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. What is the Internet?: /4 8.4 44

= OJHFO| A (connected devices)
v hosts = end systems
v network apps Af&

@ e wireless
g PC laptop

n server “j"f”smartphone

= 541 B3 (communication links)
v OOl d&= At 04

wireless wired
links links

» I{7) A2 (packet switches)
v O|O|H mjZle| M&(forward packets)
v EfREQF AR ZH| ALE

=

router

network =
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. What is the Internet?: /4 8.4 44

« QIE{Y: Y EYIE0| YEYT

v Internet is a network of networks protocols define format,
order of messages sent
« ZI2EZ (protocol) and recelveq_ among
v EAIOF network  entities, and
v T|O|E{ TA|R]|Q] £Al & Al %|0f actions taken on message
B transmission, receipt
‘connection High-speed link
Residential — — ~F (e. g. SONET)
user Internet service

provider (ISP)
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. What is the Internet?: /4 8.4 44
= O = O| A MHIAE M2t ol
El.ll_fiﬂij do| MBI 25 A Sof= A= -mobile network

_ = 'D.'

v infrastructure that provides services to

applications:
» Web, email, games, e-commerce,
etc.

= O S0 10| 2212 QAEHO|AF
AlE
v’ provides programming interface to

apps
EI71I0I*‘|—I

network
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. Network Edge — Network Architecture

= | E 3 UZ| (Network edge)
v @A E (hosts): clients and servers
v servers often in data centers

- HA|A HEYT Y 22| o
(Access networks, physical media)
R CE
v wired and wireless communication links

» HEH T Y (Network core)
vHERIZS2 HESRA
v a network of networks
vEREEE AdEH HEHZ

INTELLIGENT NETWORKING & SYSTEM LAB. (© 2021




. Access networks

= Q: How to connect end systems
to edge router?

v 718 HE 3 (Residential access
network)

v 7|2 HEL3 (Institutional
access network)

v 0|5 HIEZ 3 (Mobile access
network)

= Keep in mind:
v UNA YEYT0| (AZ 0|2t
(Bandwidth (bits per second) of
access network?)
v Shared or dedicated?
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. Access network: Home

wireless
devices

= ‘i S5O0

often combined
in single box

wireless access
point (54 Mbps)

to/from headend or
central office

cable or DSL modem

router, firewall, NAT

wired Ethernet (1 Gbps)
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. Access network: Enterprise

= BAL Y OHSRE 72 7| BOM 22 ALS
= 10 Mbps, 100Mbps, 1Gbps, 10Gbps
= 2| end system2 O|E{ Ll AZ|0f] HZAH

(today, end systems typically connect into Ethernet switch)

[ <N W&~

- 5)5

N

institutional link to
ISP (Internet)

institutional router

3 ~.

/w/ m Ethernet
= switch

institutional maiil,
—— web servers
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. Access network: Wireless

» 9= BEM M A HEYIE Foll end systemO| 2 LE|{2F HZA (shared wireless access
network connects end system to router)
v’ via base station aka "access point”

wireless LANs: wide-area wireless access
= within building (100 ft.) = provided by telco (cellular) operator,
= 802.1Ib/g/n/ac (WiFi): 11,54, 10" s km
450 Mbps transmission rate = between | and 10 Mbps
= 3G,4G:LTE

to Internet

to Internet

INTELLIGENT NETWORKING & SYSTEM LAB. (© 2021




. Physical media

= Twisted pair (IL 2} AM)
v two insulated copper wires
» Category 5: 100 Mbps, 1 Gbps Ethernet
» Category 6: 10Gbps

= Coaxial cable (8% #|0|5)
v two concentric copper conductors
v bidirectional
v" broadband:
» multiple channels on cable

= Fiber optic cable (& #|0|&)
v glass fiber carrying light pulses, each pulse a bit
v high-speed operation
v’ Low error rate
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. Physical media - radio

HA7|g= 0l8et = dF

(signal carried in electromagnetic spectrum)
» S MZ MZ| 9%4F (no physical "wire”)
(@)

Radio link types:
v’ Terrestrial Microwave
v LAN
v’ Cellular
v’ Satellite
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. Network Core

- 219 E TYE Y
(Mesh of interconnected routers)

» Packet-switching
v ﬂl%ﬂlﬂlolﬁ AS HAX S I 2=
v at LEOM S4X| LETA| 22 H
= 8wof0 WA d&

=
v 4200l 0] WA F 3 TS Ar-&at
H A4S
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. Packet Switching

" OIojE & A 2= Z&ot0 4&

Application data

’ .r': T\‘
':’.rf :f |= l:. ‘.\ .\\\ - . ! = l
o o o Packet-Switching A T
control information I Network ot (O B
(packet header)
I | ’
packet
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. Packet Switching
- g
1

Figure 1.3 Packet Switching: Datagram Approach




. Packet Switching: store-and-forward

L bits

per packet ‘

source <Egg . e— L
W R bps — R bps m‘ destination

* L-H|E Ij702 R bps Y32 X5 /R 29 2| LA
= store and forward:
VAA 2 OF 3= UEE 7] A0 2 E{ 0| =2lof{OF ofCt
« JROM SEHZF HERH = 2 x L/R (FI} X|HO| QiCHH)
v Example: L = 7.5 Mbits, R = 1.5 Mbps, e2e delay = ?
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. Packet Switching: queueing and loss

R =100 Mb/s

A

R =1.5 Mb/s

e — queue of packets
waiting for output link

= FYIF 241 (queuing and loss):
2o 97 N7 SO Y39 I S4Bl WA HEES AUV,
>IiZI2 FYE[D A0 MES 7|CHEICE
>0 7S FHE 72 E&(drop)H L
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. Two key network-core functions

routing: |7l ¥& g& A% forwarding: 2t QE{ 2| Q&
" routing algorithm st =
outing aigorttams HE AU 2 YIS

routing algorithm

local forwarding table
header value |output link

0100 | 3
0101
0111
1001

2
2
1

destination address in arriving E I | %

packet’ s header
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. Network Layer Functions

Recall: two network-layer functions:

= forwarding: move packets
from router’ s input to data plane
appropriate router output

" routing: determine route
taken by packets from source control plane

to destination

Two approaches to structuring network control plane:

= per-router control (traditional)
" |ogically centralized control (software defined networking)
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. Per-Router Control Plane

» Individual routing algorithm components in each and every router interact with each other
in control plane to compute forwarding tables

s

; control
: plane
Local forwarding ‘ d ata
table | ane
header output p
0100 3
0110 2
0111 2
1001 1 | T
v |
u L -
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. Logically Centralized Control Plane

= A distinct (typically remote) controller interacts with local control agents (CAs) in routers to
compute forwarding tables

control
plane
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. Circuit Switching

end-end resources allocated to,
reserved for “call” between

source & dest;

A4 s3= 471 MU= 718

g 3 Ar2: no sharing

v BAE Y5 U

AFBIA| Qe B9 A7 B YLt

LS A [

(ho sharing)
AdtX o= MU A ALE
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. Packet Switching vs. Circuit Switching

o7 A2 (Packet switching)
= bursty dataE st L4of Bior
« 2 &5 (resource sharing)
o Tha= M) 1HH O] QiCt (simpler, no call setup)

= excessive congestion possible: packet delay and loss
- 2ElG U= OO &M 28 MO E R E2EZ E8

= Q- How to provide circuit-like behavior?
- BHOIL0 80N B1E=HFF 28 T

Q- reserved resources (circuit switching) vs. on-demand allocation
(packet switching)?
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. Internet structure: a network of networks

» End systems connect to Internet via access ISPs (Internet Service
Providers)

v residential, company and university ISPs

= Access ISPs in turn must be interconnected
v s0 that, any two hosts can send packets to each other

» Resulting network of networks is very complex
v evolution was driven by economics and national policies
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. Internet structure

—




. Performance - loss and delay
" or R HINO| 7! A (queueing)

v' packet arrival rate to link (temporarily) exceeds output link capacity
v’ packets queue, wait for turn

packet being transmitted (delay)

S

packets queueing (delay)

free (available) buffers: arriving packets
dropped (loss) if no free buffers
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. Packet Delay

transm|SS|on

<—propagat|on
- nodal
processing  queueing
dnodal = dproc dqueue + dtrans + dprop
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. Packet Loss

s FE R3S 37|15 71

v'queue (aka buffer) preceding link in buffer has finite capacity
P F7E TIPS AT Y A A

v'packet arriving to full queue dropped (aka lost)
 SAIE| THZ1 2 ZHZ £

v'lost packet may be retransmitted by previous node, by source end system,
or not at all

buffer
A q (waiting area)

packet being transmitted

e packet arriving to
full buffer is lost
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. Throughput

» 2{2| & (throughput): rate (bits/time unit) at which bits transferred
between sender/receiver

vinstantaneous (S44¢l): =4 A[HO| ek 4 &&
vaverage (B): 7710 gt & &

g

server sends bits pipe that can carry | _pipe that can carry
(fluid) into pipe fluid at rate fluid at rate
R, bits/sec) R bits/sec)
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. Throughput: Internet scenario

" per-connection end-
end throughput:
min(R_,R_,R/10)

10 connections (fairly) share
backbone bottleneck link R bits/sec
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. Protocol Layers

Networks are complex,
with many ‘pieces

" hosts Question:

" routers is there any hope of

" links of various organizing structure of
media network?

= applications

" protocols ... or at least our

= hardware, discussion of networks?

software
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. Why layering?

dealing with complex systems:

= SRIE A AR THOIO] CH3H 2 O Th3H RS 1
v'layered reference mode/ for discussion

= JLZ3F(modulation): A|AHIS] Q| H 4 4 A1G|0| E 80|
/o]0 LHE| BT} 7| A|AHO| AFS FA| s

ocoz=2 T LS L—
v'e.g., change in gate procedure doesn’t affect rest of system

= layering considered harmful?
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: Open System Interconnection

= OSI 229 54
vEE SR ARE AL U iS5 8otz HEAI A LE 24|E /et AS A=
v ofERIO| L 2 X E0jo] HE R0l ME LHE Al LH 7 5410
‘teotes e
v To open communication between different systems without requiring changes to the logic
of the underlying hardware and software

= OS| 2
vVUHERI AMLER A E Flofl Al +22 EHYRIE AR

v Layered framework for the design of network systems that allows for communication across
all types of computer systems
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. OSI 7 Layers

. 22 A= Application
O O o ) ;
- Provides access to the OSI environment for users and al|
\/ ZC')l E *‘I H | i Z‘” —'o— provides distributed information services.
" E?_:' |% Presentation
v _|f|_§§_l- %l‘iil— (I):IF_-i'T Provides independence to the application processes frori
I I

differences in data representation (syntax).

© _ Session
v E” Ol E1 D” *l Z| 9" %7 | il_ Provides the control structure for communication betweep
applications; establishes, manages, and terminates
- %j _g_ 7:” % connections (sessions) between cooperating application$.
= o| = = Ct Transport
v AA AR Y SE W SE U
Provides reliable, transparent transfer of data between epd

o = e : N
- |:|| E_FI 3 7:” % points; provides end-to-end error recovery and flow cont o

= o) t+
v 33E Sofl AR 7R 7 A E Network
_ Provides upper layers with independence from the data
s H|O|E = = transmission and switching technologies used to connecf
-” | -I o i 7:” o systems; responsible for establishing, maintaining, and
= = g terminating connections.
Data Link
] % E_I 7:” % Provides _for.the reliable transfer of infprmation across the
physical link; sends blocks (frames) with the necessary
SECS A5 Ools = synchronization, error control, and flow control.
VHE 322 H&517| 93t 7|5 y
Physical

Concerned with transmission of unstructured bit stream quer
physical medium; deals with the mechanical, electrical,
functional, and procedural characteristics to access the
physical medium.
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. OSI 7 Layers

Intermediate
node

Intermediate
node

Device

Peer-to-peer protocol (7th layer)

Application B i > Application
7-6 interf; 7-6 interf:
il EEE Peer-to-peer protocol (6th layer) | R
Presentation e e et e s L S L LS |  Presentation
_L 6.5 interface Peer-to-peer protocol (5th layer) _L 6.5 interface
Session <= —— == > Session
| 5-4 interface Peer-to-peer protocol (4th layer) | 5-4 interface
Transport Pl e e e e R B > Transport
| 4-3 interface et | 4-3interface
r
Network < — > > Network
"~ 3-2 interface 2nd ~| 3-2interface
Data link ~<——>| Data link Data link
| 2-1 interface it "] 2-1 interface
Physical ~<——>{ Physical Physical

Physical communication
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. OSI 7 Layers — OSI| as Framework

Layer 7
{Application)
-
. Service to
Layer N+1
L ]
3 $ Protocol
Total Layer NV Layer N - g Vith peer
Communication q entity Layer NV
Function Decompose T
imodularity, T
information-hiding) .
. Service from
Layer &-1
-
Layer 1
[\ (Physical)

O51-wide standards
ie.g., network management, security)
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. OSI 7 Layers

PDU Construction

Qutgoing

l

“Application Y

!

g )

aH|  User Data

Application Application

Session Session

Transport Transport

Data Link Data Link

DL-PDU

: Physical

Communications Physical

Path (e.g., point-
to-point link,
network)
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PDU Reduction

A

aH|  User Data

DL-PDU




. OSI| Reference Model
" AS

- = (Organization of the Layers)
v 1,2, 345 (HEHI XE AS)

> C{BO| A9} C{Ho| A7t BlO|E{2| 222 o]

=g Ch2C)
» Deal with the physical aspects of moving data from one device to another
VAAS (S AE

o

AS
»otel ds= A

)
22 7B 519 ASOAM HB 3t LIO| A9 HS0IM AR
OIX| 2folBhc}

F
» Links the two subgroups and ensures that what the lower layers have transmitted is in
a form that the upper layers can use
V5,6 7AS

0|'

-
(AFEAF Al E AlS)

> ME OE M A]OM 27 HO[E S4lS o1 &9t

» Allow interoperability among unrelated software systems
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. Internet Protocol Stack

= TCP/IP ZEEEZE
v OSI REIHCE HA i

2al= = = o = X QX O A
v =2|5, HOolH g3aF, HEHIAT U585, 885 22 #4d
Application Applications
NES -
Presentation | | SMTP || FTP DNS || SNMP JUEINE
RPC B
Session
Transport TCP ubDP
ICMP || IGMP
Network IP
RARP ARP
Data link
Protocols defined by
the underlying networks
Physical
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. Addressing in TCP/IP System

= Relationship of layers and address in TCP/IP

Application
layer

Transport
layer

Network
layer

Data link
layer

Physical
layer

Processes

TCP

UDP

IP and

other protocols

Underlying

physical
networks

Port
address
P
address

Physical
address
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