA

e MOi router phai lap quan hé vai router dai dién -
designated router (DR)
e Trao doi thong tin thong qua DR
e DR dv phong

e Chon DR va BDR?

Khong c6 DR Co DR

30
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| Neighbor & Adjacency

e “Neighbor” va “adjacency” la cac k/n khac nh
Adjacency: cé trao doi thong tin
Neighbor: c6 dwdng ndi trwe tiép

e Mang quang ba da truy cap (e.g Ethernet)
Neighbor != Adjacency

e Mang diém-nodi-diém
Neighbor == Adjacency

au!

31
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s10 Chang the order
sonnh, 3/8/2008



s11

RIP vs. OSPF

RIP

OSPF

Pac diém

* Router binh dang
« Cau hinh dé dang
* Mang c& nho

* Phan cap
» Cau hinh phtrc tap
* Mang c& vira va Ién

Kha nang mo rong X o)
D6 phtre tap tinh toan Nho Lén
HOI tu Cham Nhanh

Trao dbi thdng tin

Bang chon dwdng

Trang théi lién két

Giai thuat

Distant vector

Link-state

Cap nhat hang xém

30s

10s (Hello packet)

Bon vi chi phi

S6 nat mang

Bang thong

32
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si1 Exchanged informatio
Rip:
OSPF
sonnh, 3/8/2008



Giao th tec ch on dwong lien vung

33



BGP — Border Gateway
Protocol

e Yéu td gan két clia Internet, két ndi cac hé tuw tri
e Trao ddi thong tin NLRI (Network Layer Reachability
Information)
Cho phép mét AS biét dwoc thdng tin di dén AS khac
Gui théng tin nay vao bén trong AS do
Xac dinh dwérng di tot nhat dwa trén thong tin d6 va cac
chinh sach chon dwdng
e Cho phép thiét 1ap cac chinh sach
Chon duwdng ra
Quang ba cac duwdng vao

34
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BGP: Path vector routing

e Gilra cac AS nén dung giao thirc nao?
Kho c6 mét chinh sach va don vi chi phi chung
LS: Chi phi khéng ddng nhat, CSDL qua lén
DV: Mang qua réng, kho héi tu

e Giai phap: Chon duwdng theo path-vector

DI\\L-\\ - E -
A A
DA D—A best path %

C—oB—A X




Slide 35

s12 Change the symbol of router into AS
sonnh, 2/29/2008



Co ché tranh vong | ap

e Do lai xem router da co trén path-vector hay chua
e B huy duwdng di téi A

9 -
“LOOP” ( B
Q3
D—>C—>B—>A
A
C—B—A j

36
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eBGP va IBGP

e External BGP vs. Internal BGP

e Phan tan thong tin chon dwdng
3a gli t¢i 1¢ bang
1c g thdng tin ndi bd t&i (1b, 1d, ...) trong AS1 bang iBGP
2a nhan thong tin t& 1b bang eBGP

eBGP session

................ iBGP session @

AS1 @ """" 37
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s13 - We have to explain why we have two kind of BGP
(Or we ask student)
- iBGP: internal

-e: external
sonnh, 2/29/2008



BGP c6 th @ cai dat cac policy

e Khi cac router giri va nhan thdng tin chon
duong
BGP c6 thé dat cac chinh sach
Cho duwdng vao
Cho duwong ra

38



s15

Cac thu éc tinh c ua dworng di

ORIGIN
o Nguodn cla théng tin (IGP/EGP/incomplete)

AS PATH

NEXT HOP

MED (MULTI_EXIT_DISCRIMINATOR)
LOCAL_PREF
ATOMIC_AGGREGATE
AGGREGATOR

COMMUNITY

39
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s15 Add a new slide to explain about policy
Explain only attributes here
and then, explain the step

Put the slide 103 of Keio slide just be fore slide about policy: howto implement policy

Add AS prepend just after filtering

and others come following
sonnh, 2/29/2008
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Cac bwéc chon dwong di

Bwoc 1:
Buwoc 2:
Budc 3:
Budc 4:
Bwoce b:
Bwoc 6:
Bwoc 7:
Budrc 8:

NEXT

So san
So san
So san
So san
So san
So san
So san

HOP?

n LOCAL_PREF

n d6 dai AS_ PATH

n ORIGIN

n MED

n EBGP/IBGP

n chi phi t&i NEXT_HOP

N Router ID

40
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si4 Priority of route selection
sonnh, 2/29/2008



Cail dat cac chinh sach ntn?

e B6 loc
e Cac thudc tinh
o AS PATH PREPEND

e MED
o LOCAL_ PREF

41
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Bo loc

e Chitrao dbi dworng di nao da dwoc dang ky
» Han ché thdng qua bd loc vao - In-filter
e Thong qua bé loc ra - Out-filter

Example of setting Access List
AS2 O ip as-path access-list 10 permit *2$
AS2AS1 © ip as-path access-list 10 permit *2 1$
AS2 AS3 X Do not recei 2

Setting as “In-filter” on BGP router /
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s16 Move just after policy
sonnh, 2/29/2008



o000
o000
o0
R O
Viduve AS PATH
Network Next Hop Metric LocPrf Weight Path
4.79.201.0/26 203.178.136.29 700500 O 7660 22388 11537 10886 40220

203.178.136.29 700 500
203.178.136.29 700 500
6.1.0.0/16 203.178.136.29 700 500
203.178.136.29 700 500
203.178.136.29 700 500
6.2.0.0/22 203.178.136.29 700 500

7660 22388 11537 10886 40220
7660 22388 11537 10886 40220
7660 22388 11537 668
7660 22388 11537 668
7660 22388 11537 668
7660 22388 11537 668

O OO0 O0o0Oo0o

43



Chon dwong voi AS PATH
Prepend

AS2 AS3 AS5 AS4 AS5 AS5 ASS

(hs2 /
3?\ AS5 AS5 AS5

ASS




Vidu vé AS PATH prepend

Network
8.5.192.0/22

8.5.196.0/24

8.5.200.0/22

Next Hop Metric LocPrf Weight Path

203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989
203.178.136.14 100 0 2516 209 13989 13989 13989 13989

45
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Chon dwong v ol MED

e trong trwdng hop 2 AS v&i nhiéu link
e Chon MED nhod hon
e Ap dung trong diéu khién lwu lwong

172.16.0.0/16
~—a AS1 =

-y L

Routing information Routing information of
of AS1 AS1
- r used route ]

MED 100 MED 200

How to see routing table at AS2
Prefix AS PATH MED
172.16.0.0/16 AS1 100 ©
172.16.0.0/16 AS1 200
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sl7

MED is set by distance AS
Local-pref set by local AS

so local-pre is higher
sonnh, 2/29/2008



Phan tai véi MED

e Dat gia tri MED khac nhau cho moi dudng
e Ciing diéu khién lwu lwong

172.16.0.0/16, 172.17.0.0/16
sz AS]l &re

3 "l =3

Routing information of AS1 Routing information of AS1

172.16.0.0/16 = MED 100 172.16.0.0/16 = MED 200

172.17.0.0/16 = MED 200 172.17.0.0/16 = MED 100
Route used for i — — Route used for
172.16.0.0/16 ﬁ N~ 172.17.0. 0/16

W ps2 j

m




Str dung LOCAL PREF

e Chon gia tri |&n hon cua
LOCAL_PREF

e Diéu khién lwu lvong
upbound

| AS3 AS2 AS1

\/\/—
| LOCAL_PREF 100 K LOCAL _ PREF 80 |




Tom t at

e Hierarchical routing
o RIP

o OSPF

e BGP

49



Tuan t&i: Transport Layer

e Nguyén Iy tang giao van
e UDP vaTCP

e Diéu khién ludng

e Diéu khién tac nghén

50



Chwong 6:
Tang giao v an

Giang vién: Ngd Hong Son

B& mén Truyén thong va Mang may tinh
Khoa CNTT- DPHBK Ha NOi




Tong quan

e CA4c tuan trwdc : Giao thire IP
Dia chi, goi tin IP
ICMP
Chon dwong

e HOM nay: Tang giao van
Nguyén Iy tang giao van
Giao thirc UDP
Giao thirc TCP




Cac khai ni ém co’ ban

Nhac lai kién trdc phan tang
Hwéng lién két vs. Khong lién két
UDP & TCP




Nhac lai ve kien tric phan t ang

Application
(HTTP, Mall, ...)

Transport
(UDP, TCP ...)

Network
(IP, ICMP...)

Datalink
(Ethernet, ADSL...)

Physical
(bits...)

HO tro cac (rng dung trén mang

Truy én div liéu gitra cac teng d ung

Chon dwdng va chuyén tiép goi tin gitra
cac may, cac mang

Hb tro’ viéc truyén théng cho cac thanh
phan ké tiép trén cung 1 mang

Truyén va nhan dong bit trén dwéng
truyén vat ly



Tong quan v e tang 1 v an (1)

tra

network
e Cung cap phwong tien A
truyén gilra cac wrng dung g
cuol
e Bén gui:

e Nhan di¥ liéu ttr rng dung
o Dat d¥ liéu vao cac doan tin va
chuyén cho tang mang
o Neéu d liéu qua lon, nod sé
dwoc chia lam nhiéu phan va
dat vao nhiéu doan tin khac Tzt
nhau —= ) network
A A i ' : data link
e Bén nhan: physical
e Nhan cac doan tin tlr tang
mang
e Tap hop dir liéu va chuyén Ién
cho *ng dung




000
0000
0000
> b\ A\ ::.
Tong qguanv etanggiaov an (2) | ¢
application
\ - v A~ 7 ~ network P
e Dwoc cal dat trén cac hé [k
thGng cudl A —— 1
A e men A ohy daainic] o
e Khong cai dat trén cac e
routers, switches... p=g ¢
- - oA y R,
e Hai dang dich vu giao van [ > i R
e Tin cay, hwdng lién két, e.g [
TCP ?’ﬁtyas'hcr;k' ! netwqu 5 'cr:tt.ion
o Khéng tin cay, khodng lién két, e T )
0 . physical

e.g. UDP



Tai sao | ai can 2 loai dich vu?

e CAc yéu cau dén tir tang trng dung la da dang
e Cac rng dung can dich vu vé&i 100% dd tin cay nhuw
mail, web...
St dung dich vu cua TCP
e CAc rng dung can chuyén di liéu nhanh, c6 kha
nang chiu I6i, e.g. VoIP, Video Streaming
St dung dich vu cua UDP



Wng dung va d ich vu giao v an

Giao th trc Giao th wrc
Wngdung ng dung giao v an
e-mail SMTP TCP
remote terminal access Telnet TCP
Web HTTP TCP
file transfer FTP TCP
streaming multimedia  giao thuc riéng TCP or UDP

(e.g. RealNetworks)

Internet telephony  giao thirc rieng
(e.g., Vonage,Dialpad)

thwong la UDP




Cac chwrc nang chung

Don kénh/phan kénh
Ma kiém soéat 16i




Don kénh/phan kénh - Mux/Demux

| Giao thurc |

DR GDRGD
TS N1

Giao thirc

Multiplexing <+— — Demultiplexing
H\L giao van
a5 -

P ‘\\ >2 /6

Giao thirc tang mang

A

10



Mux/Demux ho at dong ntn?

e Tai tang mang, goi tin IP
dwoc dinh danh b&i dia chi IP
o Dé xéac dinh may tram

e Lam thé nao dé phan biét cac
trng dung trén cung mot
may?
o S dung sb hiéu cdng (16 bits)
» M0i tién trinh trng dung dugc

gan 1 cong

e Socket: Mot cap dia chi IP

va so hiéu cong

32 bhits

source port # dest port #

other header fields

application
data
(message)

TCP/UDP segment format

11



Checksum

e Phat hién 16i bit trong cac doan tin/géi tin

e Nguyén ly giong nhw checksum (16 bits) ctia giao thirc
P

e Vidu:

1100110011 00110
1 01010101010101

1101110111011 101

1
T
Tong 1011101110111 100
Checksum 01 00010001 O0O0O0OO0T11

12



UDP
User Datagram Protocol

Tong quan
Khuon dang gai tin




Giao th trc dang “Best effort”

e Visao can UDP?
Khong can thiét lap lién két (tang do tré)

Pon gidn: Khéng can lwu lai trang thai lién két & bén gii va
bén nhan

Phan dau doan tin nhd

Khong co6 quan ly tac nghen UDP cw gwi di¥ liéu nhanh
nhat, nhiéu nhat néu co thé

e UDP c6 nhirng chirc nang co ban gi?
Don kénh/phan kénh
Phat hién 16i bit bang checksum

14



Khuon d ang b wec tin
(datagram)

e UDP str dung don vi

32 bits >

dir lieu goi la — source port #| dest port #
datagram (bL'J’C tin) //Iength checksum
D6 dai toan
bd birc tin
tinh theo byte o
Application
data
(message)

Khuon dang don vi
di liéu cua UDP

15



Cac van dé cta UDP

e Khdng c6 kiém soat tac nghén
Lam Internet bi qua tai
e Khoéng bao dam dwoc doé tin cay
Céac ng dung phai cai dat co ché tw kiém soat dod
tin cay
Viéc phét trién &ng dung sé phurc tap hon

16



Khéi ni ém vé truy en
thong tin ¢ ay




Kénh cé | 6i bit, khéng b i mat
tin

e Phat hién 16i?
o Checksum

e Lam thé nao dé b&o cho bén gwi?
e ACK (acknowledgements):

e NAK (negative acknowledgements). bao cho bén
nhan rang pkt bi 16i

e Phan &rng cua bén gwi?
o Truyén lai néu la NAK

18



Hoat dong

Sender Receiver

=

send pktO

rcv ACK
send pktl :

. pktl is
: corrupted

rev NAK :

resend pktl : Pkt1

v v
Time Time

19



o000
o000
000
) 3
Lol ACK/NAK :
N N _ Receiver
e Can truyeén lai
e X ly viéc lap goi
tin ntn? send pkt0 : .
. : : pktO is
e Thém Seq.# s | OK
rcv ACK :
send pktl : :
. pktl is
: OK
rcv sth corrupted!
resend pktil Pkt1 rcv pktl
v v duplicate,

Time Timéliscard it
20



Giai phap khdong dung NAK

Sender Receiver
send pkt0 Pkto :

pktO is

KO
s | OK

rcv ACKO

pcKt : pktl is
: : OK
rcv ACK1 ; pkto :
send pktO
: pCKL
rcv ACK1 Pkto

resend pktO :

v v
Time Time

. pktO is corrupted

21



Kénh c6 | 6i bit va m at gadi tin

e D{¥ liéu va ACK c0 thé bj mat
Néu khéng nhan dwoc ACK?
Truyén lai nhw thé nao?
Timeout!
e Thoi gian cho la bao lau?
It nhat 1a 1 RTT (Round Trip Time)
M®&i goi tin giri di can 1 timer
e Néu goi tin van dén dich va ACK bj mat?
Dung so hiéu goi tin

22



Minh h oa

sender receiver
okt
send pki0 ) rcv pktO
ACK send ACKO
rcv ACKO
send pktl kT]
rcv pktl
ACK send ACK]
rCvACKT
send pktO kt 0
rcv pktO
ACK send ACKO

(a) operation with no loss

000
0000
0000
L XX
( X )
®
sender receiver
pkt
sendplt0 =0 oy okio
ACK send ACKO
cvACKO
send pkt1 \%A(
(loss)
timeout  _|
resend pkil Rk |
[CV Pk
ACK send ACK
rcvACK o
send pkiO

kO
}@/ sond ACKO
(b) lost packet

23



000
0000
0000
( XX
. | X
Minh h oa .
| |
sender receiver sender receiver
d pki0 pki t
send p &b rcv pktO send pki0 \% rcv pkio
ACK send ACKO ACK send ACKO
rcv ACKO _ rcv ACKO _
send pki1 kT send pki
rcv pktl rcv kil
ACK send ACK send ACK]
(loss) X el
fimeout
fimeout = ok resend pkil =
resend pktl \rcv okt 1 [CV Pkt
ACK (detect duplicate) rcvACK (detect duplicate)
ACK] send ACKI send pkit0 send ACKI
g%\r/wd Oki0 Kt rcv pkio
v old0 send ACKO
send ACKO

(c) lost ACK (d) premature timeout

24



Truy en theo ki éu pipeline

1 data pkt

Receiver

stop-and-wait

(Y Y
0000
0000
e00
o0
o
Data pkts
EEREEN
o, -
. -
Sender I I I I I I Receiver
ACKs
Pipeline

25



(Y X
’ " A 2> 0000
Sosanh hiéuqua 44+
o0
O
stop-and-wait Pipeline
sender receiver sender receiver
o O [ M
L/R AT4 DAr,
RTT RTT
RTT+L/R RTT+L/R S
time time MMMHQL """"" !
L: Size of data pkt time “ time
R: Link bandwidth
_ S N
RTT: Round trip time Performance = 3*L/R
RTT+L/R
Performance = L/R 26

RTT+L/R



Go-back-N

Sed. #  window, size N ] ]
INNOOOoooooooooon. AT T
________________________________ [ Can be used [ Can not be used
Sender Recelver
e Chi guu cac gm tin v&i s6 hiéu e Chiglri 1 xac nhan ACK cho
trong ctra so, “dich” clra sb sang gdi tin cé sb hiéu I&n nhat da

phai moi khi nhan dwoc ACK

e ACK(n): xac nhan cho cac goi tin
v@'i sO hiéu cho dén n

e Khi co timeout: truyen lai tat ca
cac goi tin co so6 hiéu Ion hon n

trong ctra SO.

nhan dwoc theo dang th tw.
e V&icac goi tin khdng theo thw
(U
Huy bé -> khéng Iwu vao vung
dém
Xac nhan lai goi tin véi s
hiéu I&n nhat con dung thir tu



Vi du ve

GBN

sender

send pktQ
send pki

¥ send pkt?2

send pkt3
(walit)

rcv ACKO
send pkt4

rcv ACK

—pkt2 timeout
send pkiZ
send pkt3
send pkt4
send pktd

receiver

\
\(l&ss)

N

send pkts \

—
~

rcv pktQ
send ACKO

rcv PKrl
send ACKI

rcv pkt3, discard
send ACKI

rcv pktd, discard
send ACKI]

rcv pkid, discard
seng ACK

rcv pkt2, deliver

send ACK? |
rcv pki3, deliver

send ACK3

28



Selective Repeat e
IARNAR]RONCRRR000000C ] g
JNNRNRERERRRRO 000000 i

g:r?f Xgi I Expected
Yet A:CKed D Acceptable

Bén nhan xac nhan riéng ré cho tirng goi tin
Chi guri lai cac goi tin chwa dwoc xac nhan bi timeout

T6 chirc viing dém dé sap xép cac goi tin theo ddng the tw dé
chuyén cho tang trén 29



000
000
| X
7 A = o
Vi du vé Selective Repeat

pktl =ent

01cd3f4567873 ‘__hﬂq__hﬂq_hhﬁﬁ_“““ﬁ‘pktD rovd, delivered, ACEQD =ent

plktl =ent nf1 2 3 4({5 6 7 8 9

012 34586 789

pktl rocvd., delivered. ACK1 =ent
pkt2 =ent n1|2 32 4 56 ¥ 8 9

— |01 2 3|4 56 789 WX
(loss)

pkt3 =ent. window full
n123/45e8 7 829

pktd rovd, buf fered. ACKI =ent
01|2 3 45| 7 89

ACKD rocwd, pktd =ent
oL 2 2 4|56 7 89

+ plktd rovd, mffered., ACK4d =ent
ACKl rowd, pkth sent 0 1{2 2 4 5|6 7 8 9

01j2 3 45/ 7829

pktt rovd, buf fered. ACEL =ent
o 1|2 245l 7 89

—— pkt2 TIMEOUT, pkt2 resent
012z 3 4 5(6 7 8 9

pkt? rovd, pkt2.pktd, pktd, pktt
deliversed. ACKZ ==nt

ACEZ rowd, nothing sent 012345k 789
n1l|2 24 5jg 7 819

30



Q. Hay nhan xét v e 2 phwong
phap?

o Uu diém
e Nhuoc diém

31



TCP
Transmission Control Protocol

Cau trac doan tin TCP
Quan ly lién két

Kiém soat luéng

Kiém soat tac nghén

32



Tong quanv e TCP

e Giao thirc hwédng lién ket
Bat tay ba buwéc
e Giao thirc truyén di¥ liéu theo dong byte, tin cay
S& dung vung dém
e Truyén theo kiéu pipeline
Tang hiéu qua
e Kiém soét ludng ’
Bén gui khdng lam qua tai bén nhan (thwce té: qua tai)
e Kiém soét tac nghén

Viéc truyen dir liéu khéng nén lam tac nghén mang (thwc
té: luén co tdc nghén)

33



Khuon d ang doan tin - TCP segment

<
<

32 hits

URG: D liéu khan

N

source port #

dest port #

[

- Dung dé truyén div

ACK: ACK #

~

sequence number

lieu tin cay
- Tinh theo bytes

\

cknowledgement number

PSH: Chuyén di liéu
ngay— |

<oq Receive window

not KIIBJ,R sl
sum

 cheeksun

Urg data pnter

-S6 lwong bytes
cO thé nhan

RST. SYN, FIN:—
Ky hiéu cho céac

Options (variable length)

- Piéu khién ludng

goi tin dac biét

application
data
(variable length)

34




TCP cung c ap dich v u tin ¢ ay ntn?

e Kiém soat di¥ lieu da dwoc nhan chua:
Seq. #
Ack
e Chu trinh lam viéc cua TCP:
Thiét lap lien két
Bat tay ba budc
Truyén/nhan di liéu
Pong lién két

35



(XY
'TXX
'TXX
T
z , A o0
Co’ che bao nh an trong TCP :
Seq. #: ’ Host B ﬂg
e SO hiéu cua byte
N R . User Sen-
dau tién cua doan types 92, ACK=,, J
tin trong dong d C N
Ir g g avw host ACKs
liéu ~ receipt of
. ‘ ‘C’, echoes
ACK: . . back ‘C’
e SO hiéu byte dau
tlel:‘ m(‘)ngir_nu,on host ACKs
nhan tw doi tac receipt Se
of echoed 1243, Ack=g,
‘C' \
time
simple telnet scenario 36




Thiét 1ap lién k ét TCP :
Giao th trc bat tay 3 b woéc

e Budc 1l: Agwi SYN choB
e chira giatri khditao seq # cua
A
e khong co dir liéu
e Budc 2: B nhan SYN, tra |0
bang SYNACK
e B khé&itao vung dém
e chira giatri khditao seq. # cua
B
e Budc 3: Anhan SYNACK, tra
: . I&i ACK, ¢6 thé kém theo div
v v liéu

37



Vi du ve viéc dong lién k et

e Buwoc 1: Gui FIN cho B A B

e Budc 2: B nhan duwoc FIN, tra i, (I
loi ACK, dong thoi dong lién  closing
két va gui FIN.

FIN

e Budc 3: A nhan FIN, tra |0
ACK, vao trang thai “cho™.

/ closing
=\
e Buoc 4: B nhan ACK. dong /
lién két. T
K

Lwu y: Ca hai bén déu c6 thé chu
déng dong lién két

closed

timed wait

closed ~

38



Chu trinh s

Client application

Wait 30 sec.
Send SYN

Receive SYN/ACK
Send ACK

Receive FIN
Send ACK

Send FIN

Receive ACK
Send nothing

Client application
Initiates close connection

ong c ia TCP (don gian hoéa)

Initiates a TCP connection

Receive ACK
Send nothing

Receive SYN
Send SYN/ACK

Send FIN

Receive ACK
Send nothing

Receive FIN
Send ACK

39

Server application
Creates a listen socket



ém soat lu ong

>
N

Ki

40



Kiém soéat lu ong (1)

A

B B B 5

v
Cham Qua tai



Kiém soat lu éng (2)

e Diéu khién lwong di liéu dwoc gl di
B&o dam rang hiéu qua |a tot
Khong lam qua tai cac bén
e CA&c bén sé co clra s6 kiém soat
Rwnd; Clra s6 nhan
CWnd: Ctra sb kiém soét tac nghén
e Luwong dir liéu gwi di phai nho hon min(Rwnd, Cwnd)

42



Kiém soat lu ong trong TCP

data from

k— RevWindow —f

7
/ w3 / _’applicatinn

process
% / 7 /
'|l— RevBuffer —I‘*

Kich thwéec ving dém trong
Rwnd

RcvBuf f er - [ Last Byt eRcvd
- Last Byt eRead]

43



Trao doi thdng tin v € Rwnd

e Bén nhan sé bao cho
bén gl biét Rwnd trong
cac doan tin

e Bén gwi dat kich
thwdc clra s6 glvi theo
Rwnd

44



Pieu khi én tac ngh én trong
TCP




Tong quan v e tac ngh én

e Khi nao tac nghén xay ra ?

e Qua nhiéu cap gri-nhan trén mang

e Truyén qua nhiéu lam cho mang qua tai
e Hau qua cua viéc nghén mang

e Mat goi tin

e Thoéng lwong giam, do tré tang

e Tinh trang cua mang sé tr& né

>

>

>

e

P

e

n toi té hon.

Congestion
occur

46



Nguyén Iy ki ém soét t ac ngh én

e Slow-start
Tang toc do theo ham s6 mii
Tiép tuc tang dén mot cnd
ngwdng nao do —+

e Tranh tac nghén ]
Tang dan toc d6 theo ham
tuyén tinh cho dén khi phat
hién tac nghén

e Phat hién tac nghén —
Néu goi tin bj méat

\ 4



TCP Slow Start (1)

e Y twdng co ban
Pat cwnd bang 1 MSS (Maximum segment size)
Tang cwnd |én gap doi
Khi nhan dwoc ACK
Bat dau cham, nhwng tdng theo ham ma
e Tang cho dén mét nguwdng: ssthresh

Sau do, TCP chuyén sang trang thai tranh tac
nghén

48



TCP Slow Start (2)

= Host A

Host B -

One Segment

Wo segments

foar S€gments

time

49



000
0000
Tranh t ac ngh én - Congestion ose’
avoidance °
e ytwdng co ban ﬁ””os’f A Host B ﬂ”
e Tang cwnd theo 1 one segment
cap so6 cong sau khi t;i =
no dat t&1 ssthresh = W0 Segments
e Khi bén g&ri nhan =
duoc ACK —
Tang cwnd thém 1 = three Segments
MSS ‘H
Time
}

50



Phan rng cua TCP (1)

e Gidm toc dd glvi
e Phat hién tac nghén?

Néu nhw phai truyén lai
C6 thé suy ra la mang “tac nghén”

e Khi nao thi phai truyén lai?
Timeout!
Cung mdt goi tin so hiéu goi tin trong ACK

51



Phan trvng cua TCP (2)

e Khi co timeout cua bén guri
TCP dat ngwdng xudng con mdt nlra gia tri hién tai cla
cwnd
TCP dat cwnd vé 1 MSS

TCP chuyén vé slow start

e Néu nhan dwoc 3 ACK gidng nhau
TCP dat ngwéng xudng con mdt nlra gia tri hién tai cta
cwnd
TCP dat cwnd vé gia tri hién tai cia ngwéng cii
TCP chuyén trang thai “congestion avoidance”

52



Kiém soat t ac ngh &n — minh h oa

cwnd
A

22—
— Timeout
20 —— = mmm e

18 —

Threshold is set to half of cwnd (20)

Threshold=16
And slow start starts

16 —f—-------s2-oenoedae

14—

3 ACKs

Threshold=10

Threshold is set to half of cwnd (12)

Al And additive increase starts
8 — :
6 — Threshold=6
7 Al
2 —
» Step

53



Tong k ét

Con rat nhiéu chi tiét vé TCP!

Co hai dang giao thirc giao van

UDP va TCP

Best effort vs. reliable transport protocol
Céac co ché bao dam do tin cay

Bao nhan

Truyén lai

Kiém soat ludng va kiém soat tac nghén

54



Tuan t&i: Application Layer

e Application service model
Client-server vs. P2P

e Typical applications and protocols
HTTP
Mall
FTP
P2P file sharing

and your applications?
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