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Chuong 4: Lop Network

Muc tieu:
A hiéu cdc nguyén ly nén tang cia cdc dich vu 16p
network:
o cac mo hinh dich vu I6p network
o forwarding va routing
o mot router lam viéc nhu thé nao
O routing (chon duong)
o xu ly véi scale
O cdc dé tdi ndng cao: IPv6, mobility
3 hién thuc trong Internet
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Chuong 4: Noi dung trinh bay

A 4.1 Gidi thiéu
3 4.2 Virtual circuit va
datagram networks

7 4.3 Ben trong mot
router?

3 4.4 IP: Internet
Protocol
O dang thuc Datagram
o dia chi IPv4
o ICMP
o IPv6

3 4.5 cdc giai thuat
Routing
o Link state
O Distance Vector
o Hierarchical routing

3 4.6 Routing trong
Internet
o RIP
o OSPF
o BGP

3 4.7 Broadcast va
multicast routing
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|6p Network

3 chuyén cdc doan tur host
gui dén host nhan

7 bén guii s& déng goi cdc
doan vao trong cdc
datagram

7 bén nhan sé& chuyén cdc
doan cho l6p transport

3 cdc giao thuc lop
network trong moi host,
router

7 Router s& xem xét cdc
truong header trong tat
ca cac IP datagram da
duoc chuyén cho né

application
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data link
physical data link
: data link = | physical ™ data link
gi physical I | physical
000 n data link ﬁ
fj E physical
N data link
physical

network
data link I}

physical H"

data link application

physical Tr‘ansEor“r
&2 @ data link
5 5 physical

data link
physical
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2 chitic ndng chinh

O forwarding: di chuyén  tuong tu:
cdc géi tir dau vao dén
dau ra thich hop cla
router

O routing: tién trinh lap
ké hoach chuyén di tir
nguon dén dich

3 routing: xac dinh
duong di cho cac goi
tir nguon dén dich

A forwarding: tién trinh
van chuyén qua 1 giao
diém

O cdc giai thuit routing
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Tdc dong qua lai gitra routing & forwarding

giai thuat routing

bang forwarding cuc bg

gia tri header

duwdng ra

0100
0101
0111
1001

gia tri dang dén

3

2
2
1

trong header cﬂi goi
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Thiét lap két néi

3 chac ndng quan trong thir 3 ctia mot so kién tric mang:

O ATM, frame relay, X.25
3 trugc khi cdc datagram chuy,én di, 2 host va cdc

router trung gian thiét lap két noi ao

O cac router cling lién quan
3 dich vu két ndi I6p network véi I6p transport:

O network: gitra 2 host (cé the cling chira cdc router

trung gian trong truong hop két noi 4o)
O transport: giita 2 tién trinh
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mo_hinh dich vu Network

Hoi: M3 hinh dich v 1a gi (cho kénh truyén cdc
datagram tir bén giri dén bén nhan)?

Vi du cdc dich vu cho cdc Vi du cdc dich vu cho 1

datagram riéng biét: ludng cdc datagram:

7 giao nhan bao dam 0 giao nhan datagram

T giao nhan bao dam vai theo tha tu ,
do tré < 40 ms 7 bao dam bang thong 1oi

thiéu cho luong

3 han ché cdc thay doi
trong khoang trong
gitta cdc goi
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mo hinh dich vu Network

Bao dam?

kién trdc M6 hinh phan hoi
Network dich vu Bangthong Mat  Th¢  Dbinh  t4c nghén
At fw $o
Internet  best effort khéng khong khong khéng  khong (phat hisn
théng qua mat mat)
ATM CBR toc do co cO  ¢6 Khong
khong doi tac nghén
ATM VBR toc dé co cO  ¢6 Khong
c6 bao dam tac nghen
ATM ABR bdo dam khéng €O  khéng CO
toi thiéu
ATM UBR khoéng khéng €0 khdong Knhong
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XN 4.2 Cdc mang virtual circuit va

computer *

aﬂd

3 datagram
o B
i )

networ 1118 »

James F. Kurose
Keith W. Ross
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Két ndi l6p network va dich vu
khong ket noi

7 datagram network cung cap dich vu khdng
két noi 16p network

1 két noi a0 cung cap dich vu két noi lop
network

3 tuong tu va6i cdc dich vu 16p transport,
nhung:
o dich vu: host-to-host
o khéng lua chon: network chi cung cap 1 dich vu
o hién thuc: bén trong phan 13i ciia hetwork
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cac mach ao

“cdch xt Iy duong tir nguon dén dich phai tuong tu voi

mach dién thoai”
O hiéu qua

o u

’rhi?é’r lap cudc goi, chia nho méi cudc goi trudc khidi ligu cd
thé truyén

moi géi mang nhdn dang két noi ao (khdng phai la dia chi dich)
moi router trén duong tir nguon dén dich giir nguyén “trang
thdi" qua moi ket noi

ket noi, cdc tai nguyén router (bdng thdng, bo dém) cé the
dugc cap phat cho két noi do (cdc tai nguyén danh riéng =
dich vu c6 thé du dodn trusc)

Lép Network
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hién thuc két noi ao

mot két noi 4o bao gom:
1. duong tir nguon dén dich
2. cdc s6 hiéu két noi a0, moi sé6 danh cho mdi két
noi doc theo duong
3. cdc diém ddng ky vdo cdc bang forwarding
trong router doc theo duong
A géi thuoc vé két noi 40 mang so6 hiéu (khdng
la dia chi dich)
A so6 hiéu két ndi 40 cb thé thay doi trén moi
két noi

o 0 hiéu moi dugce cap tir bang forwarding
Lép Network
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Bang Forwarding

sd hiéu

bing Forwarding trong 56 hiéu
router géc tay-bic: glao Ticp
giao tiép vao s6 hi¢u két néi vag giao tiép ra s6 hiéu két ndi ra
1 12 3 22
2 63 1 18
3 7 2 17
1 97 3 87

Cdc Router giit hnguyén thong tin trang thdi két noil
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/

cdc mach 4o: cdc giao thic gui tin
hiéu

7 dung dé thiét lap, duy tri két noi ao
3 dung trong ATM, frame-relay, X.25
7 khong dung trong Internet ngay nay

a Iica‘rionl - ﬁ_l ,
Tl::'lzms ort |2 bat dau dong dir ligu 6. nhan dit lieu |application
4 fcuoc goi dd két noi 3. chép nhan cuoc doi | Transport
data link | }||khoi fao cudc goi 2. cudc goi d :
| _data link

physical

_a

physical |
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cdc mang Datagram

7 khdng thiét lap cudc goi tai I6p network
3 cdc router: khdng cé trang thdi vé cdc két nbi end-
to-end
o khdng cé khdi niém muic network cua “két noi”
7 van chuyén cdc géi dung dia chi host dich

o cdc géi giita cling cip nguon-dich cé thé cé cdc duong di
khdc nhau

applica’rionl ﬁ—l
transoort application
transport
data link |

physical |

) 1. gui dit liéu 2. nhan dit lia
data link 7 e S

physical |L.l> W~ |
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bang Forwarding

Vung dia chi dich

4 ty diem

ddng nhap cé thé

Giao ti€p két no1

11001000 00010111 00010000 00000000
dén
11001000 00010111 00010111 11111111

11001000 00010111 00011000 00000000
dén
11001000 00010111 00011000 11111111
11001000 00010111 00011001 00000000
dén

11001000 00010111 OOOTITIIT 11111111

khac

Lép Network
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So trung prefix ddi nhat

So trung prefix Link Interface
11001000 00010111 00010 0
11001000 00010111 00011000 1
11001000 00010111 00011 2
nguoc lai 3

Cdc vi du:

DA: 11001000 00010111 00010110 10100001 Chon interface nao?

DA: 11001000 00010111 00011000 10101010 Chon interface nao?
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Datagram hoic network: tai sao?

Internet (datagram) ATM (két ndi a0)
0 di ligu trao doi gitta cdc mAy o phdt trién tir hé théng dicn
tinh thoai

O d§Ch vu\“mévm dé<~)", khong o dam thoai cua con nquoi:
 dinh thichatche o dinh thi chat ché, yéu
O cac hé thong dau cudi "thong cau do tin cay
mmh, (cdc mdy finh) B O can thiét cho cdc dich vu
O €O ’[hé thich ung, dieu bao dam
i(h,'\en va sira oi 0O cdc hé thong dau cudi “it
O "ben trong” mang don gian, théng minh"
‘“ben? ”909"' l?h"lc Tap o dién thoai
m nhleu’kleu keT noi ’ 5 “bén trong” mang phirc
O cac dic tinh khac nhau tap
o dong nhat dich vu khé
khan Lép Network
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O p—— 4.3 Router

networking & r

third edition

James F. Kurose
Keith W. Ross
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Tong quan kién tric Router

2 chuc nang chinh:

3 chay cac giao thuac/giai thuat routing (RIP, OSPF, BGP)
0 diy cdc datagram tir két noi vao dén két noi ra

input port
I:|I |—F I——»
o

input port

D H

output port

switching

fabric

[ M =

output port

[ H =

routing
processor
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Cdc chic ndng cong vao

lookup,

decapsulation)

e 1 e L i
terminati
/l/er'm'“a on (protocol, qUeLEINg fabric

|6p Physical:
tiép nhan muc bit

l6p Data link: switch khong tap trung.
vi du: Ethernet O véi dich cua datagram biet trusc, tim

xem chuonhg 5 cong ra dung bang forwarding ‘rrong bo
nhé cong vao

0 muc tiéu: hodn tat xu ly cong vdo dua trén
“toc do dong

0 sip hang: néu datagrams dén nhanh hon
toc do forwarding bén trong switch

fabric
Lép Network 23



3 kiéu switching fabrics

| crossbar

>< < N

1
£
=
o
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Switching thong qua b nhé

Céc router thé hé thu nhat:

Ocdc mdy tinh c6 dién vai switch dudi su diéu khién
truc tiep cua CPU

1g6i dugc sao chép vao trong bo nhs hé thong
Itoc d6 giéi han boi bdng thang bo nho

cong b0 nho cong
Vao ra

Bus hé thong

Lép Network
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Switch thong qua 1 Bus

3 datagram tir bo nhé cong vdo dén bo
nhé cong ra thang qua mot bus chia
s¢

3 tranh chap bus: téc d switch gisi
han boi bang thong cua bus

7 1 Gbps bus, Cisco 1900: toc @6 du
cho truy xuat cdc router
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Switch thdng qua 1 mang két nodi noi bo

7 vuot qua cdc gidi han cia bang thong bus

3 cdc mang két noi noi bo khdc lic dau dugce ding dé
két noi cdc b xir ly trong thict bi cé nhicu bo xur ly

7 thiet ke ndng cao: phdn manh datagram vao cdc 6 d6
dai ¢6 dinh, chuyén cdc 8 thdng qua fabric.

7 Cisco 12000: chuyen véi toc d6 hang Gbps thdng
qua két noi noi bo

Lép Network
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Cdc cong ra

switch queuing: data Iin_k
™ buffer processing line
fabric (protocol T g
management § termination
decapsulation)

a3 Hém dugc yéu cau khi cdc datagram dén tur fabric
nhanh hon toc d6 truyén

O Scheduling discipline chon gitta nhitng datagram da
sip hang dé truyén
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Sip hdng tai cong ra

Fgaa] (|
- Swilch = o= T Switch =
— [-'~:::I:.--ri-:/,;l Qahrit 7 fE—
—| Emp— / — I-—]- — f{; >
E— . JII — - I / '
Qutput Port Contention One Packe

af Time ! Time Later
7 dém khi toc @6 dén thdng qua switch vuot qud toc
do dong ra

O sap hang (tré) vd mat mdt boi vi bo déem tai cong ra
bi tran!

Lop Network
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Sip hdng tai cong vdo

3 Fabric cham hon su phdi hop tai cdc cong vao -> sap
hang xay ra tai cdc hang vao

7 Tic nghén Head-of-the-Line (HOL): datagram dd sip
hang phia trudc cua hang ngan can cdc datagram khac

di chuyén Ién trusc

0 sap hdng (tre) vd mat mdt bor vi by dem tai cong vao

bi tran! |
| ‘ switcl'],:‘? '
fabic I |

output port contention
at time t - only one red
packet can be transferred

switch
fabric

{
g e
igN

green packet

experiences HOL blocking

Lép Network
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4 4 TP - Internet Protocol

James F. Kurose
Keith W. Ross
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Lép Internet Network

Cac chtrc nang:

|

16p
Network

|

l6p Transport: TCP, UDP

giao thic IP
*cdc quy udc dinh dia chi
-dang thuc datagram
*cdc quy udc quan ly goi

cdc giao thic Routfing
*chon duong
RIP, OSPF, BGP

giao thirc ICMP
-thdng bdo 15i
‘router "signaling”

|6p Link

l6p physical

Lép Network
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dang thirc TP datagram

s6 hiéu phién ban

5 bi
giao thuc IP 32 bits
do dai header
(bytes) service

da’ragr'am (bytes

“kiéu" cua dir lieu —

danh cho viéc

16-bit identifierflgs

S0 hop con lai__| | time to | upper
F0i da | live A layer
(giam xuong tai -
mdi router) 32 bit dia chi IP nguon

L

giao thirc Iop ’rr'én/ 32 bit dia chi IP dich

Uy chon (néu cé)

vi du: truong

dir liéu
(d6 ddi thay doi,
tuy theo doan TCP
hoic UDP)

bao nhiéu overhead
vai TCP?

0 20 bytes cua TCP
0 20 bytes cua IP
0 =40 bytes +

timestamp
ghi nhan duong di
danh sdch cac

router
deée di dén

overhead |6p app
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Phan manh & t6ng hop IP

7 cdc két noi mang cé MTU
(max.transfer size) - frame
muc két noi 16n nhat co the.

O cdc kiéu lién két khdc nhau,
cac MTU khadc nhau

3 cdc datagram I6n duoc chia
(phdn manh) bén trong mang

O 1datagram thanh mot vai
datagram

o “tong hop" tai dich cudi
cung

O cdc bit cua IP header xac
dinh, thu tu lién quan cdc
manh

phan manh:
vao: 1 datagram lon
ra: 3 datagram nho hon
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Phdn manh & tong hop IP

length | ID fr'agflag offse’r I
Vi du =4000]=x |
0 4000 byte 1 datagram I6n thanh mot vai datagram nho hon
datagram

3 MTU = 1500 bytes

fragflag
- .-_._-1 .......... ":185

fragflag |offset I
=0 =370

offset = .k
1480/8
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Dinh dia chi IP: giéi thiéu
3 dia chi IP: 32-bit nhan @23-1-“ ﬂg
223.1.2.1

dang cho host, router @231 - . ‘

/nterface 223114, 223.1.2.9
3 /interface: ket noi gitra g_ %ﬁ
2 2231 2 2
host/router va két noi 223.1.1.3  223.14.3.27 @
vat ly
o router thuong cé nhiéu
interface 223.1.3.1 223.1.3.2
O host thuong cé 1 @ @
interface
o moi dia chi IP lién két
vGi moi interface 223.1.1.1 = 11011111 00000001 00000001 00000001

223 1 1 1
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Cac Subnet (mang con)
dia chi IP: @223.1.1.1
O diachil 223.1.2.1_@

O phén subnet (cac bit co @33_1_1_2

trong s6 cao) 2934\1.4 _223:1:2:9

o phan host (cdc bit ¢é %ﬁx
trong s6 thép) g— 223.1 2

' 2231.1.3 2234, @
3 subnet la gi?
O cdc interface thiét bi /SUbne‘f
c6 phan subnet cua dia 223.1.3.1 993.1.3.2
chi IP giong nhau @ @
O ¢6 thé tim thay nhau
khong can sy can thiép ‘
cua router mang gom 3 subnets
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Subne-rs 223.1.1.0/24 2231 9 0/%4

8

phuong phdp

7 Dé xdc dinh subnet, =
tach moi interface tu —@

host hoac router cua

nd, tao vung cdc mang
223.1.3.0/24

i

doc lap. Moi ving mang
doc lap dugc goi la mot
subnet.

Subnet mask: /24
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Subnets

Bao nhieu?

223.1.1.2
223.1.1.1§ : %223.1.1.4
223.1.1.3

223.1.9.2

223.1.9.1 223.1.7.1

 223.1.8.1 223.1.8.0

| |
223.1.2.6 223.1.3.27

223.1.2.1! @223.1.2.2 223.1.3.1! ‘ 9223.1.3.2

Lop Network 39




Dinh dia chi IP: CIDR
CIDR: Classless InterDomain Routing

o phan subnet cta dia chi ¢é 6 dai bat ky

o dang thuc dia chi: a.b.c.d/x, trong dé x la sb bit
trong phan subnet cua dia chi

phan phan

N g

subnet o host

11001000 00010111 00010000 00000000
200.23.16.0/23

Lép Network
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cdc dia chi IP: |[am sao lay mot?

Hoi: Ladm sao Aost lay duoc dia chi IP?

7 md héa ciang do ngudi quan tri hé thong trong 1 file
o Wintel: control-panel->network->configuration-
>tcp/ip->properties
o UNIX: /etc/rc.config
0 DHCP: Dynamic Host Configuration Protocol: tu dong
lay dia chi fu server
o "plug-and-play”
(xem chuong ké tiép dé biét rd hon)
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cdc dia chi IP: |[am sao lay mot?

Hoi: Lam sao mang lay duoc phan subnet cua dia

chi IP?

Ddp: lay phan dd cap phdt cia khdng gian dia chi
IP do ISP cung cap

khdi ctia ISP
T6 chyc 0

Té chirc 1
T6 chirc 2

T6 chire 7

11001000 00010111 00010000 00000000

11001000 00010111 00010000 00000000

11001000 00010111 00010010 00000000

11001000 00010111 00010100 00000000

11001000 00010111 00011110 00000000

200.23.16.0/20

200.23.16.0/23
200.23.18.0/23
200.23.20.0/23

200.23.30.0/23
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Dinh dia chi phdn cap: route tich hop

cho phép thdng bdo hiéu qua thong tin routing:

T6 chirc O
200.23.16.0/23

T chire 1 o
200.23.18.0/23 \ gui cho toi bat cu thu gi

v6i cdc dia chi bat dau
T4 chuic 2 T 200.23.16.0/20"

200.23.20.0/23 . Fly-By-Night-ISP \
. y Internet
T4 chirc 7 . /

200.23.30.0/23

N “gtri cho 18i bat ctr thir g
——  ISPs-R-Us véi cde dia chi bat dau
/ 199.31.0.0/16"
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Dinh dia chi phan cap: nhiéu cdch route xdc

dinh

ISPs-R-Us cé nhiéu cdch route d@én T6 chuc 1

AN
P

T6 chic O

200.23.16.0/23

T chirc 2

200.23.20.0/23

T6 chire 7

200.23.30.0/23

ISPs-R-Us

200.23.18.0/23

/
T4 chire 1 //

“gti cho t6i bat ctr thtr g
v6i cdc dia chi bat dau
200.23.16.0/20"

Fly-By-Night-ISP \

Internet

“gti cho 13i bat ct thir gi
v6i cdc dia chi bat dau
199.31.0.0/16

hoic 200.23.18.0/23"

Lép Network
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Dinh dia chi IP:...

Hoi: Lam sao mot ISP lay duoc khoi dia chi?

Ddp: ICANN: Internet Corporation for Assighed
Names and Numbers
O cap phdt cdc dia chi
O quan ly DNS
O gdn cdc t&n mién, giai quyét tranh chap
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NAT: Network Address Translation

«— phan con lai cua .| < mang cuc bo .
Internet (vd: mang gia dinh)
10.0.0/24 @) 0001
1(0.0.0.4 10.0.0.2
3 @ 00.
138.76.29.7 )

Ta t ca datagram d7 ra khoimang cuc  cdc Datagram véi nguon hoic dich
bo cé cliing mot dia chi IP NAT la:  frong mang nay cé dia chi 10.0.0/24
138.76.29.7,
voi cdc s6 higu cong hguon khdc nhau
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NAT: Network Address Translation

7 Mang cuc bo chi ding 1 dia chi IP doi véi bén ngoai:
0 khdng can thiet ding 1 viing dia chi tir ISP: chi can 1
cho tat ca cac thiét bi
o ¢6 thé thay doi dia chi cdc thiét bi trong mang cuc bo
ma khdng can thdng bdo véi bén ngodi
O ¢6 the thay doi ISP ma khong can thay doi dia chi cdc
thiét bi frong mang cuc bd

0O cdc thiét bi trong mang cuc bo khdng nhin thay, khdng
dinh dia chi ré rang ti bén ngoai (tdng cuong bao mat)
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NAT: Network Address Translation
Hién thuc: NAT router phai:

O cdc datagram di ra: thay theé (dia chi IP va s6 hiéu
cong nquon) moi datagram di ra bén ngoai bang (dia chi
NA va so6 hiéu cong nguon mai)
....cdc clients/servers o xa sé dung (dia chi NAT IP
va so hiéu cong nguon mai) do nhu dia chi dich

Q ghi nho ( f/‘ong bing chuyén doi NA 7? moi cip chuyén
doi (dia chi IP va s6 hiéu cong nguon) sang (dia chi
NAT IP va so hiéu cong hguon mai)

O cdc datagram di den: thay the (dia chi NAT IP va s6
hiéu cong rég,uan méi) Trong cac truong dich cia moi
datagram dén vai gia tri ’ruorl\\?Aﬁ_‘r_\g (dia chi IP va so6

higéu cong ngudn) trong bang
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NAT: Network Address Translation

bang chuyén doi NAT 1: host 10.0.0.1
2: NAT router dia chi phia WAN dia chi phia LAN gui da‘ragr-alofn &n

thay doi dia chi tir - 143524 597 5001 [ 10.0.0.1, 3345 128.119.40.186, 80

10.0.0.1, 3345 -> 100
138.76.29.7,5001, | =~  _—T ==

cap nhat bang 5:10.0.01, 3345 j

D: 128.119.40.186, 80
_,!@ 10.0.0.1
S: 138.76.29.7, 5001 ! . ;
“@ j 10.0.0.4
; itV

D: 128.119.40.186, 80 I
=X
=

/I
138.76.29.7 " 5:128.119.40.186, 80 _@_
/ D:10.0.0.1, 3345

/s 128.119.40, I
M O A8 10005
3: phan hdi dén dia chi : 2 NAT router

dich 138.76.29.7, 5001 ‘;ﬁfz f;" dia chi datagrarm

138.76.29.7, 5001 -> 10.0.0.1, 3345
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NAT: Network Address Translation

3 truong s6 hiéu cong 16-bit:
0 60,000 két noi dong thoi chi vei mot dia chi phia
LAN
A NAT cdn cé thé gdy ra tranh luan:
o cdc router chi xt ly dén lop 3

O vi pham thoa thuan end-to-end

- nhitng nqusi thiét ké ang dung phai tinh dén kha ndng
NAT, vd: tng dung P2P

o su thiéu thon dia chi IP s& duoc giai quyét khi
dung IPvé

Lép Network
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ICMP: Internet Control Message Protocol

O duoc cdc host & router
dung dé truyéen thong thong
tin 16p network

O Thong bdo l6i: host,
network, port, giao thuc
khong ¢ thuc

o phan hoi request/reply
(dung bai Iénh ping)

3 16p network “trén" IP:

O cdc thong diép ICMP
chua trong cac IP
datagram

3 thong diep ICMP: kieu, md
thém voi 8 byte dau tién_
cua IP datagram gay ra loi

echo reply (ping)

dest. network unreachable
dest host unreachable
dest protocol unreachable
dest port unreachable
dest network unknown
dest host unknown

source quench (congestion
control - not used)

echo request (ping)

route advertisement
router discovery

TTL expired

kifuma md ta
0 0
3 0
3 1
3 2
3 3
3 6
3 7
4 0
8 0
9 0
10 0
11 0
12 0

bad IP header
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Traceroute & ICMP

T nguon giri mdt chudi cdc
doan UDP dén dich
O dau tiéncé TTL =1
O tht hai ¢6 TTL=2, tuong
tu.
O khdng giéng sb port
7 khi datagram tht n d&n
router n:
O Router huy datagram
O va giri den nguon mot ICMP
message (kiéu 11, md O)
o thong diép chtra tén cua dia
chi routerd IP

3 Khi thong digp ICMP den,
nguon tinh todn RTT

O Traceroute thuc hién cong
viéc nay 3 lan

tiéu chuan dirng

3 doan UDP dén lan luot tai
host dich

3 dich tra vé géi ICMP “host
khdng cé thuc" (kiéu 3, md
3)

A Khi nguon cé ICMP nay ->
ding.
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IPv6

A dong luc thic day ban dau: khdng gian dia chi
32-bit som dugc cap phdt can kiét.

0 dong luc bo sung:
o dang thic header gidp tdng toc xu ly/forwarding
o header thay doi tao diéu kién thuan loi cho QoS
dang thuc IPv6 datagram:
0 40 byte header, do dai c6 dinh
o khong cho phép phan manh

Lop Network 53



IPv6 Header (11)

do wu tién: xéc dinh d6 uu tién cua cdc datagram trong luong
nhan luong: xéc dinh cdc datagram trong cting “luong"

(khdi niém “luong" khdng duoc ré rang).
heagerké tiep=xdc dinh giao thuc lop trén cho dit liéu

ver | pri __flow label
payload len next hdr | hop limit

source address
(128 bits)

destination address
(128 bits)

data

< 32 bits >
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Nhitng thay d6i khdc nita so véi
TPv4

O Checksum: bo hét, nhiam giam thoi gian xir ly
tai hop

A Options: cho phép, nhung nim ngodi header,
chi thi bsi truong "Next Header”

O ICMPv6: phien ban méi cia ICMP
o cdc kiéu thong diep bo sung, vd “Packet Too Big"
O cdc chirc ndng quan ly nhém multicast
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Chuyén tir IPv4 sang IPv6

A khdng phai tat ca router déu cé thé ndng cap
dong thoi
O mang c6 cdc router dung ca IPv4 va IPv6 hoat dong
thé nao?
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Tunneling
sch nhin logic: A B tunnel E F
cach nhin oglc.@ @ @_@

IPv6 IPv6 IPv6 IPv6

cach nhin thuc: @_QDB_C;_L D . _gDE_C;_gDF_C;

IPv6 IPv6 IPv4 IPv4 IPv6 IPv6
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Tunneling
, . . A B tunnel E P
cach nhin loglc.@_@_@_@

IPv6 IPv6 IPv6 IPv6
s i N N
IPv6 IPv6 IPv4 IPv4 IPv6 IPv6
Flow: X Flow: X
Src: A Src: A
Dest: F Dest: F
data data
A-to-B: ' T E-to-F:
]':;?/_6 ' B-to-C: B-to-C: ]-:Pc\)/_é '
IPv6 inside IPv6 inside
IPv4 IPv4
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4.5 Cac giai thuat Routing

James F. Kurose
Keith W. Ross
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Tdc dong lan nhau gitra routing,

forwarding

giai thuat routing

bang forwarding cuc bg
gia triheader

0100
0101
0111
1001

gia tri trong header

cla goi den ;
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M& hinh d6 thi

do thi: G = (N,E)
N =tap cacrouters={u,v,w, x,y, 2z}

E = tap cac két ndi ={ (u,v), (u,x), (v,x), (v,w), (X,w), (x,y), (W,y), (W,z2), (y,z)}

Ghi chid: M@ hinh d6 thi cling diing dugc trong nhiing ngit canh khdc

Vi du: P2P, trong dé N la tap cdc diém va E la tap cdc két ndi TCP
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M& hinh do thi: cdc chi phi

« ¢(x,x') = chi phi két ni (x,x")
-viduic(w,z)=5
-chi phi cé thé ludn ludn la 1, hoic

nguoc lai lién quan dén bdng thdng,
hay lién quan dén tac nghén

chi phi cua duong (x;, X,, X3,..., X;) = €(Xq,X;) + €(X;,X3) + ... + c(X,.1.%,

Hoi: chi phi thap nhat trén duong tir u dén z ?

giai thuat Routing: giai thuat tim duong cé chi phi thap nhat
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phan |6p giai thuat Routing

thong tin toan cuc hoic khong
tap Trung

fodn cuc:

0 tat ca router cé todn bo théng

tin vé chi phi két ndi, cau trdc
mang

0 cdc giai thuat “trang thdi két

noi
khong ‘rap trung:

O biét cdc két n0| vat ly dén cac
diém lan can va chi phi cua né

O 1dp lai qud trinh tinh todn, trao
doi théng tin voi cdc diém lan
can

O cdc giai thuat “vector khoéng
cach”

Tihh hay dong?

Tinh:

0 viéc tim duong di thay
doi cham chap theo
thoi gian

Bong:

0 viéc Tim duong di thay
doi rat nhanh

O cép nhat theo chu ky

O phan tng vaGi nhitng thay
doi chi phi két noi
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not
giai thuat Dijkstra
O biet chi phi két noi, cau fric
mang cua tat ca cac ndt
O tat ca cde ndt cé thdng
tin giong nhau
O tinh todn duong di chi phi
thap nhat tir 1 ndt (hguon)
den tat ca cdc ndt khdc
O cho ftrudc bang
forwarding cua ndt dé
O sau k lan duyét, bié’[ dqu:
duong di chi phi thap nhat
cua k dich

1 giai thuat Routing "trang thdi két

Ky hiéu:

3 c(X,y): chi phi két noi tir
ndt x dény; = e néu khdng
két noi truc tiep dén diem
lan cén

3 D(Vv): gid tri chi phi hién tai
ctia duong tir hguon dén dich
v

3 p(V): ndt truéc nim trén
duong tr nguon dén nidt v

3 N': tap cdc ndt ma duong di
chi phi thap nhat dd duogc
xdc dinh
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giai thuat Dijkstra

1 Khoi tao:
2 N'={u)
3 for tit ca cac nat v

4 ifvkévdiu

3 then D(v) = c(u,v)
6 else D(v)=«

7

3 Lap

9 tim w khéng cé trong N' nhwng D(w) t6i tiéu

10 thém w vao N’

11 cap nhat lai D(v) cho tat ca v ké v&i w va khdng co trong N' :

12 D(v) = min( D(v), D(w) + c(w,Vv) )

13 /* chi phi m&i dén v 1a chinh né hoéc chi phi dwdng di ngan nhat

14 cdng véi chi phi t w dén v */
US cho dén khi tat ca cac nut nam trong N’
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giai thuat Dijkstra: vi du

Bwoc N'  D(v),p(v) D(w),p(w) D(x),p(x) D(y).p(y) D(z),p(z)
0 u 2,U S5u  —1u °0 o
1 2.X o
2 4y
3 4.y
4 &y
5
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giai thuat Dijkstra: vi du (2)

Cay két qua duong di ngin nhat tu u:

Sw2

e

Bang forwarding két qua trong u:

dich

két nbi

N 2 <X X <

(u,v)
(u,x)
(u,x)
(u.x)
(ux)
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giai thuat Dijkstra: thao luin

Do phuc tap giai thuat: n ndt

A mdi lan duyét: can kiém tra tat ca cdc nit w khdng cé trong N
3 n(n+1)/2 phép so sdnh: O(n?)

T ¢6 nhiéu cdch hién thuc dat hiéu qua hon: O(nlogn)

c6 thé dao dong:

3 vd: chi phi két noi = s6 luong luu théng

0

tinh Toan |ai .. tinh ’roan lai .. tinh Toan |ai
khOI tao
routing

_,
o
/
‘“ *:‘

I—\—>N
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giai Thuat Vector khoang cdch

cong thic Bellman-Ford
dinh nghia
d,(y) := chi phi thap nhat cia duong di tir x dén'y

thi

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

trong dé min dugc tinh trén tat ca lan can v cta x
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Bellman-Ford: vi du

ro rang, d (z) =5,d,(z) = 3,d,(z) = 3

cong thirc B-F cho:

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

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

chi y ring 16i ticu dat dugc la hop ke tiep
trong duong di ngan nhat
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giai Thuat Vector khoang cdch

A D,(y) = wéc lugng chi phi thap nhat tir x dén
Y

3 ndt x biét chi phi dén mdi 18n can v: ¢c(x,v)

3 NGt X duy tri vecto khoang cach D, =
[Du(y):y e N ]

3 Nut X ciing duy tri cdc vecto khoang cach
den cdc lan cin ciua né

O véi moi lan can v, x duy tri
D, = [D\(y):yeN]
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giai thuat Vector khoang cach (4)

y tudng chinh:

A moi ndt dinh ky gui uéc lugng vector khoang cach
cua hé dén cdc lan céan

3 khi 1 ndt x nhan uéc luong Dv mai Tir 18n cén, né céap
nhat DV ctua minh dung cong thic B-F:

D (y)«— minfc(xv)+Dy)} véimoindtyeN

7 Dudi nhitng diéu kién tu nhién, usc lugng D, (y) hoi
tu 167 chi ph/ dx bé nhit f/m"c sy d.(y)
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giai Thuat Vector khoang cach (5)

lip, khong dong bo: mdi lap moi nut:
cuc bo duoc gay ra bai:
3 chi phi két néi cuc bo th ‘ Vo
déli Pl e N cut Bo Thay cho’ cho (thay doi trong chi

A P h' k"\ A o h v hA
3 DV cap nhat théng bdo tir P t‘;} oo guﬁ)bO oac thong
lan can 1
phan bo: tinh toan lai cac wéc lwong

7 mdi ndt thdng bdo dén cdc

lan can cAi kAiDV cua né . . L
il ! néu DV dén bt ky dich nao

thay doi ; en bat |
O cdc lan can sau d6 thong c6 thay ddi, thong bao cho

bdo d@én cdc lan can cua né cac lan can |
néu can thiét
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- mi N N D(z) = min{c(x,y) +
A0l D e 0 DY BN

bing nut x = min{2+1 , 7+0} = 3
chi phi dén chi phi gen
Xy z Z

x0/27 xOf3
s Y| oo oo Y2 01
T Z o o z|7 10

bing nut y

= chi phi dé
Xy z 5 ’
X oo ©o
> Z
Z Y 7
Z o0 OO (o o]
bing nut z ,
chi phi d¢
Xy z
X | o0 oo oo
2y
z
» thoi gian
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- mi N N D(z) = min{c(x,y) +
A0l D e 0 DY BN

bing nut x = min{2+1 , 7+0} = 3
chi phi dén chi phi gen
Xy z Z

chi phi dén

Xy z
xO/Z 7 X 2 3 x|02 3
5 Y|weo |\ 5 Y2 01 s Y2 01
Z| 000 o0 z\7 10 T Z 310
bing nuat y chi phi dé chi phi @ chi phi &n
Xy z Xy z Xy z 2 1
X| o o o x| 02 7 x|0 2 3 Z
N y Y Y20 1 !
b -'-Z°°°o fo%e) Z 231 O
ang ndt z i phi dé
chi phi dé chi phi dén
Xy z > T
X | o0 oo oo X XOZ 3
Ly . y yl2 01
+— 7 Z Z 310
=Th(‘)’l9l0n
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Vector khoing cdch: cdc thay doi chi phi
két noi

cdac thay doi chi phi két noi:

1

3 ndt kiém tra thay doi chi phi két noi 1
3 cap nhat thong tin dan duong, tinh "
todn lai vector khoang cach 50
3 néu DV thay d6i, thdong bdo cdc lan
can Tai thoi diém 7, y kiém tra thay doi chi phi két néi, cap nhat DV
. va thdng bdo dén cdc lan can cia né
duyét

ST Tai thoi diém #,, z nhan duoc cap nhat try va cap nhat bang cua né.
Tin TirC N6 tinh todn chi phi thip nhit méi dén x va giri DV ciia né dén cdc
+6t1 lan can

n"
hhanh Tai thoi diém 7, y nhan dugc cap nhat cia z va cap nhat bang khoing
cdch cta né. Cdc chi phi thap nhat cia y khdng thay doi va hon nita
y khdng guri bat ky thdng bdo ndo dén z.
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Vector khoang cdch: cdc thay doi chi phi

ket noi

cdc thay doi chi phi két noi:

A duyét tin tiac t6t nhanh

3 duyét tin tic xau cham - van de
"dem dén vo tan"|

7 44 lan duyét trusc khi on dinh

Poisoned reverse:

7 Néu Z dan duong tur Y thing t6i
X:

O Z noi véi Y khoang cdch cua né

dén X la = (vi thé Y s& khdng
din duong dén X di qua Z)

O s& gidi quyét triet dé van dé
dém vo tan?

60

2

50
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So sdnh cdc giai thuat LS va DV

thong bdo phuc tap

I LS: véi n ndt, E két nbi, O(nE)
cdc thong bdo dugc gt

7 DV: chi trao doi giita cdc lan
can

Toc do hoi tu
7 LS: giai thuat O(n2) yéu cau
O(nE) thong bdo

O ¢6 thé ¢é cdc dao dong

A DV: thoi gian hoi tu thay doi
o ¢6 thé do cdc qud trinh lip

tim duong

O van dé dém vo han

su linh hoat: diéu gi xay ra néu
router hoat dong sai chuc
nang?
LS:
O ndt ¢6 the thdng bdo chi phi
két noi khdng chinh xdc
Q m§i ndt chi tinh todn bing
riéng cua nd
DV:
O ndt ¢é thé thdng bdo chi phi
dirong di khong chinh xdc
O bang cua nit cé thé duoc nit
khdc dung

- 15i lan truyén thdng qua mang

Lép Network 78



Hierarchical Routing

nghién cau trong moéi truong ly tuong hoa
7 tat ca cdc router dong nhat

7 mang “phing"

.. khéng diing trong thuc te

IC

N . , 3 internet = mang cua cac
A Kkhéng thé ghi nho it ca I

dich trong bang routing! m%ng ,
7 bang routing s& kiém sodt 0 moi quan Tri mang muon
cdc két ndil dieu hanh routing trong
mang cua ho
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Hierarchical Routing

A cdc router gom thanh cdc o voway router

vung, "cac hé thong tu tri- —_

autonomous systems” (AS) O Truc tiép két noi dén
3 cdc router trong cliing AS router trong AS khdc

chay giao thuc routing giong

hhau

O giao thuc “intra-AS"
routing

O cdc router trong AS khdc
nhau cé thé chay giao thuc
Intra-AS routing
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S3

2t

AS2

AS1

7 bang Forwarding dugc cau
hinh boi ca giai thuat intra-
va inter-AS routing

O Intra-AS thiét lap cdc
diém dang nhap vao cdc
dich noi mang

O Inter-AS & Infra-As thiét
lap cac diém dang nhap vao

g.thuat
Intra-AS

\Riuting

g.thuat
Inter-AS
Routing

cdc dich ngoai mang
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cac tac vu Inter-AS ., ..

3 gia st router AS1 nhan 1. hoc cdac dich ndo c6
datagram véi dich nam thé cham dén thdng
ngodi no qua AS2 va AS3

O Router s& forward vé 2. lan truyén thong tin

mot trong nhitng
gateway router ké tiep,
nhung la cdi nao?

nay dén tat ca cdc
router trong AS1

cong viéc cua inter-AS
routing!

e s

AS2

AS1
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Vi du: thiét 1ap bang forwarding trong router 1d

0 Gid st AS1 hoc (thong qua giao thuc infer-AS) ma
subnet x c6 thé cham dén qua AS3 (gateway 1c) nhung

khong qua AS2.

7 Giao thic Inter-AS lan truyén thong tin ndy dén tat ca

cac router ndi mang.

3 Router 1d xdc dinh tir thong tin intra-AS routing va I
s& nam trén duong di chi phi thap nhat dén 1c.
3 Dua gid tri (x,I) vdo bing forwarding

&5
\ﬁ AS3

2t

AS2

AS1
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Vi du: Chon giita nhiéu AS

3 Bay gio gia st AS1 hoc tir giao thuc inter-AS la
subnet x cé thé cham dén tir AS3 va tir AS2

7 Dé cau hinh bang forwarding, router 1d phii xdc dinh
gateway ndo dugc dung dé chuyén cdc géi dén dich x.

7 day cling chinh la cdng viéc trén giao thuc inter-AS
routing!

&5 .
= AS3

AS2

AS1
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Vi du: Chon giita nhiéu AS

J Hot potato routing: goi cdc géi dén 2 router
gan nhat

. diing thong tin tir - xac dinh tr bang
: hoc tw glao thue giaogthl'fc igtra-AS Hot potato routing: forwarding la | c6 the
Inter-AS la subnet x | dé xac dinh cac chi ,|  chon gateway dan den gateway chi
co thé cham dén théng S 4 nao co chi phi thap hi thap nhét. dwa

qua nhiéu gateways phi cta cac duong nhat pril thap nnat. <

di co chi phl’ thép gia tri (X,I) vao bang
nhat dén méi
gateway
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4.6 Routing trong Internet

James F. Kurose
Keith W. Ross

Lop Network 86



Intra-AS Routing

3 cling goi la Interior Gateway Protocols (IGP)
3 cdc giao thuc Intra-AS routing pho bién:

O RIP: Routing Information Protocol
O OSPF: Open Shortest Path First

O IGRP: Interior Gateway Routing Protocol (Cisco
doc quyeén)

Lép Network
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RIP ( Routing Information Protocol)

3 giai thuat vector khoang cach
7 cdng b6 ndm 1982 trong BSD-UNIX Distribution
7 khdng gian khoang cdch: s6 lugng hop (t6i da 15 hop)

1 router A dén cdc subset:

U v Mu ) ;’top
N v 2
w 2
X 3
X y 3
e / >
Y
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cdc thong bdo cua RIP

A Céc vector khoing cdch: trao doi gitta cdc
lan can moi 30s thong qua Response
Message (cling duoc goi la thong bdo).

7 Mdi thdng bdo: danh sdch I€n dén 25 mang
dich trong moi AS
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RIP: vi du

W —@\-/x Eg @y — @z
A D B S
a

Network dich Router ké tiép S6 hop dén dich
w A 2
Yy B 2
y 4 B 7
X -- 1

bang Routing trong D
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RIP: vi du

Dich  Ké tiépSo hop| A .
" o P Tt\ong Iaao
X - 1 tr A dén D
z C 4

w—@-/xEDDCg E?y@z

N
=

C
Network dich Router ké tiép S6 hop dén dich
w A 2
y B 2
z BA x5
X -- 1

bang Routing trong D Lop Network 91



RIP: két noi sai & phuc hoi

Néu khong cé thdng bdo nao sau 180s > lan can/ket noi
duoc xem nhu da "chét”

0 hhitng duong di qua lan can khong con dung dugc

o gui thong bdo mai cho cdc lan céan

O cdc lan cén tiep tuc gui ra nhitng thong bdo mai dé
(néu cdc bang thay doi)

O thdng tin két noi 16i nhanh chéng (?) lan truyén trén
todan mang

O poison reverse dung dé ngdn chin cdc vong lip ping-
pong (khoéng cdch v6 han = 16 hop)
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RIP: xu ly bang

7 cdc bang RIP routing dugc quan ly bsi cdc tién trinh
muc application goi Ia route-d (daemon)
3 cdc thong bdo guri trong cdc géi UDP, lap lai theo

chu ky

A

A

Transprt
(UDP)

hetwork bang
(IP) forwarding

Transprt
(UDP)

bang
forwarding

link

network
(IP)

link

physical

physical
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OSPF (Open Shortest Path First)

7 “open": sian sang cong khai
3 dung giai thuat Link State
o phadn phoi géi LS
o ban d6 cau trdc mang tai méi ndt
o tinh todn duong di dung giai thuat Dijkstra

A thdong bdo OSPF mang 1 entry vdo moi router lan can
7 cdc thong bdo phan tdn dén toan bo AS (thdng qua co
ché flooding)

o thdng digp OSPF truc tiép trén IP (chir khdong phai la TCP hoic
UDP)
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cdc dic tinh OSPF “cao cap” (khdng cé
trong RIP)

7 bao mat: chitng thuc tat ca cdc thong diep OSPF (ngdn
nhitng ké cé y do xau)

3 cho phép nhiéu duong di cé chi phi giong nhau (RIP chi
cho 1)

A voi mdi ket noi, cd nhicu khdng gian chi phi cho TOS
khdc nhau (vd: chi phi ket n6i v¢ tinh dugc thiet lap
“thap" dé dat hiéu qua 161, "cao” cho thai gian thuc)

A ho tro uni- va multicast tich hop:

O Multicast OSPF (MOSPF) dung cung co s dit liéu
cau tric nhu OSPF

7 OSPF phan cap trong nhitng mién lén.
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OSPF phdn cap

boundary router

backbane router
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OSPF phan cap

3 phdn cap mtc 2: ving dia phuong, backbone.
O cdc thong bao Link-state chi bén trong ving
o mdi ndt ¢é cau tric ving chi tiét; chi biét huong
(duong di ngin nhat) dén cdc mang trong cdc viing
khac
7 cdc router ngoai bién ving: “tong hop" khoang cdch
dén cdc mang trong ving cua né, thdng bdo dén cdc
router ngodi bién vung
7 cdc Backbone routers: chay OSPF routing han ché
dén backbone.

7 cdc router ngoai bién: két noi dén cdc AS khdc.
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Internet inter-AS routing: BGP

7 BGP (Border Gateway Protocol): chuin thec té

7 BGP ho tro cho moi AS:

1. Lay thdng tin kha ndng cham subnet dich tir cdc AS lan
can.

2. lan truyén thong tin dé dén tat ca cdc router bén trong
AS.

3. Xdc dinh duong di "t6t" dén cdc subnet dua trén thdng tin
kha nang cham subnet dich va chinh sdch.

7 cho phép subnet thdng bdo su ton tai ciua né trén
Internet
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cdac co so BGP

0 Cac cip router (BGP peers) trao doi thong tin
routing trén cac két noi TCP bdn bén vitng: BGP
sessions

o cdc phién BGP khdng can cdc két noi vat ly tfuong xing
7 Khi AS2 thdng bdo 1 prefix dén AS1, AS2:
O AS2 cé thé tich hop cdc prefix trong thdng bdo ciia né

==} @E
SB ““““ @ 7 . @ ........
AS3 "~ -
Se. T as

_____ eBGP session

................ iBGP session
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Phan phoi thdng tin kha cham dich

) X(&Silphién eBGP gitra 3a va 1c, AS3 guri thong tin kha cham cho

0 1c sau d6 cé thé diing iBGP phdn phoi thong tin khia cham dén
tat ca router trong ASL.

0 1b sau d6 cé thé thdng bdo lai thong tin kha cham dén AS2
trén phien eBGP tir 1b-dén-2a

3 Khi router hoc xong prefix méi, tao entry cho prefix trong
bang forwarding ciua no.

3 £20)
=) 255 b
E:B AS3 ~ - @ B 7
RN 7 < - ASZ

_____ eBGP session

................ iBGP session
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cdc thuoc tinh duong di & BGP

3 khi thong bdo 1 prefix, trong dé cé chta cdac
thudc ‘rmh BGP

o prefix + cdc thuoc tinh = “dan duong”

3 2 thudc tinh quan frong:

O AS-PATH: chtra cdc AS qua dé thdng bdo prefix
truyén di: AS 67 AS 17

O NEXT-HOP: Chi dinh router bén trong AS la hop ké
tiep (c6 nhicu két ndi tir AS hién tai dén AS hop ké

tiép)
0 Khi gateway router nhan thong bdo tim duong,
né dung import policy dé chip nhan/’ru: choi.
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chon BGP route

—

A3 Router ¢c6 thé hoc nhiéu hon mdt nhung chi
duoc chon mot.

A Cdc quy tic han ché:
1. Thuodc tinh gid tri wu tién cuc bo: quyét dinh

chinh sdch

2. AS-PATH ngin nhat
3. NEXT-HOP router gan nhat: hot potato routing
4. Tiéu chuan bo sung
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cdc thong diép BGP

7 trao d6i cdc thdng diép BGP ding TCP
3 cdc thong diép BGP:
O OPEN: m¢ két noi TCP dén peer va ching thuc nguoi
gui
o UPDATE: thong bdo duong di mai
o KEEPALIVE gitr két noi song (alive), cling goi la yéu
cau OPEN cdc ACK

o NOTIFICATION: théng bdo cdc 16i trong thong
dieép truéc dé, ding @ déng két noi
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chinh sach BGP routing

legend: provider
B \ network
" 7
A \ / customer
C network:

N

Y

7 A,B.C la nhithg nhd cung cap mang
3 X,W.Y la khdch hdng (cua nhitng nha cung cap mang)
3 X la& dual-homed: gin vdo 2 mang

o X khéng mudn dan duong tir B qua X dén C

O .. vi thé X s& khdng thdng bdo véi B vé duong dén C
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chinh sach BGP routing (2)

legend: provider
B \ network
" o
A N / customer
C network:
\ .

7 A thdng bdo voi B vé duong AW
7 B thdng bdo vsi X vé duong BAW
7 B s& thdng bdo véi C vé duong BAW?

O Khdng cé cdch ndo! B khdng cé "lgi ich" vé dusng CBAW ciing nhu W
khong phai la nhitng khdch hang cua B, €

o B mudn budc € phai tim duong dén W théng qua AB
o B chi muon tim duong dén/ttr khdch hang cia né!
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Tai sao phai routing Intra- va Inter-AS khdc
nhau?

chinh sdch:

7 Inter-AS: nguoi quan tri muon diéu hanh hoat dong luu
thong routing, ai routing thong qua mang cua ho

7 Intra-AS: 1 ngudi quan tri, vi thé khdng can cdc quyet
dinh chinh sach

linh hoat:

7 routing phan cap tiét giam kich thusc bang, giam luu
lugng cap nhat

hiéu suat:

7 Intra-AS: ¢é thé tap trung vao hiéu suat

3 Inter-AS: chinh sdch quan trong hon hiéu suat
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4.7 Broadcast va multicast
routing

James F. Kurose
Keith W. Ross
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Broadcast Routing

A Chuyén cdc géi tir nguon dén tat ca cdc ndt khdc
7 Nguon trung lip thi khdng cé hiéu qua

tao/truyén dan
trung lap

nguon trang 1ap
trung lap trong mang

7 Nguon trang lip: lam sao xdc dinh dia chi
nguoi hhan?
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Trung lap trong mang

7 Ngap lut: khi ndt nhan géi broadcast va gti dén tat
ca cdc lan can
O cdc van dé: bdo broadcast & lip lai
7 Ngap lut ¢é diéu khién: ndt chi gti broadcast néu né
khdng gtri géi ndo giong nhu vay trusc dé
o nat phai theo doi cdc géi dd broadcast
o hoic reverse path forwarding (RPF): chi forward géi néu
né dén trén duong ngin nhat giita ndt va nguon
A Cay mé rong
O tai bat ky ndt ndo cling déu khdng nhan thua cdc gdéi
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Cdy md rong

7 Dau tién xdy dung Cdy mé rong
7 Cac nat forward cdc béan sao chi trén Cay
mo rong

(a) Broadcast khé&i dau tai A (b) Broadcast khi dau tai D
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Cay md rong: tao

3 NGt trung tam
7 Mai ndt giri thong diép gia nhap unicast dén ndt
trung tam

o Théng diép forward cho dén khi gip mot ndt dd nim trén
cdy md rong

(a) cac buwéc xay dwng (b) cdy mé rong da xay
mot cay mé rong dwng xong
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Multicast Routing: phdt biéu van dé

O Muc tiéu: tim mot cdy (trong cdc cay) két noi
cdc router c6 cdc thanh vien nhém Multicast
O cdy: khdng phai tat ca cdc duong di giita cdc router duoc ding
O cdy dira trén nquon: c8y khdc nhau tir noi giri d&én noi nhan
O cdy chia sé: c@y giohg nhau dung bégi tat ca cdc thanh vién
nhom
@

cdy chia sé cdy dua trén nguon



Cdc cdch tiép can xdy dung cdc cdy
multicast

A cdy dua trén nguon: mot cdy moi nguon
0O cdc cly duong di ngin nhat
o cay duong di nguoc
3 cay chia sé nhom: nhém dung 1 cay
O m& rong 16i thiéu (Steiner)
O cdc cay trung tam

..nghién ciu cdc cdch tiép can co ban



Cdy duong di ngin nhat

7 cdy duong di nguoc multicast: cdy duong di ngan
nhat dan duong tir nguon dén tat ca cdc diem nhan

O giai thuat Dijkstra

Ky hiéu

== router véi cac thanh vién cua
nhdém dd gan vao

router khong cé cdac thanh
== vién ctia nhém gin vao
() ket noi ding cho forward,
i chi thir tu két noi thém
vao bai giai thuat




Cay duong di nquoc forward:

A phu thudc tri thac cua router cua duong di
ngan nhat unicast tir nd dén noi gi
0 moi router cé cdch xur ly forwarding don gian

if (multicast datagram nhéan dugc trén két noi dén trén
duong di ngan nhat ké i trung tam)

then tran ngap datagram Ién tat ca cdc két noi ra
else o di datagram




Cay duong di hquoc forward: vi du

: An il i
S: nguon & Ky hiéu

== router véi cac thanh vién
cua nhém dd gan vao

router khong cé cac thanh
vién cua nhém gan vao
— datagram sé duoc

R6 forward
datagram s& khong duoc

forward
+ két qua la mot cay SPT dio nguoc

- ¢6 thé la mot lua chon toi véi cdc két noi khdng
dong b



Cay duong di nquoc forward: cit
glam

A cdy forward chua cdc cdy con vai cdc thanh vién
nhom khong multicast
o khéng can forward cdc datagram xudng cdy con

0 “cit giam" cdc thdng diép giri 1€n boi router

Ky hiéu

== router véi cac thanh vién
cua hhém dd gan vao
ey router khong co cdac thanh
vien cua nhém gan vao
P A A fe -
thong diép cat giam
e CGC kéT NOI VGi multicast
forward




Cdy chia sé: cdy Steiner

O cdy Steiner: cdy chi phi thap nhat két noi
tat ca cdc router véi cdc thanh vién nhdm
dd gin vao

A van dé la NP-complete

1 d& cé cdc heuristic rat tot

1 khdng dung trong thuc té:

0 dd phuc tap tinh todn
O can thong tin vé todn bd mang

o monolithic: chay lai bat ct khi ndo 1 router can
gia nhap/roi khoi



Cdc cdy trung tam

I mot cdy truyén nhan chia sé cho tat ca
31 router duoc goi la "frung tam” cua cay
0 & gia nhap:
O bén ngoai gti thong diép gia nhdp unicast cho
router trung tam

Q thong d’/ep g/a nhdp "dugc xir ly" béi cac router
trung gian va chuyén dén router trung tam

O théng digp gia nhip gip nhdnh cia cdy dd ton tai
hoic dén dugc trung tam

o duong di thu dugc khi thdng diép gia nhip dén
trd thanh nhanh méi cua cdy cho router nay



Cdc cdy trung tam: vi du

gia st R6 duoc chon lam trung tam:

Ky hiéu

router voi cdc thanh vién
B ; nhom da gan vao
router khong cé cdc thanh
== vién ctia nhém gin vao
1 :
— th{ tu duong di trong ay
cac thong diép gia nhap dd
sinh ra




Internet Multicasting Routing: DVMRP

3 DVMRP: giao thitc multicast routing dung
vector khoang cdch, RFC1075

3 flood & prune: forward duong di nguoc, cay

dua trén nguodn

o cay RPF dua trén cdc bang routing cia DVMRP
ctia riéng né duoc xdy dung boi truyén thong cdc
router DVMRP

o khdng cé cdc gia thiét vé unicast bén dudi

o datagram ban dau dén nhém multicast lam tran
ngap moi noi thong qua RPF

O cdc router khdng phai nhém: giri cdc thong digp
cat giam



DVMRP: (11)...

O trang thdi "mem”: router DVMRP chu ky (1
phdt) "quén” cdc nhdnh dd cat glam

o dit lieu mcast mot lan nita @6 xudng cdc nhdnh khdng
cat giam

O router dong xuong: tdi cit giam hoic tiép tuc nhan
dir liéu
A cdc router c6 thé nhanh chéng tdi cit giam
O gia nhap IGMP tai cac ndt la
3 con lai
o dd hién thuc pho bién trong cdc router thuong mai
O hoan thanh routing dung DVMRP




Tunneling

Hoi: Lam sao két noi cdc “dao” multicast
router trong mot "bién” cdc unicast router?

ST

cau trdc vat ly cau tric logic

O multicast datagram dugc déng goi trong datagram “thong
thuong” (khong cé multicast)

O datagram IP thong thuong giri thdng qua "duong ong" va qua IP
unicast dén router multicast nhan

0 router multicast nhan m¢ géi @ lay multicast datagram



PIM: Protocol Tndependent Multicast

7 khdng phu thuoc vdo bat ky giai thuat unicast
routing bén duéi nao

3 hai kich ban phan phéi multicast khdc nhau

Tru mat. Thuea thot:
0 cdc thanh vién nhém 0O s6 lugng cdc mang véi cdc
dong goi tru mat thanh vién nhom it

Q bdng thong du thra O cdc thanh vieén nhém “phan
b6 thua thst”
Q bdng thong khong du thua



Hau quéa sy phan chia thua thot-tru mat

Tru mat: Thiea tho T

3 nhém cdc thanh vién 3 khdng c6 thanh vién cho
router la gia cho dén khi  dén khi cé cdc router gia
cdc router cat giam thuc  nhap thyuc sy

Su O kien tric huéng nguoi
O kien tric huéng div lidu nhan trén cdy multicast
trén cay multicast (vd: (vd: cay trung tam)
RPF) 7 bdng thdng va router
3 bdng thong va router khong thudc nhom xu ly

khong thudc nhom xir ly vira phar
phung phi



PIM- kiéu trd mat

flood-and-prune RPF, fuong tu DVMRP,
nhung:

0 giao thuc unicast bén dudi cung cap thdng tin
RPF cho datagram dén

Q it phuc tap (it hiéu qua)

0 ¢6 co ché giao thirc cho router dé kiém tra cé
phai router la ndt la



PIM - kiéu thua thot

m ‘ruep can hudng trung
tam

3 router gui thong diép
gia nhap dén
rendezvous point (RP)

O cdc router trung glan
cap nhét trang thai va
forward thong diép gia
/7/7ap

0 sau khi gia nhap bang
RP, router cé ’rhe
chuyen sang cdy xac
dinh nguon

O hiéu SLlaT tdng: it tap ,
trung, cdc duong di ngan

tat ca du lieu
myl‘ricas’r
dén tu RP




PIM - kiéu thua thot

bén gui:

0 dit liéu unicast dén RP,
RP phdn phoi xuong cay
co ndt goc la RP

7 RP ¢é thé mo rong cay
multicast dong Ién dén
hguon

3 RP ¢6 thé gui thong
diép dirng néu khong cé
bén nhan ndo dugc gan

valo tat ca dur liéu RP
L o . multicast
O "khong cé ai dang lang dén tir RP

nghel”
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