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= 1. Communication/NW Model

=« Ch.5.1-5.5

= 2. Communication Protocols OSI
and TCP/IP
= Ch.1.1-1.10

= 3. Communication/NW Topology
= Ch. 13.8
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= 4. Signal/Power/Loss
= Ch.6.1-6.10

= 5. Data Coding(Line Coding)
=« Ch.6.11-6.20

= 6. Trasmission
Media/Noise/Channel Capacity
» Ch.7.1-7.10 & 7.20-7.22
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= /. Multiplexing

» Ch.11.1-11.3 & 12.1-12.7

= 8. Asynchronous Communication
= Ch.9.1-9.8

= 9. Synchronous Communication
» Ch.9.9-9.13
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= 10. Flow Control/Error
Control/ARQ

« Ch. 8.12-8.15
= 11. Circuit vs Packet Switching NW
« Ch. 3.1-3.5 % 13.1-13.5

s ALSO Reference From CPE 326
(Stalling Book)
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= %153 B auaz 15 w1

» WuRusIuicasldudacavzinla wia
sialuiadil
» IP Technologies

= Layer 1 uaz 2 ifludruluai uaz
Concept aav Network(Layer 3)



A1sdaas Usenauei 2 Entity

Sender = Source _ Destination
daq vsounasnudadeya  Transmitter Receiver {3V 130 Uanensveya

DATA Signal = dyaa DATA
J = EEEEEEEEEEEEEEEEEEEEEEEEEEE > >

Transmission Medium
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Data comm.Model ii 5 &u

Destination

Sender = Source
51 130 Yatemadoya

dds visounastuiiatoya  Transmitter Receiver
DATA Signal = dya DATA
ABC )  pEsEsEEEEEEEEEEEEEEEEEEEEER > > ABC
01011... JLL- A~ L o1011... ADC...
? Transmission Medium Plus Error

File: ABCD... > Wire/Wireless

Data Coding/Compression Loss and Noise

(ASCII, EBCDIC/ZIP)

010110001101....

Decodine/Demodulation

Line Coding/Modulation
i ing/Modulat Demultiplexing

Plus Multiplexing



ASCII Code

= American Standard Code for Information Interchange

= ASCII includes definitions for 128 characters: 33 are non-printing control
characters (now mostly obsolete) that affect how text and space is
processed; 94 are printable characters, and the space is considered an
Invisible graphic. The most commonly used character encoding on the
World Wide Web was US-ASCII until December 2007, when it was
surpassed by UTF-8

USASCIl code chart
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= Data Communication Model #
aaavldFusun1sdadsHanu

= 9190937 ULALRILEAANAAY TaaTla
Transmission Medium Aauaza?

= Simplex
= 811 Transmission auLA&IAU

= Duplex

« SNdA&THINMI LA NTaNAY
Full-Duplex

« G599 LN aufu
Half-Duplex




Simplex
U1vA3vLaen 4-wire Duplex

Source

/4

TX

Destinationm

Transmission Medium

Destinati

TX

DN

/4

Source

A
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2 Transmission Medium T
Half-Duplex
TX/RX{€ssssesseranrasrarnaransas »Tx/Rx

Transmission Mediun

D¢

astinati

DN

Full-Duplex
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» 12123935(Duplex)dvnariauinuiug
Aavn158as13 = Full Mesh Topology

S
¢ e

P—| A 1 o 1 Qs Qs Q/
Topology Tuniun Network aasuuuunisidauaaaavalnsainrvancranu

ATUIUINAT
= n(n-1)/2
=0(n?)

FIANLLWIHNIAEN
n JAgy
= 0(n?)




% AbunAa Share Medium waziin
24 Multiple Access Control

= 7u LAN az12f Topology 3 uuuiisdndey
= Bus (uay Tree), Ring, Star

0060060

Multiple Access = MA

&333&&3




7%, Asunma Share Medium taziin
hod Multiple Access Control

= 11 WAN iinaziilu Partial Mesh

= Medium da'la3ilu Statistical Time
Division Multiplexing il

Intermediate Node
= Switching/Routing Node




A9 Share Medium

= siavidn1saluAu = Medium Access Control

= End Node azsaviinisnitvunianida Address
g119Ua19aY 1i5an11iua Circuit Number

= Intermediate Node azTaunnuiaudivassionand
Tunisansulasdvaayanaaan'iu(Forwarding)
x AUU |
= 1. Data Miavassavudsaium (Header) aratayasiivquay
Address uagn1s Control ts1t5anitilunsvin Encapsulation
WRAWETI 1613871 Frame
= 2. N&IUVInauas Frame gfiin56aaia1daiauilansIaqTuaINy

fAawann (Error Detection) finagtilu CRC Code 13an Frame
Check Sequence(FCS)

= 3. Aauninau Header wagnay FCS anaagfinsiauiiasdiniy
WaaIAAURILALVINAUAY Frame (Frame Delimiter: Pre-
amble/Post-amble) )

= 4. ddyngasavfinisAiviuanginaaiatgauaiilvitilu
11n551U AandtnuaLilu Protocol aavns&asns
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= LAN iinazladn1s Share Medium wuu Contention
avluaTaAYIALIUNITAILUANANTSYIN Multiple
Access
= Topology Awangauda Bus, Ring, Star

= WAN az Share Medium wudu uaiinazladisuas
Synchronous Multiplexing (TDM) 1u Circuit
Switching Networkiisa Statistical Multiplexing
(12iTu Packet Switching Network)

= Topology Mviungauda Mesh Network waziinasiilu Partial
Mesh

= Internetworking Technologies iinazgnTadTun1s
1ianaas1inny LAN wnu WAN Network
« WdauAa Internet (IP Network)




Protocol and Protocol
Architecture
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= Protocol iilusrnrvuanginaieidnisunissdadng

» sfiuatiluuiassiu 13a Standard n1sdasnsaziin
1evrassuinvalnsainaeiu
= isznauan
= Syntax
= Data formats = sduuuaastaya, tWsy, N15LANTHH
= Signal levels=§nwaraasdayanaiunuzaya
= Semantics
= Control information=msmmumsﬁams
= Error handling=n1s3aan1siu Error
= [iming
= Speed matching=rAnunansnisgy
= Sequencing=mamunuaacuUaIADNR



=%, Protocol Architecture
&t (Protocol Stack)
- maamnn'\saamﬂﬂmsmm

sduafuadau IsuLINISTad1SITIUNG
aantilu Module

s e e Module 411NNzl

» ueiar Module aziinsdasanssz1ing
Module au

= LLe1as Module i1 Protocol anAu

s Undazudviluaresuaiu 5an Protocol
Stack 1i5a Protocol Architecture




7%, Protocol Architecture
&t (Protocol Stack)

= Protocol Architecture Miflusnassiu
Hdsiavady

= 7/ Layer OSI Reference Model a1av
ISO

» 231U 6 12091ux%9 welaiilu Reference

= TCP/IP Protocol Suite (i 5 2iu)

= NN5Ra&sAauaTiINUA
= HN653 UV Internet
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Application

Provides access to the OSI| environment for users and alf
provides distributed information services.

Presentation

Provides independence to the application processes from

Refe re n Ce M Od el differences in data representation (syntax).

Session

Provides the control structure for communication betweeh
applications; establishes, manages, and terminates
connections (sessions) between cooperating application$.

Transport

Provides reliable, transparent transfer of data between ep
points; provides end-to-end error recovery and flow contjol

Network
Provides upper layers with independence from the data
transmission and switching technologies used to connec
systems; responsible for establishing, maintaining, and
terminating connections.

Data Link

Provides for the reliable transfer of information across the¢
physical link; sends blocks (frames) with the necessary
synchronization, error control, and flow control.

Physical
Concerned with transmission of unstructured bit stream @ver
physical medium; deals with the mechanical, electrical,
functional, and procedural characteristics to access the
physical medium. /




/ Layer

= Layer 1: Physical Layer

= Vinwinlianeariu Physical Medium Sufinzaw
wdasiiatiludeuaunan 3avuavnis Interface, anatin
sgeueunan  uavtrudayaludnay Bit Stream

= Layer 2: Data Link Layer

« Usznaudayatilu Frame, Sufinzaulun1sdasnsxiiu
weae Link vin Error Control, Flow Control #inu Link

= Layer 3: Network Layer

= JuAaaUTunITRVAaYaKNIU Network, ividng
WU, I anaadu Layer uutindu Network vianee
wuy uadtiudayaludnsaly Packet




= Layer 4: Transport Layer

= SUAAABUNIRIUBYR VNG DINAGUNIIGY
ara1n19(End-to-End), aan1sTutaay Error
way Flow Control Tusgausiuniviivlaraniy
fAayangvargnuLatilu Segment

= Layer 5: Session Layer

= VNWINTY069 aua nasiiiausia(Connection)
3¢9 Applicationsiumivuazlareanig wiiv
aNsuiausadadisaantilu Session
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= Layer 6: Presentation Layer

= SuAatauTuavslduuuiay Format aad
Aaya A13vin Encryption swmmsm Data
Compression lviatlusuuuidaans'le

= Layer 7: Appllcatlon Layer
« Vinniniidiansady Application wagelaf



Outgoing
PDU Construction

\J

a+]  User Data

[ DL-PDU

Cptcnen

Application

Session

Transport

Data Link

Communications
Path (e.g., point-

Physical

to-point link,
network)

!

Application Y

Application

Session

Transport

Network

Data Link

Physical

Incoming

PDU Reduction

DL-PDU




ATsLAaucnaniIu Router

END RELAY END
SYSTEM SYSTEM SYSTEM
7 = — = = === Application-layer protocol— — — — — — — — - 7
1 I
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1
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hoi TCP/IP Protocol Architecture

= Developed by the US Defense Advanced
Research Project Agency (DARPA) for
its packet switched network (ARPANET)

= Used by the global Internet
= No official model but a working one.
= Application layer
» Host to host or transport layer
» Internet layer
= Network access layer
= Physical layer




%24 TCP/IP Protocol Architecture
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= Physical interface between data
transmission device (e.g.
computer) and transmission
medium or network

s Characteristics of transmission
medium

= Signal levels
= Data rates
n etc.



5,24 Network Access Layer

= Exchange of data between end
system and network

= Destination address provision

= Invoking services like priority

= Unduassruaag TCP/IP azlu
asaumauay Layer 1-2

= 11711157101 TCP/IP 1flu WAN uaziny
Uy LAN éaa Ethernet




524 Internet Layer (IP)
= Systems may be attached to

different networks

= Routing functions across multiple
networks

= Implemented in end systems and
routers

= Aa IP Protocol
= 3n13viN9unuy Datagram
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= Reliable delivery of data
= Ordering of delivery
= N81A5usd 2 Protocol
« TCP = Transport Control Protocol

=« Connection Oriented
= Guarantee Delivery

= UDP = User Datagram Protocol

= Connectionless
« Best Effort
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= Support for user applications
= e.g. http, SMPT
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TCP/IP VS OSI

OSl TCP/IP
'\
Application
Application Application Soft
e E PP > Application Software
Session =<
Transport

Transport |(host-to-host) - NOS = Window

Internet
Network
Network ~<
Data Link Access >  NIC + Driver
—
Physical Physical .  Physical Link




Host A

®@

- O—Cor Logical connection
T-=-=-__ TCP connection) @ ___---
TCP -- - - {127 connectin Lo
Global network
IP 4 address

Network Access
Protocol #1

Subnetwork attachment
point address

Physical

Router J

suluuunsidaucacla TCP/IP

Host B

Port or
service access point (SAP)

IP

Network Access
Protocol #2

Logical connection

(e.g., virtual circuit) 4~

Physical

/

IP

NAP 1

NAP 2.

Network 1

Physical

Physical




2% Addressing Tu TCP/IP
= TCP Port 1i5a UDP Port = 16 Bit

= IP Address, IPv4 = 32 Bit vuaiaz
1529 wasuiunataa Network

= Physical Hardware Address

= 6112 TCP/IP uu Ethernet LAN Suiida
Address 1ag NIC 115a MAC Address = 48
Bit
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User data

TCP Segment

TCP
header

IP Packet / IP Datagram

P
header

Frame

Network
header

PDU = Protocol Data Unit

Application
byte stream

TCP
segment

P
datagram

Network-level
packet



Protocol id1ésuuav TCP/IP

‘ MIME \

BGP FTP HTTP | |SMTP | |[TELNET| | SNMP

TCP UDP

ICMP | | IGMP | | OSPF | | RSVP

IP

BGP = Border Gateway Protocol OSPF = Open Shortest Path First

FTP = File Transfer Protocol RSVP = Resource ReSerVation Protocol

HTTP = Hypertext Transfer Protocol SMTP = Simple Mail Transfer Protocol

ICMP = Internet Control Message Protocol SNMP = Simple Network Management Protocol
IGMP = Internet Group Management Protocol TCP = Transmission Control Protocol

1P = Internet Protocol UDP = User Datagram Protocol

MIME = Multi-Purpose Internet Mail Extension
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= LAN:
= IEEE 802
= Ethernet IEEE 802.3 fisiagdnnanaan

« WLAN IEEE 802.11, 802.11b, 802.11g,
802.11n,802.11i

= PAN-Bluetooth IEEE 802.15
= WWW.ieee.org

= WAN
= fviaad) A8 yeunazgnqualae OSI (ITU)

= TCP/IP
» RFC = Request for Comments
= fIunnn31 4000 RFCs auluiazunuaduini (Obsolete)
« www.fags.org/rfcs
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= Physical Layer avdaududaunge
Undaztagrsuinlilndasns

» ANUURA Medium, Signal, Coding, Connector
FINAINTTUIUANT

= NNIRDRTRTQNAARANN Layer i

» Bit Rate/Baud Rate ~ Power, Noise, Distortion,
Interference, Cross Talk
Aigdey SNR waz Eb/No
« dadineu Channel Capacity



Line Coding

= A1589 Pulse wiafiazunu Data uaaviin
= Pulse 2 s¢au = Binary Signal
= M-ary Signal agla M seau
= AAMITAUY
= Average DC ilusutinaa’li
= Signal Transition unALAeIWa

= NRZ, AMI, Pseudoternary, Manchester,
Differential Manchester was au¢

= 271LINAUNN5YIN Scrambling
« HDB3, B8ZS
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Multiplexing

o lHUAEAITNATAINNadIRauaNnatlflianug
uu Transmission Medium waanfAu

= FDM = Frequency Division Multiplexing

» duanansiazalu Bandwidth (239au8) enefu
= TDM = Time Division Multiplexing

« fuanausavaderivaifieiy

= wriotilu

Synchronous TDM: LLtuananu Channel auduiug Audly
azlad Channel twasiidvuaiviniy

Statistical TDM wiisiilu Channel wiudu ua'lidivua 4la
siavn1sdvayalaag Channel tiagy avlulunissvraya
As9ntlveg alraxglyd Channel wanagiu




Schutzbander

A
Signal 1
Signal 2
>
A 20 kHz
Signal 3
300 — 3400 Hz 10 20 kHz
Mux Demux
Conversation A Conversation A
on B ——y —
Conversation C ——e -

Conversation D 9—' [

Conversation E 9—’ I—



Statistical TDM Frame
Formats

Address Control Statistical TDM subframe

(a) Overall frame

Address

(b) Subframe with one source per frame

LR Address| Length Data

(¢) Subframe with multiple sources per frame



ADSL Channel Configuration

POTS Upstream
m f Downstream
0 20 25 200 250 1000 kHz

(a) Frequency-division multiplexing

POTS  Upstream

Downstream

0 20 25 variable 1000 kHz
Echo
cancellation

(b) Echo cancellation
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= Timing problems require a
mechanism to synchronize the
transmitter and receiver

= Two solutions
= Asynchronous
= Synchronous



Idle state
of line

v

odd or even
parity or unused

S to 8 data bits

- -
T 'l"'l"'l""l""l""l"'l"'
Start § 1 i 1 1 1 i
bit L 1 [} 1 1 1 [ |hu

-

Asynchronous (diagram

Remain idle or
next start bit

1 to 2 bit times

-« 3

Stop
1 element
L

(a) Character format

Unpredicatable time interval
between characters

: Stop . Stop
M?ﬂ element .\l:?rt element
bit + bit +
1 1 01 0 0 0 1 O 1P 1 0 1 1 00
(b) 8-bit asynchronous character stream
S0 150 250 350 450 550 850 Transmitter timing (us)
TR
. Stop
Start
e 23 e s o 7|8 feemen
it
T £ 11
47 141 235 329 423 517 61 705 799 Receiver timing (us)

(¢) Effect of timing error



Data Communications
Interfacing (DTE-DCE Concept)

Signal and
control lines
Bit-serial
transmission line
or bit-serial o
Digital data Transmission inter(face to network) Transmission Digital data
transmitter/ line interface line interface transmitter/
receiver device device receiver

Data terminal Data circuit-terminating
equipment (DTE) equipment (DCE)

(a) Generic interface to transmission medium

ElIA-232/
V.24 interface

Network @

(b) Typical configuration




Mechanical Specification

Shield Received Clear to Signal Reserved Unassigned Secondary
data send ground for testing clear to send
Rt-(_|uesl Sec. recd.
Transmitted to send/ DCE Rec'd line Reserved line sig.
data Rmd_-‘ -fur Ready sig. detector for testing detector/
receiving

Data signal
rate selector

Remote

Secondary
transmitted

Trans. signal
element
timing

data

Figure 6.5

Secondary
received
data

Revr. signal
element
timing

Local

Secondary
request to
send

loopback

ready

loopback/
Signal quality
detector

DTE

Ring
indicator

Data sig.
rate select

Test mode

Transmit signal

element timing

Pin Assignments for V.24/EIA-232 (DTE Connector Face)
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Electrical Specification

Digital signals oTE DCE

Side Side

Values interpreted as data . .....c. o feavedon 2
Or COntrOI, depending On 3 RecaivedDaa -~ Trensmitted Data 3

= = 4 Requestto Send - Qear to Send
circuit

Less than -3v is binary 1,
more than +3v iS binary 0 14 Sec Transmitted Data B Sec Recaived Data 14
(N RZ_L) 16 Sec Received Daa -~ Sec. Transmited Data 16

19 Sec. Requestto Send - Sec. Clear to Send 19
Signal rate < 20kbps 13 Sec. QewtoSend -l Sec. Requestto Send 13
Distance <15m

For control, Less than-3v
Is off, +3v is on

5 QeartoSend -l Request to Send




Null Modem: DTE to DTE

= RS-232-C Null Modem Cable (for Terminal/PC with 25-
pin Connector) Do s

Catalyst 3000 Terminal or PC

——5CTS
DCD 1«—L—— 4 RATS

RXD2«—2TXD

TXD 3 »3 RXD
DTR 4 »6 DSR
SIG GND 5 7 SIG GND
DSR 6 «— -—— 20 DTR
RTS 7 :y—>8 DCD
CTse v
Rl 9 —— 9 RI z

= RS-232-C Null Modem Cable (for Terminal/PC with 9-pin

Connector) oo .
Catalyst 3000 Terminal or PC

BCTS

DCD 1 7 RTS

BXD 2«————3TXD

TXD 3 »2 RXD

DTR 4 »6 DSR
SIG GND 5 5 SIG GND

DSR 6 < -4 DTR

RTS7 1 DCD
LA R

RI9 ————— 9 Rl

HAGSE



Null Modem

Example of a Null Modem

Signal Ground 102
Transmitted Data 103
Received data 104
Request to send 105
Clear to send 106
Revd. line sig. detector 109
DCE ready 107
DITE ready 108.2
Ring indicator 125
Transmitter iming 113

Recelver iming 115




DB 9 female

DB 9 female DB 9 female

DB 9 female

aews) 6 4d

ajeway 6 94 ajewa} 6 8a

ajewaj 6 94

Simple Null Modem
without Handshaking

Null Modem
With Loop-Back Handshaking

Null Modem
With Partial Handshaking

Null Modem
With Full Handshaking
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= Block of data transmitted without
start or stop bits

= Clocks must be synchronized

= Can use separate clock line
» Good over short distances
» Subject to impairments

= Embed clock signal in data
= Manchester encoding
= Carrier frequency (analog)
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» Need to indicate start and end of
block

= Use preamble and postamble

» e.g. series of SYN (hex 16) characters

» €.g. block of 11111111 patterns ending in
11111110

= More efficient (lower overhead)
than async
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8-bit
Mag

Control
fields

Data Field

Yy
F/
ra

Control
fields

8-bit
Nag

4




Flow Control/Error Control

s 15@UANNIsIvaz RN AL TR
gvaayatAunINKIUrsUle
= ageanaudd isaduanawsauiiaviy
finuaausa lUdannsu
= 1lné Mechanism iiaz12i33uru Error
Control Taaiiail Error az12136n19
Retransmission

= 151138195314731 ARQ = Automatic Repeat
Request



Stop and Wait - e
Diagram

Propagation time

{0
]
i

1. uweaz Frame 79 Aivua Timer )
2. Frame Sequence 14 1 Bit &1¥uas12 Frame 2ih

Time-out interval

Frame 0 lost;

A retransmits l:
Tunvdfiie n1s Acknowledge agla Piggyback
§1145u1u Microprocessor anaazlaaie Ack eanaianin I:

Time-out interval

ACKO lost:

A retransmits ‘

r

kﬁ“/“/'

* ACK trans-
+ mission time

Time

] B discards

duplicate frame



Go Back N -
Diagram

1. uwsiay Frame ig9 fAviue Timer
2. au1a Window goaa laitAu 2n-1
3. lafl Error WBu&lntgIws Frame iu

Tunvdfiie nns Acknowledge aglad Piggyback

4.5, and 6

5

rclran\nullcda

A

I'im

coul

| discarded by
3 receiver



Selective Reject:
Diagram

1.  uwslag Frame iy A1vius Timer
2. auie Window goga'litAiu 2nt
3. iiadd Error &9Tnutanng Error Frame

buflered by
receiver
4 retransmitied

Tunvdfiie nns Acknowledge aglad Piggyback Fimeout




= WAN

= Public Network

= AMsLiaucadnfazsnu Network aasplusnis naa
Service Provider 151 la'lgtilutdnuas

. Lij;lué’msrmzmmh geNFIUAlY nat/uu
AUR

x FTEIZNY LARANIN

. Technologies Mlxlun1sidansa wanE19AY
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= Each packet treated independently
= Packets can take any practical route
= Packets may arrive out of order

= Packets may go missing

= Up to receiver(danannv) to re-order
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