Intro o A/efa/ark@

* L()Lob[ Area. Metwork (LAN):

Connected! devices Hhut ate i1 oue ﬁ/t&nca[ Locadron.

* Wide Area Nebwork (WAN): Commected doyices Hot are in olbleset plfyg/‘ml Lobrow.

WAN

¥ OST Mockel : « %m? f‘effesméco%/'am of how devies commaicate.

Somler ociover A{zﬁer Nawe Incldles Device
=1 Application
6 presestition
5 Session
4 Tramsport TCP/UOP, port
3 Netuork 1P Adress Routers
2 Data-Link MAC Adress Switches
| lesfm! Wires / cables

xTCP/IP stack : the stack (moddl) Hat actially wed in networkivg.

)D®7LOC'0/ Dodter Unit
(POU)

Juger name wes
4 | Application Data
3 Transport Segment
2 | nternet BRucket
| Network Access Freume




OS1I Modlel Break clown

Upper 3 Layers of 4he OSI moctel :

* layer 7 ( Applicabron) provides nebwork services 1o the applications of He wer.
= It ciffers fom other Layers in that it cloesnt prvide servicss to ony ather Layer.
=L ertablishes the availnbility of intendecl commuication partners.
= It Synchronizes ancl establishes ayreement on prcedutes for emor recovery auel control of date: integrity.
*layef 6 CPresentodion) : emsures thoks the informadion sent at Leyor I of one System 6 reacable by te oluer.
— It can druwaslabe amonsy mulbple clabee frmats.
*Za\zjar5 (Session): artablishes, manages ancl terminedes sessions betueen hio huastr.
— It alo synchronizes diokoey botueen lager & of hio hash cud manacps Hoci et exchansye.
b abo offecs afficiont dlute b, (oS ek excoption repurhing of upper luec problews

Lower Y layers of te OSI moctel :
*L'yer 4 ('I'ramapari—): Aebnes e services o segment, trumsfor ok resssemble catn By indivctual c
=1t debermines whether TCP or UDP v wsed andl Hhre port number.
— It breaks down Large Ples indo smaller seqments Hak are Less Likely fo incure trwostission problewa .
¥ Layer 3 (Mebwork): provicter comechivity audd path solechion bobwesn wo hoshs aud way be on seporte eborks.
— It manases connechivity of hosts by prvicling Llogical acldressing (IP address).
*L@wz (b - Link ) : clefines how olato v frmadied fr hovamisiion aud how access . plysicall medic is cobulied.
=t inclucles error oebection and correcton +o cune a reliable clelivery of Hhe clator.
=t woes e leyor 2 acldress (MAC cclbpess).
*Loyer 1 (Physial ) : Concerms Literully He physical_Componesls of e nobuwork (Cables).
— It dofines tue specs neecled Ar achiikive) » maintiining auel ceachipoking Hhe physical Link bebween eveel devices.
— It enables bit treuswsission bebueen and doies.




L ower

4 Laﬁ%j
In De/DH’)



Lajer 4 (vawport):

* The «l-mmparf @er prbw'deo ﬁfowpmewﬁ bovnfer afo olato bolween host andd is fespons: ble
for end-to- eud eror recovery aud Plow  coutrol .
= Ao Coutrol o Hoa poces of adjuski the Plows of daboc foun She sewdlen Ho cunure
tat the reeiver can handle @l of it

* Session Mulbiplecing : e process where #a lost v able # sypport mulliple sessiou
simudbowneously ond mensge Wi incliviclue! troffic strecwms over o sugle Luk.

0%
i
Seuder SMTp 25 \ Dg

feciever

*The &gu 4 dexpnedion port mumber o wed to io@nﬁ;/g the uppor layer protocol.
*ﬂe seudor ctbbo aclds a Source port number b Hee ﬁyaf Y headler.
* The Combivedion «9{ sowrce anel Aeshnecdion par,L number aqu be wed o truek sessiow.

== = ==

Seuder DST:50  SRC:1500 feciever
€———————SRe¢:Iso0  DST:§p




#* Protocols :
1-TCP: once a conmnechon w esteblished, datew cam be sent 5/‘64)@.:/7’0;@19-

— carries ouk Sequecing 10 owusre segments are processed in the Cortect ordler.
— o reliable but slower Hham UDP.

ot fof M- o nree -ua

— Porfrms Plow contol.

resenk.

TCP header -

16 bits 16 bits
Source Port (16 bits) | Destination Port (16 bits)
Sequence number (32 bits)
F /d?{; «— Acknowledgement number (32 bits)
Header [Reserved| f A|P|IR|S|F
Window Size (16 bits)
Length Dbits R|lC|S|s|¥Y]|1I
(abits)| (6bits) | 6 |k [ H|T|N (Advertisement Window)
Check sum (16 bits) Urgent Pointer (16 bits)
Options. L
T (0-40 bytes) q
& Data (Optional) F

— W Lt but ot relible
— chesnt p@r/’orm ,%)w control.
— i} olota fecoveq w ree,u,}he&, its up fo Hut upper @Mz 4o providle it.

UDP headder :

31

0 15 16
Source Port Number Destination Port Number
(2 bytes) (2 bytes)
ubP
Header
(8 bytes)
Length Checksum
(2 bytes) (2 bytes)
Dot

TCP v wed when You don't minel shwer clato frummission as /oug a It's wot ;m'ss/pg oy erx
ubP w wrecl when Yo needl Bt tromamission avel You Gun affordl to lose some ok of the oleten.



Lajer 3 (Metwork) :

¥ The nebwork Lugor v @ponsible fr uling peckels o Hueir Lesbnabion oud. Br Bualty of Secvice .
% IP Clnfocnet Probocol ) 'n e bost konoson Laser 3 profocel.
* 1P w0 o comectionless prtocol with no acknowledyment b Lyer 3.
# the netuork oesigner wses IP acressing o partition the ovenstl netivork mho smaller " Submets".
= i l.m/;rvve/.o Porformance omd secucity omd make, toubleskntine easer.

1PvYy headler / ;@r @w"@ of Secrvice

16 bits 16 bits
— T > >
Version Header Type o | > F/ags
(4 bits) Length Service Total length (16 bits)
(4 bits) (8 bits)

- DM Fragment Offset
. Identification (16 bits) 0/ = F\ (13 bits) ~ k;o Jack 0’2 #@M
$Pe¢'/9 layerY heseler < ki

(Tcp or-UDP) Time to live (8 tmﬁ 6{%0@ Geader checksum (@ (SP/}YL‘L? Wfk&é )
/

Source IP Address (32 bits)

Destination IP Address (32 bits)

1 preveat packets /
hewing cawn infrite ]
dwp in a nebwork

Options s Check "'B p"dd wed
(0 - 40 bytes) 7 Corupted aéant:? frenomission

Data

IPv4 Header



*There cue three muaun IP frff Hypes:

1- Unicast : o a1 single cleshsation hust-

= e = U=
x

= =
> Unicedt to mulbbple hosk D%J — =

takes up high banduihth % v slowee 12 = @ = [

Soder ‘ =
05
2- Broadcast : o all hosts on e subnek.
= = ==

12— m—g =0

[JCd (routecs oto not Arund brodecat traffc)
&3

3= Multicat : fo mulbiple interested hosk.

—> one copy w sent o Ma/ﬁ'f/e wiess D[;
ot = =
Cunlike unicast o muktiple hosk ) = —
|
I —= o= 0%
Sadec

=



¥ IPv4 ccltlress -

octet (¥ bts)

= wrilten on U "octets” 192. 16%. 10. 15
— Leuh octelt v $ bits Long -y

32 -bit |PvY address

The 1P adilress v mw@ set Wﬂm/_/y on_Servers, printers _anc natwork olevices such

b rodens ol switckes. It is uAHd/éy M@nec/ M/&Z{j -/ﬂrougl\ Hhe
D_gnaml'c Host er/{gzdv«ébm Protocol (DHCP) on deﬁk/b/) compeberst.

¥ Each octet hm a value m@u_lﬁ Bowm Oto 255 .

1By Y (Decimed ) 1PvY (Binewy)

O . 0. 0 .0 = 00000000 .00000000 .H00DOOO0 . 00000000
192 . 168 . 10 . 15 = loooooo - 10101000 .
255.255.255.255 =

oooololo
= NV NNV

._0000llll
IANNENEN| [ANNEREN|

INNNNEVEi
¥ a host can send tefc Clrectly 1o another host on Hhe scume subnet via switches.
¥ Br a host b send toflc o amother subnel , it muwt be fruowded vie routers.

% The host needs o understand o e deshnabon v on Hhe scume or dfferat subpeb.
— W can be clone M/';g o Subnet maik .

* The subnel menk i allo 32 bits Long

— it can be written w o dotted lecimad gr slah wotibiov.



¥ How Hhe subnet musk v comperedd with #he 1P acllres:

example :
IPvY : 192./68.10.15
dlecimad Subnet masK: 255. 255 .255. O
(@Meﬂ
' /PvY : 1000000 - 10101000 . 0000OIOIO . 0OOOILLI
bma/f_lj
Subnet pmesk: 1111 111[ NN IR N N - Litllill . ocooooooo

in the subnet mamk :
1 = Part of te nobuwork adetress (faed)
0 = host address Cuarinble)

network pordion host portion
I e
lHoooooco - 10101000 . 0oo00lolo - 000011

Lol e Ll . 00000000

I1f the two IP adfestes’ netuwork portion match — -ﬂueﬂ are on the scume nebworK.

*The subnet muwk w a&w@ a block of 1s Blowed by a block of Os
x The hast porkon skoudd be unique fr each host on e subnet.

% Slash wotation :
255.0.0.0 — <IP> /%
255.255. 0.0 — <Ip> /16

255.255.255.0 = <IP> /24



¥ IP adresses Clnwses

When 1Ped was credbeel , deigpers cidnt radlise hm bicy the Infecnel wias goig b get..
So. #ufj didn't cranbe o é:’g evongh addres.

Theepre, [Pub _was creabel with o muck bigoer adlien space-

o / : 1.0

. 265.255.255/% L 7 2))

—The bt bit aluaygs set 1o 0.

ot allows Br 126 netweorks and 16, 772, 214 sk per network.

Reserved]  addliess Recson

0.0.0.0/8 siguibies "Huo nelwork "

O XXX XXX XXX ot valid host addresses
122.0.0.0/% lopback aditiess (fy fesking local computen)
127 . XXX - XXX+ XXX not velid host aclresses

o ir wipes ot 32,554, Y28 addiesser fom e global address pool.

oClass B: 128.0.0.0/16 t 19/.255.255.255/16

(mm'ma/a%andzuar/é)
— hist dwo bik e 10 atuays.

s allos fr 16, 384 ndlaorks and 65,53 4 hostk per nelvork .

o Class C: 192.0.0.0/24 + 223.255.255.255/2Y

( small netaworis)
—>ﬁ%‘ three bifs are w&% 110

- Hid allows Jfor 2,097, 152 nellworks omel 254 hesk per netuwaork




oClass D: 224.0.0.0 4o 239.255.255.255 (b IP Mubfiast ccldiesses)
—> fiont By bik are abugs 1110
—> Hre addcesses are not altocated o kosts
= Wane io 110 Aofoudl  subnet mask.
=
0% ::@é ==
g |
SRe: 10401010 I

0sT: zsq 0.0.1 D‘;

mulhzml— Cclarsb) =3
acldress

Iz

ClassE : 240.0.0.0 t 255.255.255 . 255 (expaimontal [reserved bor Rbuse wse)
—> Kisst fun bits are aldenyys 1111
— 255.255.255 .255 ‘u the broadcast address b "His nebuwork .
= Wne io 1o Aefusdl subnet mask.

% 1P acddress classes recap :

Class 70 irst Octet dﬁﬁ.gub:(i;:zk
A | - 124 /% 255.0.0.0
B 128 - 1491 /16 |2552s5.0.0
< 192 - 223 /2y |2ss.255.255.25
p 224 - 239 hone | fone
E 240 - 225 none none




A problem with classkil address was thet if o company hool more thon 254 _hosts _they woulol neecl fo_be._ausigued
to class B . Thi could warte a Age amounit of the global acldress space since class C takes upto 254 hosk
and Class B fakes up to 65. 534 hash.

— Classless [pter — Domcin @a@zg (CIDR) Bres Hus pmé/e/n

2 CIDR : removed the Pxed /3, /16, /24 requirements hr the acldress classes , andl allowed
them 1o be split (" Subnettecl”) into smaller networks.
— the Company can allocate address range which nmaitches teir neecls so @ ow '
wasle address . for example : 175.10. 10.0 /20 .
= My W@ an ISP cun _give a Limited number of 1Ps Jo a campansy and save Hue resd fr obecs.

 Route Summerization: a beulit of CIOR v that aggregate blocKs of nelworks can
be adliectsed on the internet.

125.10.0.0/24 15D A adesce _, 1SP B 125.11.0.0/24
175.10.0.0/16
|2s.1o0.1.0/2u 1#2s.1l .1.0/2u
-— adierhse
1#56.10.2 .0/2Y 175.10.0.0/16 175.11 .2 .0/2Y

17S5.10.255.0/24 @ 17S. 1] .255.0/24

— wewy 1SP A v wot #now cbout all. 256/2Y natuworks reachable on ISP B.
Oh{fj the Sfr@)e 175.)l.0.0/16 Summwedy rovte .

— Hup tegluces the size OE ISP A’s @@ﬁ% tfable cwd! scwes m«w@
— 1P an indlividual Link in 15P B goos cloum , it has 1o impoet on ISP 4.
The si@/e swwwary roud oloe) kot chewye. .



5ubne/+f@ ;
bor_companies with muttiple departmadts on clifberent  offces.
Inctead of purchasing sepembe adtres rvge fr the obpfecent chpurtucnts,
purchase one rawe and Subnet it inb swadler porhous.

— fo o we we row bi ¢ pork 1P aul Mot o Hhe neluark portion.
nebworK pordion st porbion
I T
é lHoooooco - 10101000 . 0o000IOIO - 0000111
Vl@éwor}( Pafvtfom host portion

I —
oo oooO - 10101000 - coom ooollll

the moce bits borrowed, the more subnots we will have of ok Size but lescladk.

subnet bits

* &k«la/xg the number of subnels: 2 s nehsurk actile
; host bitr % beodaost o@uergn
*(Madmé@ the mumbeor of hosts : 2 = 7

example 1 :
i a class C network wes a /28  subnet mask :
We tave borrowed 4 bits (fom e original /Zﬁ
o umber of submets = 2" = 16 subnets
We twe Y bits lefl Br lusts
o Number of hosk = 2 -2 = 14 hash
@wmp/eZ:
i a clus B pobwork wes a /28 subnet mewk:
We tuve bostowed 12 bits (fom Hue oricinal /16)
12
o tumber of  subnety =2 = H094 subnets
We twe Y bits lefl Br lusts
. Number of hosts = 2% -2 = 14 hush

Closs € subuek wask

¥ Hosks on diPlerent subuets Communicede with ecach other wing & rubes.
Cas iP ﬂt@ are on clifPerent netuorks)



¥ 5uéne/7‘/@ Class C  networks -
— ok Say we bhawe been allvcatecl Class € 200.15.10.0/24

network portion Wost Portion
l11001000. 0ocoliti.ococololo!l.loocooooo

— C /3] subnet (255.255.255.25Y)

b network  portion host portion
S ywé
mark L oviciiier o g prciir . e 1050

P network porfion host Portion
address 11001000 -0000 1111 . 0000 1010. 00O00000 ! [ O

s Leer one bit Por the st acdves with o possible value af Our 1.
It borows Z bits By the nobrwrk cddresc. o clicln’t subbuct 2
v tumber of Subnek = 27 = 128 % wumber o leosts= 2 e

— (/30 subnet (255.255.255.252)
network portion host portion
Subnek
PRI I Iryy
1P network portion host Portion
address 11001000 -00001111. 0000 1010. 00o0ooo! oo

Wn Lewser fuo bits for Yo lost aclires with 22 possible values
It borows 6 bits Be the netrwork culiress.
o pumber of subnets = 26 = 84 % number o P Josk = 22-2 =2

*lp e CCNA exom, we /30 whan a subnet supports 2 hosk , tnbes bl 4 we. /31 *



— C /29 subnet (255.255.255.2s52)

b network _portion host portion

Subnak f Irveos
mask PILIIIEL - ELil il . i 1111 Tooo
aldress 11001000 -00001111. 0000 1010. cocoo! locool

Wor lower 3 bits Br Hoe lost actles with 23 possible valucs

It borows 5 bik By the nobiork address.
o rumber of subnets = 2" = 32 % mumber of Joke= 2°-2 - &

—> (/2% (255.255.255.240)
16 notworkes , 1Y Losk each

— C/2F (255.255.25<5.224)
§ networks , 30 hask each

— C /26 (255 .255.255.192)
4 nectworls , 82 hosk each

—> ¢ /25 (255 .255.255. 128 )
2 petwocks ., 126 hesk eact

— C /2y (255.255.255. 0) olefpull C class netwok
1 network , 25Y husk each




¥ Variable Leowgth Subnet Mask (VLSM):
= Early roubing ptocols supported] Paed) Lexgth Subnet neesking (FLSM),
Al subnels had tp be the sowne size.
= Modern fbu./w:(ﬁ protocols 5@,00)"/‘ vrickle %//t subnet th (VLSM),

the de%%%mwwe

* éuénelﬁ/fry prachee gueshow :

8, ) What ate network, bandeast, and veild kot Wafed 3/
198.22.45. 2, Lt oclet : 173- Io "Z' ! ol', l0ooovoocoo =128
32 163 4 2 1

networK acldress : Jo
= Network acllress : 198.22.4s.128
network host
brocdcart actdess : Chas portion adl 1:) st ockeb [0"T 11 L1 T,
12 M 22 163 4 [l
o broadcat acldress : 198.22 .45.191

Vahid Kost adresses = fowr Hhe nobwork (excluded) 4o Hhe broadlat Cexclucled) ocllress
2 Vahid Nost addiesses : 19§ .22.45.129 4 195.22 . 45. 190

: 198.22.45.173/24

lo 111l 11 =191

() What v the subnet mawK in cotted Aacimed sotetion ?
1100000 0 (since it borrows 2. bits fun the host) = 192 in decined

in the tut octel :
~ Hie subnet wuK v 255.25s5.25S.192

* 5“!9”9;4 /‘/’517 Compderations :
1- How many Lucahors ob we hove in He ndlvork 7
2- How many husk are in each locakion ?
3 - What are the IP addressing requirements fr ench location 7
4-What size w cpprpriate fr each subnet ?

* Subnet clevign 1ips-:
1- Finel the dovyest seqwent and allocote o suiteble subnet size fo it

2- Allocate #ig subnet at the stert of #he addreu spoce.

3- Continue going olown the diot.
Note : in e read world, You wont o Scedoble size (allocate spare subnek Br Rdbuwre growth).

in the CCNA exam, oo ?Aac{ly whedt Hhe quu/iam als (don't worry about best proactice)



5 U bne # l'nﬁ E Zawp/e

allocated : class C network 200.15.10.0/24
=2zl DQ Dl; Sales :

19" Hosts == &8 7 Hosts

Eiyineen'y :

D% 2% Hosts

networ K Wost

’TIOOIOOO. Cooo I, OOOO/O/Oj’OOOOoooo'

1- Catecdote the Opﬁma( Subnet mask By He engineering a%mr/menés:
iP we make it /27 Chorow 3 bits fom host) —> 2 -2 = 30 kesk

nekwork %
C,‘fy 1 Euginecsing subnet M1ooiooo. 0000 1111.0000 1010. oog' T;t:zio'
—> hetwork address: 200.15.10.0 /27 e e 000 OOOOO
— broadcart addres: 200-15.10. 3 e s000 ||| ]
—> hosk cddresses: Zoo.15.10.1 0 200.15.10 . 30 e 00000001 00011110
nehwor kK st
C:‘Z’y2 Ensjneesing subnet [11001000. 0000 1111, 0000 1010. 00;] boood
— hetwork adldress: 200.15.10.32 /27 .. 2001 00000
— brocdeast cidelress: 200 ./5.10. 63 evee c00 ! | ] ] ]

— hosk cddpesses:  200-15.10.33 o 200.15.10. 62 e £ 00100001 P ....001 | 11l0



2 - Caterdate the optwal subwet mak fr City 1's Sates department
I)P we._ rake it /28  Chotrow 4 bits ﬁum ha/) - 2‘/'2 =14 hosk

host

nekwork
Citu 1 Sales subnet 110010060. 0000 11110000 1010. 0100 vooo
= v bom Eng. depuctment
—> network address: 200.15.10. 64 vt w0100 OOOO
— brocdeart addres: 200.15.10. 79 e vO0lOO | | | ]
—> hosk addpesses: Z00.15.10.65 40 200.1S.10 . 73 e 201000001 4 ... .0l00lllO
3 - Caterdate the optmal subnet mask £r C/éi 2's Salen deprtment :
i e make it /29 Chottow S bits bom hust) = 2°- 2 = 7 hasts
nehvork host
C,‘@ 2 Scales  subnet M1001000. 0000 1111-0000 101001010 Goo
> hom City1's safes deparhuod
e »010 10 0OO

.95

— network addlress: 200.15.10. 80

..0loloool 4o ...0l010]llo

—> hosk cldpesses: Zoo. 15.10.%) 40 200.1S.10 . 94

Y - Catrdete the opbmal submet muk Br point o point dnts (Ciy1 8 Ciky2 roukers):
if we make it /30 it will support 2 hustk

nekwork. host
Poiut o Rint subnet "[1001000. 0000 1111.0000 1010. 011000 60
— fom Cik2's
—> network address: 200.15.10.96 /30 ce e 01100 O OO selesdeprivat
— brocdeast addres: 200-15.10.99 . LOI1L OO0 | |
.. .0l1000OI 4 ....0l1000/0

—> hosk cldpesses: Zoo.15.10.97 v 200./S.10 .98




Solution :

class C network 200.15.10.0/24

200.15.10.6Y /2%

(e 1

14 Hosts

200-15-10-§0 /28

Sates e
F Hosts

200.15.10.6Y4 /27 200.15.10.32 /2

Engineeri ny:
28 Hosts D %

¢
Eryineen'y :

I % 28 Hosts




* Driveate IP acldresses (RFC 19/8) : not diectly comectedl 4o the intecnet
= Jushk on clifecont network can have the scume private. adblresses.

*IPvY global acldress space problew:
= dasigness of 1Pvd clidl rot expect the explosive gowth of its we.
= 4.3 billion addresies seemedl 4 be ware toan suviyh o Hien o thub fme.
= b solve Hus, IPvE wos doveloped where i# has 128 it insteael of 32.
— there v o Seamless migrdon path fom 1P o 1P.6.
—> NAT (Metuork Accecs Translodion) was implemented as o fewporary solution.

*NAT - (current olution)
— An Oryomiizedion an we plivate adbtyeses on ther insice network andd can access e internst 4y

s lbing thewn to their oukside public |P addres.
— Moy hosts on Hue inside can share one public |P addrec.

\ public 1P

public 1P
privede 1Ps privee 1Ps

200 hosks 100 hosts



Laﬂ&f 2 (Dodee -Link ) :

*ZWZ encodley and ococles fumen inko bits o be ready t be put on */lte/o%/aalw/re.
*Ef or cletecton and correction /gr Hee p/!?s/'all ﬁy&'f can be /)mw"c/eo[ here.
}Eternet v the miedivin wed on LAN:S.

¥ Ethernel heodler :
DESTINATION SOuRCE LENGTH/
PREAMBLE ADDRESS ADDRESS ETHERTYPE | DATA... F¢s
8 Byt b B 46 - 1500
Bytes 6 Byter ytes 2 Bytes Boten 4 Bytes
Wariable)

¥ MAC address: 48 - bit Hexacloined adidress ued by Edhornet
— The Fust 24 bik o oo OUT (Orgpuizctioneully Uniope |deutiRer ) whick wniguoly —ickack Bes Yoo manifetres.
The Luwt 24 bik » venclor assigned
= The burnedd in MAC address on every MIC port in the world i globally wrigue.



Lager 1 (Pkgsicwf%

* Lewer 1 Comveys He bit stream at the eleckrical amd mecheamical Lovel.
¥ Ethernct LAN connections can be carried over cocvcial cable (no by wed ) , twisted copper cable
Pber cable or wireless.

Copper
¥ Copper UTP cables afe commonly wed to commect computers b switches.
¥ Steught -Wough: comect an end devie  (PC % switch)
# Crossover: Comnects devices bgetar  (PC 10 PC)
¥ Modern switches support auds MDI-X where Hhe receive amel fruswiit signalh are reconfyunedd automuedscally.

Fiber :

# Fiber ophc cables cam be wsed # support bonge clitanceo.

* Single mode : supports gher banduwithh aud donger Listancas but in wore expausive.
* Mudfi macle : sugporks Lower badwidl e shorler dustuuces aud io boss expansive.

*POE CPower over EHernet ): am be wed + W;’LPMW #Vmgh Hee Eﬂwmtfpar}.



