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Aloha motivation

Designed in Univ.Hawaii in the early 1970s (by N.Abramson,).
Conditions: no working telephone system infrastructure

Problem: how to connect users on remote islands to the main computer in Honolulu.

* lLaying underwater cables under the Pacific Ocean not an option...

Solution: employ used short-range radios, with each user terminal sharing the same
upstream frequency to send frames to the central computer.

Basic idea: let users transmit whenever they have data to be sent OVER THE SAME UPLINK
FREQUENCY CHANNEL.

In case of muliple uplink transmissions - > collisions, colliding frames will be damaged.
Senders need some way to find out if this is the case.

In the ALOHA system, after each station has sent its frame to the central computer, this
computer rebroadcasts the frame to all of the stations using the separate downlink
frequency channel .

A sending station can thus listen for the broadcast from the hub to see if its frame has gotten
through.

If frame destroyed, sender just waits a random amount of time and sends it again.

Systems in which multiple users share a common channel in a way that can lead to conflicts
are known as contention based systems.
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Tapadeypa Slotted Aloha

Ofna 6

‘Eva cbomua ALOHA pe oyopée (Slotted ALOHA) £ye1 poévo dvo ypnoteg, A xar B. O B
0ev akoAovBei To mpmtdkorro axkpidc, oAld mpoomobel vo ekmEUTEL GUVEYDS, OAAD |ie
mBavomra p = 0.4 oe kabe oyioun (yro va ehayietomomBei 1 mbavotnTo GUYKPOLGEMV).

A Tloia givor 1 mBavomrTa 11 0MOGTOAN TUKETOV OO TOV A vo €ival EMITLYNG TV TPOTN
popa;

B Ilow sivor n mBavomro 1 skmopmy tov A va sivor emrtoyic petd and oxkpifoc k
cvykpovoels (makétomv tov A kol B); Yroloyiote v mBavomra yio k=3. [Ilapatipnon: dev
Hog evola@Epel mOte okpIPdC ekméumel 0 A, OnA. 6e TOGEC GYICUEC LETA TNV TPOTYOVLEVT)
LETAO00T peTadidel kot maAl. AmAd petpdpe k (S1000y1kéc) omOMEPES MOV KOTAAYOUV GE
GUYKPOVGT] TPV OTO TNV EMLTUYN LETAS00T. |

C ITotog eival o avapevopevos aplopog npoonabeidv Tov A mov amotteitol yio T emToyn
LLETAO0GT) EVOC TUKETOL TOV (GOV GLVAPTNGT] TOL P KoL APOUNTIKG);

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015 12



A. H mBovomta va exnéunel 0 B xamow ypovikn oy eiva p = 0.4, apoa n mBavotnta n
amoGTOAN amd Tov A va eivatl emToynig eivot va unv exméunet o B, onAaon

p=1-p=06.
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B. H mbBavomta va petagepbei Eva mokéTo cmotd e v Tpodtn npocndbeia eivar p = 0.0,

e mv oevtepn etvar (1-p ) p.pemyv it (1-p ) (1-p ) p ... ondte pe v k nmpoondbeia
glvat

1-2)p

Av k=3 téte (1-7)) p =(1-0.6)" -(0,6)=0.4".0,6 = 0.0384

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015 14



O avouevopevog aplfpoc mpoonabeldy Tov A MOV OMOLTEITHL Y100 TN EMTLYN UETAO0CT) VOQ
TOKETOL TOL EIVAL;
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apadeypa CSMA/CD

OEMA 4

X1oyoc tyc doxnonc civar y eCotkeiwon e 1o mpwtokoiio. CSMA/CD

Aixtvo CSMA/CD pe togrdmnta petadoong 200 Mbps amotedeitan amo 4 tuijpata opoagovikov
kaAwdiov puikovg 1 Km 1o xabéva ta omoice cvvdéovtan petadd toug pe emavoinmres. H
TayUTTa diddoans oto keehwdio eivar 200000 Km/sec ko 1) kaBuotépnon mov ewadyet o kdabe
gmavaAnmIng eivan 5 psec.

A. TTo1o to eAdyoTto pnkog mAaciov;
B. Zto diktvo cuvdeovtan 80 otabpot ava Tpnpa kot petadidovton mAaiow pjkovg dimAaciov Tov
shaylotou, [léoca mAalowa pmopel va otelAsl katd péco 6po kabe atabuodc to dsutepdAento;

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015
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A.

To eAdyioto pnxog mAaiaiov oto CSMA/CD mpémet va eivan 2¥*PROP. Zuvemag, e@doov To pjkog
Tov kaAwdiov L=4Km, PROP=4Km/200000Km/sec + 3*5 psec =>PROP=35 psec =>2*PROP=70
Hsec.

TopotnTa petddoong R=200Mbps

Tuvenwg, Fmin=2*PROP*R=14.000 bits

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015
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B.

F=2*Fmin=28000 bits
n=1/(1+5%a)=1/(1+5*PROP/TRANSP))=1/(1+5*35/140)=1/2.25=0.444
Anodoon=n*"R=0.444*200Mbps=88.88 Mbps

Amnodoon/otabuo= anddoon/(4*80)=277.77 Kbps=> Anodoon/otabuo (oe maxeéta
[sec)=277.77 /28=9.92 packets/sec

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015
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Both A,B t:o y
start transmitting at t=0

>

Collision happens half-way
[

i t=0

~ Actual transmitted
frame (245 bits)

Initially intended

245
Collision detected at A,B M
A starts sensing 4}
the channel here 245 K
(chose K=0)

1=245+48=293

(black) receive
collided frame

».d

48

<

frame (512 bits)

( gre en)
jamming sequence)

t=245+245+48=538

96 bit times
idle channel sensing

A’s retransmission

CSMA/CD
Mechanism

Tx

Rx

\/ \
/

|

I

96 bit times
channel sensing

Rx
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B will start sensing
After 1 x 512 bit times
=293+512=805
because it chose K=1

t=805

B received 15t bit of A’s
retransmission at
538+96+245=879<805+96
So it will refrain from

retransmitting — No collision

Tx
20



WiFi / IEEE 802.11 / CSMA/CA



551D SIGHAL CHAMNMEL SECURITY MAC ADDRESS a02.11

*DELTJ _- WPA2-Personal |10:FE:ED:84:26:15

DELTA_a 4 A40+44 WPAZ2-Personal 10:FEED:84:26:17 n

WiFi-Repeater . —_— 81 b WEP 8C.88:28:2E0E:C5 g

OTE770ee8 Info from AP scanning e -84 11 WPA-Personal ~ FC:C8:97:77:0EE8 g

USRS108 -87 1 WPAZ-Personal  0014C1T10011E4 g

Wind WiFi 298764 -88 B WPA-Personal 2C:26:C5:29:87:64 n

. OTECB4FbE \ -89 1 WPA-Personal ACED:DECB:4F68 g

. Forthnet-24BBBC -90 1 WPA-Personal 18:17:25:24:BB:8C g

WiFi ‘Jungle' -80 1147 WPAZ-Personal  9C:D3:6D:014EBAE n

OTEebf2 -90 6 WPAZ2-Personal 00:13:33:1EEB:F2 g

ten.ten -891 12 WPAZ-Personal 00:05:59:3E9A:73 g

. hol - NetFasteR WLAN 3 -92 145 WPAZ2-Personal  00:05:58:55:3F3C n

-92 13 WPAZ-Personal  90:Fe52:F04T:FE n

HOL ALU WLAN -92 11 WPAZ-Personal BE:BB:ST7:80:60:81 g

osfp -92 9 WPA-Personal 00D C2R36:11 g

. ThomsonBC569E -92 1 WEP 00:1ESEBE3C.DF g

M Earhia FXT -a7 1 WPA_Parcanal NEROEAZC 11026 n
2.4 GHz Band 5 GHz Band

INSSIDER application http://www.metageek.net/support/metageek-software-archives/

ol Partially overlapping channels
40! |IEEE 802.11a (5GHz) band:

empty — less interference

50 Fully overlapping ghannels

ol But higher attenuation losses
DELTA Channels (1-13)

704 l/

80) /

ao + #

4 5 6 7 8 9 10 11 12 13 36 40 44 48 52 56 60 64 1




Contention per channe
Distri rdination Function

(DCF) Protocol)
Channel 1 annel 2 Channel 6 Channel 11

OFDM subcarriers

Hidden terminal problem
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Tpomoc Agitovpyiag DCF:

Otav kamoog otafudc embopsl va netaddos éva Thuiclo, TPETEL apyIKa Vo mlf\'EUGEl O
néco. Av to Léco E'paﬁat aVEVEPYO 0 oTuBudS mepiével Eva ypovikd s Tnna Tov eCopTdTo
omd 1o &£l0og Tov TWhoiwciov mov BEisl vo netawomoer (IFS) kot aviyveder Suvd 10 NEGoO.
Ewoikotepa dakpivovpe ta akdiovba ypovikd 010G THUGT:

o T petdooon mhoiciov 0s00NEVEVY TO Ypovikd owdoTiud eiva ico pe DIFS.

o T petdooon miawwiov Betikns empPePoinons (ACK) 1o ypovikd owdomua eival ico e
SIFS.

Av o otaBuég acbaviel 1o HECO umUcyOANLEVD. TEPILEVEL UEYPL TUTO VU Vivel eledBepo yiu
Eva  ypovikd owdotnua ico pe DIFS kot ot cuvéysin mupdyel Eva emmapocteto dldoTua
omoBoyopnons (backoff) mpwv uamﬁcﬁmal KOl EVEPYOTOE ru:mré-;rpm'u EVOoV  LETPNTH
(backoff counter). To ypovikd Owdomuo omcBoydpnons Gplw..E-E[Il ®: Backoff
time=[0.CW]*Tslot, dmov CW évag axéparog apifpog pe evpog Tipndv Hetald TV CWp Kot
CWyax ZTv mpoTn npocomdfeie uetddoans. wyver CW=CWp,=31. Yotepa amé xdabe
amOTUYNUEVY) TMpocmdbsie petdooons. 1 Tiw) tov CW owmhocidletor. Emmigov, yio myv
TEPIMTOGT) TOL GTO QPLCIKO EMIMEO0 sQuproletol To mpaTdékoiio DSSS, 1) uéyiom nun mov
umopei va AdPer to CW sivol CWpa,=1023. Otav 1 i tov CW @bdoet v ripn] CWax
TUPUUEVEL GE OLTH OKOWN KUl V0 EMUTAEOV OTOTUYNUEVES mMpoamdBeies petddoons. Eva
TOKETO OMOPPIMTETOL GV 08V WIOPEL vo NETCO0BEL EMTVYMS LETE OO EVOV GUYKEKPILEVO
up1Bpo mpocmabsiay.

Av 1o kavail etvor eAsiBepo oe eva timeslot, o pHeTPN TS HEWGVETOL KOTA v Kot 0 oTefuog
UTOpel Vo LETHOMGCEL OTOV O HETPNTHS WNOEVIoTEL. AV TO KovdAil Eivol KUTELNUUEVD TOTE O
HeTpNTHS maydvel. O otabBuds pmopsi vo GuveyiGel va LEW@VEL Savd To NETPNTH UGVO oV TO
Kavairt yiver ehevBepo i ypdvo DIFS.

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015
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Mnyn

MNpoopiopog

DIFS Y amoorads dedouevenw

AMoG K6pBOg

DIFS

AmoaTroAn Sedousvidv

rax

AvaiZodn petadoong

backoff

—

[Meprypagen DCF pnpjovicpov 6TV TEPITTMOGT] TOL EV VTAPYOUVY GCUYKPOVGELS, LETUSY

DIFS: DCF Interframe Space
SIFS: Short Interframe Space

Tov Kopfov

NAV: Network Allocation Vector , (indicator on how long to wait from accessing the channel)

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015
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e Ocpata: LAN topologies,
Bus/relay/hub/switch/bridge/spanning tree
algorithm

e Agite TIC MapakATw OLAPAVELEC TOU
PLH22 OSS5 2015.pptx:

57,58,73,79,85,86,87,90,91



Steps of Spanning Tree Algorithm

1. Determine the root bridge of the whole
network

2. For all other bridges determine root ports

3. For all bridges, determine which of the bridge
ports are designated ports for their
corresponding LANs

* The spanning tree consists of all the root ports and the
designated ports.

* These ports are all set to the “forwarding state,” while
all other ports are in a “blocked state.”



Short form notation for BPDUs

* Each bridge sends out BPDUs that contain the following

information:

root ID

cost

bridge ID/port ID

root bridge (what the sender thinks it is) /

root path cost for sending bridge
Identifies sending bridge

|dentifies port on which this BPDU is
sent




/‘-
Spanning Tree Example @

« Sample messages to and from B3:

i B3 sends (B3, 0, B3)to B2 and BS

»  B3receives (B2, 0, B2) and (BS5, 0,
B5) and accepts B2 as root

= B3 sends (B2, 1, B3) to B5

s B3receives (B1, 1, B2)and (B1, 1,
BS5) and accepts B1 as root

B3 wants to send (B1, 2, B3 ) but
doesn’t as its nowhere “best”

= B3receives (B1, 1, B2) and (B1, 1,
B5) again and again...

Data forwarding is turned off for LAN A

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015 29



OEMA 1 rgs/1314

X1oyoc Tijc dexnyog civar iy eCoixeiwaon ue ti¢ teyvorovies Ethernet kar TCP/IP

MeBodosioyio Acknans: Oo TPEmer VO, LUEAETIOETE TIC ADUEVES EVOEIKTIKES Q.OKIJGEIS OYETIKG, LIE
Hub, Bridge, Switching ko1 IP Forwarding, ARP

1. No Beopnoete éva Ethernet LAN switch oto omoio gival cuvoedeiévol téccepic hosts: A,
B. C, D. O1 xoufot ypnoiomotovy my tomoioyia star yia 1) dracvvoeon tov hosts A, B. C,
D. O Host A eivol cuvoedeévog oto interface 1 tov petaywyéa, o host B oto interface 2, o
host C oto interface 3 kot o host D oto interface 4. No Bewmprjcete 011 0 TIVOKOC HETUYMYG
TOL Hetoymyen eivarl doetog. To kdbe évo amd TO TUPUKAT® YEYOVOTU VO O&1EETE MO
OVOVEDVETUL O TIVUKOE 0VTOS KOl VO ava@épeTat Ta interfaces omov ta mAaic1o netadidovTal.

. O A otelvet éva frame 6to D

. O D ateivel eva frame ctov A

MeBoooroyia: Qo mpsmer vo UsieTIjoeTe Ta Ouata 2, 4 am TIC ADUEVES O.OKIGEIC GTHYV
evotyto Hub, Bridge, Switching

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015 30




. Metadoon A-D

. O A amtooTEAAEL EVal TIALKETO UE
tn MAC address tou D

. O mtivakac tou switch eivat
AOELOC OTIOTE TO TIOLKETO
AtOOTEAAETOL O€ OAEC TIC BUpEC
MAnv tng eloodou (2,3,4)

. OL B,C amoppintouv To TAKETO.
. To switch evnuepwvel tov
niivaka tou (A,1)



. Metadoon D-A

. O D amooTteAAEL EVa TTOKETO PIE
tn MAC address tou A

. O mtivakoc tou switch table €xet
v eyypadn (A,1) omote 1o
NakETO amootéAAetat MONO
otn Bupa 1 kat to otabuo A.

. To switch evnuepwvel tov
niivoka tov (D,4)



OEMA 1 re4/1314

L1oyoc TS dokyaNs sivar n eloikeiwaon e Ti¢ teyvoroyies Ethernet kor TCP/IP

MebBodoioyio Ackncns: Oo Tpémet Vo UE/ETNOETE TIC ADUEVES EVOSIKTIKES O.OKNGEIS GYETIKO. UE
Hub, Bridge, Switching ko1 IP Forwarding, ARP

3. No Bewpr)oete 10 OIKTLO TOL TOPUKAT® CYNUOTOS. AV BempGeTE OTL OEV LIAPYOLV
EYYPUPES, VO avaPEPETE TOC Ba TpomomomBovv o1 eyypanéc otic yépupeg Bl, B2, otav
YIVOLV 01 TOPAKATO LETUOOGELS

e (Cotélvelrotov A
e ForéhvertotovE
* EotéhverotovF

EAN / NAHZ2g / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015
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Metadoon C - A

Bridge B1 Bridge B2

C 1 C 2 X - discarded

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015 34



Metadoon F - E

Bridge B1 Bridge B2
C 1 C 2 :
= 1 = 3 X - discarded

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015 35



Metadoon E - F

Bridge B1 Bridge B2

C C 2

F F N 3
E \ 1

O mivakag tng B2 £xel pLa eyypadn yla 1o

2T0OuO F . To maKkETo amooTEANETOL

Movo otn BUpa 3 Tn¢g B2 kal kataAnyet

2tov mapoAnmtn otabuo F.
H B2 npooBétel kat tnv eyypadn (E,1)

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015
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OEMAT | rE4/1314

Z10y0¢ TS UGKIGNS €ival 1) eCOIKEIWTN] UE TIS UNTPES OPOUOAOTIGIS VEQDPEIV.

MeBodosoyia Aokyons: Qo Tpémel vo UEAETNOETE TIC ADUEVES EVOEIKTIKES OOKIJOEIS GYETIKES
ue Hub, Bridge, Switching

Oesopiote o eTopeio oV 0100£TEl OKT® (8) TOTIKA H1KTLE LTOAOYIGTMOV GDVOEOENEVT |IE
YEQUPES OTMC GTO TUPUKATO GYIL0:

(TS aratljog G TTLUTIVS
| | |
Aiktuo A
yhpupa 101 arablpudg ypupa 102
, I Aiktuo T
Aiktuo B
yigupa 103 ripupa 104 yépupa 105 yhpupa 106 ylpupa 107
Aiktuo A Aiktuo E Aiktuo Z Aiktuo H
1 1 1 1
orabpig arabllpiog atallpog L TUTIVS
yhipupa 108 yhgpupa 109
Aiktuo © l |
aratijig aralog

AGGTE TNV KEVIPIKI WTPA OPOLLOAGYNGTE KU1 TOVS TIVOKES OPOLOAOYNGNC KaBe YEQLPUC
TOV TUPUTAVE GYTUOTOC. L€ TEPITTMGT] O1UOPOUMYV LIE TO 1010 KOGTOC UAUGTOV, TPOTIUIGTE

v Swdpopr EA RIS FRALATE KON KT8 KES P Y Epdpae 108.




2 TNV KEVIPLKN pNtpa SpopoAdynong mpocBETou e TN yedbupa tou BAETEL MPpWTN Eval
TIOKETO TtoU hEVYEL OO TOV TOUTTO Kol KATEUBUVETAL TTPOC TO HEKTN.

M.X. LE TMOUIO To A €val TTAKETO cuvVAVTAEL TtpwTta T Yedbupa 101 yia to B, evw
ouvavtael tpwta tn yedupa 102 yia va el oto I

(apa otic avtiotolxeg B€oelc (moumnoc A - 6éktng B ) kot (mopmog A — dektne IN)
oupmAnpwvoupe 101 ko 102 avtiotowxa, evw otn B€on (moumocg A — €ktng A)
oupTANpwvoupe taAt 101 k.o.K.

OiKTUO TTOMTTOU
A B r A|E|Z]|H O]

- 101 | 102 | 103|104 109|107 | 108
101 - 102 103|104 (109|107 | 108
102 | 101 - |103|104 105|106 | 108
101 | 103 | 102 | - |104{109(107| 108

101 | 104 | 102 [103| - |109({107| 108
108 | 101 | 105 |103|104| - [106| 109
107 | 101 | 106 |103|104{105| - | 108
108 | 101 | 102 [ 103|104|109(107| -

DiKTUO BEKTN

Q| I N m| = 7 m >




Mo Tov Tivaka SpopoAdynong TG KAbe yepupag CUUTTANPWVOULE LOVO TLC BECELC TTOU
OVTLOTOLYOUV OE€ HOVOTIATLA LETAEY 2 SIKTUWV TTOU CUVOEEL aUTh.

M.x. yla tov mivaka dpopoAdynong tng vépupac 101 cu umANPWVOUE HOVO TIG BEDELC
TIOU QVTLOTOLYOUV O€ povoratia HeTaly 2 Siktuwv rtou cuvdéeL n 101. AnAadn,
epooov n 101 avadEpetal oTnV KEVIPLKA HATPO SPOOAOYNONG yLa TIG ouvdEoelg A-B
Kot A-A, Ba cupmAnpwOEeL avtioTtoa oto mivaka SpooAOyNnoHC TNG OTOV UTIOTIIVOKAL
«aro Slktuo A» Kal oTn Ypapun «OEKTNC B» , otn oTrAn «€mMOpevo», to dlktuo B, ko
oTn VPO «SEKTNG A» oTn 0TAAN «ETOEVO» TIAAL TO Siktuo B. Emeldn €va MAKETO
aro to A oto I bev xpnowuomnolei tn vépupa 101, otov untomivaka «oro diktuo A» Kot
oTn YPOUHUR «OEKTNG M» , N oTAAN «EMOPEVO» Ba PELVEL KEVN.

Mivakag yépupag 101 Mivakag yépupag 102 Mivakag yépupag 103
aré diktuo A aTré dikTuo B ato SikTuo A atd Siktuo [ atd dikTuo B aré Siktuo A
OEKTNG | eTTOPEVO | AEKTNG | eTTOHEVO | BEKTNG | eTTOHEVO | DEKTNG | eTTOHEvVO | BEKTNG | eTTOpevo | BEKTNG | erdpevo
B B A A B - A A A - A B
r r A r r B A r B B
A B A - A A A A A r B
E B E - E E A E E B
z z A z z z z B
H H A H H H H B
(S} C] A C) C] A C) o B




Mivakag yépupag 104

Mivakag yépupag 105

Mivakag yépupag 106

amod OikTuo B

atrd dikTuo E

amé Oiktuo [

armé dikTuo Z

amé OikTuo [

atmd OikTuo H

OEKTNG | eTTOMEVO | AEKTNG | eTTOMEVO | DEKTNG | €TTOMEVO | DEKTNG | €TTOMEVO | DEKTNG | ETTOMEVO | DEKTNG | ETTOMEVO
A - A B A - A - A - A -
r - B B B - B - B - B -
A - r B A - r r A - r r
E E A B E - A - E - A -
z - z B z z E - Z - E -
H - H B H - H r H H z r
] - C) B C] - C) - C] - C] -

Mivakag yépupag 107

Mivakag yépupag 108

Mivakag yépupag 109

atmd dikTuo H

atd OikTUo A

atré OiKTuo A

até dikTuo @

amd dikTuo Z

até dikTuo @

OEKTNG | eTTOMEVO | AEKTNG | ETTOMEVO | BEKTNG | ETTOMEVO | DEKTNG | ETTOMEVO | OEKTNG | ETTOMEVO | DEKTNG | ETTOMEVO
A A B - B - A A A C] A -
B A r - r - B A B C] B -
r - A - A - r A r - r -
A A E - E - A A A C] A -
E A z - z C] E A E C] E -
z - H H H - z - H - z z
] A C] - C] C] H A C] C] H -
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e Q¢upata: routers, packet routing/forwarding,
encapsulation

e Aeite TIC MapakATw OLadAVELEC TOU
PLH22 0SS5 2015.pptx:

115,121,124



Encapsulation

Frame

Message
Segment Hg
Datagram H, H;
Hi Hn Ht

Ht

Hn Hy

Hl Hn Ht

M
M
M
M

111

Source
Application
Transport
Network
Link
Physical
Hi Hp Hy M Link
Physical
><
Link-layer switch
Destination Router ><
Application
—
Transport H, Hi M Network
Network H H, Hi M Link
Link Physical
Physical
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Apopoloynon

* AV 0 TPOOPLOUOC €ival oto LObLo UTTOOLKTUO LLE TOV
QTTOOTOAEQL:

e AmteuBelac amooTOAN TTOLKETOU

* Av o)L : MpowBnon oto dpopoloyntn
* EAeyxoc mivaka SpopoAoynong
e Ertthoyn tn¢ 1o KatdAAnAnG SLadpounic



Routing example

Network 4 (Ethernet)

Network 2

(Point-point)

Network 1
(Wireless)
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Routing example

* H1 wants to send
a datagram to H2.
* They are

on the same
physical network

* H1 and H2 have
the same network
number in their IP
address.

* H1 deduces that
it can deliver the
datagram

directly to H2 over
the Ethernet.

Network 2
(Ethernet)

Network 1
(Wireless)

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015

Network 4 (Ethernet)

. ~
-~

e Y o
H8 R3 H9
Network 3

(Point-point)
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=" H4 wants to send a
datagram to H8.

= Hosts on different
physical networks
(different network
numbers)

= H4 deduces that needs
to send the datagram to
a router.

= R1 only choice—the
default router

" H4 sends the datagram
over the wireless
network to R1.

= R1 knows it cannot
deliver a datagram
directly to H8

=R1’s default router is R2

Routing example

Network 4 (Ethernet)

H1 H2 H3 | |
| | = He HY
?JEeﬂt:néc:nrl; t2) .Interface 0

Network 3
(Point-point)

Table 3.6 Complete Forward

Table for Router R2 in

NetworkNum NextHop
1 R1

2 Interface 1

Network 1 3 Interface 0
(Wireless) 4 R3
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Routing example

= R1 sends the datagram
to R2 over the Ethernet. - Network 4 (Ethemet)
= R2 consults forwarding -
table f’“‘l‘ ® T 3
"Looks up H8'’s W P
network number ~ Ehemey
(network 4)
sforwards the
datagram over the

point-to-point Ha

(Point-point)

Table 3.6 Complete Forwarding

Table for Router R2 in

"""" NetworkN NextH
network to R3. sHivoridtum xmop
1 R1
= R3 on the same network Hs - - H6 : o
dS H8 ORI 3 Interface 0
sforwards the (Wireless) 4 R3
datagram directly to
EAM / NAH22 / AGH.4 / N.Anpntpiou / 5n 053 / 02.05.2015 47
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e Ocpata: MTU, Fragmentation

* Aeite TIC MapaKkATw OLAPAVELEC TOU
PLH22 0SS5 2015.pptx:

128,129



Napadewypa IP fragmentation

No Bewpnoete evoa UDP moketo unkovg 1472 bytes (H emke@oAldou ToL ETTEOOV
UDP 1covtot e 8 byte) to omoio mpenet va netaoobel e eva [P otktvo e peyebog
MTU 1280 bytes. No vmoioyicBet o apiBuoc tov IP moketov mov Ha petadoobovv

omm¢ kot ta weola Fragment ID, Offset kot Flag More Fragment vio kafe IP moketo
TOL LLETUOTIOETUL.
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IPv4 Datagram format

32 bits
I
| |
. Header :
Version Type of service Datagram length (bytes) 4
length
16-bit Identifier Flags 13-bit Fragmentation offset 38
20 bytes
IP header U
. pper-layer
Time-to-live protocol Header checksum 12
32-bit Source IP address 16
32-bit Destination IP address 20

Options (if any)
UDP header +

UDP data
payload » Data

EAM / NAH22 / AOH.4 / N.Anuntpiou / 50 50
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YrtoAoylopog IP packet size
UDP Payload : 1472+8=1480bytes
Av IP packet size > MTU=>Fragmentation
IP Packet size: 20+1472+8=1500 bytes >1280 bytes (MTU)
Fragmentation:
To IP layer Ba énuioupynoet 2 IP packets
KaBe fragmented packet ektoc tou teAeutaiou Ba €xel ToAAAmAACLO TwV 8
bytes payload kot péyebocg pikpotepo tov MTU.
MTU
IP Packet 1

IP header=20 bytes=> Payload=1280-20=1260=>1260/8=157,5 (Bswpoupe
TO peyaAutepo akEpato floor(157,5)).

Payload size: 157*8=1256 bytes. Total IP packet size= 20+1256=1276 bytes.

IP Packet 2

IP header=20 bytes=> Payload=Initial payload-1 IP packet payload= 1480-
1256=224 bytes. Total IP Packet Size= 20+224=244 bytes



= MTU=1280 bytes

-
A

IP Datagram

-

IP UDP
Header Heade

. 20bytes . 8bytes’
IP IP

Header Header
20'bytes 1256 bytes 20 bytes 224 5

) 7 ) /JI“ (244 bytes) —*
Fragment_ID 1 Fragment_ID 2
Offset 0 Offset 157
Flag More Fragment 0 Flag More Fragment 1
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e Ocpata: IP Addressing, Subnets, Subnet Mask,
Network/host addresses

e Aeite TIC MapakATw OLadAVELEC TOU
PLH22 0SS5 2015.pptx:

135,147,148



OEMA 4 | TE4/1314

X1oyoc TC daxyang eivar i efoikeimwan UE TIC EVVOIES TV DTOOIKTDMY

MeBodoioyio Acknans: Qo mpémer vo. UELETNGETE TIC ADUEVES EVOEIKTIKES GOKIGEIS GYETIKES
e IP Forwarding, Addressing, ARP

‘Evog vmorloyiomg €xetl T1¢ e€1)¢ TUPUUETPOVE GTO TPMOTOKOAAD IP:

AtevBoven IP : 202.60.215.150

Madoko vrodiktoov : 255.255.240.0

1. Moto sival To peEyLoTo MARBOC UTOAOYLOTWY TIou TtepAapBavel n network address tou
SKTUOU OTO oTtolo AVNKEL;

2. MNota ivatl n mpwtn dtevBuvaon host number Tou diktuou oTo omolo avrKeL Kat tola n
TeAevutaia SievBuvon host number tou SiktUou 1 SlevBuvon yla AMOoToAN
broadcasting pnvupdatwy;

3. [Mouoc sival 0 avéwv aplBuoc urtodoyloth (host number) oto dekadikd cuoTnUA;

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015

54



(@)

H paoxo vrodiktvov : 255.255.240.0ce dvadkn) pop@r) eivat:
2552552240 = 11111111.11111111.11110000.00000000

dpa Ta TerevTaio 12 dvadkd ymeio ¥p1GILOTOI0VVTOL Y1¢ TOV UplBLo TOV LITOAOYIGTN
(host number 1} subnet number kot host number) opiovtac 2'°=4.096 cuvdvacpove. To
lEYieTo mANB0oC vmoroyictoOv eival 4.096-2=4.094 ag@ov o1 OlevBiveelc ne aplBuo
voroyiot) 0 avogepetal 6to oiktvo «this network» xat 4.095ypncwonoteital yio
broadcasting povnudTov Kot 6gv HTopovv va. ¥pnciiomron)bovy yia IP vroioyio).

EAMN / MAH22 / AGH.4 / N.Anuntpiou / 5n 0% / 02.05.2015 55



(B) H mpot devbuvvon host number tov owktvov TpokLTETEL av BEcovue To bits Tov
ap18ov vroioyioty oAa 0 (Aoyiko AND avaueco oty IP kot atnv nacka).

IP : 202.60.215.150 = 11001010.00111100.11010111.10010110
AND
Macko VTOOTKTLOD IT1111IL. I1ITI1IT1I1.11110000.00000000

npaTn o1evbvven host number  11001010.00111100.11010000.00000000
Apa 1 Cnrovpevn o1evBuven vrodiktvov givat: 202.60.208.0

H teievtoio oevbuven host number tov dwktvov mpoxvatel ov Begovpe to bits Tov
ap1Bov vroioyiot oAa 1. (Aoyiko OR avapeca oty IP kot 6tV ovactpogn [LOCKa)
ONAWON

IP : 202.60.215.150 = 11001010.00111100.11010111.10010110
OR

AvacTpoen HAGKU LTOO. 00000000.00000000.00001111.11111111

otevbuvaorn broadcast 11001010.00111100.11011111.11111111

Apa 1 (ntovpuevn tedevtaia 01evBvvon host number tov diktvoUL eivor: 202.60.223.255

Inueiwon: H 1" dtevBuvon nou pmopel va 606l og urtoAoylotn eivat n 202.60.208.1 kat
n teAevtala eivatl n 202.60.223.254

EAN / NAH22 / AGH.4 / N.Anuntpiou / 5n 033 / 02.05.2015 56



(v)

O o ovéov apBuog vroroyiot) (host number) mpoxvmter av oty IP dievbuvon
Becovupe ta bifs Tov O1KTVLOV KUl TOL LTOOIKTLOV ica pe 0 (Loyiko AND avaueco otV
IP ko1 GtV avacTpo@n) HOGKO), ONAcON

IP : 202.60.215.150 = 11001010.00111100.11010111.10010110
AND

AvacTpoen HAGKU LTOO. 00000000.00000000.00001111.11111111

Ap1Boc vroioyio 00000000.00000000.00000111.10010110

Apa 0 ap1Bog vroroyiot) etvor o 11110010110 =1942
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* Ocpata: ARP, MAC Addresses, ARP description,
ARP examples

e Aeite TIC MapakATw OLadAVELEC TOU
PLH22 0SS5 2015.pptx:

155,156,157,159,160



OEMA 1 rE4/1314

X1oy0C TG doKknoyS civar n eCotkeiwon ue Tic teyvoroyics Ethernet ko1 TCP/IP

McBodoioyia Acknone: Qo mpPEmet Vo, HEAETIGETE TIC LDUEVES EVOEIKTIKES O.OKINOEIS GYETIKO. lUE
Hub, Bridge, Switching ka1 IP Forwarding, ARP

2. Aivetot To 01KTLO TOV TUPUKUTM GYIIATOS ‘

11 1 1
143 13200 2 oS %0778 50— l=1003400 >

H1 H2

No OempnoeTe TIC TUPUKATO EYYPUDES OTO KAOE EVU OPOLLOAOYNTY).

Host/Router [P Aevbuvon MAC Atevbuvon

H1 143.132.0.1 001

Interface 1 of R1 143.132.90.2 002

Interface 2 of R1 198.90.56.1 00002

Interface 1 of R2 198.90.56.2 00004

Interface 2 of R2 202.78.23.1 3

Interface 1 of R3 202.78.23.2 05

Interface 2 of R3 190.34.0.1 0004

H2 190.34.0.2 0005

N{u deikete T0 MEdia moL USW@M’WWKWZ‘ECW%@W/W*&%%Fﬁ’&ﬂ;"}’&ﬁ:ﬁ%ﬁ“}é&? d2LpEpec o H2
neoco tov R1, R2, R3.
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 Metadoon H1 - R1 (aAAalouv povo ot MAC
StevBuvoeLc)

£14313200

Ilr

MAC Source Addr.

n__12

11 12

- =T =T
. 20276230 189023400
P Cenpuyy REETNpS

ource [P Addr  Destination IP Ad DATA

001 002 143.132.0.1 | 190.34.0.2 DATA
Host/Router IP address MAC address
H1 143.132.0.1 001
Interface 1 of R1 [143.132.90.2 002
Interface 2 of R1 [ 198.90.56.1 00002
Interface 1 of R2 [198.90.56.2 00004
Interface 2 of R2 [202.78.23.1 03
Interface 1 of R3 [ 202.78.23.2 05
Interface 2 of R3 [190.34.0.1 0004
H2 190.34.0.2 0005 033 / 02.05.2015
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60



 Metadoon R1 - R2

£14313200

Ilr

n__12

11 12

- =T =T
. 20276230 189023400
bt Cenpuyy BTNy

Dest. Addr  Sowrce |IP Addr  Destination ddr DATA

00002 00004 143.132.0.1 190.34.0.2 DATA
Host/Router IP address MAC address
H1 143.132.0.1 001
Interface 1 of R1 |143.132.90.2 002
Interface 2 of R1 [198.90.56.1 00002
Interface 1 of R2 [198.90.56.2 00004
Interface 2 of R2 [202.78.23.1 03
Interface 1 of R3 [ 202.78.23.2 05
Interface 2 of R3 |190.34.0.1 0004 ) 22 AGHA N A enion /5
H2 190.34.0.2 0005 055 / 02.05.2015
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 Metadoon R2 - R3

£14313200
f

S

n__12

MAC Dest. Addr  Sougce [P Addr Destination |P Addr DATA

03 05 143.132.0.1 190.34.0.2 DATA
Host/Router IP address MAC address
H1 143.132.0.1 001
Interface 1 of R1 |143.132.90.2 002
Interface 2 of R1 [198.90.56.1 00002
Interface 1 of R2 [198.90.56.2 00004
Interface 2 of R2 [202.78.23.1 03
Interface 1 of R3 [ 202.78.23.2 05
Interface 2 of R3 |190.34.0.1 0004 ) 22 AGHA N A enion /5
H2 190.34.0.2 0005 055 / 02.05.2015

190.34.0.0
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* Metadoon R3 - H2

I . . T O
_{1143_132_[]_0 0~ 20278230 19024 0.0
Ilr DR
H1
MAC Source Addr. MAG Dest. Addr—~Source [P Addr - Destinatio ddr DATA
0004 0005 143.132.0.1 190.34.0.2 DATA

Host/Router IP address MAC address
H1 143.132.0.1 001
Interface 1 of R1 |143.132.90.2 002
Interface 2 of R1 [198.90.56.1 00002
Interface 1 of R2 [198.90.56.2 00004
Interface 2 of R2 [202.78.23.1 03
Interface 1 of R3 [ 202.78.23.2 05
Interface 2 of R3 |190.34.0.1 0004 ) 22 AGHA N A enion /5
H2 190.34.0.2 0005 055 / 02.05.2015

63



ErtutAcov mapadelypota



[TpowBnon mMokeETwWY LECW routers



Datagram Forwarding example

= ArtootoAn ano H1 pe mpooplopd H2
=0 H1 kavel AND tn subnet mask tou
(255.255.255.128) pe tn dtevBuvon tou

Subnet mask: 255.255.255.128
H2(128.96.34.139) er: 128.96.34.0
=11111111.111711111.11111111.10000000 128.96.34.1
~*10000000.01100000.00100010.10001011

=10000000.01100000.00100010.10000000 T B w

205 123963 4.130 Subnet mask: 255.255.255.128
sArotéeopa 128.96.34.128. Subnet number: 128.96.54.128
= Aev TauTileoal pe o unodiktuo tou H1 128.96.34.129 | 128.96.54.130
(128.96.34.0) ﬁ S8 o -
=0 H1 yvwpileL 6tL o H2 sival os n TH2
SladopeTiko umtodiktuo. | 128.96.33.14 12896331 P
"ArtotéAAEL To TtakETo oto default router Subnet mask: 255.255.255.0
R1. Subnet number: 128.96.33.0
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Datagram Forwarding example

=0 R1 kavel ANDs tn 6tevBuvon tou H2
address (128.96.34.139) e tn subnet
mask tn¢ mpwtng ypappng Tou mivaka
SdpopoAoynonc (255.255.255.128)
sArtotéAeopa 128.96.34.128 |, bev
ToTtileTon pe Tov aplBpo umodiktiou TNng
YPOUUAGC auTtAC (128.96.34.0).
"ErtavaAnyn dtadikaoiog Pe TNV EMOUEVN
VPO,

=YTiadpxeL TUTLON

"0 R1 amooTEANEL TO TTAKETO OoTOV H2
neow interface 1

Table 3.7 Example Forwardihg Tab

Subnetting for

SubnetNumber | SubnetMask | NextHop
128.96.34.0 255.255.255.128 | Interface 0
128.96.34.128 255.255.255.128 | Interface 1
128.96.33.0 255.255.255.0 R2

Subnet mask: 255.255.255.128
Subnet number: 128.96.34.0

128.96.34.15 |
. 128.96.34 .1
Interface O
Rl = '..“‘ R1
H1
rface 1l
128 96.34.1 Subnet mask: 255.255.255.128
Subnet number: 128.96.34.128
28.96.34.139
128.96.34.129
H3 - —
—~ EBr o
£~ {H2
1 128.96.33.1 .-
| 128.96.33.14

Subnet mask: 255.255.255.0
Subnet number: 128.96.33.0
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[Tivakec OpOpUOAOYNONG



1. Noa Bswpnoete Eva dpopoioyntn 0 0moiog ExEL TOV
KOTOUYOPNUEVES TIG TTOPOKAT® EYYPOPES

Subnet Number | Next Hop
128.96.39.0/25 Interface O
128.96.39.128/25 | Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

Na ppeite o next hop, av Beopncete om1 o router Aoufaver [P moxeto yo wabes o ano tig
TEPMATEGCELS (NO OIKO0AOVI|GETE TV ANAVTGY] CO)

a) 128 96.39.132

B) 193.96.39 34

v) 128.97.40.32
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Subnet Number | Next Hop

128.96.39.0/25 Interface O
128.96.39.128/25 | Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

YnoAoylopog subnet masks

128.96.39.0/25 -> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128
128.96.39.128/25-> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128
128.97.0.9/16 -> subnet mask 11111111.11111111.00000000.00000000=255.255.0.0
193.96.39.0/25 -> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128

Kda0e dievbuvon mpoopiopov yivetar AND pe v avtictowyn subnet mask

128.96.39.132
255.255.255.128
result

10000000.01100000.00100111.10000100
11111111 .111711117 .117111111 .10000000
10000000.01100000.00100111.10000000=128.96.39.128 ->Interface 1

193.96.39.34 AND 255.255.255.128 =
=193.96.39.00100010 AND 255.255.255.10000000 = 193.96.39.00000000=

=193.96.39.0 ->

Interface O



Subnet Number | Next Hop
128.96.39.0/25 Interface O
128.96.39.128/25 | Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

128.97.40.32 AND 255.255.255.128 =
=128.97.40.00100000 AND 255.255.255.10000000=128.97.40.00000000=128.97.40.0

128.97.40.32 AND 255.255.0.0 =
=128.97.40.00100000 AND 255.255.00000000.00000000=
=128.97.0.0

Longest Prefix matching: ->R2



|IP Addressing and subnetting

* Aelte KoL To oUVOECUO
http://www.cisco.com/c/en/us/support/docs/ip/routing-information-

protocol-rip/13788-3.html
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Identifying and Host ID

i s i s i s i
rd =F M 50 rd = rd 50 rd =F s 50 M = rd 50
¥ o P el 00 B o] ¥ o My owl G0 B O om] ¥ o Py el G0 B o] ¥ o [ i il

Class A 0300 3000 .« 00X XXX . XK XNNXX . XXX XAXX
CLASS & NETWOREKE ID CLASS A HOST ID

Class B 10 300 . 3000 300N o MMXX XXXX . XXXX XXXX
CLASS B NETWORE ID CLASS B HOST ID

Class C 1103 3x30¢ . 3000 XX . MY MMNXNX . XXX NXXX

CLASS C NETWORK ID CLASS C HOST ID

1110 3000 o MO MMM « XN MMM . XXMM MXMXMX
NMETWORK ID

Reserved Experimental |

Class E 1111 030X . 300K 00X .« 30000 X000 .« XXX XXX
CLASS E METWOREK ID

Here yvou see each Class's Network and Host ID portion. Notice that
there are only few Class A neftworks ( Network ID), but many Host ID's,
where as a Class C has alot more Networks and fewer Host ID's.




Analysis of a Class A Network

] 7]
o P AD R R

L - w0 o W N om w0 M ow W N

E-—;r'-.lu:
Lo i
Class A 0xxx xxxx . MK . XK HXANK .« XAAXK XANX
|

i #

24 Available bits
for Host ID

#

16,777,216 Hosts

24

Class A networks use for the | . whereas the Host ID
uses 24 Bits. The more Bits used, the greater the number.
This is why Class A networks can have so many Hosts,
and therefor are large networks.




Analysis of a Class C Network

Lo -

MMM X MXK
|

21 Available bits 8 Available bits
for Network ID for Host ID
(Bit 8 to 6 is always "110")

| .

256 Hosts

Class C networks use for the and 8 Bits
for the Host ID. This is why Class C networks have a
farge number of networks but with only 256 hosts
per network




A Class C network with its default subnet mask

Host B Host C
IF: 192 . 168.0.10 IPF: 192 158,00

=\ =\

SERVER

Router A

Routar P 192.168.0.60

IP: 192.168.0.1

Host & Host [
IP: 192.168.0.40 IF: 192.168.0.50

NETWORK
192.168.0.0 (Class C)
Subnet mask 255.255.255.0

Inm the above network, we have configured all hosts with the
default Class C subnet mask of 255.255.255.0. This means that all
computers are part of the same logical network: 192.168.0.0




Changing the default Subnet mask

Host B Host L
IF: 192.168.0.10 IF: 192.168.0. 20

PE=\ =\

SERVER
IF: 192 152,040

P=\

Ho=t & Hast
IP: 193 is8. 040 IP: 102 18, 0,50

NETWORK No.2

By changing the default subnet mask to 255.255.255.224 our
has been partitioned into smaller logical networks.
For simplicity reasons, I am only showing 2 of these smaller networks.
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Class C Classful IP Address

IP Acddress : 192 . 168 . 0 . 5
Subnet mask : 255 255 . 255 . 0

Conversion to Binary

ia] ia]
T M Ak iD - e - e
B o=l 3 N w B0 M oel 3 PN el v G0 [ e a T e w B0 el 33T PN o

IP Address : 0 0000. 1010 1000 . 0000 0000 : 0000 0101
Subnet mask :1111 1111 .1111 1111 .1111 1111, 0000 0000

Host ID

This Class C network uses for the
and 8 Bits
for the Host ID. The Subnet mask is what splits the Network ID
and Host ID. This particular subet mask is 24 Bits long
{consisis of 24 one's (1) counting from left side)




The Analysis Df Our Example - Part 2

r-.:r-. sl
= 2 Lo - |

IP Address :_’“ Dﬂﬂﬂﬂ 1010 1000 . 0000 ﬂﬂﬂﬂiﬂﬂﬂﬂ'lﬂlﬂﬂ
Subnet mask : 1111 1111.1111 13111 .1111 111 #111 0 0000

This part of the IP Address and This is the section we focus. From
Subnet mask we take as is. In here we will get all the info we are
Decimal this part gives us: after ! Since I've colour coded the
192 . 168.0 : 3 subnet Bits, we won't need the
255 . 255 . 255 . subnet mask anymore to help us
. determine which bits are borrowed.
= & ™ i0

O e e

0000 1010 Determining the

Hosts per Subnet

000 (0 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
001 (32 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
010 (64 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
011 (96 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
100 (128 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
101 (160 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
110 (192 decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal)
111 (224 Decimal) 00001 (1 Decimal) to 1 1110 (30 Decimal )

NOTE: O 0000 (First IP in each subnet) 1s reserved as the
for the Subnet .
11111 (Last IP in each subnet) 1s reserved as the Broadcast Address
for that Subnet




The Analysis Of Our Example - Part 3

o] o]
i B rd W D
wd RO P el 30 WM o wl RO M e B0 W N o

Q000 0000 (0 Decimal) 0001 1111 (31 Decimal)

Full Range of the First Network: 192.168.0.0 - 192.168.0.31

o]
e |
w0

00

r+ w0
L w0 P el 3D T P

0
0 D000 (32 Decimal) 0011 1111 (63 Decimal)

d
Full Range of the Second Network: 192.168.0.32 - 192.168.0.63

i~
oy |
1

) o Ao
=

RN w0 e 3D TN e

0
i
0100 0000 {64 Decimal) 0101 1111 (95 Decimal)

_-—-—.____-* _4_
Full Range of the Third Network: 192.168.0.64 - 192.168.0.95

10 0000 (96 Decimal) 11 (127 Decimal)

*
Full Range of the Fourth Network: 192.168.0.96 - 192.168.0.127




i 7]
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1000 0000 (128 Decimal) 1001 1111 (159 Decimal)

_-'---._____+ L
Full Range of the Fifth Network: 192.168.0.128 - 192.168.0.159

V] i a]
M A -l T
il Q0 A e D O ol wil 0 P el 33 O oml

1010 0000 (160 Decimal) 1011 1111 (191 Decimal)

T ¥
Full Range of the Sixth Network: 192.168.0.160 - 192.168.0.191

7] 5]
= ™AL N = ™AL
vl TR w33 W O el il T TR el OO O o]

1100 0000 (192 Decimal) 1101 1111 (223 Decimal)

— *
Full Range of the Seventh Network: 192.168.0.192 - 192.168.0.223

4] 4]
M % i = ™D
el Q0 S e O T Py e vl 0 el 30 O om]

1110 0000 (224 Decimal) 1111 1111 (255 Decimal)

—
Full Range of the Eighth Network: 192.168.0.224 - 192.168.0.255

You should remember that the First IP Address of each Subnet is the
for that Subnet, and the Last IP Address is the
Broadcast Address for that Subnet.




