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! !

!!!!"!#$%&'()!*+!$,What is A Network ?                          
!!

!!

!!

"#$%&'!!!!!!!!!!!!!!!()*!"#+,%)-&'!.+)/$!.0$)&'!,12)0$$!"345-&'!"678+5#&9'!:;1<='!>-!"?8-<-!>?!:+,$?!(@!

!A,-BC&'8!A,-830-&'!D!!!!!!!!!!>-!E$4F8!D"62,-&'!"363G&'!A'87H&'!IJC!A,#$%&'!I,-?F!A+@B;'!!!!!!B)<86!>F!+B,)7&'!

!!!!!!!!!!+586$-#!"#$%!K-!I45-!+6L!:+6$#&'!A,#+%&'!BMF!(*!+586$-#!;,1<!D!!!!!!!!!!A,#+%)&'!N3?!+-='!OP856!Q!R7F!I$!

:+6$#&'!!BG3*!DAB'B;'+586$-#!A,#$%!,16B&!(5&'!:+6/4&'!A,#+%&'!B'B?F!S!!

!!

!!!!!!!!!!!!!!!%&'!TU@!B8<8!>-!,163?!B805!BV'8*!>-!A,#+%&'!TU@!R5B<8!,-!8@!W&U!(*!X$H&'A,#$!D!!!!!!!Q!B)V'8Y&'!TU)@8!

!!!ZG*!'BM'8!,$7,<!I#%5!!!!!!!!!!!!!!!!D,)@+6L8!A,0$,Z&,#!"G*'+-&'!:;1<='!(*!"#+,%-&'!W&U!(*!,-$!X7'8<!:B?!I#%5!I$!D

,1M,<7!X$H8!"#+%![=!I8='!:,6M&'!+47?!+$505!(5&'!A,-830-&'!(*!"#+,%-&'!8@!R3#!W&U!>-!\@='8S!!

!!

!!!!!!$!"4,C&'!]-'+$&'8!A'B0-&'!+*85!\@,H!BG&!!!!!!!!!!>-!!D,1Y6&,#5!(*!+-5H-&'!.,YC7Q'!W&U#8!DA,#$%&'!I-?8!^,%7_

!!A,#$%&'!W35!+,%57'!:B,6;!SSS!AQ,M&'!\`0-!(*!"<,M!W,7@!B06!\&!(5&'!"<+B3&!,1$6#+5!"&81H8!,@+*85!>F!,-#!

I-0&'!'U1&!,67G5!'+,%5H-!8F!'+6$C!8?B5!>F!:+6/4&'!A,#+%3&!S!!
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!!!!!!CQ!X@U5!>F!>,6M='!X3LF!(*!W7#-6!!!!!!!!!!!!!!A'B)0-8!A'8B=!K)6$!IM-![F!O8*+!>-!"#$%&'!W35!KZP!^'+%8!+,65

+586$-#&'!D!!!!!!!B)6+5!,)-!O+05!>F!>#--&'!>-!R7_*!IP='!N3?!>#&8!D"&,M!I#!N3?!a$Z75!Q!:B?,G&'!TU@!>F!K-8!

A,#$%3&!+$#F!\1*!W6B&!>,#!'Ub!R6&b!I848&'!W7#-6!+c#F8!'U@!I#!D+$#F!"-#M$!+-='!+6BG5!K6Z5H58!"3-?S 

!!

!!>#-6!^,%7b!!!!R<,5M5![U&'!\<M&,$!"#$%&'!!D!!!!!!!!!!!!"#$)%!I-?!W7#-6!BM'8!+586$-#!>-!+c#F!W6B&!>,#!'U_*!!D!!!!,)-3#8!

+$#F!,15'B6G05!A7,#!,-3#!:+6$#!"#$%&'!A7,#S!!

!!

!!

!!

!!

!!

   Why use Networks ? 
!!

!!

!!

!!!!!!!!!!20$8!"4,C!I,-?F!"-BC$!\8G6!,120$!A,#$%&'!d'87F!>-!B6B0&'!W,7@!!!!!!!\,?!I#%$8!>#&8!D"-,?!I,-?F!\BC6!,1

!!!!!!!!I-0&'!^'Be$!\8G5!,06-<!+586$-#&'!A,#$%!>_*H6V+&'(!!!!!!!A,-830-&'!IG7!8@8!R3<F!>-!AB<8![U&'!!D!!!!!!>,)#!'U_)*!

X5#-&'!(*!:;1<='!>-!:+6$#!B'B?F!W6B&!7_*!DR"#$%&'!I-0$!+6#Y5&'!W7-!aM5H5!:B6B?!X,$HF!W6B&!>8#6!f!!

!!
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!!g+B,4-&,$!"#+,%-&'f!!

>b,1*'+ZF!O35C-!(*!"#$%&'!(-BC5H-!!!h,13-?!Z,G7!h!R&i!\'BC5H'!(*8!A,-830-&'!(*!'8#+,%56!>F!>806Z5H6

!!!!!'BM'8!\8H+!EH,-8!"0$,ZScanner!!!!!!!!>-c&'!"6&,L!A'B0-![F8!\B8-&'!8FSS!S!!!!!!W6B&!>,#!'Ub!I,c-&'!I6$H!N3?8

!!!!!!!!!!GZ7-&'!+6L!>-!>_*!WBQ8=!+Ci!+586$-#!A6+5%'8!A6$&'!(*!+586$-#!!!!!!!!I#&8!R0$,Z!,17-!+586$-#!I#&!>8#6!>F!(

!!!!!!!!!!!!!!!!!!!!!!,)17-!+58)6$-#!I)#!>8#6!(&,5&,$8!BM'8!\B8-!(*!"#+,%-&'!>#--&'!>-!R7'!I$!D!T+6L!8F!\8H+!EH,-!,17-

!A7+579,$!I45-S!!

!!

"!!g>,-='f!!

!!!!!!!!!!!!!!"#$%)&'!N&b8!>-!A,-830-&'!I8CB8!j8+C!(*!\#M5&'!K6Z5H5!W7e$!"#$%3&!,6';-!W,7@!!!D!!!!!!,)1&!A,#$%)&'!>b

!!!!"6,-M&'!a+Z!>-!"-BG5-!A,Y4'8-!!!!!!E6+,45&,$!N-H6!,-!8F!kPermissiong!!!!!!!!8F!E-H)5!A,Y)4'8-&'!TU@8!D!

!,-!;,1<!(*!"78;C-&'!A,-830-&'!N&b!I848&'!>-!l+C='!:;1<='!N3?!>63-,0&'!N3?!KZ,P!I#%$!.*+5S!!

!!

#!g"6;#+-&'8!\6`75&'f!!

!!!!!!!!8![;#+-!>,#-!(*!A,-830-&'!K28!"67,#-b!"#$%&'!W6Z05!BM'!!!!!!!!!!+)V'8B!O)35C-!(*!>63-05H-3&!>#-6!m6M!D

!!R6&b!I848&'!I-0&'!!@8!D!!!!!!!-?!N&b!"<,M&'!>-!BM6!8F!I3G6!'UI!!!!!!!!!+58)6$-#!;,1<!I#&!A,-830-&'!W35!>-!I#&!nH7!S!

!I848&'!>806Z5H6!l+CF!A'+'Bb!(*!>6B<'85-&'!>6-BC5H-&'!>_*!'U&8!A,-830-&'!:B?,P!R6;#+-$!"#$%&'!E-H5

'!B8<8!>,#-!oY7!(&b;,1<!I#!N3?!A,-830-&'!>6;C5!N&b!"<,M&'!>-!I3G6!'U@8!A,-830-&S!!

!!

$!gAQ,45Q'!"&81H!f!!

!!!!!!!!!!!ZC&'!N3?!A,-&,#-&'8!IH'+5&'8!B6+$&'!Ic-!:B6B?!^,6%=!"31H!I83M!"#$%&'!+*85!D!!!!!!!!R)G6+Z!A,#$%)&'!\B)G5

!!#F!8F!>67,#-!>6$!I,45Q'8!IH'+5&'8!"678+5#&9'!IV,H+&'!Ic-!"M6+-8!R31H!I,45'!+cD7F!I$!R!\8G6!>F!W7,#-_$!

!!!!!!X,0&'!A,6+,$-$!,176$!,-6*!>6+586$-#&'SSS!!!!!!!!!!!!!!!;8B)768!I6/%)5&'!]-,)7+$!>F!I,)<-&'!'U@!(*!:B6<&'!+8-='!>-

Window 95!!!D!J1)H!"#$%&'!TU@!I-?!"67,#-b!I0<!,--!+586$-#!R#$%!:+'Bb!]-,7+$!N3?![85M6!TB0$!,-8

!"363P!,1Y6&,#5!>_*!W&U!N&b!"*,29,$8!"Y3#-!+6LS!!

 

!!

!!

!!
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-.$/0)!12$3!!
! !

!pqQ8F!f!"6;#+-&'!"<&,0-&'Centralized!Processing!!

!!

AB-5?'!!!!!!!N3?!A,76H-C&'!U7-!r,C%='8!A,HHs-&'!\'BC5H'!!!!!!!!d+)HF!I#%$!A,-830-&'!:+'B9!"6&t'!A,$H,M&'!

!!!!!!!!!!!!t'!XH,M&'!;,1<!\<M!+6/45$!W'U7i!,6<8&87#5&'!E-H5!\&8!D[B63G5&'![8B6&'!I-0&'!>-!!!!!q'+)6$#!R-<M!>,#*!(&

!!!!!aJZb!\5!BP8!Dq'B<\H'!!!!"6;#+-&'!A,$H,M&'!kMainframes!g!!!!!!!!a6+Z!>?!\56!A,7,6$&'!I,CBb!>,#8!D;,1<&'!N3?

!!r,C%='\'BC5H,$!!!!"6*+Z!A'BM8!kterminals!g!!!!!!!:;1<F!,1$!B<86![;#+-&'!XH,M&,$!"345-I,45'!!!D")4,C!

!!!!!!!3?!I-,#!I#%$!A,-830-&'!>6;C5!'U#8!"<&,0-&'!\558!![;#+-&'!XH,M&'!N!!!!!!!A,$H,M&'!A,#$%!E3Z4-!+1`!BP8!D

!!!!!(*!A,HHs-&'!AFB$!,-B7?\'BC5H'!!!!!!(*!"#+,%-3&!"6;#+-&'!A,$H,M&'!:B,Y5HQ'!!!!!!()5&'!A,-BC&'8!A,-830-&'!>-!

A,HHs-&'!>-!,@+6/&!"#83--!l+CF!"6;#+-!A,$H,M!,1-BG5S!!

 

q,67,c!f!"?;8-&'!"<&,0-&'Distributed!Processing!!

 

!5!,16*8!!!A,$,H)M&'!I-0$!q,G3Z-!q,-#M5!,1&!>6;V,M&'!r,C%='!,16*!\#M56!(5&'!:+6/4&'!"64C%&'!A,$H,M&'!\8G

!!!!!!!!!!!>_*!"<&,0-&'!A,63-?!"*,#!;6#+5!>-!qQB$8!\1$!"4,C&'!A,<&,0-&'8\'BC5H'!!!!!!!^'+<_)$!\8G5!"?;8-!:;1<F!:B?!

!!!!!!!!!!!I63G5!N&b!lBF!TBM!N3?!\BC5H-!I#$!"4,C&'!A,<&,0-&'!.0$B,-5?Q'!!!"6;#+-&'!A,<&,0-&'!N3?!D!!!!!!\5)5!,)-76$!

!!!!!!!!!!!!!!!!"64)C%&'!:;)1<='!TU@!>6$!I,459'!A,#$%!a6+Z!>?!A,-BC&'8!A,-830-&'!(*!IB,$5&'8!"#+,%-&'!A,63-?

.0$&'!,120$$S!!

!!

q,c&,c!f!"678,05&'!"<&,0-&'Collaborative!Processing!!

!!

!!!!!!!!!!!(*!"#+,%-&'!"67,#-b!N3?!q,H,HF!B-506!"<&,0-3&!B6B<!\,`7!(@8!!!!!!!!()*!"#+,%)-&'!N3?!:8J?!,1HY7!"<&,0-&'

!!!!!>#-6!m6M$!A,-BC&'8!A,7,6$&':B,Y5HQ'!!!!!!!!!!!!!uU)V76M8!"#$%)&,$!I45-!+Ci!;,1<![=!a6PB&'!]&,0-&'!A,67,#-b!>-!

!>#-6\'BC5H'"<&,0-&'!"63-?!oY7$!\,6G3&!;,1<!>-!+c#F!S!!

!!

! !
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 The Network  Server 
!!

!!

!!

\B,C&'k!Serverg!!!8F!!!!!!!!!!!!!!!![8)P!]&,0-!8!:+6$#!>6;C5!"M,H-!N3?![85M6!(4C%!+586$-#!;,1<!>8#6!BP!B8;-&'

!!!!!!!!!!!!!!!!!!!A,Y4'8-!R&!>8#5!8!A,#$%!B8;-!>8#6&!,464C!d874-!;,1<!>8#6!>F!>#--&'!>-!R7F!,-#!D!:+6*8!:+#'U8

!!"4,CS!SS!!!!!!!!!!!!!!!A,)7,6$!+B,4)-&'!TU@!A7,#!^'8H!+B,4-&'!"#+,%-!(@!+*+6H3&!"6H,H='!"Y6`8&'!8kDatag!!8F

!!!!!!!!!"0$,Z&,#!+68!B+,@!"#+,%-!8F!+68!A*8H!"#+,%-kPrinter!g!!)&'8FScannerSSS!!!!!!!I6<H)5$!,2)6F!\8G68!

!>6-BC5H-&'!A,$,HMkAccounts of Users!g!,17-!\107-!8'!"760-!OV,`8!^'Be$!\1&!v,-H&'8!,16*!\#M5&'8

!"#+5%-&'!A,Y3-&'!:^'+G#kShared Files!gBM'!K7-!8F!"0$,Z&'!\'BC5H'!8F!"?,$Z&'!>-!>6-BC5H-&'!SSS!!

!!

!!

 The Network Client 
!!

!>8$;&'kClient !g!(4C%&'!+586$-#3&!\BC5H-&'!8@!SSS!D!+*+6H&'!>-!A,-BC&'!X3Z!(@!"6H,H='!R5Y6`8!8

!!!!!!!"-BC&'!TU@!\BC5H6!\BC5H-&'!8!"-BC&'!+*86!+*+6H&,*SSS!!!!!!!!!!!>6Y`8)-&'!\8G6*!,-!"#+%!(*!"0$,Z!"#+,%-!Ic-

kClient!gH,$!"0$,Z&'!TU@!\'BC5SSS!>8$;&'!O6+05!>#-6!kClient or Host!g!!!X)3Z$!\8)G6!+586$-#!;,1<

;,1<!>-!"-BC&'"-BC!+*8-!K-!W'+5%'!+586$-#!X3Z6!,-B70*!D+Ci!+586$-#ISP!!+*8)-&!K$,)5!+$506!R7_*

"-BC&'(Client of ISP).S!!
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!!

!!

!!

!!!"#$%&!!!!!!!!!!!!!!!!'()*!'(*+!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Peer To Peer  Networks!
!!

!!

!!

!!!!!!!!!!!!!!!!!!oY7!(*!B8;-&'!8!>8$;&'!OV,`8!"6Be5!,17-!I#!K6Z5H6!"#$%&'!(*!A'+586$-#&'!>F!B73&!B7&'!A,#$%$!B84G-&'

!!!!!!!!!!!L!B68;5!K6Z5H6!"#$%&'!N3?!;,1<!I#!>_*!(&,5&,$!8!D!AP8&'!!!!!!!!!!!!X)3Z6!A)P8&'!o)Y7!()*!8!A,)-830-&,$!T+6

!"#$%&,$!"345-&'!:;1<='!>-!T+6L!>-!A,-830-&'!S!!
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!!

!!!!!!B73&!B7&'!A,#$%!O6+05!'Ubf!!!!!!"63M-!+586$-#!"#$%!(@!LAN!!!!!!!!!!!a8)GM!,)1&!:;)1<='!>-!"?8-<-!>-!"78#-!

!!!!!!!B8;-!N3?![85M5!Q!8!"68,H5-Server!r4C-!!D!!!!!!!'B8;-!>8#6!>F!>#--!"#$%&'!(*!;,1<!I#!I$!!,78$;!8F!S

!8F!I-?!"?8-<-!\H'!,26F!R63?!a3Z6!A,#$%&'!>-!d87&'!'U@8Workgroup!S!!!

!!

!!!!!!!!!!!!!>60-!I-?!;,<79!,176$!,-6*!>8,055!(5&'!:;1<='!>-!"?8-<-!,17e$!I-0&'!"?8-<-!\1*!>#-6!D!!!!:B,)?!()@8

!!!!!!!!!!:+%0&'!;8,<56!Q!:;1<='!>-!I63P!BB?!>-!>8#55!!D!!!!!'!"6s+!I-0&'!"?8-<-!^,2?F!K6Z5H6!!!!B+'8)-&'!8!A,7,6$&

!!!!!!!!!8!"#$%&,$!"345-&'!:;1<='!>-![F!N3?!"7;C-&':B,Y5HQ'!,17-!!D!!!!!!!!!"$)H,7-!B73&!B7&'!A,#$%!+$505!!A,)<,65MQ!

!!!!!!!!!!!!!!!!!!N3?!X6+B5&'!X5,#-!(*!A,#$%&'!>-!d87&'!'U@!B@,%78!D!"1$,%5-!\,1-!,@B'+*F!;<76!(5&'!8!:+6/4&'!A,#$%&'

!Jc-!X8H,M&'!\'BC5H'!S!!

!!

7&'!'U@!+$506ZG*!"6&,5&'!AQ,M&'!(*!,$H,7-!A,#$%&'!>-!d8!f!!

!w!:+%0&'!;8,<56!Q!"#$%&'!(*!:;1<='!BB?!>8#6!>F!!S!!

"w!!!!!!!!!!!!!!!!!!!TU)@!R)6*!B)<85![U&'!\,0&'!>,#-&'!oY7!(*!>8B<'85-!"#$%&'!TU1&!>82+5Y-&'!>8-BC5H-&'!>8#6!>F!

!"#$%&'!S!!

#w&!"/&,$&'!"6-@='!A'U!+8-='!>-!"#$%&'!>-F!>8#6!Q!>F!!W6B!S!!

$w!!!!!!!!!!!!!!!!!!I$G5H)-&'!()*!,@+68Z5!8!"#$%&'!"6-75&!ZZC!"#$%&'!TU@!^,%7b!B6+5!(5&'!"HHs-&'!"67!(*!>8#6!Q!>F!

X6+G&'!S!!

!!

!>60$!UC='!X<6!A,#$%&'!>-!BBM-!d87!+,65C'!(*!+6#Y5&'!I$P!'U1&+,$5?Q'!"6&,5&'!+8-='!!f!!

!w"#$%3&!>62+5Y-&'!>6-BC5H-&'!BB?8!"HHs-&'!\<M!!S!!

"w-!"#$%3&!T+6*85!B6+5![U&'!>-='!l85H!S!!

#w"HHs-&'!I-?!"06$Z!!S!!

$w!R63?!I84M&'!(*!XL+5![U&'![+'B9'!\?B&'!l85H-!!S!!

%w!A,<,65MQ'"#$%&'!(-BC5H-&!"2+5Y-&'!!S!!

&w"#$%3&!"44C-&'!"67';6-&'!!S!!

!!
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!B73&!B7&'!A,#$%!A';6--!N3?!:+`7!a37&!f!!

!w7&'!A,#$%&!"H6V+&'!A';6--&'!>-!!:B8BM-!,15Y3#5!>F!8@!B73&!B!S!!

"w!j,5M5!Q!A,#$%&'!TU@!N&b!I6/%5&'!\,`7!N3?!"6*,2b!]-'+$!!S!!

#w!!!!j,5M5!Q!N&b!!!!!!!!!!!!!!!!!"3#8-!AH6&!8!"#$%&'!:;1<F!N3?!"?;8-!"#$%&'!B+'8-!:+'Bb!\,1-!>=!D!"68P!:;1<F!!N)&b!

R760$!B8;-!;,1<!S!!

$w!!!!!!!!!,-!I#*!D!"&81H&'!"6,L!(*!,@B'B?b8!"#$%&'!A6$c5!!!!!!!!!!!"348-!WJHF!>-!Z6H$!W6$%5!\,`7!8@!R<,5M5!!N)&b!

!;,1<!I#!(*!"#$%&'!A,P,Z$586$-#+!"#$%&'!:;1<F!>-!!S!!

!!

!!!!!!!!A,#$%&'!>-!d87&'!'U1&!(H6V+&'!X60&'!,-F!!!!!!!!!!!!!!8!"#$%&'!8-7!K-!R7=!W&U!8!:!+6$#&'!A,#$%3&!"$H,7-!+6L!,17F!8@

!"6&,5&'!I#,%-&'!+1`5!>6-BC5H-&'!BB?!:B,6;!f!!

!w'!E$45!!,15^,Y#!BGY5!8!B1<&'!8!AP8&'!+B@!(*!,$$H!"#$%3&!"6;#+-J&'!:+'B9!S!!

"w!"$804&'!"6,L!(*!'+-F!"#$%&'!>-F!N3?!`,YM&'!E$46!!S!!

#w!!!!!!!!!!8!A,7,6$&'!B,<6b!E$46!:;1<='!BB?!:B,6;!K-!:B,Y5HQ'!!!!!!!!!!(-BC5H)-!I)#&!,<?;-!'+-F!"#$%&'!B+'8-!>-!

!"#$%&'!S!!

!!

!!!!!'!:+'Bb!>_*!,G$,H!,7+#U!,-#!!!!>6?87!N3?!"#$%&f!!!!!"?;8-!8!"6;#+-SSS!!!!!!!!"#$%&'!>_*!D!"6;#+-&'!:+'B9'!"&,M!(*!

!!!!!!!![;#+-!A,#$%!I6/%5!\,`7!"ZH'8$!:+'B-!>8#5D!!!!!A,#$%&'!I6/%5!\,`7!!f!!!!!!!!\#M5)6!8!+6B)6![U&'!]-,7+$&'!8@

!!!!!!!"#$%&'!N3?!>6-BC5H-&'!8!:;1<='!A,Z,%7$!SSS!!!!!\BC5H-!I#!>_*!D!"?;8-&'!:+'B9'!"&,M!(*!,-F!!>)?!I8VH-!

!!!!!!!!!!!!!!!!!!!!B+'8)-&'!TU)@!A7,#!'Ub!,-6*!B6BM5!8!>6+Ct'!K-!,15#+,%-!B6+6!(5&'!B+'8-&'!8!A,7,6$&'!B6BM58!T;,1<!:+'Bb

!!!!!!!!!!!!!!!!!!!!!!!()3M-&'!I6/%)5&'!\,)`7!8)@!W&U$!\1&!E-H6![U&'!]-,7+$&'!8!D!,0-!"$,5#&'!8!:^'+G3&!\F!ZG*!:^'+G3&!"M,5-

!\15;1<F!N3?!B8<8-&'!S!!

!A,#$%!>_*!E2'8!8@!,-#8"?;8-&'!:+'B9'!A,#$%&!(-575!B73&!B7&'S!!

!!

!(1*!B73&!B7&'!A,#$%!\?B5!8!A*8H8+#6,-!,15+B4F!(5&'!I6/%5&'!"-`7=!"$H7&,$!f!!

!w! Workgroup 3.11!Windows for!!!

"w!Windows 95!!!

#w!Windows 98! 

$w!Windows Me!!!
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%w!$'(!Workstation!Windows NT!!!

&w!$'(!Server!Windows NT!!!!

)w!"(((!Professional!Windows!!!

*w!"(((!Server!Windows!!!

!!!

!!!!"-`7F!+$505!8NT!!!!;8B768!8!"(((!!!!!!!!!!!!!!!8!"#$%)&'!:+'B9!,1-B)G5!()5&'!A'8Bx&!'+`7!"-`7='!(P,$!>-!I2*F!

!"#$%3&!T+*85![U&'!>,-='!>-!(&,0&'!l85H-&'S!!

!!

!!

!!

!!

!!

!!!"#$%&!!,-./*+!012/3*+!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Networks!Client / Server 
!!

!!

!!

(*8"#$%&'!TU@!"68,H5-!"#$%&'!A'+586$-#!K6-<!+$505! N70-$!"#$%&'!(*!,16Bs5!(5&'!"Y6`8&'!m6M!>-!!R7F!

\,1-!R$!Z,75!>60-!+586$-#!B<86!Q B8;-&,#!"6;#+- ... !(*!:;1<='!I4558B7&'!A,#$%wB73&!!!!,12)0$!K)-!D

D+%,$-!I#%$ ,-$!A,-830-&'!IB,$5!>-!,17#-6!!SS&B8;-&'!A,#$%!>-!"Y3#58!"6,-M!IPF!,17# / >8$;&'S!!!
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!!

!!!>8$;&'!A,#$%!y!!!!!!!!!!!l85H-!\BG5!8!>6-BC5H-&'!OQi!\?B5!8!A,7,6$&'!(-M5!B8;-&'(&,?!!!!!!A'B8;)-&'!D!>-='!>-!

!!!!!!;8B768!IJC!>-!I-05!(5&'NT!!#--&'!>-!!!!!!!!!!D!B6+$!D!o#,*!A'B8;-!>8#5!>F!>AQ,45'!D!!!!!!!8!")?,$Z!8!A,)Y3-

!!]-'+$SS!S!!!!!!!D!R5'+BG$!\#M53&!I6/%5!\,`7!>-!B8;-3&!B$Q!!!!!!!;8B)768!R63?!I,c-!8NT!!!!+*+6)H!D!!!!!>)#--&'!>)-!

:B,Y5HQ'!!!!!!!!>8$;&'!A,#$%!>-!I#!A'+BP!>-!!y!!!!!!!!!!!!!!")Z35C-&'!A,#$%)&'!\'BC5)H,$!B)73&!B)7&'!A,#$%!8!B8;-&'!S!

5!8!A,<,65M'!>8$;&'!A,#$%!"Y3#yB73&!B7&'!A,#$%!>-!+6c#$!+$#F!B8;-&'!S!!

!!

!>8$;&'!A,#$%!y!!8F!B8;)-!N3?!"-V,P!"#$%!,26F!N-H5!(5&'!8!B8;-&'Sever Based NetworkD!!!TU)@!

!!!!!!!!!!!!!!!!!!!!A,#$%!(*!I,M&'!8@!,-#!>8$;#!I-06!Q!8!B8;-#!ZG*!R3-?!>8#6!8!r4C-!B8;-!N3?!"-V,P!>8#5!A,#$%&'

!!!!7?!8!D!B73&!B7&'!!!!!!!!>8$;&'!A,#$%!(*!:;1<='!BB?!E$46!,-B!y!!!!!!!!!D!+Ci!B8;-!"*,2b!>#--&'!>-!>8#6!'+6$#!B8;-&'

!!!!!>8$;&'!A,#$%!>F![Fy!!!!!!!!!!!!!!!!I-05!Q!A'B8;-&'!TU@!>#&!8!:+8+2&'!B7?!BM'8!B8;-!>-!+c#F!N3?![85M5!BP!B8;-&'

>-!B6;6!,--!:+*85-&'!A'B8;-&'!N3?!\,1-&'!d;855!"&,M&'!TU@!(*8!D!>V,$;#!'B$F!"#$%&'!:^,Y#!!S!!

!!

!>8$;&'!A,#$%!A';6--!N3?!:+`7!>t'!a37&!y!B73&!B7&'!"#$%!N3?!,16*!a8Y55!(5&'!8!B8;-&'!f!!

!w!nH7&'!(Z,65MQ'A,7,6$3&!!BBM-!(7-;!I8B<&!,G*8!S!!

"wO35&'!8F!BGY&'!>-!A,7,6$&'!"6,-M!!S!!

#w!>6-BC5H-&'!OQi!\?B5!!S!!

$w!>V,$;&'!:;1<F!I0<&!"<,M&'!I6;5!"02'85-!A,Y4'8-$!"46C+!:;1<F!>8#5!>F!>#--&'!>-!(&,5&,$8!"68P!S!!

%w!!!!!!!!!!!!!!!!!!!I848&'!I0<6!,--!B8;-&'!8@!BM'8!;,1<!(*!:;#+-5-!"#$%&'!B+'8-!>8#5!A,#$%&'!>-!d87&'!'U@!(*!N&b!

!!!!!!!!!!!!!A,)7,6$&'!:+'Bb!I1H6!,-#!D!"Y35C-!:;1<F!N3?!,?;8-!>,#!8&!,--!+6c#$!I1HF!X83Z-&'!B+8-&'!8F!"-830-&'!8!

!I2*F!I#%$!,16*!\#M5&'!S!!

&w!!!!!"#$%&'!>-F!+$506!Security!!!!X,$H='!\@F!>-!\'BC5HQ!>8$;&'!A,#$%!!y!>-!"6&,0&'!"<+B3&!'+`7!D!B8;-&'

!!!!!!!!!!BM'8!rC%&!v,-H&'!IJC!>-!B8;-&'!,@+*86!(5&'!"6,-M&'k!!!!!!")<,M&'!B)7?!+)c#F!8F!g!!!!!!"#$%)&'!+6B)-!8)@

Administrator!!!!!%&'!B+'8-!:+'Bb!(*!\#M5&,$!!!!A,78UF!+'B4b!8!"#$k!Permissiong!!!>6-BC5H-3&!!:B,Y5)HJ&!

!\144C5!>-!o6&!+-='!'U@!>,#!>b!"$,5#&'!>8B!:^'+G&,$!\1&!E-H6!8!ZG*!,178<,5M6!(5&'!B+'8-&'!>-!S!!

!!

!!

!!
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!\BC5H-&'!I6/%5&'!\,`7!>?!+`7&'!./$!\,?!I#%$!,13-?!m6M!>-!A'B8;-3&!d'87F!:B?!W,7@!f!!

!w!A,Y3-!A'B8;-!File ServersS!!!!

"w!"?,$Z&'!A'B8;-!Print ServersS!!!!

#w!]-'+$!8F!A,G6$Z5!A'B8;-!Application ServersS!!!!

$w!AQ,45'!A'B8;-!Communication ServersS!!!!

%w!A,7,6$!B?'8P!A'B8;-!Database ServersS!!!!

!!

!!!!!!;8B768!Ic-!I-?!"V6$!(*NT!!!;8B768!8F!+*+6H!"(((!!!!!!>6-,)`7&'!>6U@!>F!B<7!+*+6H!!!!!!A'B8;)-&'!>6-?B)6!

"6&,5&'!f!!

!w!B6+$!B8;-!Mail Server!"#$%&'!(-BC5H-!>6$!"678+5#&9'!"3H'+-&'!+6B6![U&'8!!S!!

"w!o#,*!B8;-!Fax Server!"#$%&'!N&b!8!>-!o#,Y&'!IV,H+!+8+-!"#+M!:+'B_$!\8G6![U&'8!!S!!

#w!AQ,45'!B8;-!Communication Server!!!8F!I6&B)&'!A,-B)C!B8;-!8@!R?'87F!BMF!8!Directory!

Services Server!I,<-&'!N-H5!"6GZ7-!"?8-<-!IC'B!>6-`7-&'!>6-BC5H-3&!E-H6![U&'!8!k!8FDomain!!

!!!!!;8B768&'!"V6$!(*!"-BC5H-&'!A,M3Z4-3&!,G*8!g!!!!!!!!!!,)17-F!N3?!"`*,M-&'!8!,176;C5!8!"$83Z-&'!A,-830-&'!B,<6_$

,7@8!D!"#$%&'!N3?!>6$!(78+5#&9'!B6+$&'!IV,H+!8!A,7,6$&'!a*B5$!\#M5&,$!\8G6!I,459'!A'B8;-!>-!+Ci!d87!W

!B0$!>?!\#M5&'!(-BC5H-!N&'!8F!A,#$%&'!>-!,@+6L!8!B8;-&'!,16&b!(-576!(5&'!"#$%&'!S!!

$w!A7+57'!B8;-!!y!A7'+57'Internet IntranetS!!!!

%w!"?,$Z!8!A,Y3-!B8;-!File and Print Server!!8!")$83Z-&'!A,Y3-&'!N&'!>6-BC5H-&'!I848$!\#M568!

!8!\15;1<F!N3?!,136-M5:B,Y5HQ'!"?,$Z&'!B+'8-!>-!!S!!

&w!]-'+$!8F!A,G6$Z5!B8;-!Application Servers!]-'+$&'!I6/%5$!>V,$;&'!8F!>6-BC5H-3&!E-H6![U&'!8!

!!5!N&'!"<,M&'!>8B!>#&!8!\15;1<F!>-!,PJZ7'!B8;-&'!N3?!:B8<8-&'!!8!D!W)35!\15;1<F!N3?!,136-M5!8F!,176;C

!]-'+$&'!W35!N3?!\13-?!]V,57!ZG*!>6;C5!>806Z5H6!\17#&!S!!

!!

!!!!!!!!!!!!!!!!!!!!!!\,)`7!+*8)56!\&!>b!R7_*!'+8Z5-!8!,68P!B8;-&'!>,#!,-1-*!D!:BM'8!:BM8#!I6/%5&'!\,`7!8!"#$%&'!B8;-!I-06

!!!!N3?!+B,P!I6/%5:B,Y5HQ'!!!!!\6B?!>8#6H!R7_*!D!B8;-&'!'U@!A'+BP!>-!!:BV,Y&'!!D!!!!>,)#!B)60$&,$!o6)&!AP8!N5M

!!!!!!!!!!!!!!!!!!!!!]-,)7+$&'!R)63?!I,)c-!8!R)63?!,G$H)-!A$c-&'!;,1<&'!I6/%5!\,`7!N&'!O,26!A,#$%&'!I6/%5!\,`7!]-,7+$



 Chapter 1                                                                                Introduction to Networking 

!" Eng. Mohammed Abd EL-Kader                 

Microsoft LAN Manager!,1<8-!>,#!8!D!"63M-!"#$%!(*!I-0&,$!"64C%&'!:;1<x&!E-H6!>,#![U&'!8!

!I6/%5&'!"-`7=MS-DOS!D!UNIX , OS/2!m6M!!A'+BP!,1&!O626!>,#\,-27Q'!N&b!"#$%&'!!S!!

!!

"6&,5&'!A';6--&'!\BG5!"Z35C-&'!"#$%&'!f!!

!w!A,7,6$3&!"6;#+-!:+'Bb!8!\#M5!!S!!

"w!"#$%&'!B+'8-&![;#+-!KP8-!!S!!

#w!,17-F!8!>6-BC5H-&'!:;1<=!Ic-='!^'B='!N3?!"`*,M-&'!K-!A,0$,Z&'!8!A,Y3-&'!N&'!I848&'!!S!!

$wA,Z,%7!K6;85!!"<&,0-&'!Processing Activity!"#$%&'!:;1<F!N3?!D!!"#$%)&'!>8#5H!"&,M&'!TU@!(*8!

!!!!!!!!!!!!!A,#$%&'!>-!d87&'!'U@!\BC5H68!D!:+8+2&'!B7?!B73&!B7&'!A,#$%!\,1-$!\,6G&'!K6Z5H5!,17#&!8!B8;-!N3?!"-V,P

!"6&,5&'!AQ,M&'!Ic-!(*!f!!

!w!>6-BC5H-&'!BB?!!(!IPF!8F!!S!!

"w?!>8-BC5H-&'!I-06!!I45-!8!W+5%-!d8+%-!N3!S!!

#w!"#$%&'!>-F!N3?!`,YM3&!"H,-!"<,M!W,7@!!S!!

!!!!!!!!!!!!!!!!!!!!"#$%)&'!>-e)$!IJC9'!8!\,1-&'!ZJ5C'!\B?!>,-2&!Z6ZC5&'!>-!+6c#&'!X3Z56!A,#$%&'!>-!d87&'!'U@!>#&!8

S!!!!!>8$;&'!A,#$%!A,<,65M'!+$505!y!!!!!!+)6c#$!+)$#F!,15Y3#5*!(&,5&,$!8!B73&!B7&'!A,#$%!>-!+$#F!B8;-&'!!B8;-&,)*!D!

!,-#!D!BM'8!]&,0-!>-!+c#F!8F![8P!]&,0-!N3?![85M6!>F!X<6!"#$%&'!B+'8-!I#!:+'Bb!>?!Q8VH-!>8#6![U&'8

!!!!!!!!!!!!!!!!!!!!I-#F!N3?!R$<'8$!\8G6&!r'+PF!:B?!8F!\C2!X34!r+P!8!:+#'U&'!>-!"-C2!"6-#!N3?![85M6!>F!X<6!R7F

R<8!S!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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!!!!!!!!!!!!!!!!!!!!!!!!!!4$%5*+!"#6#7.!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Network  Adapter Cards!
!!

!!

!!

!"#$%!"P,Z$!>-!R&!B$Q!"#$%&,$!I,459'!>-!+586$-#&'!;,1<!>#-56!(#&Network Adapter Card!(5&'8!

"6&,5&'!^,-H='!,26F!,163?!a3Z6!f 

!w!Network Interface Card (NIC)!!!

"w!LAN Card!!!

#w!LAN!Interface Card!!!

$w!LAN!Adapter!!!

!!

!!!!!!!!!!!!!!!!!!!!!K6Z5H)5!Q!,178B)$!8!D"#$%)&'!W3)H!8!+586$-#&'!;,1<!>6$!I45!(5&'!"1<'8&'!(@!"#$%&'!"P,Z$!+$505

"#$%&'!IJC!>-!,176$!,-6*!I,459'!A'+586$-#&'D!!!z+,)*!KH85!a%!(*!"#$%&'!"P,Z$!X#+5!Expansion 

Slot!!!&'!;,1<!(*!!!!!!!!!!!!!!!!>-!"#$%&,$!,630*!I45-!+586$-#&'!E$46&!"P,Z$&'!N&'!"#$%&'!W3H!I48!\56!\c!D!+586$-#

"#$%3&!(<-+$&'!B'B?9'!NG$6!8!"6B,-&'!"6M,7&'!S!!

!!

"6&,5&'!+8-=,$!"#$%&'!"P,Z$!+8B!rC356!f!!

!w"#$%&'!N3?!,1c$&!A,7,6$&'!+62M5!!S!!

"w"#$%&'!N3?!A,7,6$&'!I,H+b!!S!!
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#w!a*B5$!\#M5&'!!I,H+9'!ZH8!8!+586$-#&'!>6$!A,7,6$&'!S!!

$w!!!!!!!!!!!!!!!!!!I,)H+b!B6+5!,-B7?!8!D!+586$-#&'!]&,0-!,1-1Y6!A,56,$!N&'!"#$%&'!W3H!>-!"6$+1#&'!A'+,%9'!"-<+5!

,13-M!"#$%&'!W3H!K6Z5H6!"6$+1#!A,2$7!N&'!"6-P+&'!+586$-#&'!A'+,%b!\<+55!,17_*!A,7,6$!S!!

!!

*!"#$%!>'87?!W35-5!"#$%!"P,Z$!I#B6+k!MAC Addressg!!")7<&!TBBM5!>'870&'!'U@!8!D!IEEE!k!!!'U)@!8

!I!+,45C'Institute!of Electrical and Electronic Engineers!g!!!!!r4)C5!")7<3&'!TU)@!8!D

!"#$%&'!A,P,Z$!(074-!>-!K74-!I#&!>68,70&'!>-!"?8-<-!S!!

!!

!!!!!!>-!,78#-!>'870&'!'U@!>8#6$*!!!!:^'+G&'!:+#'U!IC'B!>;C-!>8#6!8!A$!!ZG*ROM!!\5)6!"#$%!"P,Z$!I#!(*!

!!!!!!I8F![85M6!8!D!,1<,57b"$!!!!!!!![85M5!,-76$!K74-3&!O6+05!N3?!A$!"$!!!!!!!!IH)3H5-&'!\P+)&'!N3?!l+C='!A$!

"P,Z$3&!!!D!!!!!!!!!!!!R)6<85!8!,)176$!,)-6*!X)Z,C5&,$!:;1<x&!E-H6!,--!D!"#$%&'!N3?!,17'87?!+%7$!"P,Z$&'!\8G5

"M6M4&'!,151<8!N&'!A,7,6$&'!S!!

!!

'!"P,Z$![85M5!"6B,-!^';<F!>-!I#!N3?!"#$%&Hardware!"6<-+$!^';<F!8!Firmware Software!D!

!!!!!!!!!:+#'U!IC'B!,7;C-!>8#6!(<-+$&'!^;<&'!'U@!8ROM!!!!!!!!!!!!")3#8-&'!\,)1-&'!U6Y75!8!R6<85!>?!I8VH-!>8#6!8!

"P,Z$&,$!D!!IP'87!N-H5!"6$+1#!A'+--!(*!+586$-#&'!(*!A,7,6$&'!IG575Buses!S!!

!!

!!!!?!>-!>8#56!IP,7!I#!!-!A'+--!:B288!!!!!!!!!!!!!!!")6-#!I)G7!>#--&'!>-!A'+--&'!TU@!\'BC5H,$!8!D!X7<!N&'!,$7<!"?

!!!!!!!!:+B,)P!A,)7,6$&'!IP'87!A7,#!"-6BG&'!+586$-#&'!:;1<F!(*!D!AP8&'!oY7!(*!BM'8!IP,7!N3?!A,7,6$&'!>-!:+6$#

!!!IG7!N3?*!!!!!!!!N&'!A+8Z5!\c!BM'8&'!AP8&'!(*!A,7,6$&'!>-!A$!!&!N&'!\c!A$!#"!)48!'+6CF!8!A$!!!.)0$!A3

!IP'87!^,%79!A,#+%&'&$!IG7!K6Z5H5!,17F![F!A$!&$:BM'8&'!:+-&'!(*!A$!!S!!

!!

!!!!!!!!!!!AP8&'!oY7!(*!A,7,6$&'!>-!:B6B?!^';<F!IG7!N3?!+B,P!IP,7&'!>=SSS!!!!!!!!![;'8)5-!I#%$!IG575!A,7,6$&'!>F!I8G7!

Parallel!!!d+HF!A,7,6$&'!IG7!IB0-!>,#!KH8F!IP,7&'!>,#!,-3#!8!D!D%&'!W3H!K6Z5H6!!!>)-!BM'8!A$!I-M!"#$

!IH3H5-&'!m$&'!R63?!a3Z6!'U@!8!:BM'8&'!:+-&'!(*!A,7,6$&'Serial Transmission!!D!IG575!A,7,6$&'!>F!,-#

W3H&'!N3?!BM'8!T,<5'!(*!S!!

!!
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!!!!!!!!!!!![;'85-!I#%$!>,6+<&'!>-!A,7,6$&'!I68M5!>?!"&8VH-&'!(@!"#$%&'!"P,Z$k!Parallelg!!!A,7,6$&'!IP,7!N3?!!

kBusg!N&b!<&'!!!!!IH3H5-!I#%$!>,6+kSeriesg!!!!!!!!!!!!"#$%&'!"P,Z$!(*!"-1-&'!TU1$!\8G6![U&'!8!"#$%&'!W3H!N3?

+&'!8@'!IHy!I$G5H-&'!TransceiverS!!!

!!

"6&,5&'!A'8ZC&,$!\,6G&,$!W&U!8!"#$%&'!N3?!A,7,6$&'!m$!"63-?!\6`75$!"#$%&'!"P,Z$!\8G5!f!!

!w"P,Z$&'!N&'!+586$-#&'!>-!A,7,6$&'!IG7!!S!!

"w!>6;C5!W3H&'!N&'!,1c$&!'B61-5!"P,Z$&'!N3?!,5Ps-!A,7,6$&'!S!!

#w!"3$G5H-&'!"P,Z$&'!8!"3H+-&'!"P,Z$&'!>6$!A,7,6$&'!IG7!Z8+%!N3?!\@,Y5!^'+<b!!S!!

$w"#$%&'!N3?!A,7,6$&'!a*B5$!\#M5&'!!S!!

!!

!!!!!!I)P,7!\8)G6!\c!"760-!A,7,6$!R7-!"$&,Z!+586$-#&'!N&'!:+,%b!I,H+_$!"#$%&'!"P,Z$!\8G5!Q8F!!!()*!A,)7,6$&'!

!!!!!!!"P,Z$&'!N&'!+586$-#&'!:+#'U!>-!"$83Z-&'!A,7,6$&'!IG7$!+586$-#&'!D!!!!>)-!A,)7,6$&'!IG7!"?+H!>8#5!,-!,$&,L

!!!!!!!!!!!W3H&'!N&'!"P,Z$&'!>-!A,7,6$&'!IG7!"?+H!>-!+$#F!"P,Z$&'!N&'!IP,7&'!!!!!!!!!X<6!A,7,6$&'!TU@!>-!'^;<!>_*!'U1&!D

!!!!!:+#'U!N3?!,5Ps-!,176;C5RAM!!!!"P,Z$&'!N3?!!!!!!!!!!!!!N-H5!"67G5&'!TU@!D!W3H&'!N&'!,1c$!>-!"P,Z$&'!>#-55!>F!N&'

Buffering!S!!

!!

!!!!!!>60$!UCs6!>F!X<6!+Ci!+-F!W,7@!8+,$5?Q'!!!!!"#$%)&'!A,)P,Z$!>6)$!a)*'85&'!8@!8!QF!A,7,6$&'!IB,$5!B7?!

!!!!!!!!!!!!!!!!!7_*!D!"-6BG&'!>-!d+HF!8!:B6B<!l+C='!"P,Z$&'!8!"-6BP!A,P,Z$&'!lBMb!A7,#!'U_*!D!,0-!"345-&'!!!()#&!,-1

!!,-163?!,0-!I,459'!>-!,7#-55a,Y5Q'!!e)Z$='!")P,Z$&'!"?+H!(@!>8#5!:BM'8!"?+H!N3?!D!!!!\5)6!()#&!8!

!!!!!!!!!!!!!!!!!,15'+5-'+,$!>?!"730-!A,P,Z$&'!(P,$!N&'!:+,%b!a3Z5!"P,Z$!I#!>_*!,0-!"345-&'!"#$%&'!A,P,Z$!>6$!a*'85&'

A,P,Z$&'!>-!,@+6L!K-!a*'856!,-$!,136B05!\56!(#&!S!!

!!

2G&'(@!,176$!I,459'!\56!(#&!A,P,Z$&'!,163?!aY55!>F!X<6!(5&'!,6,!f!!

!w,1&,H+b!\56H!(5&'!A,7,6$&'!A,?8-<-&!N4P='!\<M&'!!S!!

"w,1&848&!B6#e5!N3?!I84M&'!I$P!,1&,H+b!\56H!(5&'!A,7,6$&'!+'BG-!!S!!

#wA,7,6$&'!\;M!I,H+b!>6$!I4Y5!(5&'!>-;&'!:+5*!!S!!

$w!X<6!(5&'!>-;&'!:+5*!,@+,`57'A,7,6$&'!I848!B6#e5!N3?!I84M&'!I$P!!S!!
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%w!.6Y5!>F!I$P!R&,$G5H'!"P,Z$!I#!K6Z5H5!(5&'!A,7,6$&'!+'BG-!Overflow!S!!

&wA,7,6$&'!IG7!"?+H!!S!!

!B+<-$a,Y5Q'A,P,Z$&'!>6$!A,7,6$&'!IB,$5!"63-?!FB$5!"G$,H&'!,6,2G&'!N3?!!S!!

!!

%5!\#M5&'!\,1-!>-!BB0$!"#$%&'!"P,Z$!\8G5I-!f!!

!wI,459'!ZH8!"$P'+-!!S!!

"w!!!!!>'8)7?!RHY7!8@!"-;M&'!(*!B8<8-&'!"1<8&'!>'87?!>F!>-!B#e5&,$!,163?!O+05&'!8!A,7,6$&'!\;M!X3Z!

"-;M&'!\3H55H!(5&'!"P,Z$&'!S!!

#w,13M!8!^,ZC='!O,%5#'!S!!

 

 

!!89#:2!!;#<=>+!?@.!!AB#(C!!4$%5*+!!
!!

!!!!!!!6$&'!R$!+-6H![U&'!ZH8&'!d87!,1$!B4G68!!A,7,I,G57J&!!!!!!!!!!!!>8)#6!BP!ZH8&'!'U@8!"#$%&'!(*!l+CF!N&b!"ZG7!>-!

!!q,6#3HQ!8F!q,6#3H!SSS!!!!!!!!!!!!!!!!!!W&U)#8!A,)7,6$&'!IG7&!"760-!"*,c#!I-M5!K6Z5H6!ZV,H8&'!TU@!>-!ZH8!I#!>_*!q,-8-?!

Z,7/-8+1#&'!A,<8-&'!>-!IC'B53&!q"2+?!>8#6!BP!R7F!,-#!"760-!A,*,H-&!A,7,6$&'!N3?!"`*,M-&'!K6Z5H6"6H6S!!!

!!

!!w!"6#3H&'!I,459'!ZV,H8!kAJ$,#&'gCables 

!!()@8!"6H)6V+!A,V*!mJc!AM5!I$,6#&'!j+B75 Twisted pair 8 Coaxial 8 Fiber optic !!>,)?87&'!8

(V,$+1#&'!I#%&,$!A'+,%9'!>JG76!>Q8=' d87&'!8 Fiber optic !!\BC5H)68!"?+H&'!"6&,?!AJ$,#&'!>-!d87

"ZH'8#!^82&' IG7&$&'!!A,7,6S!!
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!!

!!

!!

I8='!d87&' :"&8B<-&'!"<8B;-&'!WJH=' ( Twisted pair cable ) :!!

!O5,1&'!W3H!Ic-!SSS"6V,7c!AJ6485!>-!O&e55!IC'B&'!>- !!!!IB)<58!")06*+&'!"6)H,M7&'!WJH='!>-!"&8B<-

!IC'B5&'!>-!"6,-M3&!WJH='R68%58 #&'!>-!d87&'!'U@!>-!(5e68!:+,%9'!>6-HP!I$,6I8=' UTP (7,c&'!8 STP 

I8='!d87&'!8 !"&;,?!"G$Z$!(-M-!(7,c&'!d87&'!>#&8!R578+-!8!R7-c!rC+&!+81%-&'!8@R6-M6>-! -&'s!A'+c

+0H&'!(&,L!8@8!"6<+,C&' S!!

 

I$6# Twisted Pair  

 

AJ48-&' I$6#&,$!"4,C&' Twisted Pair N-H58 RJ-45!!

!!

!>-!d87&'!'U@!\BC5H6WJH=')&'!A,#$%!(*! Ethernet d87!>-  Star Q!!>?!,136485!"*,H-!B6;5!((!

+5- SSS !'!\HG75N&b!"&8B<-&'!"<8B;-&'!WJH= >6?87 : 

!F!ST,Z/-&'!"&8B<-&'!WJH=' ( Shield twisted pair ) ,@+,45Cb (STP) :>-c&'!"6&,L . 

!X!ST,Z/-!+6/&'!"&8B<-&'!WJH=' ( Unshelled twisted pair ) ,@+,45Cb (UTP) : >-c&'!"46C+ . 



 Chapter 1                                                                                Introduction to Networking 

!( Eng. Mohammed Abd EL-Kader                 

 

&8B<-&'!"<8B;-&'!WJH='!>-!:+6c#!d'87F!B<86I6$H!N3?!,17-!" I,c-&' :!!

------>> Voice!!Cat1!!

------>> 4 mbps!!Cat2!!

------>> 16 mbps!!Cat3!!

------>> 16 mbps!!Cat4!!

,-'BC5H'8!q,?86%!WJH='!+c#Fp!!!!! ------>> 100 mbps!!!Cat5!!

------>> 155 mbps!!Cat6!!

------>> 1000 mbps!!Cat7!!

 

 

(7,c&'!d87&'! : Coaxial cable 

(5e58!+61%&'!>86;Y35&'!I$#!AJ$#&'!TU@!R$%5 !A7+cb!A,#$%!K-!"-BC5H-&'!(@!:+1%!+c#='8!"Y35C-!I,#%e$

A7+cb!8!"76Cc&' "06*+&' S!!

"06*+&'!A7+cb Thin coaxial :+,%9'!I-M5!>F!>#-6 !N&b!*%!IJM-)2Q,$!:+,%9'!FB$5!\c!\  !SSS!!A)7+cb

"76Cc&' Thick coaxial !:B8;-!"6,-M$!+$#' !!N)&b!:+,%9'!I-M5!IPF!"78+-8%((!!!B8-,)0&,#!\BC5H)58!\

K-!"6?+*!A,#$%!I48&![+GY&' .0$ S 

 

AJ$6#! Coaxial 

 

"4,C&'!AJ48-&' ,1$!!

 

m&,c&'!d87&' :"6V82&'!O,6&=' ( Fiber optic cable ) :!!

(@8!'B<!:;,5--!:;6-!,1&!AJ$#&'!TU@!IG7!"G6+Z! !\6B?8!O3#-!8@8!^,$+1#&'!o6&!8!^82&'!"ZH'8$!A,7,6$&'

:+6/4&'!A,#$%&'!(*!:BV,Y&' ,17-!A';6--!R&8f !!
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!R&+6$#!I,<-!.+?! 

!!"?+H$!:+,%9'!I-M6!>F!>#-6!Ub!"?+H&'!!<6<$,6,(*!A !8!"67,c&'!"!<6<$,6,A!A,*,H-&'!(*!

+4P='S 

!(V,$+1#&'!IC'B5&'!B2!:+,%9'!"-JHS 

!>-!"6V82&'!:+,%9'!OZC!\56!>F!>#-6!Q!Ub!>,-=' >64$+5-&'!r,C%='!I$PS 

 

Fiber optic 

 

"w!"6#3HJ&'!IG7&'!IV,H8 (Wireless media) : 

 

A,#$%!K-!\BC5H5 hybrid . 

"#$%&'!A+#!N3?!B-505!I6485&'!"M,H- "Z6M-&'!I-'80&'8 . 

+586$-#&'!;,1<!(*!"6#3HJ&'!"P,Z$&'!+*85!>-!B$Q wireless adapter card . 

 

!!

!!

!!

!!

!!
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      Scale Classification of  Networks!
 

qQ8F!f!"63M-&'!A,#$%&'kLAN) (Local Area Networkg!!

!ZV,H8!IJC!>-!.0$&'!,120$$!"345-&'!"GM3-&'!:;1<='8!A,$H,M&'!>-!"?8-<-!>?!:+,$?!,17F!,1$!B4G68

!:;1<='8!A,$H,M&'!TU@!>8#5!>F!N3?!"$H,7-!q:B,?!"63M-&'!A,#$%&'!>e$!I8G&'!>#-68!D,120$!>?!:B60$!+6L

!>#-6!m6M$!"M,H-&'!BBM-!+#H0-!(*!8F!:+8,<5-!u>,$-!:B?!8F!BM'8!N7$-!(*!>8#5!,-I,-05H'!(*!AJ$,#&'!

,120$8!:;1<='!>6$!I6485&'S!!

!!

!!

 

q,67,c!f!"ZH85-&'!A,#$%&'kMAN) (Metropolitan Area Networkg!!

'!A,#$%&'!>-!q,-<M!+$#F!>8#5!,-!q:B,?!(@8!"76B-&'!l85H-!N3?!>8#58!"63M-&!D!A,#$)%  MAN  !!")6-63P9'

+$?!A,7,6$&'!IG7&!A--4 !!!Z$+)&!E34)5!(@8!"63M-&'!N-H-!AM5!KG5!I';5!,-!,17#&8!"0H,%!"6*'+/<!aZ,7-

8'!"76B- #$%&'!>-!d87&'!'U@!Z$+!(*!\BC5H68!:+8,<5-!>6576B-IV,H8&'!8'!"6+4$&'!O,6&='!A,!!!TU1*!"6-P+&'

A,#$%!8!"GV,*!A,?+H!\BG5!"67G5&'  MAN   !!>)-!BB)?!N3?![85M5!>F!>#-6  !A,#$)%  LANs   !!;)6-558

"63?,Y&'!8!"?+H&,$!,157,648!"Y3#-!,1$86?!>-8! !"$04S!!

 

!{,c&,cf!"0H'8&'!A,#$%&'kWAN) (Wide Area Networkg!!

!!!!!\H9'!'U@!aJZb!>#-6!!!!!!!!!!+)4,7?!>6$!"*,H-&'!AB';!,-3#!R7F!`MJ68!"ZH85-&'!A,#$%&'!>-!+$#F!"#$%![F!N3?

!A,7,6$&'!IG7!,1$!>#-6!(5&'!"?+H&'!A3P!,-3#!"#$%&'!D"0H'8&'!aZ,7-&'!A,#$%  WANs  A,M,H-!(Z/5!(1* 
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OQ'!Z$+5!,17'!d87&'!TU@!A';6--!>-8!.0$&'!,120$!K-!I8B&'!Z$+!Ic-!'B<!:+6$# !:;1<='!-#!I)G75!8!,)6!A

!>-!:+6$#,7,6$&'A,1$!Qb!IG75!Q!!!,1$86?!>-8! !!!!!,136/%)5!"$80)48!'B)<!")6&,L!:;1<F8!]-'+$!N&b!j,5M5

!,157,648S!!

!!

!!

!!

!!

!!

 

q,0$'+!f!A7+57Q'!!

,H,HF!"#$%&'!TU@!A--4!A,#$%&'!"#$%!A7+579' &U!(*!A+1`8!:B+,$&'!X+M&'!\,6F!R5M$!"6+#H?!.'+L=!W

"#$%!AP8&'  Arpanet   A-78 !\,?!(*8!W&U!B0$8!I-,#5-!\,`7!AM$4F8!"#$%&'!TU@!++(!"-8#M&'!A3C5!

>?!"6#6+-=' "67Z8&'!\830&'!"HHs-!N&b!:+'B9'!aM!(Z?'8!"#$%&'  NSF  !\,?!(*8!++!"HHs-&'!A3C5! 

^,7$8!I-?!\C2F!\,-'!X,$&'!E5*!W&U$8!"6+,<5&'!A,#+%&'!E&,4&!"#$%&'!>?R--4! !!!A0)H85!m)6M!>,H79'

A,#$%&'!d'87'!I#!,13C'B!(*!A-28!A+%57'8   LAN /  MAN /  WAN  !!e)$756!>'!>#-6!Q8!:+V,H!(@8

>8#5H!O6#S! 
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 Networking  Architecture 
 

 

!!

!!!!!!!!!!!!!!!!!!!"#$%&!'()*!"+!,-#!./!,0123/4!5#36*/4!7#78*/!9!:!1;*1#21<3=!9!><&?/4!@47+!ABC!>DB*(3/4!5#316*/4!EFG*

!!!!!!!!!!>&0123/4!.H0I4!JH693!9:!><&?/4!>K1L&!:!.H0I4!M92NNN!!!!!!!!!!>$FHF!A$BC!59$O*!>#B83/4!J1<&?/4!P#3-

!QR!>#010+!5#316*Bus ,Ring and Star!E&*%#9!:!Bus!!!!P$#3-!L&E$#!9!1C9#$?!EF<I4!9!L0&I4!9R!

!!!!!!!!!!!!!!><&?$/4!S31<!SL%*!A/4!T7G#!SK12/4!ABC!7849!U1;-!S?V!:!7849!.B0&!WU;-I4N!!!!!!><&?$/4!P#$09*!"$<3#

WE1?=!EE<3!9+!WE9013!>B69!547(*01&!N!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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 Topology  And  Communication  Methods 
!!

!!
!!

!!E#?*Network!Topology!A/=!!!!!!!!!!!!XE(I4!J129<3/4!9!.H0I4!9!J4E*9#&3</4!S#69*!1;&!5*#!Q*/4!>#D#</4!

!><&?!"#9<*/N!NN!YBL63/4Topology!1Z#+![#BC!\BL#!Physical Layout!9+!Design!N! 

!!

!>#/1*/4!E93I4!ABC!EFG#!E(]!"97!><&?B/!13!5#36*!E1#*(4!^!!

!_4!J47%3/4!M92!><&?/4!1;-1*8*!Q*/!N!!

"_!J47%3/4!`'R!J1#21<3=!!N!!

#_S&O*03/4!QV!><&?/4!932!!N!!

$_><&?/4!WE47=!J497+!!N!!

!"#%&!'(I4!,-#!><&?B/!13!5#36*/!.E1#*(4!72C!4';/E1&*Ca4>#/1*/4!J129<3/4!!^!!

!_!S#69*/4!.H0+!M92!!N!!

"_!><&?/4!>K1L&!M92!!N!!

#_!.H0b/!>61(!JH693!Cable Connectors!!

!!

!!

!!
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 Bus  Networks 
!!

!!
!!

><&?!QR !!!![$&!S6$**!><&?$/4!A$BC!7#89!S&1<!"3!c/)**!Q;V!>#2&!L0&+9!S;0+!1;*#2&9!QL(/4!SK12/4 !S$<!!!

P#L*0#9!WU;-I4 A/=!>/10E/4!`'R!SO*2*9!W7OC!T+!A/=!S0E#!"+!U1;-!T+ ><&?/4!ABC!W79-93/4!7O%/4!>V1<!N!

#L*0#!a!"</9!P1;*@4EK!a=!>B0E3/4[/! LOV !!!A$*8!><&?$/4!ABC!EL#03/4!9R!>d8B/4!`'R!QV!S0E3/4!"9<#9

>#B3C!"3!Q;*2# S10Ee4N!!!

!!

S10E=!>/9183!"3!f*2#!7K!T'/4!,E1Z*/4!P23/9! 7849!JK9!QV!WU;-+!W7C !!>$#2O*/4!"3!1C92!><&?/4!57(*0*

!J2EFe4!J1<&?!QV!>37(*03/4!!!&!cE$%*!>$#2O*!QR9!4!S9$69/1!77$%*3/ !!!S$318/4!g0$8*&!!!c?$<!P$3!!

5716*/4CSMA/CD !9R!1;/!L#0&/4!c#E%*/49 !74E+!4'=![2+!!ha9+!9$;V!>/10E!S0E#!"+!WU;-I4!784!g0$8*#!!

`7-9!4'iV!S&</4 !Q;*2#!A*8!Ed*2#!S9j?3!NNN!gD2!QV!"#U1;-!S0E+!4'=!k78#!4'13!"</9/4B!>$d8:!!LO0$#!!!!

H< "3U/4!"3!>#l49?C!W73/!"#2Fa4 5F><&?!QV!"0183/4!"39!>/9183/4!W71C=! !!!!!>B;$0!1$;2+!Q$L(/4!S$K12/4

ABC!>B<?3/4!778*!>&9%6!J1#&B0/4!"39!>6#(E9!,#<E*/4 ><&?/4 !><&?/4!ABC!W79-93/4!7O%/4!77C!EFG#!13<

!@47I4!>CE0!ABCN!!

!!

!!

!!

!!
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 Ring  Networks 
!!

!!

!!

!!!!!!!&E!5*#!>OB8/4!M92/4!"3!J1<&?/4!5#36*!QV!!!!!!!!!!cK9*!J1#1;2!"97&!.B0/4!"3!WEl47!9+!>OB8&!><&?/4!QV!WU;-I4!L

!NNN!!!!!!!!!!!!!E*9#&3<!S<!59O#9!:!><&?/4!ABC!U1;-!S<!SH(!"3!E3*!9!7849!`1-*4!QV!>OB8/4!E473!ABC!J4E1?e4!SO*2*

!!5F!1;*#9O*9!1;?1%2i&!59O#!WE1?e4![/H(!"3!E3*!U1;-!S<!"+!k#8!WE1?e4!EE<3!E97!S3%&!><&?/4!ABC!!7$#%#!

!!!!><&?/4!ABC!1;/10E=A/=!!!!!!!!!!!!!!!!!!!7$8+!S?$V!"i$V!><&?/4!QV!U1;-!S<!ABC!E3*!WE1?e4!"I!"</9!:!Q/1*/4!E*9#&3</4!

!S3%/4!"C!S<<!><&?/4!cK9*!A/4!T7G#0!S3%/4!"C![DK9*!9+!WU;-I4!N 

!!

!!!5$04!1$;#BC!\BL#!>OB8/4!J1<&?!ABC!J121#&/4!S10E=!QV!>37(*03/4!>#2O*/4Token PassingE3*!9+!!!E$#

!A303/4!J121#&/4!E1#*!:!WE1?e4Token!E*9#&3<!U1;-!"3!`E#E3*!5*#!A/=!><&?/4!ABC!E(]!!N!!

!!

![#BC!"iV!13!J121#&!S10E=!><&?/4!ABC!13!U1;-!7#E#!1372CE1d*2a4!9+!WE8!WE1?=!5B0*#!A*8!Free!Token!

!!!!!!!!!!!4!E*9#&3</4!5B0*#!1372C!:><&?/4!ABC![*121#&!S10E=!ABC!E71K![2+!`E&(*!!!!!!!!WE1$?e4!:![$*121#&!S10E=!7#E#!T'/

!!!!!!!!!!!!!!!!!J121#&/4!`'R!S10E=!>;-9!778#!Q29E*</4!"492C!>V1Zi&!59O#!./'/!>V1Ze1&!9![*121#&!1;#/=!c#Z#![2iV!WE8/4

:!!!!!!!!!!!!!!!WE1?e4!`'R!S0E#!5F!:J121#&/4![#/=!S0E*!T'/4!E*9#&3</4!"492C!778#![2+!T+Token!!>OB8/4!S98!!!!:!!SO*2*

!!!!<!U1;-!"3!WE1?e4!`'R!!!!!!!!!!!!!!ED?$3/4!"492%/4!P3!Q29E*</e4![2492C!\V49*#!T'/4!U1;-/4!7-*!A*8!E(]!A/4!E*9#&3

!WEE83!E#m!S4U*!13!WE1?e4!"iV!>d8B/4!`'R!A*8!9!WE1?e4!S(47N!!
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!!!

!!!!!!!!!!!!!!!!U1;-/4!A/4!><&?/4!ABC!1;/10E=!7#%#!5F!1;#BC!W79-93/4!J121#&/4!n02&!59O#!WE1?e4!`';/!S&O*03/4!E*9#&3</4

!'/4!QB6I4!!!!!!!!!!!!!!!!!!!!S<?$&!1;3H*$04!5*!7K!J121#&/4!"+!"#&*!>/10E!1;#BC!c#Z#!"+!7%&!./'!9!WE1?e4!`'R!S0E+!T

!!!!!!!!!!!!!!!!S6*!A*8!WU;-I4!S<!ABC!E3*9!><&?/4!ABC!XE(+!WE3!WE1?e4!SO*2*!4'<R9!:!Y#86A/=!!!QB6I4!E*9#&3</4!

!!!4!`'R!J1#9*83!"3!7<)*/1&!E*9#&3</4!4'R!59O#!"+!7%&!:!WE1?e4!`'R!S0E+!T'/4!S<?&!J3B*04!7K!1;2+!9!WE1?e

!WE8!WE1?=!1;23!a7&!S0E#9!1;*/4Ui&!59O#![2iV!Y#86Free Token!!7$#7-!"3!SO*2*/!><&?/4!ABC!1;OBL#!

!!!!!!!!!!!!!!!!!!!!"=!9!:![*121#&!1;#/=!c#Z#9!WE8/4!WE1?e4!`'R!'()#![2iV!13!J121#&!S10E=!7#E#!"1<!4'iV!Q/1*/4!E*9#&3</4!A/4

10Ee!J121#&!T+![#7/!"<#!5/EE3#0![2iV!1;/!!4'<R9!Q/1*/4!E*9#&3</4!A/4!WE1?e4!`'R!N!!

!!

!"iV!J121#&/4!S10Ee!>B#09<Token Passing:!>%#E0/4!Sl109/4!"3!E&*%*!!!!A$/4!U1;-!"3!SO*2*!WE1?e1V

!!!!!!!!!!!!!!!!!!!!Q$V!A$*8!4U1*33!"9<#!><&?/4!@47+!"iV!>Ol1D/4!>CE0/4!`'R!,&0&!9!:!@9Z/4!>CE0/!>&E1O3!>CE0&!E(]

!!&<!77C!79-9!!!!!!!!!!!!!!!!J1<&?!QV![#BC!9R!13!SF3!>B<?3!AO&*!"</9!:!><&?/4!ABC!WU;-I4!"3!E#Bus!!!!!!7$2C![$2+!:!

!E#9L*/4!>#B3C!@12F+!1;B3C!c1O#=!,-#!><&?/4!E#9L*!N!!

!!

!!

!!

 Star    Networks 
!!

!!!!!9+!>3-2/4!M92/4!"3!5#36*/4!J4'!>#B83/4!J1<&?/4!59O*Star!9+!"9<3&!>B693!.H0)&!E*9#&3</4!WU;-+!L&E&!

-!!!!![#BC!\BL#!TU<E3!U1;Hub!!!!!!!!!!9+!P$3-o3/4!1Z#+!A30#!13<!E983/4!9+!Concentrator!!!!!!A30$#!1$21#8+!9!

!>#U<E3/4!>LO2/4Central!Point!9+!Wiring CenterN!!!!

!!

!!!!!!!!!!!!!!!9+!>#U<E3/4!>LO2/4!A/4!J121#&/4!S10E=!QV!,mE#!T'/4!E763/4!E*9#&3</4!"3!SO*2*!J4E1?e4Hub!!!A/4![239!

!!E*9#&3</4!WU;-+!QK1&!QV!S#69*/4!51d2!:!><&?/4!ABC!Hub!!E$(p4!"C!><&?/4!.H0+!"3!.B0!S<!SU%#!!:!9

!9+!cK9*!T'/4!E*9#&3</4!a=!EF)*#!"BV!P3-3/1&![B69#!T'/4!.B0/4!PLO24!9+!13!E*9#&3<!U1;-!cK9*!4'=!Q/1*/1&

!!!!!!!!!!!!!!S<1?3!T+!"97!><&?/4!SH(!"3!S3%*!AO&*0!WU;-I4!QK1&!132#&![<B0!PLO24:!!!!!!!"$C!P3-3/4!cK9*!"=!"</9!

!S3%/4!"C!S<<!><&?/4!cK9**0V!S3%/4!N 

!!
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!!!!>3-2/4!5#36*!E&*%#Star!!!!!1;21<3!"3!WU;-I4!.#E8*&!Y30#![2+!k#8!>DB*(3/4!5#316*/4!"#&!"3!>84E=!EF<I4!

!!!!!!JH#69*/4!E##j*!9!1;8H6=!9!!!!!!./'!"3!T)&!><&?/4!EF)**!"+!"97!!!:!!!!!!!!5#316*/4!"3!M92/4!4'R!>DB<*!"</9!E&*%*

!1OV9!./'!9!1%D*E3!`E%0!"9<#!7K!P3-3/4!9!WE#F<!.H0+!A/4!q1*8*0!.2I!><&?/4!E&<!>/18!QV!>61(!>%D*E3

!`7#O%*!>-E7!9![*1D6493/!N!!

!!

!!!!!!!!!!!!!!!!!!!!!7$8+!"9$<*!9!r$%&!P3!>-373!5#316*/4!"3!>B#<?*!"C!WE1&C!"9<*!J1<&?/4!5#316*!"3!E#F<!51#I4!`'R

Q/1*/4!^!!

!_Star Bus!N!!!

"_!Star Ring!N!!

!!

!!

!!

!!

!!

!!

!!

S9I4!M92/4^!9R!9!Star Bus!SK12/4!Q3#36*/!P3-!WE1&C!9R!Bus!>3-2/4!9!Star!N!!!

!!

!!
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!!!!!!!!!!!!!!!!!!!S$K12/4!.H$0+!"3!@4U-+!547(*01&!r%&/4!1;Z%&!P3!>B6*3!>3-2!5#316*!W7C!7-2!.E*?3/4!M92/4!4'R!QV

!QL(/4Linear Bus Segments!N!;-!SL%*!9/![2+!7-2!12R!9!!"$3!`E#m!ABC!EFG#!"/!><&?/4!QV!7849!U1

!!!!!!S<1?3!"97!S3%*!><&?/4!AO&*0!9!WU;-I4!!!!!:!!!!!!!!!!!!>B$693/4!WU;-I4!P#L*0*!"BV!J1%3-3/4!78+!SL%*!"=!"</!9

!4'R!"iV!J1%3-3/4!"3!`E#j&!1L&*E3!P3-3/4!4'R!"1<!4'=9!:!><&?/4!SH(!"3!S3%/4![#/=L1&*Ea4PLO2#0!!N!!

!!

Q21F/4!M92/4^9R9!!Star Ring!>OB8/4!5#36*!"3!J1<&?!W7C!L&E#!Ring!P3-3!547(*01&!!N!!

!!!

!!

!!!!!!!!!!!!!!!!!!!>&&0$3/4!WU$;-I4!"$C!S16$*e4!PLO#!9!J121#&/4!E1#*!QV!@1L(I4!c1?*<4!P#L*0#!7K!P3-3/4!M92/!1OV9!!

!>B<?3B/:!J1%3-3/4!S</!g#/!Hubs!>;&1?*3!J4U#33!9!sl16(!!N!!

!!

%3-3/4!"+!E<'**!"+!,-#!79-9!ABC!73*%*!a!Q*/4!XE(I4!5#316*/4!QV!WEV9*3!E#m!J4E7K!9!J4U#33!EV9*!J1

!P3-3Hub>#/1*/4!J4U#33/4!57O*!Q;V!:!!^!!

!_!!!!!!!!!!!!!!!!!!!>V1$ZtV!:!><&?/4!S3C!S#L%*!"97!9!>/9;0!S<&!1;*129<3!E##j*!9!><&?/4!P#09*&!J1%3-3/4!./!Y30*!

&![B#69*!9R![B%V!.#BC!13!S<!><&?B/!7#7-!E*9#&3<P3-3/4!'V123!"3!uE1V!'D23!N!!

"_.H0I4!"3!>DB*(3!M492+!P3!\V49**!>C92*3!'V123!547(*04!P#L*0*!!N!!

#_1;#BC!E9E3/4!><E8!9!><&?/4!L1?2/!>#U<E3/4!>&K4E3/4!ABC!.7C10*!!N!!

$_!!!!!!!!!!!!!!!!!!!,&$0!U1$;-/4!9+!>B$69/4!7#78*&!><&?/4!ABC!S<1?3/4!SUC!P#L*0*!J1%3-3/4!M492+!"3!7#7%/4!.12R!

3/4!>B<?!N!!
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%_!!!!!!!!!!!!!!!!!!!!!A$BC![$/H(!"$3!E$3*!Q*/4!J121#&/4!5U8!'C!P#L*0#!s1(!QB(47!f/1%3!1;#7/!"9<#!J1%3-3/4!,Bm+!

><&?/4!N!!

&_!!!!!!!!!!!!!!!f34E$&!Sj?#!U1;-v/4!>B<?3/4!S98!E#'8*![#-9*!9!>B0E3/4!J121#&/4!5U8!QV!S<1?3/4!c1?*<4!P#L*0*!

/4!S98!E#EO*!7#/9*/!7%&!"C!5<8*!U1;-!A/4!9+!><&?/4!WE47=!>B<?3!N!!

'_><&?/4!"C!S<1?3B/!>&&03/4!WU;-I4!S6V!P#L*0*!!N!!

(_!!!!!!!!!!!!!!!!!!!!`'$R!"$3+!"3!7#U#!133!><&?/1&!S16*e1&!13!U1;-/![#V!Y30#!"#%3!"3U!7#78*!P#L*0#!1;C492+!r%&!

!><&?/4!N!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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!!

 CSMA/CD!!
!!

!!

!!

!!!!!16$*/4!c1?$*<4!P$3!S9$69/4!77$%*3!SK12/4!g08*!9+!57Carrier Sense Multiple Access with!

Collision Detection (CSMA/CD)!!S1$0Ee1&!59O#!9!><&?/4!E*9#&3</4!,K4E#!>O#EL/4!`'R!547(*01&!:!

!!!!!!!!!!!!!!!!!!!!g$D2!Q$V!J121#&/4!S10E=!7849!E*9#&3<!X90!P#L*0#!a![2I!WE1?=!T)&!S9j?3!E#m!.B0/4!"+!g8#!1372C

JK9/4!!!:!!!!!!"C!f*12!5716*!S68!4'=:!JK9/4!gD2!QV!J121#&/4!S10Ei&!51K!E(]!E*9#&3<!"+!!!"4E*9$#&3</4!H<!"iV

!!!!!!!!!!!!!!!!!!!!k97$8!S1$3*84!"$3!SBO#!133![*121#&!S10E=!7#%#/!Ql49?C!JK9!13;23!S<!Ed*2#0!9!S10Ee4!"C!"1DK9*#0

E(]!5716*N!!

!!

!!

!!

!!

!!

!!

!!

!!
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!!

 Token Passing!!
!!

!!

!!

!!

!WE1?e4!E#E3*Token Passing!:!*8#!S9<9*9E&!T9Token Passing!!!J1$*&/4!"$3!W7#EV!>B0B0!ABC!

!A30*Token!E1L=!S9L!S6#9!:!>OB8/4!E473!ABC!E97*!9!Token!A/4!uE1D/4!9+!E8/4!#J#1&!!" 

!!

!!!!!!!!!!!![#BC!"iV!13!J121#&!S10E=!><&?/4!ABC!13!U1;-!7#E#!1372CE1d*2a4!!!!!!!!!!9+!WE$8!WE1$?=!5B0$*#!A*8!Free!

Token!!!!!E=!ABC!E71K![2+!`E&(*!!!!!!!!!!!:![$*121#&!S10E=!7#E#!T'/4!E*9#&3</4!5B0*#!1372C!:><&?/4!ABC![*121#&!S10

!!!!!!!!S1$0E=!>$;-9!778#!Q29E*</4!"492C!>V1Zi&!59O#!./'/!>V1Ze1&!9![*121#&!1;#/=!c#Z#![2iV!WE8/4!WE1?e4

!!:!J121#&/4!`'R!!!!!!!!!J121#&/4![#/=!S0E*!T'/4!E*9#&3</4!"492C!778#![2+!T+!!!!!E1?e4!`'R!S0E#!5F!:!!WToken!!S98!

>OB8/4!N!!!

!!

!!!!!!!!!!!!!!!!!!"49$2%/4!P3!Q29E*</e4![2492C!\V49*#!T'/4!U1;-/4!7-*!A*8!E(]!A/4!E*9#&3<!U1;-!"3!WE1?e4!`'R!SO*2*

!!!!!!!!!!!!!!!!`'$;/!S&O*0$3/4!E*9$#&3</4!:!WEE$83!E#m!S4U*!13!WE1?e4!"iV!>d8B/4!`'R!A*8!9!WE1?e4!S(47!ED?3/4

!!!!!!!1;#BC!W79-93/4!J121#&/4!n02&!59O#!WE1?e4!!!!`'R!S0E+!T'/4!QB6I4!U1;-/4!A/4!><&?/4!ABC!1;/10E=!7#%#!5F

!!!!!!!!!!!!!S$O*2*!4'$<R9!:!Y#8$6!S<?&!1;3H*04!5*!7K!J121#&/4!"+!"#&*!>/10E!1;#BC!c#Z#!"+!7%&!./'!9!WE1?e4
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!!!!!!!!!!!!!!!!!!!`'$R!S$0E+!T'/4!QB6I4!E*9#&3</4!A/4!S6*!A*8!WU;-I4!S<!ABC!E3*9!><&?/4!ABC!XE(+!WE3!WE1?e4

!!%&!:!WE1?e4!!!!!!!!!![$2iV!Y#86!S<?&!J3B*04!7K!1;2+!9!WE1?e4!`'R!J1#9*83!"3!7<)*/1&!E*9#&3</4!4'R!59O#!"+!7

!WE8!WE1?=!1;23!a7&!S0E#9!1;*/4Ui&!59O#Free Token!E*9#&3</4!A/4!7#7-!"3!SO*2*/!><&?/4!ABC!1;OBL#!

!!!!!!!!!!!!!!c#Z#9!WE8/4!WE1?e4!`'R!'()#![2iV!13!J121#&!S10E=!7#E#!"1<!4'iV!Q/1*/4!!!!!!!![#7/!"<#!5/!"=!9!:![*121#&!1;#/=

EE3#0![2iV!1;/10Ee!J121#&!T+!!4'<R9!Q/1*/4!E*9#&3</4!A/4!WE1?e4!`'R!N!!

!!

!"iV!J121#&/4!S10Ee!>B#09<Token Passing:!>%#E0/4!Sl109/4!"3!E&*%*!!!!A$/4!U1;-!"3!SO*2*!WE1?e1V

!Ol1D/4!>CE0/4!`'R!,&0&!9!:!@9Z/4!>CE0/!>&E1O3!>CE0&!E(]!!!Q$V!A$*8!4U1*33!"9<#!><&?/4!@47+!"iV!>

!!!!!!!!!!!!!!!!!!J1<&?!QV![#BC!9R!13!SF3!>B<?3!AO&*!"</9!:!><&?/4!ABC!WU;-I4!"3!E#&<!77C!79-9Bus!!!!!7$2C![2+!:!

!E#9L*/4!>#B3C!@12F+!1;B3C!c1O#=!,-#!><&?/4!E#9L*!N!!

!!
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 The OSI  Model  Layers 
!!

!!

!"#$!%&'(!)$$'*&!'+,-'./0!1'23456789)*,!!:::  !;0<$!)$$'*&!=(0!0*./& !%2346>!?',-0!@&>)3!!A'B3,C3!!'(?B->0D

;$&/,3!70&0<$!'&?.-!'+5EF?0 ;+,'#,.& !!!!GB3D!7B&!H)0BI&!1'$B/0,6>!7&!%-0&#&!=(!>)'4,.>!?->0<6>!JK(!)L280 

!%&M.&6>)$$'*&56!%$60?6> ISO 1'$/0,6>!JK(!9)*,0 =*#)&6>!NK0&.6>!;O'3 P0,Q&6>!1R/06>!;'M.6 OSI !!!>KB(!0(!'&

NK0&.6>S!!!

6>!NK0&.!)3,*$B OSI T!1'2346>!1F'/,>!NK'&.!G08!0( 7CU!V)WX>!NK'&.6>!?0#0!7&!;Y)6>!Z5-0 !!7$*./B&6>!;M*&

;()$0I,!=U!70?&,*$ NK0&.!Z5- OSI SSS 6>!NK0&.B OSI )W[!\'+#!Z6]!\'+#!7&!1'.'$36>!G<.!%$Q$2!9/$ .!!)B3,*$

%2346>!=U!1'.'$36>!G'3<,O>0!G'O)]!%$Q$2!^'.6>!;$5*,6!%<$)I!G_U8S 

6>!NK0&.!=U!1'<3I!`3O!?#0$B OSI %/'W6>!'+,Q$M0!'+.&!G26 .;,!?<6 NK0&.6>!a'.3 OSI !!G0B20,0)3!1'<3I!`3O!7&

!%<3I!G2%60EO&!?-'O,!'&!G&-!7-!)$_b,!Z5- 1'&05*&6> !!!!!!'B+.>)$#!`B&!%B<3I!GB2!GB-'Q,,0!G'BO)c>!G#8!7&!!!

d)*,!K8!7$)4'3&6> !'+,&?W!%<3I6>!ZB6]!!!'B+D0U!H?B#0&6>!%B<3I6>! !!!!!=B,6>!%B<3I6>!7B&!%B&?W6>!"B5I,0 !'B+,b,S! 

!!

!Z6>!),0$3&26>!%&M.8!;$&/,!9$./,!72&$!e 

!f%b0,Q&!%&M.8!!S!!

"f%<5g&!%&M.8!!S!!

!!!2$!%<5g&6>!%&M.X>!=U!!!!!!!!!!!!!!!!!F!0!IB<U!H?Bb>0!%2)B4!08!@,.&!7&!H\+#8!;>?W,O>!Z5-!7$)3#&!70&?W,O&6>!70

1'.$.'&L6>!0!1'.$*3O6>!=U!'*E'4!h6K!7'2!'&2!7$)W[!7$*./&!7&!H\+#8!`&!G&'*,6>!;+,&M.8!`$I,O,!S!!
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!!

!!!!!!!!!!!!!!!'3!'+$*./&!9R,W'3!H\+#i6!j&O,!^$$'<&!?'#$]!7&!?3F!7'2!'()'4,.>!0!),0$3&26>!%-'./!)0I,!`&!;('Q,6

7$,-0&#&!Z6>!^$$'<&6>!JK(!;O<.,!0!'+.$3!'&$U!kU>0,6>!0!e!!

!f!OSI Model!S!!

"f!A0)4&!Project 802!Z5-!G$?*,!0(!0!OSI Model!S!!

!!

!)$0I,!;,OSI!Model!G!)'/,W>!0(!0!Open Systems Interconnection!^$$'<&6>!%&M.&!G3D!7&!

!%$60?6>International Standards Organization (ISO)!!!70B2$6!=&6'B*6>!^'$<&6>!>K(!)0I!?D!0!

!!!!`$I,O$!'+$6]!A0#)6'3!%/.&=#,.&!%b0,Q&6>!%&M.i6!j&O,!^$$'<&!)$0I,!1'2346>!=*./&!0!!G'/B,F'3!0!

!1'Q/>0&!Z5-!%&E'D!%2346>!1'#,.&!1b3/8!=6',6'3!0!'+.$3!'&$U!kU>0,6>OSI!S!!

!!

!^$$'<&!;O<,OSI!1F'/,>!%2346>!Z6]1'<3I!`3O!e!!!

!'$5*6>!%<3I6>!Z6]!Z5QO6>!%<3I6>!7&!1'<3I6>!"$,),!;,$SSS!!

7f!application!S!!

6f!presentation!S!!

5f!session!S!!

4f!transport!S!!

3f!network!S!!

2f!data-link!S!!

1f!physical!S!!

!!

!!!!!!!!!!!!!!GQBOX>!1'B<3I6>!1'&?W!7&!?$Q,O,!'&.$3!'+.&!Z5-X>!1'<3I56!%&?W!;?<,!%<3I!G2!!'B+.&!!!!T!!!!%B<3I!RLB&U!

Network!%<3I!`&!G/,,!Transport!7$,<3I6>!1'&?W!;?W,O,!0!Data-Link!0!Physical!S!!

!!

!!!!!!!!7&!1',36>!G<.6!%//W&!Z5QO6>!lRL6>!1'<3I6>!!!!1'2346>!7$3!'+6?'3,!0!1'.'$36>!S!SS!!!!!'B$5*6>!lRL6>!1'<3I6>!'&8

!&!=+U!!!!;?W,O&6>!@&>)3!0!1'<$3I,6!%//W!S!SS!!!!#>02!G&*,U!ZIO06>!%<3I6>!'&8!3!%+!!!!!!0!Z5QOB6>!1'B<3I6>!7$

'$5*6>!T!'+&'+&!?$<*,!?>\!'&52!%<3I6>!1*Q,)>!'&52!;'-!G243!0!S!!
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!!

Communication  using  the  OSI Model 
!!

!!!!!!!;0<,!GO)&6>!\'+#6>!=U!%<3I!G2G'/,F'3!!!!!!G3<,O&6>!\'+#6>!=U!'+6!%5L'&&6>!%<3I6'3!!!!T!!!!!!702$!F!G'/,c>!>K(!0

'$<I.&!08!'$)('M!G3!'$5*U!S!!

!!!

!!

!!

!=5$!'&2!7$\'+#6>!7$3!G'/,c>!%$5&-!;,,!0!e!!

!!!!!!!!!!!!!!!!GB2!Z5-!)0)&6'3!'+,&#),!;,$!0!1'.'$36>!JK(!G<,.,!0!1'<$3I,6>!%IO>03!'+6'O)]!"05I&6>!1'.'$36>!G'W?]!;,$

!!!!!GO)&6>!\'+#6>!=U!1'<3I6>a>?,3>!!!!!0!1'<$3I,6>!%<3I3!a'+,.>!!!%<3I3!Physical!!!.'$36>!702,!l$b!!!!160b,!?D!1'

!!!!!!!!!!!!!!!!!!!!!=BU!"BY)$!=B,6>!1'.'$36>!Z6>!%/'W!1'&05*&!%<3I!G2!9$_,!78!?*3!hROX>!)3-!G<.56!H\('#!1',3!Z6>

!!!!!!%$5&*6>!JK(!Z&O,!0!'+6'O)]Encapsulation!!!!!!!!!!!1'B<3I3!1'.'$36>!)&,!G3<,O&6>!\'+#6>!Z6>!'+60/0!?.-!0!

OSI!!!!^02*&!G243!!a>?B,3>!!!!%B<3I3!Physical!!!0!!a'B+,.>!!!$3I,6>!%B<3I3!!!!!!!!!!Z&OB,!%B$5&-!=BU!1'B<De-

EncapsulationJ\'+#!Z5-!G3<,O&6>!;?W,O&6>!J>)$!'&!=(!%#,'.6>!1'.'$36>!702,!0!!S!!

!=U!V)W8!0!%<3I!G2!7$3!G/Q$OSI!Z&O$!G/'U!Interface1'<3I6>!7$3!1'.'$36>!))&$!mK6>!0(!0!S!!!!

!!

!!

!!
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The  Application  Layer  
!!

!!

!!

0,6>!%<3I6>!=(GL&!@&>)3!;-?,!=(!0!H)4'3&!;?W,O&6>!'+$U!;2b,$!=!e!!

!f1'Q5&6>!G<.!@&>)3!!S!!

"f1'.'$36>!?->0D!@&>)3!!S!!

#f=.0),26c>!?$)36>!@&>)3!!S!!

!)$U0,!7-!%60EO&6>!=(!%<3I6>!JK(!0G'/,>!%E$3!0!1'<$3I,6>!1'$5&-!7$3!OSI!G0/06'3!;2b,,!'+.8!'&2!

-!0!1'.'$36>!kU?,!0!%23456!;'*6>a'IWX>!NR!S!!

!!

!Z&O,!1'&?W!%<3I6>!JK(!)U0,!0Application Service Elements (ASEs)!'&!1'&?W6>!JK(!G&4,!0!

=5$!e!!

!f!Association Control Service Element (ACSE)!S!!

"f!File)!Transfer, Acess and Management (FTAM!S!!

#f!Message)!Handling System (MHS!S!!

'O6>!%<3I6>!nE'/W%*3 : 

f!;?W,O&56!%<3I!")D8 . 

f!;?W,O&6>!1'<$3I,!Z6]!%2346>!1'&?W!?>?&C3!%<3I6>!JK(!;0<, . 
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f!7& G>!%<3I!'+6'O)C3!;0<,!=,6>!1'&05*&6>!78!?2o&6> Application Layer ;,,!'&!\'+#!=U '+,a>)D!k$)I!7-!

%<3I6>!^Q. ( Application Layer) )Wp>!\'+#6>!=U . 

f!95,W, G>!=U!V)WX>!1'<3I6>!7&!m8!;?W,!F!'+.q3!1'<3I6>!=D'3!7-. OSI !!

%5L&X>!7& ))053O2>!1.),.]!@&'.)3!%<3I6>!JK(!Z5- ( Internet Explorer ) !!

The  Presentation  Layer 
!!

!!

!!

0=(!%<3I6>!!!!!!!!!!>!H)0'#&6>!%<3I56!%3O'.&6>!%E$+6'3!1'.'$36>!G$24,!7-!%60EO&6>!!!!!!!G(!%6'b6>!"Ob!Z5QO6>!08!'$5*6

!!!!!08!G'O)]!%$5&-!=(G'3<,O>!!!!!!;0B<,!'&2!%Q5,W&6>!1F020,0)36>!7$3!%&#),6>!7-!%60EO&!%<3I6>!JK(!78!'&2!T!

!!!!!!!GL&!)0/6>!7&!%Q5,W&6>!r$/6>!G$0b,3PCX!!!0!PNG!!!0!JPG!!!!!!!!!H?('4&6>!0!Ha>)<56!%53'D!%g$/!Z6>!'()$Y!0!

K(!;0<,!0!T!;?W,O&6>!@&'.)3!G3D!7&'+5<.!"#$!=,6>!1',36>!??-!G$5<,6!1'.'$36>!Ig_3!'_$8!%<3I6>!J!S!!

!!

!!

!!

!!

!!

!!

!!
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Session Layer!The 
!!

!!

!!

0=(!%<3I6>!!!!!!!!!!!!!!!!!sBE'+.]!0!G'/,c>!>K(!;>?W,O>!0!G'/,>!a>)#C3!7$Q5,W&!7$),0$3&2!Z5-!7$#&'.)36!j&O,!=,6>!

!!!!!!!-!9)*,6>!7-!%60EO&!%<3I6>!JK(!78!'&2!T!7$\'+#6>!7$3!!!!!!7B-!)$)'B<,!)>?B/]!0!'+E'&BO8!0!H\B+#X>!Z5

1F'/,F>!!!!!!!!!!!!!!!!!!1BD0!"Ob!%5O)&6>!GE'O)6>!"$,),!GL&!H)>?c>!;'+&!d*33!'_$8!%<3I6>!JK(!;0<,!0!'+$)#,!=,6>!

!=5$!'&!%<3I6>!JK(!7&_!G&*,!=,6>!1F020,0)36>!7&!0!%6'O)!G2!G'O)]!H?&!0!'+6'O)]!e!!

8f!tNetwork!File System (NFS!S!!

"f!Structured)!Query Language (SQL!S!!

Nf!X Windows!S!!

!!

!!!=B26!h6K!0!G&*6>!7-!%2346>!9D0,!?.-!s6'O)]!;,!1'.'$36>!7&!a\#!)W[!7&!%.$-!KWq3!%<3I6>!JK(!;0<,!'&2

G'O)c>!'(?.-!9D0,!=,6>!%I<.6>!7&!G&*6>!Z6>!%2346>!?0*,!'&?.-!1'.'$36>!G'O)]!;,$!S!!

!!

!!

!!

!!

!!

!!
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Transport Layer!The 
!!

!!

!!

0!!!!!!!!!;?W,O&56!%+#0&6>!1'<3I6>!7$3!G/Q,!=,6>!%<3I6>!=(User-Oriented!!!!!!!!%234B56!%B+#0&6>!1'B<3I6>!0!

Network-Oriented!S!!

!!!!!!!!!Z&O,!a>\#8!Z6>!1'.'$36>!%E\#,3!%<3I6>!JK(!;0<,Segments!!!!!!!!!!a>\B#X>!JK(!G0/0!7&!?2q,6'3!;0<,!'&2!T!

!!!!!!!6'3!0!)>)2,!08!n<.!08!a'IW8!70?3!!!!!!!!!!!!!!=BU!%B<3I6>!JKB(!;0<,!0!%3O'.&6>!%+#06>!;>?W,O'3!0!"O'.&6>!"$,),

!;5*,!%6'O)!G'O)C3!G3<,O&6>!\'+#6>'+&R,O'31'.'$356!!S!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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The  Network  Layer 
!!

!!

!!

0=(!!!%<3I6>!!!!!!!!!!!!!'&!7$0'.-!Z6>!a'&OX>!0!%$<I.&6>!7$0'.*6>!%&#),!0!GE'O)6>!%.0.-!7-!%60EO&!!!!'B+&+Q,!%B$?

%2346>!S!!

1BB.),.]!7>0BB.-!08!=BB.0),26]!?BB$)3!70BB2$!?BBD!=BB<I.&6>!7>0BB.*6>t!IP Address u!G24BB6>!>KBB+3!

!"#$!"#$!"#$!"#m?'&6>!7>0.*6>!'&8!!t!MAC Addressu!G246>!>K+3!702$U!%"$!"$#A.D1.23.ASS!!!

!!

!!!!!!!!!!!!!!!B+6!T!G3<,OB&6>!0!GO)&6>!\'+#6>!7$3!)'O&!"O.8!)'$,W'3!%<3I6>!JK(!;0<,!0!!!!!!!1'B+#0&6>!H\B+#8!7CBU!>K

Routers%<3I6>!JK(!7&_!7&!G&*,!!S!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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The Data Link Layer 
!!

!!

!!

!!

0=(!%<3I6>!!!!!!!!!!!!!!!!!!ZB6>!1'.'$36>!;$O<,3!;0<,!0!1'.'$36>!G'3<,O>!0!G'O)]!=U!7&>\,6>!Z5-!%MU'b&6>!7-!%60EO&6>!

!!!!Z&O,!)g/8!a>\#8Frames!!^8)6>!a>\#8!'+$6]!9$_,!0!Header!G$K6>!0!Trailer!!ZB5-!m0,b,!=,6>!0!

a'IW8!m8!7&!1>)'Ic>!05W!7&!?2q,56!;2b,!1'&05*&!S!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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The  Physical  Layer 
!!

!!

!!

0!!!!'B$5*6>!1'<3I6>!G3D!7&!'(\$+#,!;,!=,6>!1'.'$36>!G'O)]!7-!%60EO&6>!0!G'O)c>!IO06!%+#>0&6>!%<3I6>!=(

>!IO0!)3-G'O)cT!hROX'3!%2346>!%D'I3!'+3!G/,,O!=,6>!%$Q$26>!%<3I6>!JK(!9)*,!'&2!!S!!

!!

!!!!!!,!0!G/,,!=,6>!%$Q$26>!7p>!).6!!!!'*&!1'<3I6>!JK(!'+,IO>03!G-'Q,!!!T!!!!!!!!!!;0B<$!=B,6>!%$BO'$<6>!%E$+6>!Z5-!k5I$

!;O>!'+$5-!1'<3I6>!7$3!H)'&6>!1'.'$36>!G$24,3!G020,0)36>Protocol Data Unit (PDU)S!!!

!!!!!!!!!!'$5*6>!'+,)'#6!Z5QO6>!%<3I6>!'()U0,!=,6>!1'&?W6>!0!1'$5&*6>!9$)*,3!7$,<3I!G2!7$3!%5/'Q6>!%+#>06>!;0<,!0

!1'$5&*6>!JK(!Z&O,!0Primitives!S!!

!!

!!!!!!!!!Z&OB$!'B.>0.-!;?W,OB,!78!?B3!F!'B+.CU!Z5QO6>!H)0'#&6>!%<3I6>!Z6>!G0/06'3!'$5-!%<3I!m8!;0<,!=26!0

Service Access Point (SAP)!9'_$!0!s6RW!7&!1'.'$36>!)&,!=<I.&!KQ.&2!7>0.*6>!>K(!)0/,!72&$!0!

!!!!!!!!!!!!!!!!!!!%<3I!KQ.&U!T!%<3I!G23!n'W6>!KQ.&6>!;O>!9/$6!j5I/&6>!>K+6!%<3I!G2!;O>!7&!G0X>!9)b6>Network!

!Z&O$NSAP!S!!

!!
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 Network Devices 
!!

!!

!!

Modems!!
!!

!!!!!!!!!!!!!!!!!"#$%&'(!)*+,!-(./0+1$!123!145$6!1423!7280!"96.'!:2$!;<!=.>2$!?1#$%'(!@,!?(60@>$3#'(!;@#0!13.A<

">.1>0<B(!!!!!0(!C>DE0!;#33'(!;3!FAGH!!!!!I014'(!)*+,!-(./0+1$!14A>$!J18!!!K!!!!!!!L0'(!?1A@#3'(!@,!=M49N(!OPQ!R3+0

!!!JS3!CDE0!!!J180T(!(PQModems!U!!!(PQ@-+B(!!!!!!13Q!;>03V#!;3!P@/W3!MOdulator!!!@!DEModulatorX!!K

!!!!!!!!!!!!!!!!!?1&A1>$'(!Y&3!J31200!?(60@>$3#'1H!K!I014'(!5@5/!6$<!?1A1>$'(!J.1$00!;,!1Q.6Z3$!Y>50+0!B!?(60@>$3#'1H

">VS130'(!?1[$A'(!\@+!J3E0!B!I014'(!5@5/!13A>$!">3]6!">A@60#'^!?1[$A#!_!!

!!

A'(">3]6'(!?1[$!U!Digital SignalX!!!"&>VS130'(!?(61&%T(!1&3A>$!.E(@!@,!6Z8!5DH!;103>]!14'!U!Analog 

Signal!X->D'(!;3!L40A3!B!(..<!JS3>!;,!;#3>!RAEA3!;<!=61$<!LQ!!_!!

!!

!-.@3'(!J32>!I>#!6A'!`!!

!a!61%^!R'(!">3]6'(!60@>$3#'(!?(61%^!J>@E0$!-.@3'(!-@D>!J+63'(!M149'(!.A<">VS130!?(!_!!

"aI014'(!5@5/!6$<!">VS130'(!?(61%T(!OPQ!JD0A0!!_!!
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#a!1434Z>!">3]6!?(61%^!R'(!">VS130'(!?(61%T(!J@E>H!">+#<!">V32$!-.@3'(!-@D>!J$D0+3'(!M149'(!.A<!

60@>$3#'(!_ 

!!

!;>3+]!R'(!?13.@3'(!-+DA0!`!!

!a!Internal60@>$3#'(!M149!J/(.!7#6>!@!LV/(.!!_!!

"a!External!LV+V+0!)V+!-(./0+1$!60@>$3#'(!Y3!J80>!@!L961/!RS-232!_!!

!)$%3!-(./0+1$!I014'(!5/$!?13.@3'(!J800RJ-11_!!

!!

?13.@3'(!Y3!143(./0+(!;#3>!I014'(!5@5/!;3!;1<@A!)1AQ!`!!

!a!dial-up!Network lines!!!I014'(!5@5/!LQ!@">.1>0<B(!_!!

"a!leased lines!=69b3'(!5@5/'(!!_!!

!!

!'(!Y3!!!!!!I014'(!5@5/!c,!J@N(!d@A">.1>0<B(!!!!!!!c69>!;,!-./0+3'(!RV<!;GH!B180(!!!!!!!!!!1&4>H!.&>6>!=6&3!J&#!LH!

!!!!!!!!!!!!!!!!!!!!J@8&E'(!;&#33!"<6+!6$#,!@!?1A1>$'(!J1+6^!LH!"'12H!6>e!@!"f>5$!"D>65'(!OPQ!6$020!@!K-.@3'(!-(./0+(

!M@1900!B!14>V<$%">A1S'(!LH!?$@V>#!!_!!

!!

!!!!!3'(!5@5/'(!@,!LA1S'(!d@A'(!13A>$!!!!!J(@5!=MQ19!L4H!=69b"&!!!!!!!!!!!!!J&#!Y&3!J18&0(!c,!g(69T!h10E0!B!@!"<1+!

!!!!!!!!!!!!!!!!!!!!!1&3,!K!?@8&'(!J&DA'!"88/3'(!I014'(!5@5/!=.@9!;3!6$#,!5@5/'(!OPQ!=.@9!;,!13#!K!-.@3V'!-(./0+(

!;>$!13!i@(600!L4H!140<6+%&!@!">A1S'(!LH!?$@V>#!&$6S#,!@,!">A1S'(!LH!?$19>3!!_!!

!!

!!!!!H!?$'1$!-.@3'(!"<6+!j1D0!!!!.@1$!R3+>!6/k!j1>D3$!@,!">A1S'(!LBaud!!!F&AW$!.@1&$'(!-4H!;#3>!K!">A1S'(!LH!

!!!!!!!!!!!!!!!!!!!J.&23!;1#!?1A>A13S'(!">(.$!LH!K!I014'(!5@5/!6$<!?1A1>$'(!;3!?$'(!J3E0!L0'(!?@8'(!"9@3!7P$P0!"<6+

!RV<!=6.1]!?A1#!14<1]!@,!"9@3!"3]!J#H!;>>@1+03!">A1S'(!LH!.@1$'(!J.23!@!">A1S'(!LH!?$'(!;3!.E(@!?$!J3E

!!!!!!!!!!!!!!!!!!!!!!!?&$!;&3!6S#,!J3E!Y>50+0!"9@3!d1]!@,!"3]!J#!;GH!?1A1>$'(!5l[!">AD0!?(6@50!Y3!@!;m(!13,!K!?1A1>$'(

!!!!!!!!!c@1+0!-.@3'(!"<6+!?A1#!(P^!1>'1E!*S3H!.E(@"'('))!!!!!!!"<6+$!?1A1>$'(!J1+6^!Y>50+>!FAGH!">A1S'(!LH!.@1$!

!R'(!J80!.]!!$("))">A1S'(!LH!?$!!_!!
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>65!)1AQ!14>H!J320!L0'(!J180T(!"f>$'!1DH@!?13.@3'(!1343./0+0!?1A1>$'(!J1+6T!;10D!`!!

!a!"A3(M03!6>e!Asynchronous!_!!

"a!"A3(M03!Synchronous!_!!

!!

!!LH?B180B(!!!!!!!!!!!!!!!!!!M36!J#!J>@E0!-0>!@!?(61%T(!;3!630+3!@!Y$1003!61>0!J#%!RV<!?1A1>$'(!J+60!"A3(M03'(!6>e!

!!!!!"V+V+!R'(!-]6!@,!I6E!@,!!!!!!!!!!!!!!!!!"V+&V+'(!">(.$!R'(!6>%>!?$$!14>V0!L0'(@!"V+V+!J#!;>$!J8Z'(!-0>!@!?10$'(!;3!

Start Bit!"V+V+'(!">14A!R'(!6>%>!?$!@!Stop Bit!!;,!J$D0+&3'(!@!J+63'(!-.@3'(!;3!J#!RV<!79>!@!K!

!!!!!!!!!!OPQ!@!K">14A'(!@!">(.$'(!?$!Y$100!RV<!1DZ0>?B180B(!!!!!!!,!-./0+0!B!14AN!"A3(M03!6>e!R3+0!!!!!?&>]@0V'!-1nA!c

!!!!!!!!!!!!!!!!LA1S'(!M149'(!@!?1A1>$'(!J+6>!"51+$$!J@N(!M149'1H!KJ$D0+3'(!M149'(!@!J+63'(!M149'(!;>$!J1+6T(!C>+A0'

!!!!!!!!!!!Y&$6!;@&#>!@!"V$D0+3'(!@!"V+63'(!?1A1>$'(!C$150!;3!.#W0>'!(61$0/(!14>V<!c69>!-S!14V$D0+>!"51+$'(!jZA$

!!!!!-#E0!?13@V23!;<!=61$<!"V+63'(!?1A1>$'(!!!!(6nA!@!J130EB!!!!!!?$!RV<!c@0E0!"V+63'(!?1A1>$'(!;GH!g15/,!o@.E!

!R3+>!p1/Parity Bit!!!!;&3!.&#W0'1$!)&'P!@!g15/,!;3!1Q@V/!;3!.#W0'(!@!?1A1>$'(!pEH!:6l'!-./0+>!

"V$D0+3'(@!"V+63'(!?10$'(!..<!c@1+0!_!!

!!

!!!!!!-(./0+1$!?1A1>$'(!J1+6^!"<6+!J80?B180B(!!!!R'(!"A3(M03*'(!##(&))!$!!!!!!!!?1&>AD0!-(./0+1$!@!">A1S'(!LH!?

!R'(!"<6+'(!J80!5l['(!!$("))">A1S'(!LH!?$!!_!!

!!

!g(.,!.302>?B180B(;>V31<!RV<!"A3(M03*'(!!`!!

!a!Channel SpeedRV<!?1A1>$'(!;3!?10$'(!Y[@!"<6+!\.3!I8>!cP'(!J312'(!@Q!@!=1AD'(!"<6+!@,!!

J180T(!=1A]!_!!

"a!ThroughputD3'!j1>D3!@Q!@!!(PQ!=.1>M!;#33'(!;3!@!J180T(!=1A]!6$20!L0'(!=.>Z3'(!?13@V23'(!6(.

g(M9N(!@,!=.>Z3'(!6>e!@!"V512'(!681A2'(!"'(M^!RV<!J320!L0'(!@!5l['(!?1>AD0!-(./0+1$!6(.D3'(!;3!"e61Z'(!

"V+63'(!?1A1>$'(!_!!

V3!J#%$!g(.N(!;>+E0!;#33'(!;3!;>D$1+'(!;>V312'1$!.>9'(!-#E0'1$!@n@E!_!!

!!

!!13,?B180B(!!!d@A'(!(PQ!LH!KJ$D0+3'(!@!J+63'(!;>M149'(!;>$!J180T(!C>+A0'!?>]@0!-1nA!-./0+0H!"A3(M03'(!

!!;3?B180B(!!!!!!!!?(615^!R3+0!?10$'(!;3!?1<@393!;GH!Frames!!!!!!!!!!o>E!@!K!)*+N(!6$<!14'1+6^!@!14V8H!-0>!

!!!!!!!!!!!!)1AQ!j>VH!..E3!LA3M!-1nA!LH!J$D0+0!@!J+60!?10$'(!;,!!"91E-(./0+B!!!!!!!!!J1&+6T1H!I&]@0!?$!@!">(.$!?$!
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!!!!!!!!!!!!=.1&<^!"51+&$$!-0&>!g15/,!o@.E!"'1E!LH!@!K!.>.9!615^!">(.$!Y3!.>.9!;3!,.$>!@!615T(!">14A!Y3!I]@0>

C$1+'(!-1nA'(!;3!">'12H!6S#,!6$02>!-1nA'(!(PQ!@!?1A1>$'(!J1+6^!_!!

!!

!;3!d@A'(!(PQ!LH!"3./0+3'(!">+1+N(!?B@#@0@6$'(!13,!L4H!?B180T(!`!!

!a!Synchronous Data Link Control (SDLC)!_!!

"a!High-level Data Link ControlU!HDLC!_X!!

#a!Binary Synchronous Communications Protocol (Bisync)!_!!

!!

!?B@#@0@6$!-@D0?B180B(!LH!-./0+0!B!-143'(!;3!"<@393$!-1>D'1$!"A3(M03'(!?B180B(@!"A3(M03*'(!!LQ!`!!

!a?(615^!R'(!?1A1>$'(!->+D0!!_!!

"a-#E0!?13@V23!"H1[^!!_!!

#ag15/N1$!-#E0!6>H@0'!?13@V23V'!pEH!!_!!

!!

!"81/!?1A@#3!RV<!c@0E0!14AN!)'P!@!"A3(M03*'(!?13.@3'(!;3!"ZV#0!6S#,!@!RVe,!"A3(M03'(!?13.@3'(!6$020

6S#N(!"A3(M03'(!6>e!?13.@3'(!6$020!@!K;3(M0'(!C>DE0'!(61%0A(!_!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
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!!!"#$%&'()*+!!!!!!!!!!!!!!!!!!!Network  Interface  Card ( NIC ) !!!
!!

!!

!!

!!

!!!!!!!!!!cM(@03!J#%$!;1>69'(!;3!?1A1>$'(!J>@E0!;<!"'@f+3'(!LQ!"#$%'(!"]15$U!ParallelX!!!!!?1&A1>$'(!J&]1A!RV<!!

UBusX!R'^!!!!!J+V+03!J#%$!;1>69'(!USeriesX!!!"#$%'(!)V+!RV<!@Q!"#$%'(!"]15$!LH!"343'(!OP4$!-@D>!cP'(!@!

6'((!J+q!J$D0+3'(!Transceiver_!!!

!!

!!!!!!!!!!!!!!!">VE3'(!"D5A3'(!"#$%!Y3!*803!;@#>!;,!F'!.(63'(!60@>$3#'(!J/(.!140>$S0!-0>!">A@60#'(!"E@'!LQU?A6>ST(!_X

!!!!!!!!!!!!!#'(!=M49,!Y3!-Q1Z0>!;,!;3!60@>$3#'(!;>#30!Y>50+0!=(.W#!"E@V'(!OPQ!J320!o>E!!!!!Y&3!"V803'(!\6/N(!60@>$3

!!!!"#$%V'!"A@#3'(@!"81/!?*>8@0$!14[2$!_!!!!!!!!I&8@!1[>(!"E@V'(!)V0!RV<!CV5>r!!!!Y&3!5$6&'(@!"&f>143'(!=(.,

"#$%'(!r!@,stu!tvwxyz{!"#$%'(!?*>8@0@!60@>$3#'(!;>$!5$60!"5+(@#!J320!o>E!_!!

!!

!!!!!!;>049!"3./$!-@D0!"E@V'(!OPQ!;GH!(P4'@!K!!!!!$3#'(!J/(.'!O190B(!;3H!!!!!!!!?1&3@V23'(!)>6E0$!-@D0!"E@V'(!;GH!60@>

;3!!!!!=6#(P'(!R'^!@|t}!!!!!!!!!!!!!!!!;&3!?1&3@V23'(!;1>69!LH!-#E00!"E@V'(!;GH!60@>$3#'(!h61/'!O190*'!"$+A'1$!13,!K

"#$%'(!?*>8@0!-1nA!R'^@_!!
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!!!!!p1/!J/.3!"]15$'(!OP4'-g*0>!!!!!!!?1Z8(@3!Y3!">AD0!">E1A!;3!?(61%T(!!!"3./0+3'(!">+1>D'(!">A@60#'B(!!!!L&H!

!)'P#@!K"#$%'(!?*>8@0-g*0>J$1#'(!I65!LH!=.@9@3'(!J1/.T(!C65!"><@A!Y3!_!!

!!

!!!I*0/B!6nA'1$@">A1#3^!!!!!!!!!"#$%'(!?*>8@0@!60@>$3#'(!;3!J#!LH!?13@V23'(!)6E0!"<6+!!!!!!!!-1&43!;&3!;G&H!K!!!

$!!!J180B(!"]15u~�!!!!!?13@V23'(!"<6+!I>Z/0$!-@D0!;,!!!!!!!!d6&+,!F&02>$5$!60@>$3#'(!;N!)'P@!K!!"#$%&'(!;&3!!!

4+ZA1!!!K!!!!!!!!!!!!M(@03!;1>69!7@V+,!;3!?13@V23'(!J#%!6>>l0$!-@D0!;,!14>V<!;,!13#\!!!!!!!?&$!">A13S!LH!L0W>!:>6<!

��y'!!!!!.E(@'(!?]@'(!LH!U!!!!!!!!!!O6>e!@,!13]6!@,!1H6E!;>@#0!14A#3>!.E(@!?>1$!"3>]!LQ@X!!!!!!!;1&>69!7@V&+,!R'^!K

!?$!J#%$!)6E0>!C>[��y!3<!LH!g(@+!.E(@'(!?]@'(!LH!=.E(@!">VF'@/."#$%'(!R'^@!;3!F9@6/!@,!_!!

!!

!!!!!!!!!!J180B(!?1]15$!;3!=6>S#!"ZV0/3!d(@A,!)1AQ!;,!Y](@'(@u~�!!!!"&>VE3'(!"D5A3'(!?1#$%!1AQ!p/A@!K!"#$%'1$

U?A6>ST(X!!!!!!!!!!!!!!!!!!!5&$6@!"&f>143!=(.,!6>H@&0!@Q@!1D$1+!O1A6#P!cP'(!J32'(!jZA$!-@D0!12>39!?1]15$'(!OPQ!;#'@!K!!

!!!!!;>$!5>+@'(!J32$!-1>DV'!!!60@>$3#'(!M149!;>$@!"#$%'(!K!!!!!!!!!!!!!d(@&AN(!;>&$!;3!"]15$!61>0/(!LH!"$e6'(!.A<!;#'@!

!!!!!!!!!!!!!!=.&>.2'(!d(@AN(!)V0!;>$!C@6Z'(!-4Z0A!;,!B@,!1A>V<!;GH!K!?1]15$'(!;3!=.>.2'(!!!!!!!!!!;>6&3,!L&H!Y&D>!cP&'(@!K

;>>+>f6`!!

!a!!!!"#$%V'!">.b3'(!"V>8@0'(!d@A`!!!!!!!!81/'(!?*>8@0'(!;3!;><@A!13@3<!)1AQ!;N!!!!!!"&>VE3'(!"D5A3'(!"#$%$!"

!!!?*$1#$!J>8@0'(!C65!JS3!��w�!@!����yzv!�w�{!!!!!!!!!!!!!d@&A!.&>.E0!7&9>!FAGH!K"E@V'(!61>0/(!.A<!FAGH!(P'@

?*>8@0'(!"D>65@_!!

"a!!!!!60@>$3#'(!LH!-N(!"E@V'(!d@A`!!!!!!!!!!!!!!"#$%&'1$!J18&0B(!"&]15$!d@A!..E0!;,!14A#3>!Y](@'(!LH!"E@V'(!OPQ!!K!!

!!!!3'(!RV<!c@0E0!-N(!"E@V'1H!!!!!!60@&>$3#V'!">V/(.'(!?1A@#3'(!J#!Y3!-Q1Z0>!cP'(!@Q!�'123'(!(PQ@!K!cM#63'(!�'12

1423!F'180(!J*/!;3!_!!!

!!!!!!!!!!!!!!!!"]15$!14A3[!;3!L0'(@!K">961/'(!?1A@#3'(!Y3!J80>!1[>,!@4H!1423!J80>!L0'(!">V/(.'(!?1A@#3V'!"H1[T1$@

?13@V23V'!"V]1A!?*>8@0!C>65!;<!)'P@!KJ180B(!���!'^!J80!-0>!"81/!J/(.3!R?>$S014$!"]15$'(!_!!
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Q0'(!J/(.3V'!!"$+A'1$!"81/@!K-N(!"E@V'(!"+.AQ!LH!?S.E!?(6@50!)1A14$!">961/!"E@'!c,!?>$S0!-0>!L!K!!

!!!!!!14V320+0!;,!79>!L0'(!J180B(!"]15$!d@A!..E>!-N(!"E@V'(!"+.AQ!;GH!(P'@K!!!!!!-&+1$!OP&Q!J/(.&3'(!R3+&0!

!I@D%'(���y_!!

!!

!?1A>+E0'(!Y3@!!!!!!!!!!!!!!;3!=.>.9!d(@A,!;GH!K�'123'(!"81/@!60@>$3#'(!?1A@#3$!"81/'(!1>9@'@A#0'(!RV<!?,65!L0'(!

14A3@!1Q6>@50!-0!.]!�'123'(!R'^@!;3!?13@V23V'!"V]1A'(!">V/(.'(!?*>8@0'(`!!

~�t!@!�s�!@!��~!!)'P&#@!K">8/%'(!60@>$3#'(!=M49W$!"81/!"3nA,!LQ@!��}�~t !!!=M49W&$!p1&/'(

!3'(!60@>$3#'("'@3E!!_!!!!!!!d@A!"H623!-43'(!;3!;GH!(P4'@C@D%'(r!J/(.3'(!r!!!!!!!d@&A!.&>.E0'!)'P@!)M149$!"81/'(

"#$%'1$!J180B(!"]15$_!!

!!

!!

Repeater 
!!

!!

!!

!!!=61%T(!?(66#3Repeaters!!!!!!!!!14'1D0A(!.A<!=61%T(!;>Q@0!"V#%3!"9'123'!-./0+0!R'^!!!!!!-@&D0H!"&V>@5!"H1+3!

!!$D0+1$!?(66#3'(!OPQ!!!!!!!!!!!!!!!!!!!OP&4'!�3+&>!1&33!\6&/,!=63!14V+60!-S!140>@D0!@!1Q.>'@0!.>20!-S!?(61%T(!OPQ!J1

!R%*00!@,!I2[0!;,!;@.!=.>2$!?1H1+3!R'(!J@8@'1$!?(61%T(_!!
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!!!!!!!!!!!!!!!!!5(60&%(!Y&3!;&#'!@!">VE3'(!?1#$%'(!Y>+@0'!"V>+@!=61%T(!?(66#3!-(./0+(!6$02>!@!!-(./0&+B!!!j&ZA!

!!!!3'(!;>0#$%'(!LV#!RV<!?B@#@0@6$'(!!!=61%T(!66#3!"5+(@$!;>0'@8@!K!!!!!!!!6>H@0!Y>50+>!B!?(61%T(!66#3H!(P4'!

J180(!?1#$%!@!?A6S^!?1#$%!;>$!Token Ring!!60!Y>50+&0!B!=61&%T(!?(66#3!;,!13#!K!!!=6&0VH!@,!"&39

!!!J#!;,!13#!?(61%T(!!!!!!!!!!!!!!5+@'!J@8@'(!"V>+@!jZA!-./0+0!;,!79>!=61%T(!66#3!"5+(@$!"V803'(!"#$%'(!-1+],!

+6T(!J1 Access Method!!!)*&+N(!J&S3!J180T(!5f1+@!;3!"ZV0/3!d(@A,!;>$!J8@'(!Y>50+0!14A#'!@!K

">68$'(!I1>'N(!)*+,!Y3!">6@E3'(!_!!

!!

!!!!!!!!!!!!!!!!!!B!L4H!J#1%3'(!:2$!;3!LA120!.]!14A#'!@!">VE3'(!?1#$%'(!Y>+@0'!"ZV#3!6>e!"V>+@!=61%T(!?(66#3!6$020

!!!!!!?1A1>$'(!6@63!CH.0!YA30!B!@!60VZ0!!!!!!!!!!!!!!!.&E,!L&H!1&3!"V#%3!?S.E!;GH!L'10'1$!@!J#1%3V'!"$$+3'(!@,!"$@523'(!!!

!">61%0A^!"Z81<!6630+!14A,!13#!K!-1+]N(!L]1$!R'(!JD0A0!14AGH!"#$%'(!-1+],Broadcast Storm!Y>39!R'(!

>E$!;>3./0+3'(!Y>39!R'(!"49@3'(!Jf1+6'(!;3!6>S#'(!"#$%'(!RV<!6%0A0!13.A<!o.E0!L0'(!@!-1+]N(!�$8>!o

!=6.DV'!1$61D3!1Q..<">$12>0+B("#$%V'!!_!!

!!

Hub and Switching Hub!!

!!

!!

!!
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!">M#63'(!?12393'(Hub!;@#>!">39A'(!"#$%'(!pf18/!;3!LQ !!.&D2'(!J&8@'!"#$%'(!M#63!LH!Y393'(!(PQ!!

Y3!14V8@$!"#$%'(!LH!=.D<!J#!)61%0@!14[2$!Y3 (PQ!-(./0+1$!-@D0@!Y393'(!R'^!?(61%T(!J1+6T!J>8@0'(!

"'@8@3'(!.D2'(!"H1# F23 _!!

!!

!"#$%!J>8@0!M149!@Qo>E$!J8@>!6S#,!!Y&3!J&3120>!@Q@!"#$%!;>@#0'!:2$!Y3!M149!;3!Data !!1&4AW#!

">f1$64#!?19@3 Signals !1423!J3120>!B@14AW#!DataZ>!B@!4F>(!RA2>!- IP !!!B@!F&>(!R&A2>!M1&49!-+(!@(!!

!c(!-4Z>gL%___!Q!!g1$64#'(!)60%3!JS3!"51+$!J#$!@cP'( !?>+1#'(@!;@>MZ>V0'(@!@>.>Z'(!R'(!g1$64#'(!J8@>

J+6>@!�>%!-4Z>!B!@4H!:2$!Y3 ?+1#!.@6$'(!-1nA$!10(.'( Broadcat !!!.&E(!.&>6>!13.A<!FA(!c(!g1[&<,!

J+6>!;(!"#$%'(Data !Y>39'!14V+6>!FA1H!1439E!;1#!1343!=M49N(!7E18@!Data$D>!R'(!@Q!14V 5DH!_!!

!!

!?12393V'!">+1+,!d(@A,!o*S!)1AQHubs!`!!!

!a!5%A!Y393!Active Hub!_!!!

"a!J31/!Y393!Passive Hub!_!!

#a!;>9Q!Y393!Hybrid Hub!_!!!

!!

!5%A'(!Y393'(!RV<!=6nA!CVA'Active Hub!!!!?1&2393'(!OP&Q!-&n23!@!K!"5%&A!?12393'(!7Ve,!6$020!K!!!

!!!!!!!=.1<^!RV<!=6.D3'(!14>.'!;@#0!"5%A'(!!!!!!L&0'(!"&D>65'(!jZA&$!"#$%&'(!RV<!?1A1>$'(!?(61%^!J1+6^!@!.>'@0!!!!

!!!!!?(61%T(!66#3!14$!J32>Repeater!!!K!!!!!;>$!=.1<!?12393'(!\.''!!!R'(!!"!!!PZA3!!U!!@1A1>E,!6S#,!!X!!Y>50+&0

!60@>$3#'(!=M49,J180B(!!!@,!P&H1A3'(!..&203!=61%T(!66#3!1A1>E,!?12393'(!OPQ!R3+0!@!K14$!Multiport 

Repeater!K!!J320!L#'!">f1$64#!"]15!R'(!h10E0!"5%A'(!?12393'(_!!

!!

!"V31/'(!?12393'(!Passive Hub!!K!)*&+N(!Y>M@0!?1E@'!14>V<!J1S3!@!K!?12393'(!;3!\6/,!d(@A,!LQ!

!!!!!!!!!!!!!!!!!!!!h1&0E0!B!LQ@!K!14'*/!;3!=613'(!?(61%T(!.>'@0!@,!">@D0$!-@D0!B!@!J180(!51DA#!J320!LQ@!R&'^!!!"&]15!

>f1$64#"!_!!

!!

!!!!!!!!!!!!!!!!"A>94'(!?12393'(!F>V<!CV5>!(PQ!@!.E(@!Y393!;3!6S#,!7>#60$!"#$%'(!Y>+@0!;#33'(!;3Hybrid!Hubs!

)*+N(!;3!"ZV0/3!d(@A,!Y3!"DH(@03!LQ@!_!!
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!!

!!!!!!!!@Q!)>.'!"#$%'(!->380!;,!*S3!:60ZA'Star!!!!!!!!!!GH!K!"#$%'1$!=M49N(!J8@'!Y393!;3!6S#,!-./0+0!@!!!!;1&#!(P

6'!F3./0+0!cP'(!)V+'(!5$!@,!R5l3'(!I0V3'(!h@M'(!d@A'(!;3!@Q!Y393'1$!=M49N(!Shielded Twisted 

Pair (STP)!c6@E3'(!d@A'(!;3!;@#>!.]!:2$!Y3!?12393'(!5$6>!cP'(!)V+'(!;GH!K!Coaxial!!I1&>',!@,!

!">68$Fiber Optic!_!!!

!!

,&------(./!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!   Switch 
!!

'(!F$%>LH!J[H,!.2>!FA#'@!L961/'(!J#%'1$!J@E3 !)'P@!"#$%'(!g(.,!Y>6+0FANY>50+>!;,!!!!J@.&9$!nZ0&E>!

13.A<@!14$!J80>!L0'(!.D2'(!;>@1A< ;3!=61%^!F>'^!J80!!!.@8&D3'(!I.&4'(!R'^!=61%T(!OPQ!J+6>!13!=.D<!!!

;1#!13!j#<!@Q@!5DH ;@.$!.D2'(!J#!R'^!=61%T(!J+6>!;1#!P^!Y393'(!F$!-@D>!g1AS0+( _!!

!!

!-@D> Switch ?1A1>$'(!F>9@0$(@A<!RV<!�(.3023!; MAC address !___!?(M>33!;3  Switch !!!J4&+!F&A,

!J>3E0'(KF>9@0!LH!">'1<!F0<6+! ?1A1>$'(!K!L&52>! bandwidth !!!!=.1&>M$!-@&D>!!L'1&<bandwidth 

100%___!;3 !.9@>!;,!;#33'( Switch LV>!13#!?1D$5'(!;3!.>.2'(!LH`  

!!

!(P^!;1#! Switch R'@N(!"D$5'(!LH Physical layer  R3+>!FAGH switching hub !o&>E !!-@&D>

jZA$ !"Z>n@ hub !Y3!J3120>@ bits 5DH _!!

!!;1#!(P^ Switch ">A1S'(!"D$5'(!LH  data link layer  R3+>!FAGH LAN switch cP'(!@Q@ !.302>

!;(@A<!RV< MAC LH ?1A1>$'(!F>9@0.!!

!!;1#!(P^ Switch "D$5'(!LH "S'1S'(  Network layer  R3+> Routing switch !jZA&$!-@D>@ 

!J3<Router_!!

!!

 

!!
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!Bridge!!

!!

!!

!!

!L+>f6'(!J32'(!@Q!6+9'(!F$!-@D>!cP'(;>0#$%!5$6 !!"#$&%!Y3!?A6S^!"#$%!5$6!JS3!LV/(.'(!7>#60'(!"ZV0/3

Token Ring!;>0#$%'(!?A1#!@'!R0E !!;>@1&A2'(!J#!F$!J@.9$!6+9'(!nZ0E>!@!"ZV0/3!?B@#@0@6$!;13./0+>

.D2V'!">f1>M>Z'( !J@.9!J@.9'(!(PQ!R3+>@F>9@0'(@Q@!!.A<@!6@63'(!"#6E!@!"#$%'(!"$](63$!-@D>! (!3*0&+F!

D>!13!=61%T!J@.9!pEZ$!-@F>9@0'("#$%'(!J/(.!I.4'(!=.D2'(!?A1#!(PGH! !!@!h@6/'1&$!14'!�3+>!-'!"><6Z'(

14'!�3+!\6/,!"><6H!"#$%!LH!?A1#!(P^ h@6/'1$ !_!!

!!

!FV3<!LH!F$%> Repeater FA,!c, =M49N(!;>$!"H1+3'(!=.1>M$!-@D> !K!P/W>0(6(6]F!!!!?1&A1>$'(!F&>9@0!L&H!

RV<!�(.3023 !;(@A< (MAC address) -@D>!o>E  Bridge !-f(@]!J32$ (MAC address)!!RV<!.130<B1$@

?1A1>$'(!J1+6G$!-@D>!-f(@D'(!OPQ 7@V53'(!M149'(!R'^ K !-./0+> Bridge 6l8(!g(M9,!R'^!"#$%'(!->+D0!LH 

K !6$02> Bridge ;3 ">A1S'(!"D$5'(!=M49,( data link layer) _!!!

!!

V'!F3(./0+(!;#3>!M149!@Q!6+9'(!LH!FV3<!I(.Q,!p>/V0!;#3>!@!K!">VE3'(!"#$%'(!RV<!681A2'(!;>$!5$6

;>05DA!`!!

!a">VE3'(!"#$%'(!Y>+@0!!_!!

"a6@63'(!"#6E!Y>M@0!@!-+]!;3!6S#,!R'(!">VE3'(!"#$%'(!->+D0!!Traffic-1+]N(!OPQ!;>$!!_!!
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!!

!JS3!=61%T(!?(66#3!1>(M3!J#$!Y030>!6+9'(!`!!

!a!"#$%'(!)*+,!;>$!5$6'(!"ZV0/3'(!@!"4$1%03'(!_!!

"a?1A1>$'(!.>'@0!=.1<^!!_!!

!!

">'10'(!6@3N(!LH!=61%T(!66#3!RV<!C@Z0>!@Q!@!`!!

!a!61>23'(!.<(@]!M@190!')"(#!14'!i@3+3'(!=M49N(!..2'!RV<N(!.E'(!p/>!13>H!J180B1$!"#$%'1$!

">VE3'(!_!!

"a"3ME'(!\@0+3!RV<!;#'!@!?1A1>$'(!.>'@0!=.1<^!!_!!

#a>H@0!"#$%V'!J[H,!g(.,!6!_!!

&a!Y3!?A6S^!JS3!"ZV0/3!->3180!;3!?1#$%!;>$!J8@'(!Token Ring@0!@!!F>914A>$!?1A1>$'(!-ME_ 

!!

!!!!!!!!!!!!!!!!!1&33!;>3+]!R'(!"#$%'(!->+D0'!6+9!-(./0+1$!"3E.M3'(!?1#$%'(!LH!"919M'(!CA<!"3M,!o@.E!c.1Z0!;#3>

!!!!!!!!;3!:Z/>!@!134A>$!6@63'(!"#6E!dM@>-1E.MB(!!!+]!J#!RV<!!!!!!!!!!-M&E!6@63$!i13+'(!6+9'(!"343!;@#0+!@!-

!!!!!!!!!!!!!!!-+D'(!R'(!L30A>!-ME'(!LH!"49@'(!;(@A<!;@#>!;,!56%$!6/k!R'(!-+]!;3!"49@3'(!?1A1>$'(!!!!!6630&+!cP&'(!

!!!!!B!FA,!RA23$!F>'^>+!!!!!!!!!!!!!!!!R&'(!1[>,!6>%>!14049@!;(@A<!;#'!@!J@N(!-+D'(!;3!"VD0A3'(!?1A1>$'(!-ME!6@63$!�3

!!!!!!FA,!LA2>!133!J@N(!-+D'(!!!!!!!!!!!!!!!!;&3!142A3$!6+9'(!-@D>!L'10'1$!@!LA1S'(!-+D'(!R'(!-ME'(!OPQ!JS3!6>630'!"91E!B

!!!!!!!!!!!!!!!!!!;@.!LA1S'(!-+D'(!Jl%!R'(!c.b>!133!-ME'(!OPQ!6>630$!"51+$!J#$!-@D>+!cP'(!=61%T(!66#3!j#2$!6@63'(

)'P!R'^!"91E_!!

!!

!@;>+E0!RV<!J32>!6+9'(!;,!.9A!1AQ!!-+]!J#!;N!"#$%'(!">'12H!=.1>M!@CDE>!I@+!"#$%'(!-1+],!;3!`!!

!a-ME'(!;3!J],!..<!Y3!J3120'(!!_!!

"a?13.180'(!;3!J],!..<!!_!!

#a6$#,!">V<1Z$!J32'(!!_!!

!!

!JS3!"ZV0/3!?B@#@0@6$!Y3!J320!?1#$%!;>$!5$6'(!6@+9'(!Y>50+0IPX!@!TCP/IP!@!OSI!_!!

!!

!!!!!!!!!!!B!L&4H!(P4'!@!"ZV0/3'(!?B@#@0@6$'(!;>$!M>>30'(!6@+9'(!Y>50+0!B!!!!!!!!!!;&3!"&3960'(!@,!J&>@E0'1$!-@&D0!!
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!!!!!!!!!!!!!!!!"49@3'(!60@>$3#'(!RV<!I620'1$!-@D0!J$!"ZV0/3'(!?1#$%'(!;>$!?1A1>$'(!-ME!6>630!g1AS,!6/k!R'(!J@#@0@6$

!!!!J$D0+&3'(!M149V'!J@#@0@6$'(!RV<!I620'(!"343!)600!@!"3ME'(!j,6!LH!J$D0+3'(!;(@A<!=g(6D$!-ME'(!F>'(

"#$%'(!;3!6/m(!I65'(!RV<!_!!

!!

;><@A!R'(!6@+9'(!-+DA0!`!!

!a.@M3'(!M149!J/(.!7#60@!">V/(.!!M149!LH!LV/(.!6+9!;3!6S#,!-(./0+(!-<.0!J>l%0'(!"3nA,!:2$!@!K

.@M3'(!_!!

"a"VD0+3!=M49,!;<!=61$<!;@#0!@!">961/!!_!!

!!

13Q!;>3+]!R'(!14V3<!7+E!6@+9'(!-+D0!@!`!!

!a!">VE3!6@+9!Local!_!!

"a!\.3'(!=.>2$!6@+9Remote!_!!

!!

!!>VE3'(!6@+9'(!-@D0!!!!!!">6@E3'(!)*+N(!;>$!5$6'1$!"!!!!!!!!!!!!1+&]N(!OP&Q!;@&#0!@!K!"#$%'(!;3!"ZV0/3'(!-1+]�'!!-

!!6%1$3!J#%$!"V803_!__!!!!!!1$!-@D0!14AGH!\.3'(!=.>2$!6@+9'(!13A>$!!!!!">VE3'(!)*+N(!;>$!5$6'!!!!!!=.&>2$!)*&+N(!@!

!!!!=69b3'(!I014'(!)*+,!JS3!\.3'(!!!K!+>0!!!!!;3!d@A'(!(PQ!-./!!!!!!!!14V8&Z0!">VE3!?1#$%!=.<!;>$!J>8@0V'!6@+9'(

!!!!!!!!!!!!!!!!!!!123!;(6+9!J32>!;,!79>!J$!O.E!@!J32>!B!\.3'(!.>2$!6+9'(!;GH!"'1E'(!OPQ!LH!@!K"2+1%!?1H1+3!!!h@M#!

=69b3'(!I014'(!5@5/$!O6@.$!J80>!cP'(!@!;3(M03!-.@3$!J80>!;,!79>!6+9!J#!@_!!

!!!

"#$%'(!RV<!M149!J#!;,!,.$3!RV<!6@+9'(!J320.>6H!;(@A<!F'!U!MAC AddressX!1DH@!-ME'(!F>9@0!-0>!

;(@A2'(!(P4'!_!!

!!

!!!!!!!!!!!!!!!!!!!o>.&E0!-0&>!@!K!"#$%'(!RV<!=M49N(!;<!?13@V23'(!Y39!Y>50+0!L4H!">#P'(!?13+'(!:2$!6@+9'(!)V030

!!!!!!!!!!!!!!!!!!!!!-&V20!-&+(!">81/'(!OPQ!RV<!CV5>@!K!"#$%V'!140H1[^!@,!=M49N(!JDA!14>H!-0>!=63!J#!LH!?13@V23'(!OPQ

'(!6@+9Bridge Learning!_!!

!!

!!!!!!!!!!!!!!!!!!!@!"#$%&'(!R&V<!=M49N(!J#!R'(!"49@3!Jf1+6!J1+6G$!-@D0!;W$!"#$%'(!RV<!=M49N(!RV<!6@+9'(!I6200
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!!!!!!!!!!!!!!!!!!?13@V23'(!OPQ!Y39!.2$!-@D0!@!K142](@3!@!14A>@1A<!RV<!I6200!6@+9'(!;GH!.6'1$!=M49N(!OPQ!-@D0!13.A<

!F>9@0!J@(.9!g1%AT!143(./0+1$Routing!Table!_!!

!!

!!!!!!!!!!LQ!@!6@+9'(!14$!-V200!\6/,!"D>65!)1AQ!@d130+B(!!!!!!!!!!13.A2H!K14'*/!;3!=613'(!?1A1>$'(!-ME!RV<!I%#'(!@!

!!!!!!!!!!!!!!!!!!Y3!"3ME'(!j,6!;3!O,6D>!cP'(!@!"3MEV'!J+63'(!60@>$3#'(!;(@A<!"A61D3$!-@D>!FAGH!13!"3ME!6+9'(!-V+0>

!!!!!!!!!6S2>!-'!(PGH!K!F>9@0'(!J@.9!LH!1D$+3!"AM/3'(!;>@1A2'(!!!!!!!!!!F&AGH!F>9@0'(!J@.9!;3[!;(@A2'(!(PQ!RV<!6+9'(!

F>9@0'(!J@.9'!630+3'(!o>.E0'1$!6+9'(!-@D>!(P#Q!@!J@.9V'!F0H1[G$!-@D>_!!

!!

!!;m(!@!143V+0>!L0'(!"3ME'(!j,6!;3!1[>,!O,6D>!cP'(!@!J$D0+3'(!60@>$3#'(!;(@A<!"A>123$!6+9'(!-@D>!13#

">'10'(!?B1E'(!LH!J2Z>+!(P13!6A'!`!!

!!

,B@!`!!!!!!!!!!!!!!!!;B1&30E(!)1&AQ!"&'1E'(!OP&Q!LH!K!F>9@0'(!J@.9!;3[!J$D0+3'(!;(@A<!.9@!.]!6+9'(!;,!:60ZA!`!!

!!

!a!!!!!!!!!!!!!!!!!!!!jZA!R'(!L30A>!B!J$D0+3'(!;(@A<!;1#!;,!"'1E!LH!)'P!@!7@V53'(!14A(@A<!R'(!"3ME'(!6+9'(!F9@>!;,!

!!!!!!!!!!!J$D0+3'(!@!J+63'(!;>M149'(!;,!c,!J+63'(!;(@A<!F>'^!L30A>!cP'(!-+D'(!!!!!!!!"&ZV0/3!-1+&],!R&'(!;1&>30A>!!_!!

"a!!!!!!!!!!!!!!!!!!!!!j&ZA!R'(!L30A>!J$D0+3'(!;(@A<!;1#!;,!"'1E!LH!)'P!@!1Q6>3.0!@!"3ME'(!OPQ!JQ190>!6+9'(!-@D>!;,!

!!!!!!!!!-1+&],!;>&$!J8&>!FA,!o>E!6+9'(!-(./0+T!L<(.!B!"'1E'(!OPQ!LZH!J+63'(!;(@A<!F>'^!L30A>!cP'(!-+D'(

jZA!LH!RD$0!;,!79>!"3ME'(!13A>$!"ZV0/3!=60VZ$!-@D>!6+9'(!;,!LA2>!(PQ!@K!6/k!-+]!R'(!JD0A0!B!@!-+D'(!

F'*/!;3!630!L0'(!?1A1>$'(!-ME!_!!

!!

1>A1S!`!!!!F&>9@0$!6+&9'(!-@D>!"'1E'(!OPQ!LH!K!F>9@0'(!J@.9!;3[!J$D0+3'(!;(@A<!.9>!-'!6+9'(!;,!:60ZA

!!!!!!!!!!!!!!!!!&49'(!F&>'^!L&30A>!cP&'(!-+&D'(!\.&<!1&3!"#$%&'(!-1+&],!J#!R'(!"3ME'(!OPQ!!"&3MEV'!J&+63'(!M1!_!!

!!

!!!!!!!!!!!!!!!!!=.<!-(./0+(!Y3!.>M>!1Q.>D20!;#'!@!"51+$'(!;3!6>$#!\@0+3$!.E(@!6+9!-(./0+1$!"2+@3'(!?1#$%'(!J320

6@+9!_!!

!!

!!

!!
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!!

!Routers 
!!

!!

!!

(.9!-43!J32$!?149@3'(!-@D0!d@6Z'(!?(P!?1#$%'(!LH! !-@D0!14A^!P^!=..203'(`!!

!a#$%!;3!?(61%T(!J1+6G$?1#$%'(!OPQ!?A1#!@'!R0E!\6/,!R'^!" !"><6Z'(!?1#$%'(!;3!..2$!"'@8Z3_!!

"aY>6+'(!J@8@'(!J9,!;3!C65'(!J[H,!�>[@0!!7@V53'(!M149V'_ 

LH!.9@>@ !J@.9!?149@3'(F>9@0!14A3!6@3,!=.2$!FA<!M>30>!@!6@+9'(!J@.9!JS3!!__J@.9!.302> F>9@0'(!LH!

1]6,!JS3!?1#$%'(!;>@1A<!RV<!?149@3'(!- IP Y>6+'(!61+3V'!"561/!F$!@ !@!\6/N(!?149@3'(!@!d@6Z'(!;>$

14A>$!"V81Z'(!?1H1+3'( _!!!

!!

!;3!:6l'( Router 610/>!L#'!F>'^!"3.1D'(!?1A1>$'(!61$0/(!@Q !!!�(.&3023!1&44>9@0$!-@&D>@!14'!61+3!;+E,!!

!RV< IP address !"""!"343'(!If1n@'(!;3 !�(.9 (!1>9@'@A#0!5$6$!-@D>!FA,">A1S'(!"D$5' data link layer 

JS3!"ZV0/3'( Ethernet @ Token-ring !@ . FDDI !!

!!6$02> Router .@32'(!@Q !J@#@0@6$!RV<!�(.3023!?A60AT(!LH!c6DZ'(  IP #! Router !"&D$5'(!=M49,!;3 

"S'1S'( ( Network layer ) _!!

!!
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!!F9@3'(Router!!!!!!!!E>!@!">VE3'(!"#$%'(!Y>+@0'!-./0+>!M149!@Q!!!!!!!!!-1+],!;3!;@#00!L0'(!?1f>$'(!LH!B180(!CD

"ZV0/3!?B@#@0@6$!@!->3180!?(@P!?1#$%_!!

!!!

14A3!6@+9V'!"4$1%3!J13<W$!?149@3'(!-@D0`!!!

!a"ZV0/3'(!"#$%'(!-1+],!;>$!6@63'(!"#6E!=60VH!!_!!

"a123!"#$%'(!-1+],!5$6!!_!!

!!

>39'!"49@3'(!Jf1+6'(!6@63$!�3+0!B!6@+9'(!j#2$!@!14A#'!@!;>3./0+3'(!YBroadcast Messages_!

?1#$%'(!;>$!6@63'(!"#6E$!J[H,!13#E0!?149@3'(!6H@0!-1<!J#%$!_!!

!!

!!!!!14V3E0!L0'(!@!"#$%'(!"A@A2'!=.D23'(!?13@V23'(!=g(6]!?149@3'(!Y>50+0!!!!;,!Y>50+&0!1&3#!K!?1&A1>$'(!-ME

@0V'!=..E3!?13@V23!J.1$0$!)'P$!-@D0!@!?1#$%!=.<!6$<!-ME'(!OPQ!F9"ZV0/3'(!?1#$%'(!;>$!?B@#@0@6$!_!!

!!

!!!!!!!!!!!!!!!!-(./0&+(!14'!�>0>!)'P@!K"#$%'(!RV<!\6/N(!?149@3'(!Y3!F>9@0'(!?13@V23!"#61%3$!?149@3'(!-@D0!13#

!!!!!!!!!!!!!!!!!OP&Q!-./0+0!13#!KJ180T(!C>DE0!LH!J%Z0!L0'(!"2+(@'(!"#$%'(!5$(@6!J@E!F>9@0'(!=.1<T!?13@V23'(!OPQ

!?13@V23'(61>0/B'(!@!PZA3'(!1Q1DV00!L0'(!?1A1>$'(!-ME!F>9@0'!7+AN(!61+3!_!!

!!

!!!!!!!!!!!!!!!J@&#@0@6$!"&3960$!-1>D'1$!"2+(@'(!?1#$%'(!@!">VE3'(!?1#$%'(!;>$!5$6'(!?149@3'(!Y>50+0TCP/IP!!@,!

!J@#@0@6$!1434Z>!"l>8!;3!?1A1>$'(!"3ME!LH!"49@'(!;(@A<!"3960!C.,!RA23$TCP/IP!">VE3'(!"#$%'(!LH!

@6$!1434Z>!"l>8!R'(!J@#@0Frame Relay"2+(@'(!"#$%'(!LH!!_!!

!!

!!!!!!!!!!14V],!.>.E0!@!"#$%'(!RV<!?(61+3'(!"$](63$!F9@3'(!-@D>131E.M(!!!!!!!!!!"&'1E!LH!@!K!1Q6$<!?1A1>$'(!-ME!F>9@0'!

!!!!!!GH!J$D0+3'(!LH!13E.M3!O61>0/(!-0!cP'(!61+3'(!(PQ!�$8,!;,!!!6&/k!61+&3!61&>0/(!;#33'(!;3!FA!K!!-./0+&0

'!F>9@0'(!J@(.9!?149@3'(14V$D0+>!L0'(!-ME'(!"49@!;(@A<!.>.E0!_!!

!!

F>9@0'(!J@.9!c@0E>U!Routing TableX">'10'(!?13@V23'(!RV<!!`!!

!a"#$%'(!;>@1A<!Y>39!!_!!

"a\6/N(!?1#$%'1$!J180T(!">Z>#!!_!!
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#a"#$%'(!?149@3!;>$!=6H@03'(!?(61+3'(!!_!!

&a!OPQ!6$<!?1A1>$'(!J1+6^!"ZV#0!(61+3'(?!_!!

!!

!149@3'(!I6200!!!!!!!!!!!!!!!!!!!@!K!"#$%&'(!R&V<!?1&49@3'(!;3!1Q6>e!Y3!o.E0'1$!14'!�3+0!L0'(!?1#$%'(!-1]6,!RV<!?

"#$%!"]15$!J#!14'!L30A0!L0'(!?1#$%'(!;>@1A<!RV<!)'P#!I6200!_!!

!!

!!!!!!!!!!!!!!!!!!@!K6@+&9'(!143./0+0!L0'(!)V0!;<!IV0/0!?149@3'(!143./0+0!L0'(!F>9@0'(!J@(.9!;,!nE*A!;,!-43'(!;3

!!;3#>I*0/B(!!!9!;,!LH!!!!!!!!!!J@#@0@6$!;>@1A<!RV<!c@0E0!6@+9'(!LH!F>9@0'(!J@(.MAC!!!!!!!R&V<!M1&49!J&#'!

!!!!!J&#!;(@&A<!RV<!j>'!@!123!"5$063'(!?1#$%'(!;>@1A<!RV<!?149@3V'!F>9@0'(!J@(.9!c@0E0!13A>$!K"#$%'(

"#$%'(!RV<!M149!_!!

!!

!!!!!!!!!!!!!!23!?1>V32$!-@D0!;,!79>!?149@3'(!;N!)'P!@!6@+9'(!7Ve,!;3!W5$,!?149@3'(!6$020D!!!!!!"&3ME!J&#!RV<!=.

!1Q1DV00!?1A1>$!!!K!!!!!!!!!!J@N(!F&9@3'(!;GH!=.>2$!"#$%!R'(!"49@3!;@#0!L0'(!@!?1A1>$'(!-ME!?149@3'(!-V+00!13.A<

14>'^!"3ME'(!->V+0!7@V53'(!=.>2$'(!"#$%'(!6>.>!cP'(!F9@3'(!R'(!"3ME'(!F>9@0$!-@D>!_!!

!!

!!!!!!!!!!'(!-@D>!6/k!R'(!F9@3!;3!6@63'1$!?1A1>$'(!-ME!-@D0!13A>$!!!!!!!!L&H!J$D0+3'(!@!J+63'(!;(@A<!h(6/0+1$!F9@3

!!!!!!!!!!!!!!!!!"&>V3<!;#'!@!KF23!CH(@0'(!@!F34H!"V$D0+3'(!"#$%'(!J@#@0@6$!Y>50+>!J#%$!1340f>Q!6>>l0$!-@D>@!"3ME'(

"V$D0+3'(!@!"V+63'(!"#$%'(!;(@A<!RV<!5DH!.3020!13A^!@!;>@1A2'(!OP4'!1DH!@!-00!B!F>9@0'(_!!

!!!

$!F9@3'(!-#E0!">V3<!;3[00LV>!13!-ME'1!`!!

!a"#$%'(!6$<!6@63'(!;3!"$@523'(!?1A1>$'(!YA3!!_!!

"a!J>VD0!-1E.M(6@63'(!"#6E!UTrafficX?1#$%'(!;>$!!_!!

#a6@+9'(!Y3!"A61D3'1$!?1#$%'(!;>$!?*8@V'!=g1Z#!6S#,!-(./0+(!!_!!

!!

>V<!CV5>!6l8,!-1+],!R'^!=6>$#!"#$%!->+D0'!F9@3'(!"A@A<!-1nA!-(./0+(!;#33'(!;3!=.1<!14Subnets!_!!

!!

!;>3./0+3'(!J#!R'(!"49@3'(!Jf1+6'(!6@63!;3!YA30!?149@3'(!;,!o>E!@Broadcast Messages!14AGH!

!I8(@<!o@.E!;3!YA30!L'10'1$Broadcast Storms!_!!
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!!

!?149@3V'!;1>+>f6!;1<@A!)1AQ!`!!

!a!"A#1+!?149@3!Static!_!!

"a!">#>31A>.!?149@3!Dynamic!_!!

!!

149@3'(!7V500L'10'1$!-1>D'(!"#$%'(!6>.3!;3!"A#1+'(!?!`!!

!a14$!-#E0'(!@!F>9@0'(!J@(.9!.(.<^!!_!!

"a"#$%'(!RV<!=6H@03'(!?(61+3'(!@!?149@'(!.>.E0!!_!!

!!

!!%'(!6>.3'!"V#@3!-143'(!OPQ!;N!(6nA!@6$#,!;@#>!;3N(!6(.D3!;GH!"#$!!K!!!!!L&4H!"&>#>31A>.'(!?1&49@3'(!13,

!!!!@!?149@'(!RV<!14+ZA$!I6200!!!!!!!!!!!!!!!!@!.(.&<T(!;&3!J>f[!6(.D3!R'(!h10E0!L4H!(P4'!@!K"#$%'(!RV<!?(61+3'(!

!!!!!!!!!!!-@D0!LQ!@!K"A#1+'(!?149@3'(!;3!(.>D20!6S#,!6$020!14A#'61$0/1$!!!!!!!!R&V<!\6&/N(!?149@3'(!;3!?13@V23'(!

!!!!!!14A3!J3(@<!=.<!RV<!6(6D'(!(PQ!.302>!@!"#$%'(!6$<!-ME'(!F>9@0'!7+AN(!6(6D'(!P/00'!"#$%'(!`(!!"&ZV#0'@!!

!6(.D3-1E.MB("ZV0/3'(!?(61+3'(!6$<!!_!!

!!

!!

14A3!@!K!?149@3'(!@!6@+9'(!;>$!"#60%3!If1n@!@!?1Z8!)1AQ!`!!

!a?1#$%'(!;>$!-ME'(!F>9@0!!_!!

"a"2+(@'(!?1#$%'(!?*8@!6$<!?1A1>$'(!J1+6^!!_!!

!!

!!!!!!!!!!!!!!!!LH!134A>$!C>6Z0'(!6+!;3#>!;#'!@!K!;>M149'(!;>$!g63'(!5V/>!.]!1A1>E,!@ME!!!?1A1>$'(!-!!K!!!C6Z'(!">b6!;#3>

!!!!!!!!!!!!!!!!!!!I620>!-'!(P^!@!J$D0+3'(!M149'(!;(@A<!@!J+63'(!M149'(!;(@A<!\@+!\6>!B!6+9'(!;,!1AH6<!(P^!L+1+N(

!!!J$D0+3'(!M149'(!;(@A<!RV<!!!!!!!R'(!"3ME'(!6>630$!-@D>!FAGH!!!!;m(!K!FA3!?DV5A(!cP'(!-+D'(!\.<!13!-1+]N(!J#!

!!!!!1+],!@!=6>l8!"#$%'(!?A1#!(P^!!!!!!!!!!!!!!!J1+6^!;GH!=6>S#!1431+],!@!=6>$#!"#$%'(!?A1#!(P^!;#'!@!"V#%3!*H!"V>V]!143

!!!!!!!!)&'P!\.,!1&3$6!J$!n@EV3!J#%$!14f15$^!R'(!c.b>+!"#$%'(!RV<!=M49N(!@!-1+]N(!J#!R'(!"3ME'(!OPQ!JS3

14Z]@0!_!!

!!

!!!!!!!!!!!14A#'!@!"#$%'(!RV<!M149!J#!YD>!;>,!.>.E0'1$!I620!B!L4H!?149@3V'!"$+A'1$!13,!;(@A<!I620!)'P!;3!B.$!
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!!!!!!!!!!!!!!!?1#$%&'(!OP4$!"V803'(!\6/N(!?149@3'(!;>@1A<!)'P#!I620!13#!"2+(@'(!"#$%V'!"A@#3'(!"ZV0/3'(!"#$%'(

!!!!!!!!!!!!!!!!!!!!!!!o@.&E!)'P&$!Y&A30!@!;>3./0+&3'(!J&#!R'(!Jf1+6'(!(.$,!6630!B!14A,!13#!K!14>'^!"$+1A3'(!-ME'(!F>9@0'

Broadcast Storm!_!!

!!

!!!!<!B^!6@+9'(!I6200!B!!!!!!!!!!!!!!@!=6H@&03'(!?(61+3'(!Y>39!RV<!I6200H!?149@3'(!13,!?1#$%'(!;>$!.>E@!61+3!RV

!1Q6$0/061>0/B6@+9'(!;3!W5$,!J#%$!?1A1>$'(!6630!14AGH!?149@3'(!J3<!.>D20'!(6nA!;#'!@!K!14A>$!J[HN(!!_!!

!!

!!

1]*5A(!"91E$!?+'!)AGH!"D$1+'(!J3(@2'(!Y>39!;3!-(./0+B1E'(!LH!B^!?149@3'(!">'10'(!?B!`!!

!a!RV<!)>.'!"#$%'(!-1+],!c@0E0!")6S#,!@,!(M149!!_!!

"a!JS3!=.D23!?B@#@0@6$!-./0+0!14[2$!@,!-1+]N(!J#!TCP/IP!_!!

#a!"#$%!J>8@0!R'(!h10E0!LAN!"#$%!Y3!WAN!_!!

!!

!!

!!

Brouters 
!!

!!

!!
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Q@!!!!!!R3+&>!@!?1&49@3'(!@!6@+&9'(!;&3!J&#!?(M>3!;>$!Y39>!M149!Brouter!@,! Multiprotocol 

Router!@!K!!!!!!!!!!!!!!!!)1AQ!;@#0!B!13.A<!?B@#@0@6$'(!L]1$!Y3!6+9#!@!J@#@0@6$!Y3!F9@3#!J32>!;,!Y>50+>!@Q

!"91E-(./0+BF9@3'(!!_!!

!!

!-@D>Brouter">'10'(!-143'1$!!`!!

!aF>9@0V'!"V$1]!@!=610/3!?B@#@0@6$!F>9@0!!_!!

"a?B@#@0@6$'(!6@63$!i13+V'!6+9#!J32>!?149@3'(!Y3!"DH(@03'(!6>e!!_!!

#a123!F9@3!@!6+9!-(./0+(!;3!6$#,!=g1Z#!@!J],!"ZV#0!CDE>!!_!!

!!

!!

Gateways!!

!!

!!

!!

!@,!"$(@$'(Gateway;13./0+>!;>31nA!;>$!5$6>!M149!L4H!!`!!

!a"ZV0/3!?B@#@0@6$!!_!!

"a?1A1>$'(!-ME'!;>1$03!->380!!_!!

#a"ZV0/3!?1l'!!_!!

&a"ZV0/3!->3180!!_!!
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!!

!@!?1$(@$'(!RV<!B1S3!P/WA'!LA@60#'T(!.>6$'(!"$(@$!;#>'!`!!

!B@,!`$D0+0;>23!J#%!LH!"'1+6'(!"$(@$'(!J!_!!

1>A1S!`!J#%!R'(!"'1+6'(!-9600F3(./0+(!J$D0+3'(!Y>50+>!.>.9!_!!

1S'1S!`14V$D0+3!R'(!"'1+6'(!F9@0!_!!

!!

!!!!!J320!L0'(!?1#$%'(!5$6!?1$(@$'(!Y>50+0!!!!!!!!M@.A>@!.@M3!JS3!"A>1$03!?1f>$!LH!NT!!!!!"3nA,!"#$%!@!IBM!!!LQ!@!

!!!!!!!!!!!!!!!!!!!-&S!1&4A3!J@#@0@6$'(!?13@V23!J#!"'(MG$!-@D0!-S!R'@N(!"#$%'(!;3!?1A1>$'(!-ME!-V+0$!-@D0!;W$!)'P!J2Z0!!

!$'(!-@D0!13!�(P^!K!"V$D0+3'(!"#$%'(!LH!-./0+3'(!J@#@0@6$'(!?13@V23!14>'^!I>[0!@!"3ME'(!J>#%0!.>20!!"&$(@

!J@#@0@6$!;3!"V31#!J>@E0!">V3<!@Q!1DE!F$R'^6/k!J@#@0@6$!!_!!

!!

!!!!!!!!!!!!!!!!!!!@!"&$(@$'(!6@.!72V'!"2+(@'(!?1#$%'(!LH!p1/!.@M3!6>H@0!-0>!1$'1e@!K!=..E3!"343!?(@P!?1$(@$'(!6$020

!!!!!P&'!"#V40+&3'(!6@3N(!;3!6$02>!?B@#@0@6$'(!;>$!J>@E0!;3!"$(@$'(!14$!-@D0!L0'(!?1>V32'(!;N!(6nA!@!=6#(

!!!!!!!!!!!!!!!!!!!F>'^!J#@0!B!;,!@!"343'(!OP4'!5DH!p8/3!"$(@$'(!6@.$!-f1D'(!M149'(!;@#>!;,!;+E0+>!FAGH!M149'(!.6(@3

\6/,!-143_!!

!!!

LV>!13>H!?1$(@$'(!1>(M3!JS300!`!!

!a">'12H!@!=g1Z#$!=..E3'(!140343$!?1$(@$'(!-@D0!!_!!

"a=M49N(!L]1$!RV<!J3E'(!;3!IZ/0!!_!!

!!

JS300H!7@>2'(!13,LV>!13$!!`!!

!a">1lV'!=.@.E3!143143!;,!!_!!

"a14V3<!�5$!!_!!

#a;3S'(!"ZV#3!_!!

!!

!!
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 What is A protocol ? 
!!

!!

!!

"#$%&'(%!")!*+&),)!"+!-./0+!12!34&5&6&.0(% !!!!"7!89:;$!/9$$7!<9#=&!>?/@6A(!8BC6D6!16(%!3%E%.,F%&

?/G)5!*#D/)&:0B(% H/6=6 !82/9I6(%&!?+/I6(/0!*I:6C)!?&B!")!"##D/)&:0B(%!8/#J!*#I#5!BB=6!*$#;)!34&5&6&.0 

!/)#K!?/@6F%&34&5&6&.0(%!"LK!>8M$#0 >*)M)(%!NI$!/M(!.6&#0)5(%!3/50O!1K !3%E%.,F%&!"#$%&'(%!BB=6!1MK

3%.6&#0)5(%!"#0!?+/I6(%&!?/@6F/0!85=66!16(% *50O(%!P:+!*I:6C)(%.!!

!!

34&5&6&.0(%!QC#!/)#K!/M6K.;)!R,#!.&)S%!T;0!U/$2 12!V 

1W!:)+!1K!*I:6C)(%!34&5&6&.0(%!")!.#G5(%!U/$2/M6I#X&&!/M. 

2W!/)!?)+!Y#I$6(!/;)!?);6!"7!"5))(%!")!34&5&6&.0!-B+. 

3W!?&5&6&.0!?5( Z0&#+!&![/#%\). 

4W!8D%!/#&D!?);6!16(%!34&5&6&.0(%!*+&),)!P:+!]:^# Protocol Stack &7 Protocol Suite  

 

P:+!34&5&6&.0(%!")!*+&),)!?#C6!"5)# 5!1K&!]0%&^!-B+!")!"&5)!E/$0!/M$%!?&5&6&.0!B,&#!*'0^!?

*I#X&0!8&'#!"#;) -BB=) _.CS%!]0%&^(%!1K!34&5&6&.0(%!")![.#`!a)!?)/56#&.!!

!!

*#:);(% YI$6!*$#;)!-&^C!?5!1K&!>3%&^C(%!")!*+&),)0!.)6!*50O(%!P:+!3/$/#0(%!?'$(!*:)/5(% !-BB9=)!8/M)!!

>_.C7!-&^C!1K!/2Y#I$6!"5)#!4 &7!BB=)!?&5&6&.0!-&^C!?5(& ),)!!!!Y9#I$6!*9#I#5!BB9=6!34&5&6&.0!*+&
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[Y2!"7!/)5!>-&^C(%![YM0!*':;6)(%!8/M)(% *M0/O6)!"&56!3%&^C(% !"7!*X=b)!R,#!/)5!>*50O(%!P:+!\/M,!?5(

?D.)(%!\/M,(% !!?0'6D9)(%!\/9M,(%!8&'#!/)$#0!?IDS%!P(%!P:+S%!")!3%&^C(%![Y2!c/06/0!8&'# !c/906/0 !![Y92

IDS%!")!N&5;)!?5O0!3%&^C(%P:+S%!P(%!?. 

 

\/M,(%!1K *#(/6(%!8/M)(/0!8/#'(%!"+!Z(&dD)!34&5&6&.0(%!"&56!?D.)(%:  

1W!8#D'6 8\=!P(%!3/$/#0(%. 

2W!8\=(%!P(%!*$&$;(%!3/)&:;)!*K/ef. 

3W!.#e=6 ?/D.A(!3/$/#0(%. 

 

?);(/0!?0'6D)(%!\/M,(%!1K!34&5&6&.0(%!8&'6!/)$#0 1(/6(%:  

1W!/$/#0(%!8\=!^/'6(%?/@6F%!^D&!")!3. 

2W!8\=!?/CBf *50O(%!*J/^0!.0+!.6&#0)5(%!?C%B!P(%!3/$/#0(%. 

3W!3/$/#0(%!8\=!?5!a#),6 8\=(%![Y2!P(%!*K/e)(%!85=6(%!3/)&:;)!-E%.J&!*:D.)(%. 

4W!")!3/$/#0(%!gD$ /M;#),6!-B/+F!*6Jh)!-.5%Y!P(%!8\=(%. 

5W!/M;#),6!B/;)(%!3/$/#0(%!.#.)6 i)%.0(%!P(%8%BC6DA(!*:0/J!*)&MI)!-.&@!1K!. 

!!

".'(%!")!3/$#$/)G(%!j@6$)!P6= !"7!P(%!>/;)!?/@6F%!P:+!-.B/J!.#`&!*(&\;)!*#:=)(%!3/50O(%!3$/5!]0/D(%

3)B'6 1K!*)BC6D)(%!3/#$'6(% /)#K!?/@6F%!P:+!-.B/J!3/50O(%![Y2!3=0@7&!3/50O(% !!3/509O!"#&56(!/M$#0

.057k!!

!!

#0(%!*5.=!P:+!]:^#.B@)(%!*50O(%!")!3/$/lSourcemP(%! !!*9M,&(%!*50O9(%lDestinationm!!!-B9+!.90+!

Z#,&6(%!8D%!3%./D) Routing !!kkk34&5&6&.0(%!/)7 !!!3/50O9(%!"#90!3%./D)(%!-BB;6)!34/@6F%!8+B6!16(%

34&5&6&.0(%!P)D6K!*#:=)(% !Z9#,&6:(!*:0/'(%! Routable Protocols>!!!!34&95&6&.0(%![Y92!"S!%.9X$&!

1K!8BC6D6 .)6D)!B/#B\%!1K!/M6#)27!"LK!*;D%&!*50O!"#&56(!*#:=)!3/50O!-B+!^0.. 

!!

!!

!!
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 Connection-Oriented  And Connectionless Networks!!
 

8D'$6 "#)DJ!P(%!8/+!?5O0!34&5&6&.0(%:  

 Connection-Oriented Network - 1 

 Connectionless Network -2 

!!

$(%!")!?&5&6&.0(%!8&'#?&S%!c& Connection-Oriented B%B+L0 !!&7!*9#.2/X!-.d%B!P)D#!.O/0)!?/@6%

*#e%.6K% Virtual Circuit -\M,S%!"#0 *:@6)(% !!*9#(/+!*#J&G&)!.O/0)(%!?/@6F%!%Y2!]'=#&!>*50O(%!1K

8#:D6( !!*50O9(%!E%B7&!?9)+!1K!n^0!P(%!oBh#!BJ!Z$5(&!3/$/#0(% � !!?&95&6&.0!.906;# Transmission  

Control  Protocol !./@6C%& TCP !!!!!-BB9=)!34&95&6&.0(%!P9:+!/=9e%&!4/9G) !!?/@96F%!*9M,& 

Connection-!Orientedk!! 

!!

1$/G(%!c&$(%!")!34&5&6&.0(%!/)$#0 Connectionless !!?0'6D9)(%!.6&#0)5(%!a)!%.O/0)!4/@6%!.K&6!4!/M$LK

?/D.f!?0J 1$;#!/))!>3/$/#0(% 7!*+.D0!?'6$6!3/$/#0(%!"7>*50O(%!E%B7!")!"D=#!/))!.05 !!!*9'#.^(%![Y92!"5(&

%Yf!/)#K!*K.;)(!?#0D!4!Z$S!%.X$!*#J&G&)(%!*)/6!3D#( 3GB= !!!!!.906;#&!><B9=6!89(!87!?/9D.F%!E/$G7!E/^C7

?&5&6&.0Internet Protocol !!./@96C%& IP !!!!!!?/@96F%!*9)#B+!34&95&6&.0(%!P9:+!/=9e%&!4/9G) 

Connectionlessk!!

 

X=b)99*:!!!

R,#P6=!*I:6C)(%!34&5&6&.0(%!?)+!8X$#!"7! !!8#9X$6!P:+!]:^#&!>/M:)+!1K!Q'$!&7!T./;6!o7!<B=#!4

34&5&6&.0(%!"#0!8/M)(% 8D%!*I:6C)(% layering !kkk"LK!/'0/D!/$#0!/)5 Protocol Stack !!*9+&),)!12

") o&6=6!*+&),)(%![Y2!1K!*'0^!?5&!>/;)!/M:)+!1K!*:)/56)(%!34&5&6&.0(% :+P !!8&9'#!j:6C)!?&5&6&.0

*I:6C)!*I#X&0. 

!!

")!P:ID(%!3/'0^(%!BB=6 Protocol Stack !a)!?/@6A(!8M6\M,7!B%B+f!3/50O(%!1;$@)(!p)D6!16(%!*#I#5(%

-\M,7 ]:^#!&!"#.Cq!"#;$@) 8D%!*+&),)(%!")!P:ID(%!3/'0^(%!34&5&6&.0!P:+ !!*e9IC$)!34&5&6&.0(%

_&6D)(% �  Low-Level Protocols 3/'0^(%!BB=6!/)$#0 !"9)!/#:;(% Protocol Stack !!!196(%!*9'#.^(%
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P:+!]:^#&!>?/@6F%!i)%.0!/M#K!82/I66 8D%!/#:;(%!3/'0^(%!34&5&6&.0 _&6D)(%!*;I6.)!34&5&6&.0(%High-

Level Protocols.!kkk!3/'0^!1K!/$;I6.%!/):5 Protocol Stack B#';6!B%\!/):5 !![Y92!1K!34&5&6&.0(%

/'0^(%3. 

!!

!!

!!

8&MI)9(%! Binding !!
!!

!!

p:^@)!]:^# Binding !!!"#&956(!/9;)!/9M0#6.6&!34&5&6&.0(%!^0.!/M0!86#!16(%!*'#.^(%!P:+ Protocol  

Stack!!kkk1K!?#rO6(%!8/X$!Z5:D#!oY(%!R#6.6(%!BB=#!/;)!34&5&6&.0(%!^0. !*50O9(%!34&5&6&.0(![Y#I$6!!>

")!*+&),)!U/$2!3$/5!%YLK !34&5&6&.0(%*^06.) *50O(%!*J/^0!a)!?);6(!/;)!!R#6.6(%!BB=#!^/06.F%!%Y2!"LK!>

[Y2!?#rO6!1K p,/$!?/@6%!]#'=6(!34&5&6&.0(%. 

!!

?&5&6&.0!"7!/$e.6K%!&:K TCP/IP a)!^06.) !?&5&6&.0(%!&2!"&5#!<#=0!_.CS%!34&5&6&.0(%!")!*+&),)

86#!oY(%!?&S% >Z:#rO6 ?/'6$F%!86#!Z:#rO6!?OK!%YLK1K!Z#:#!oY(%!?&5&6&.0(%!P(%!/#d/':6! !!*9^06.)(%!*+&),)(%!

/;)!kkk!")!.#05!.%B')0!p)D6!/;)!34&5&6&.0(%!^0.!*#:)+ *50O(%!B%B+f!1K!*$&.)(%!!B%B+f!"5))(%!")!/)5!>

3/,/#6=%!a)!RD/$66(!^0.(%!*#:)+ 8BC6D)(%!> !&7!3/9$&5)!a)!RD/$66(!^0.(%!*#:)+!8#X$6!-B/+f!"5))(%!")&!

-B#B,!34&5&6&.0. 

!!

!!

TCP / IP  Protocol 
!!

!!&7!39$.6$F%!?&95&6&.0!?/D.F/0!85=6(%!?&5&6&.0 Transmission Control Protocol / Internet 

Protocol (TCP/IP)!")!*J/0!"+!-./0+!&2 !!!"9)!*9I:6C)(%!c%&$S%!&!3/50O:(!p)D6!16(%!34&5&6&.0(%

/)#K!?/@6F/0!-\M,S% /M$#0 ...0!.K&#?&5&6&. TCP/IP 3$.6$F%!*50O(!?&@&!&!Z#,&6!&!U#0O6!Qd/@C 

")!-B/I6DF%!& /2B.%&). 
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?&5&6&.0!.&^6!BJ!& TCP/IP 8/+!1K!/D/D7 1969 !!!-.&9^6)(%!<&9=0(%!a#./O9)!*(/5&!?0J!") !!c/KB9:(

15#.)S% US Defence Advanced Research Projects Agency (DARPA)!kkk!!%Y2!8BC6D%!BJ!&

6&.0(%1K!?&5& !!c/KB9:(!-.&9^6)(%!<&=0(%!a#./O)!*50O!E/$0(!*#%B0(% !195#.)S% Advanced Research 

Projects Agency Network (ARPANET) !"+!-./0+!12!& ^0.6!3$/5!*50O !!!!3/9;)/,!a90.7!"#90

c/KB(%!?/,)!1K!<&=0!o.,6!*#5#.)7. 

!!

p0@7!"#=(%!U(Y!Y$)!& ?&5&6&.0 TCP/IP D/#'(%!?&5&6&.0(%!&2"/)e(!8BC6D)(%!1 !c%&9$S%!"#0!]K%&6(% 

&!*#:=)(%!3/50O(%!R:`7!"LK!/#(/=!&!>-\M,S%!")!*I:6C)(% %Y2!8+B6!*;D%&(% !?&95&6&.0(% ...!!!*9J/0!"&9566

34&5&6&.0 TCP/IP "5(&!>!34&5&6&.0(%!")!*+&),)!") 34&5&6&.0!.06;6 TCP & IP !34&5&6&.0(%!12

[Y2!1K!*#.&=)(% *J/0(% � !;#?&5&6&.0!.06 TCP ?'$:(!/@@C) Transport Protocol 4/@6%!.K&#!&2& 

/M,&) Connection- Oriented [/,6F%!H&B\)!?/@6F%!8+B#!& Full Duplex & !]KB960!/)5=6!.K&# 

3/$/#0(%. 

!!

/)$#0 IP *50O!?&5&6&.0!"+!-./0+!&2 Network Protocol "&B!3/$/#0:(!8#:D6!.K&#!&2& ]0D)!?/@6%  

Connectionless!kkk!&!?D.)(%!.6&#0)5(%!"#0!*I:6C)!3%./D)!3/$/#0(%!8\=!U:D6 !!!!*509O!19K!?0'6D9)(%

3$.6$F% ?&5&6&.0!"LK!/M6M,&!P(%!8\=(%!?&@!&!B$+!& IP &2 !a9#),6!&!R#6.6!-B/+f!"+!?&dD)(% !!8\9=(%

3/$/#0(%!P:+!?&@=:( *#:@S%. 

!!

?&5&6&.0!a)!*'0^(%!NI$!P:+ IP &6&.0!*J/0!1K34&5 TCP/IP !!!!!?9);(!b9)5)!4&95&6&.0!U/9$2!"7!B,$

?&5&6&.0(% IP !?&95&6&.0(%!&2!&! Internet Control Message Protocol (ICMP)!!!.K&9#!<9#=!&!

?&5&6&.0 IP *)BC ?/@6F%!*)#B+ Connectionless !B9,&#!4!Z$LK!?/D.F%!1K!?5/O)!o7!3:@=!%YLK !o7

?&5&6&.0(!*'#.^ IP(%![Y2!P:+!j.;6:(.&B!16s#!/$2!&!>!/M:=!&7!?5/O) ?&5&6&.0 ICMP 1K!b)5)!"&5#( 

?&5&6&.0(!Z:)+ IP?&5&6&.0!"+!-./0+!&2!&!> ?&5&6&.0(!?D%.6(%!*)BC!")h#!1D/#J�  IP!!"7!/$e.6K%!%YLK

?&5&6&.0!*)\= IP BJ >!*d^/C!*M,&(!3:D.7!&!n^/C!?5O0!/M6$&$+!86 ?&5&6&.0!.&B!"LK ICMP !?9G)6# 

6!.%B@L0150O(%!i)/$.0:(!/MM#,&6!&!*:5O)(%!"+!.#.' *:5O)(%![Y2!?=(!%YM(!> ?&5&6&.0!?)+!"7!B,$ ICMP 

?&5&6&.0!?)+!*#J&G&)!")!B#\# IP?/D.f!1K 3/$/#0(%. 
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?&5&6&.0!.06;# TCP .#K&6!")!B04!"/5!%YM(!Z:)+!1K!/d#^0 "&5#!c.D7!.Cq!?&5&6&.0 !1K!%YM(!b)5)!Z:)+

?&5&6&.0!*'0^!NI$ TCP *)\=!1K TCP/IP  !!?&95&6&.0!&92!.Cq!4&5&6&.0!B,$ User Datagram 

Protocol (UDP) !&2!& *;#.D!*)BC!.K&# ?/@6F%!*)#B+ Connectionless !!!!jd/9X&!N9I$!Y9#I$6(

?&5&6&.0 TCPk!!

!!

34&5&6&.0!*J/0!")!/#:;(%!3/'0^(%!")e66 TCP/IP 34&5&6&.0(%!> *#(/6(%V!!

SMTP -1 

 FTP -2 

 SNMP -3 

 Telnet -4 

!!

?&5&6&.0!.06;# Simple Mail Transfer Protocol (SMTP) ?&5&6&.0(%!&2 "+!?&dD)(% !B#.0(%!?/D.f

1(&5&6&.0!8BC6D#!&2!&!1$&.65(F% TCP & IP ?B/06( ?d/D.(%. 

?&5&6&.0!/)$#0 File Transfer Protocol (FTP) gD$!"+!?&dD)(%!&2 &!\/M,!"#0!3/I:)(% !P:+!.Cq

*#(/6(%!.&)S/0!p)D#!&2!&!*50O(%: 

1W!B;0!"+!.Cq!\/M,!P(%!?&CB(%. 

2W!3%B:,)(%!"#0!?'$6(%. 

3W!&!Y#I$6 .)%&S%!?#rO6. 

4W!3/I:)(%!*,(/;). 

 

?&5&6&.0!/)7 Simple Network Management Protocol (SNMP) ?0J!")!.&^6!oY(%!& 

 Internet Engineering Task Force (IETF) !&!*50O(%!P:+!3/$/#0(%!-.%BF!Q@C)!&MK !a),0!8&'#

3/)&:;) .#./'6(%!?0'6D#!oY(%!/e#7!&2!&!*50O(/0!?@6)!\/M,!?5!")!-.%BF% <&B=!"+ !E/^C7!&7!?5/O)

a)!?)/;6(%!a#^6D#!?&5&6&.0(%!%Y2&!>!*50O(%!P:+ -B+ /M$)!34&5&6&.0 : 

 

 IP -1 

 IPX -2 
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 AppleTalk -3 

4W!&6&.0!*)\=34&5 OSI. 

 DECnet -5 

!!

jd/X&!.06;6 ?&5&6&.0 Telnet jd/X&(!*M0/O) FTP "+!.Cq!\/M,!P(%!?&CB(/0!p)D#!&MK &!B;0 !?#rO6

Z#:+!3/'#0^6(% ...34&5&6&.0!*)\=!3%\#))!827 TCP/IP &!*#J&G&)(%!12 .K&#!/e#7!&2!&!./O6$F% : 

1W!3$.6$F%!*50O!P(%!?&@&(%. 

2W!?&@&(% %!*50O!P(%3$%.6$F Intranet. 

3W!3/$/#0(%!8\=!Z#,&6!8+B Routing. 

4W!*I:6C)(%!-\M,S%!&!?#rO6(%!*)X$S!?/@6A(!*#:0/'(%!.#K&6. 

5W!&!8+B(% 34&5&6&.0(%!")![.#`!a)!82/I6(%. 

 

*)\=(!*#D/DS%!R&#;(%!/)7 TCP/IP ?G)66K "##(/6(%!"#.)S/0: 

1W!/2B#';6!&!.#05(%!*)\=(%!8,=. 

2W!.DZ6+ *;e%&6)(%. 

oY(%!.&^6(%!a)!%.#Gs6!?J7!/6=0@7!B'K!"#6:5O)(%!"#6/M(!*0D$(/0 *)X$7!1K!?@= ?#rO6(%. 

!!

!!

!!

 NetBIOS  Protocol 

!!

.06;#?&5&6&.0(%!%Y2! high-level Application Program Interface (API) !!!!p)D9#(!8)9@!BJ!&

"#,).0):( i)%.0!&!3/'#0^6!E/O$L0 \&B$#&!?G)!*#50O!!"/2B;0!P67!/)!&! ...!!4&95&6&.0!N#(!*'#'=!&2!&

P$;)(/0 *#:=)(%!*50O:(!*M,%&!"&5#(!R.J7!Z$5(!&!8&MI)(% LAN Interface 8BC6D#!&2!& !!3/9'#0^6!B#&\6(

.)%&S%!")!*+&),)0!*50O(%V  

 

1W!3/D:,!E/O$F ?/@6f. 
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2W!3/$/#0(%!?/0'6Df!&!?/D.F. 

3W!3/$&5)!*#)D6( *50O(%. 

7!BJ!&p0@ NetBIOS !!3/9'#0^6!i69$6!3/5.O(%!")!.#G5!Z)BC6D6!/D/#') !!a9)!*9'K%&6) NetBIOS !!?9G)

&!3K&D&.5#) Novell & IBM %YM(!1D/DS%!R#;(%!&!> Z#,&6(!Z)+B!8B+!&2!N/#')(% 3/50O(%!"#0!8\=(% 

Routingk 

 

P:+!]:^# !a9)!]K%&6)(%!3K&D&.5#)!./#;) NetBIOS !89D% NetBIOS Extended User Interface  

 (NetBEUI) &!a#.D!&MK!U(Y(!&!.#r@!?'$!?&5&6&.0!"+!-./0+!&2!& 85=6!.K&#!&!?/;K !&!3/$/#0(%!]KB60

?5!a)!]K%&6)!&2!&!>E/^CS%!"+!/G=0!Q=I6 3/'#0^6!&!34&5&6&.0 3K&D&.5#)!")!U#0O6(%. 

%YM(!1D/DS%!R#;(%!/)7 3/$/#0(%!8\=!Z#,&6(!Z)+B!8B+!&MK!?&5&6&.0(% Routing & Z#,&6(/0!B@'#:  

1W!*50O(%!.0+!3/$/#0(%!8\=!.&0;(!?eKS%!./D)(%!B#B=6. 

2W!Z#,&6 /M6M,&!P(%!./D)(%!%Y2!.0+!8\=(%. 

 

?&5&6&.0!"LK!Z#,&6(%!8+B!8B;(!%.X$!& NetBEUI *50O(%!.0+!/2.O$!&!?d/D.(%!<00!8&'# !-\M,S%!?5!P(%

")!4B0 ,$!%YM(!&!>BB=)!\/M,!P(%!/MM#,&6RD/$)!?&5&6&.0(%!%Y2!"7!B 3/50O:(!.G57 -.#r@(%!l#$!P(%!

#$$\/M,!.(!]K%&6)!Z$7!?&5&6&.0(%!%YM(!_.CS%!R&#;(%!")!& ^'K!3K&D&.5#)!3/50O!a).!!

!!

!!

IPX / SPX  Protocol 
!!

!?&95&6&.0!"t%!?&/$6$(! Internetwork Packet Exchange / Sequenced Packet Exchange 

\=!"+!-./0+!&2!&")!*) 3/50O!1K!*)BC6D)(%!34&5&6&.0(% Novell 3.&^6!BJ!& *5.O!?0J!")!/D/D7 

Xerox Corporation!kk!"5(!&!34&5&6&.0(%!")!*+&),)!")!"&566!*)\=(%![Y2 !"##.&=)(%!"#(&5&6&.0(%

/)2!/M#K IPX & .  SPX!!

!!

?&5&6&.0 IPX -./0+!&2 3/)BC!8X;)!&!*50O!?&5&6&.0!"+ NetWare !*)d/J&2!&!>!Z#:+ !!!*9)BC!8B9'#

&!*;#.D ?/@6F%!*)#B+ Connectionless Z#,&6(%!*#@/C!8+B#!& ...?&5&6&.0!/)$#0 SPX !!!"9+!-./90+
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?/@6F%!*M,&!BB=)!?'$!?&5&6&.0 Connection-Oriented & 85=6!.K&# !!P9:+!-.B')!&!3/$/#0(%!]KB60

/M=#=@6!&!E/^CS%!j/O65%. 

 

*)\=!3%\#))!QC:66 IPX / SPX 1(/6(%!1K: 

1W!*;#.D!34&5&6&.0!*)\=. 

2W!&!Z#,&6:(!8+B E/^CS/0!85=6(%. 

3W!-.%BF%!*(&MD. 

 

?G)66K!Z0&#+!"+!/)7 1(/6(/0: 

1W!3/50O!.0+![./O6$f NetWare ^'K. 

2W!*50O0!?/@6%!.K&#!4 3$.6$F%. 

 

?&5&6&.0!/)7 NWLink "&5#(!3K&D&.5#)!Z6))@!oY(%!?&5&6&.0(%!&MK /'K%&6)a)! IPX/SPX !-./0+!&2!&

*#@/C!8+B#!&!a#.D!&!.#r@!?'$!?&5&6&.0!"+ 12!*#D#d.(%!Z6\#)!&!Z#,&6(% !1K!Z)%BC6D%!"5))(%!")!Z$7

o&6=6!16(%!3/d#0(% &!3K&D&.5#)!")!?5!3/50O!P:+ Novell "7!*X=b)!R,#!"5(!&! NWLink 4![B.I)0 

\&B$#&!8/X$0!?);#!\/M,(!p)D#!"7!a#^6D# ?&@&(/0")!3/;0/^(%!&7!3/I:)(%!P(%! B&\)!?bC NetWare !&7

P(%*,/=0!3$sK!%YM(!>!N5;(% Redirector P(%!*K/eF/0 NWLink k!!

 

j#.;6!"5)# Redirector ?/0'6D%!Z6)M)!*50O!i)/$.0!")!E\,!Z$s0 3/0:^ Input/Output !3/I:)(%!")

.6&#0)5!P:+!*#50O!*)BC!P(%!/MM#,&6!-B/+f!8G Cq!8/X$0!.Cq")!&!>. Z#:+!*:G)S% : 

 

1- Microsoft Client Service for NetWare (CSNW). 

2- Novell NetWare Client for NT. 

 

?07!*5.O!37B0 !?d%&7!1K!?/@6F%!34&5&6&.0!")!*+&),)!.#&^60%!&$/M$)!jBM(%!"/5!&! ]#'=6 !?/@6%

50O!.0+!"#.Cq!"#;$@)!")!-\M,7!&!*#@CO(%!u&6$5/)!-\M,7!"#0&!>!* ]:^# !?07!34&5&6&.0!*)\=!P:+

8D% AppleTalk !34&5&6&.0(%!")e66!12!& *#(/6(%: 
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 : AppleTalk Filing Protocol (AFP) -1P(%!?&@&(%!"+!?&dD)(%!&2!& B;0!"+!3/I:)(%. 

: AppleTalk Transaction Protocol (ATP) -2"+!?&dD)(%!&2!& ?&@&(!B#5s6!E/^+f !P(%!3/$/#0(%

M6M,-B&@')(%!/. 

: Name Binding Protocol (NBP) -3?/@6%!&!?'$!?&5&6&.0!&2!&. 

:  AppleTalk Session Protocol (ASP) -4?&5&6&.0(!"&0\5!?);#!&2!& ATP. 

: Datagram Delivery Protocol (DDP)-5 3/$/#0(%!?'$!"+!?&dD)(%!&2!&. 

 

34&5&6&.0!*)\=!/)7 Digital Equipment Corporation Net (DECnet) 1K!3.&^!B'K !3/#$#;0D(%

"&56(!1e/)(%!".'(%!") 3/50O(%!8+B6!12!&!?/6#,#B!*5.O!3/50O!a)!*'K%&6) *#(/6(%: 

1W!3/50O 3$.Gf. 

2W!3/50O Fiber Distributed Data Interface Metropolitan Area Networks (FDDI 

MANs) 

3W!3/50O WAN *@/C(%!&!*)/;(%. 

 

8+B6!& DECnet 34&5&6&.0!")!b5!/M64&5&6&.0!P(%!*K/eF/0 TCP/IP & OSI8+B6!&!> /e#7 !*#@/C

Z#,&6(%. 

!!

!!

!!

!"#$%&!'()!*+!,-./.01#2%&!!3$4567%&!!  
!!

-.X$!]:$( /)2!?'$!1(&5&6&.0!/M6\M,7!8BC6D6!*#:=)!*50O!P:+ TCP/IP & NetBEUI > !!!![Y92!"9)!?95

-&J!Qd/@C!Z(!34&5&6&.0(%!?&5&6&.0K!> TCP/IP !!!!/9)$#0!39$.6$F%!*509O!.0+!3/)&:;)(%!?'$!1K!?/;K

?&5&6&.0! NetBEUI![Y92!?G)!1IK!>*#:=)(%!*50O(%!.0+!3/$/#0(%!?'$!1K!.G57!?/;K![.#Gs6K !!B%.7!%Yf!*50O9(%

*#:=)(%!*50O(%!.0+!?/@6F%!"&)BC6D)(% ?;,!8M$/5)L0K!?&5&6&.0(%NetBEUI !!!>19e%.6KF%!?&5&6&.0(%!&2

&B%.7!%Yf&3$.6$F%!*50O0!?/@6F%!% ?&5&6&.0!"&)BC6D#!8M$LK TCP/IPk 
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 !!

?0J!")!8BC6D6!16(%!34&5&6&.0(%!P:+!]:^# 8D%!"#I:6C)!"#,6$)!&!"#;$@) Protocol Standards k 

!!

!*(&C)(%!3/M,(%]/I64/0 1:#/)!")e66!34&5&6&.0(%![Y2!?G)!P:+:- 

 : The International Standards Organization  -1 %./@6C%& ISO  

 : Institute of Electrical and Electronic Engineers  -2 %./@6C%& IEEE. 

 :  International Telecommunications Union  -3 %./@6C%& ITU. 

 

8/DJ7!<bG!P(%!/M6I#X&!RD=!34&5&6&.0(%!8D'$6 12:- 

1W!3/'#0^6(%!34&5&6&.0! Application Protocols. 

2W!.034&5&6& ?'$(% Transport Protocols.  

3W!*50O!34&5&6&.0! Network Protocols. 

 

")!/#:;(%!3/'0^(%!1K!3/'#0^6(%!34&5&6&.0!?);6 Protocol Stack !3/$/#0(%!?B/06!1K!/M6)M)!QC:66&

")&!3/'#0^6(%!"#0!?+/I6(%!]#'=6& /M6:G)7:  

  : Server Message Block -1 %./@6C%& SMB  

 :  Novell�s NetWare Core Protocols -2 %./@6C%&! NNCPs 

 :  File Transfer Access and Management Protocol -3 %./@6C%& FTAMP !!

 

*@/C(%!3/'#0^6(%!34&5&6&.0 3$.6$F/0:   

:  File Transfer Protocol -1%./@6C%& FTP. 

 Telnet -2 

 

,!.#K&6(!8BC6D6K!?'$(%!34&5&6&.0!/)73%.6&#0)5(%!"#0!?/@6F%!3/D: !*$/#@!"+!Z(&dD)!12&!*50O(%!P:+

*(&'$)(%!3/)&:;)(%!*JB&!-B&, >-\M,S%!"#0 1:#/)!/M6:G)7!")&:- 

� %!3K&D&.5#/)!?&5&6&.0!")!?J/$(%!E\,(NWLink. 

� %!?&5&6&.0!")!?J/$(%!E\,(NetBEUI. 
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 : Sequenced Packet Exchange -%./@6C%& SPE. 

 : Transmission Control Protocol -%./@6C%& TCP. 

 

^0.!3/)BC!*50O(%!34&5&6&.0!8B'6!/)$#0 Link Services /M)/M)!QC:66& 1:#/)!1K:- 

1W!3/)&:;)(%!Z#,&6!&!*$&$+. 

2W!!"+!<=0(%E/^C7*#:)+!1K! ?/D.F%. 

3W!?/D.F%!-B/+f!3/0:^!a)!?)/;6(%. 

4W!"#$%&J!B#B=6 BB=)!3/d#0!1K!?/@6F%&!3$.Gf!?G)!3/50O(%!")!-Token Ring. 

 

P:+!*:G)S%!") 1:#/)!34&5&6&.0(%![Y2:- 

:  Internet Protocol %./@6C%& IP. 

:  Internetwork Packet Exchange %./@6C%& IPX. 

 

!!

!!

!!

!!
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Integrated Services Digital Network  (ISDN)  !!

 

!!

"#$%$ ISDN !&'!"()$*+& Integrated Services Digital Network ,- !!!!.(/0&*1'!2&3/4"'+!25#6&'+

,!7!89:;<+!=3#!(3/4"!.+"(6>+!?@A$!25#6!BC!,!21/(5$/'+ 6!=/!"#5-!8D(E5!,!2F"G!25#6'+!HIC!"J,$!.(5#

K0,/'+!89:;-!,!L$(:'+!MMM!HIC!N3O$G$ !P1F!0Q+,!.4,!BJ!.(A(3#'+!,!,303E'+!,!",)'+!,!.,)'+!?@A!25#6'+

R'I!,!RSG<+!TEA P/G$!23A@$!K+0*$G+!?S*!=/ Time Division Multiplexing (TDM) !"3J,$#!U/G$

2F,/;/ SG<+!"#F!.+,A4!80F!D(6AV#!R'I!,!0Q+,!.4,!BJ!.(/0*'+!=/!=W&#!8(A4!?5'!U/G3!,!R !!K0*$G&$

?()$+ ISDN !!8(A4!=/!?(@$A>+!K$3!,!=/9'+!=/!800Q/!8"$E'P'X?%;3!?56#!Y"*-! !2O6A!(:AW5!,!,0#$!8(A4!?5

.4,'+!?+,O.!!

!!

'!?,),'+!2:;+,!K,@$& ISDN ,- ISDN Access Interface 25#6'+!,!"$,3#/5'+!9(:;!=3#!?),'(#!!,!7

KF0$ ISDN =3$:;+,:  

 

1- Basic Rate Interface (BRI). 

2- Primary Rate Interface (PRI). 

!!

B13!(/3J!K5Q$'(#!.(:;+,'+!HIC!K,@$: 

1 Z!?@A!2F"G .(A(3#'+. 

2 Z!?()$>+!?S*!8"J,$/'+!.+,A@'+!00F.!!

!!
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K0*$G$ BRI BJ =3$(A4!=/!=,5$$!BC,!2)(*'+!.,3#'+!,!8"3[)'+!.(5"6'+ B 8(A4!, D ,!!!2&:;+,!P/G&$ 

'+!?,),!B+D !8(A@'+!K0*$G$!7 B P'+!?)$!2F"G#!H,QA,!,303E'+,!.,)'+!,!.(A(3#'+!?@A' 64 !BJ!.#,135

8(A@'+!K0*$G$!(/A3#!23A(\'+ D 05W$'+!,!?()$>(#!K5Q$'+!.(/,1%/!?/Q' !!2F"G&#!?/%$!,!D(O*<+!=/!,1*'+!=/

!P'+!?)$!"N/;!=5/3!,!7!23A(\'+!BJ!.#,135! =3$(A@'+ B !K+0*$G(#P/G$!231/F Bonding !!!P&1F!?,)&Q1'

!P'+!?)$!2315!2F"G!#$.#,135! 23A(\'+!BJ.!!

!!

K0*$G$!(/A3# PRI !=/!=,5$$!BC!,!8"3#5'+!.(5"6'+!BJ#%8(A4! B , !8(&A4 D !!!!?,&),'+!2&:;+,!P/G&$!,

#%B+D !=VJ!(#,",-!BJ!(/- PRI !=/!=,5$$%& B+D ?5!, (:3J!(/#!.+,A@'+ D !2F"G#!?/%$"'!BJ!.#,135!

'+HI:'!Y,)@'+!2F"G'+!?)$!,!23A(\ !P'+!2:;+,'+!.(%"23A(\'+!BJ!.#(;3/!]!!!!HI&C!?)&$!0&4!(#,",-!BJ!,

!P'+!2F"G'+!)*$' 23A(\'+!BJ!.#(;3/ .!!

!!

2/0*!"3J,$!K$3 ISDN K0*$G$!,!L$(:'+!.(5"6!?#4!=/ RSG- Twisted Pair!MMM!L$(:'+!2/0*!K0*$G$'!

RSG-!=/!=3;,9!^-!RSG- Twisted Pair =/!=3O*!P'+!_13,Q$!=5/3!RSG<+!HIC!=/!`,9!?5!, ISDN 

?5!(3"aA!_AVJ!+I:#!, O,O*!N#"-!P'+!B1\(/$'+!_'()$+!?3,Q$!N3O$G3!.3# ISDN !`($Q$!(/A3#!,!23/4"

O,O*ISDN !b#G'+!+I:'!,!(:'!`($Q$!c!231\(/$'+!O,O*'+!=VJ!?/%$!B5!23d(#":5!24(O!P'+ !b1e-!=VJ

=,',Q3!=3/0*$G/'+RSG-!=/!0Q+,!`,9! Twisted Pair P'+ ISDN M!!

!!

2/0*!b35"$'!2)(*!.+0%/!P'+!`($Q$ ISDN (/!?/63!+IC!, B13:!!

 

1- Network Termination Equipment Type 1 (NT1)  

2- Terminal Adapters (TAs)  

!!

89:;-!"#$%$ NT1 BC!,!L$(:'+!25"6!,!=,#9'+!=3#!2:;+,'+!BC =F!2',dG/:!!!

R1G!?3,Q$2:;+,'+!^I!`,09/'+!L$(:'+!25"6! U .+I!RSG-!N#"-!P'+ 2:;+,! S/T!23#":5'+!24(O'+!"3J,$!,

O,O*' ISDN K(:/#!K(3@'+!,! MultiplexingM 
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2:;+, S/T 9(:;#!K0*$G/'+!89:;-!?)3!^I'+!O*'+!BC NT1 ,C!, !P$Q!KF03!,!RSG-!N#"-!=/!=,5/"!

N/!2@J+,$/!89:;-! ISDNM!!

89:;-!KG@A$ '+=3/G4!P'+!"$,3#/5'+!89:;-!,!.(G5(E'+!,!L$+,:'+!?\/!K0*$G/: 

ISDN-Ready - 1 

Not ISDN-Ready - 2 

 

?,<+!f,A'+ ISDN-Ready 89:;-!=F!8"(#F!,C P'+!8"6(#/!(:13),$!=5/3 NT1 P/G$!BC!, 

Termination Equipment Type 1 (TE1)!=/!, B13!(/!89:;<+!HIC!P1F!21\/<+: 

!!

3/4"!L$+,C2!MMM23/4"!.(G5(J!MM!!MbO(*$'+!89:;- ^,303E'+!MMM!!89&:;-!g%# TE1 !!P&1F!^,&$Q$ NT1 

c!89:;<+!HIC!?\/!,!(:1*+0#!2;/0/ 2:;+,!P'+!`($Q$ S/T O,O*#!8"6(#/!(:1),!=5/3!,! ISDN!MMM!"#$%$

89:;-TE1 !?56# +0;!23'(F!2E15$!.+I!K(F. 

 

2)(*!2:;+,!P'+!`($Q$!B:J!BA(\'+!f,A'+!89:;-!(/- #!(:O#"'& NT1 89:;<+!HIC!P/G$!, Termination 

Equipment Type 2 (TE2) !21\/<+!=/!, B13!(/!89:;<+!HIC!P1F : 

231\(/$'+!.(G5(E'+!,!L$+,:'+MM!!M89:;-!b1e- "$,3#/5'+. 

 

89:;-!=3#!2:;+,'+ TE2 O,O*!, ISDN P/G$ Terminal Adapter (TA) , !=3#!?3,Q$'(#!K,@$!B$'+!BC

N/!2@J+,$/'+!"3e!89:;h'!U/G$'!.c,5,$,"#'+ ISDN K(aA#!?()$i' ISDN P1F!21\/<+!=/!, TA B13(/: 

ISDN Modems ... ISDN Cards ... ISDN Routers and Bridges. 

 

89:;-!, TA 89:;-!BJ!(31*+0!b5"$!04 TE2 ].(4(O#!?\/ ISDN  !,(:1\/!b5"$!,!25#6'+!.(4(O#!_#6$!BCj!

?),$!B$'+!.(/0,/'+!?\/!(3;"(*!,- O,O*#!.+"$,3#/5'+ ISDN !HIC!^,$Q$!,!7!?3[6$'+!2/aA-!b1e-!KF0$!,

P1F!.(/0,/'+ f,A!=/!=3IEA/ RJ-11 B13!(/'!=(/0*$G3!,: 
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 -1 T5(J!,-!L$(C!?),'!. 

 

 

 

!!

 

 

 !Z +!"$,3#/5'+!?),'2:;+,!P'! S/TM 
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!!

.(/0,/!N3O$G$!c ISDN .+"(6X!K0*$G$!P',<+!.(/0,/'+!=<!231\(/$'+!.(/0,/'+!N/!KC(E$'+!,-!?()$>+ 

.(/0,/J!+I:'!7231\(/$'+!.+"(6>+!P1F!cX!L"%$$!c!Y"*<+!.(/0,/'+!(/A3#!23/4" ISDN !?()$>+!N3O$G$!c

89:;-!N/!cX! ISDNM!!

 

/-",G;!,!.(:;,/!( ISDN K0*$G$J O,O*!N/!231Q/!25#6!O#"'! ISDNM!!

 

K(aA!=,5$3 ISDN =3$O@A!=/ =3$3@OA/: 

1 Z!L$(:'+!25"6'!B1Q/'+!?30#$'+!95"/ Telephone Company�s Local Exchange. 

! Z!=,#9'+!89:;-  TE1 ,! TE2M 

 

?),#!?30#$'+!95"/!K,@3 %G+,'+!23/'(%'+!25#6'+!N/!=,#9'+'!2& ISDN 23'($'+!K(:/'+!=F!?,dG/!,C!,: 

1Z!K(aA!BJ!?()$>+!.c,5,$,"#!N/!?/(%$'+ ISDN. 

2Z!2:;+,'+!?3[6$!,!8"+0X 25#61'!230(/'+. 

#Z!(:;($Q3!,-!(:#1O3!B$'+!.(/0*'+!N/!?/(%$'+ =,/0*$G/'+. 

$Z!K(aA1'!21/(5!2A(3). 

!!
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.+93//!k*1$$ ISDN (/!BJ B13: 

%Z!A"/!2/0*!"3J,$=3/0*$G/'+!,!.(5"6'+!.(;(3$Q>!2#G(A/!,!2 =33'9A/'+. 

!Z!b1O'+!0AF!2#G(A/'+!l(OA'+!2%G!"3J,$ Bandwidth on demand. 

#Z!D(O*<+!=/!(C,1*'!+"aA!24,\,/!,!2%3"G!2/0*!"3J,$. 

$Z!B:J!,303E'+,!.,)'+!,!.(A(3#'+!?@A'!2J(m>(#J!0Q+,!O*!"#F!.(/0*'+!=/!2F,/;/!"3J,$ *!"J,$!.(/0

B$n+!?/6$!=3/0*$G/1' :23E$(:'+!.c()$>+7!,!"+IAX!89:;-! _3#A$7!.A"$Ai'!?,),'+!7!89E1$'+!.c()$X!7!!

T5(E'+!.(/0*. 

 

K+0*$G(#!RA-!(/5 2/0* ISDN TEA!BJ!.A"$A>+!=/!o/+"#'+!?3/Q$!,!23E$(:'+!.(/'(5/'+!D+";X!N3O$G$ !.4,'+

O*!TEA!K+0*$G(#!,! ISDNM!!

!!

 

,3F!(/-2/0*!b ISDN (/3J!?\/$$J B13: 

1Z!?,0'+!=/!"3\5!BJ!2%E$"/!?+9$!(/!(:$E15$. 

!Z!=/!?4-!(:$F"G =/!"3\5'+!(/A3#!23G(QA'+!RSG<+!K0*$G$!?+9$!(/!B:J!23/4"'+!?()$>+!.(3A@$!B4(# 

23")#'+!L(3'<+!RSG-!K0*$G$!2\30Q'+!.(3A@$'+. 

#Z!2/aA-!?5!.G3' ISDN !(:m%#!N/!2@J+,$/K(aA!b35"$#!./4!=X!+I:'!g%#'+ ISDN !=(/m!^-!R(AC!T31J

RAW# B/0*$G/!N/!?()$>+!N3O$G$G ISDN 2/aA-!b1e-!=W#!K1%'+!N/!=3"*n+ ISDN "33(%/!N#$$ 

CCITT/ITU. 

!!
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 Virtual Private Network 
!!

!!

 

 

"#$%&'!"()'*+,-'!"./0&' VPN 1!!

22&!*$#+%' Virtual Private Network !!!3/*2+!4526*+67'!"./02/!"3/+*8!"#$%!5-$#+'!"./0!9:;!!

<8!=(=>&' "(=$>&'!56*+67'!"./0!?'=%+@'!AB%!<8;!4$>8!C=(>/&'!DE';8&'!;F!"./0&'!98=%+@8 !!!"./02&'!A28>+

"#$%&'!"()'*+,-' VPN D8!"6*$G8&$/!"/@$68!*$>@H/!5-$#+-'!*(,;+!IJK !!I2JK!=8+>(!LM&'!?(=G&'!N;J@O'

"PJ.+&'!"(&$K!"(&;=!"(P+$:!3;3%!*$QR+@'. 

D8 !!A$#2+-';!A2#';+&'!IG/(;!"(,'*SQ&'!=;=T&'!I0B++!"#$%&'!"()'*+,-'!"./0J&!U8'=%+@' !!V;*2,!<(2/!!

(JT8!U+.*0$GT!$W6X;!$W6(/!=K$/+!9+&'!5$,$@8&'!<K!*Y6&'!ZS/!$(8&$K;!$ !!!A2EH/;!U+-$#2+-!A2[8O'!AT&'!!

"PJ.+. 

"()'*+,-'!"./0&'!5'\(88 VPN 

-!"(6$.8X!$W&B%!<8!A$#+-'!"(#;#%!I&X!",$)7$/!"./0&'!]M:!\(8(!$8!?:F !!!$2(JT8!U+-$#2+'!5$GP6!A(JG+

$W8'=%+@'!=6K!$(&;=;. 
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^!!"PJ.+!ZP%*P@&' C=(>/&'!<.$8O'!<8!<(8=%+@8&'!IJK!=(*/&';!_.$P&';. 

^!`'*QX!"(6$.8X =R';>&';!"(Q$+67'!<(@T+!IJK!=K$@(!$88!"(*;,!5-$#+'. 

^!A(;T+!"(6$.8X "./0 LAN "./0!I&' WAN!!

^!a*%O'!A$#+-'!AR$@;!<8!$6$8F!*[.F.!!

^!"(8&$K!5$./0!`$067!b*,!*(,;+. 

 

!,-'!"./0&'!5$6;.8"()'*+! VPN 

`$6/ "./0!V;6!IJK VPN "(&$+&'!5$6;.8J&!c$+T+@!$:`$06X!=(*+!9+&': 

 � 5$(Q8*/ =>/!<K!"./0J&!?=%+@8!A.&!"#$%. 

� !"($8T!d8'*/!A[8!5$(Q8*/;!C\WQF!5$6;.8 *(P0+&';!5$./0&'. 

 � ?=$% VPN A$#+-'!5$8=%&. 

� !"./0&!C*'=X!\.*8! VPNe!!

 

0&'!A8>&!=>+@8!<;.+!I+T*;8-'!<8!==K!<8!=.H+&'!?\J(!"./ $W68: 

 � 2&'!?=$% VPN 3%/!56*+6-'!"./0/!A;#;8!<;.( DSL <';6K!D8 IP 5/$[. 

 � 2&'!?=$% VPN "8=%!"./0&'!_P6!9,!96$[!?=$%!IJK!;F!f(JK!5/[8!<;.(! DHCPe 

� !!"./0&'!9,!N$@T!?W&!=(>/&'!A;#;&'!`B8K?@$/*;*8!"8J.;!. 

� C\WQF!`B8>&'!$:\(WQ+/!?;G+!;F!$W/$T#'!N(*=+/!A$#+7'!_(@H+!IJK!C*=$E! 56'. 

 

"()'*+,-'!"./0&'!5-;.;+;*/! VPN1 

5$./0!I&X!A;%=&'!=6K Intranet I8@+!$W6g,!56*+67'!h(*3!<K VPN !?=%+@+!"6(>8!5-;.;+;*/!U$6:;

'MW& 9:;!A$#+-'!<8!V;6&': 
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 Point To Point Tunneling Protocol -1 !!

'*$#+%'; 2&PPTP:!4!<8!"(K;6!h(*3!<K!56*+67'!A%'=!$W+($8T!<$8)&!5$6$(/&'!*(P0+/!?;G(!i(T !*(P0+&'

I8@+! MICROSOFT POINT TO POINT ENCRYPTAINe!!

 

 Layer Tow Tunneling Protocol -2 !!

2&!'*$#+%';L2TP !4!A;.;+;*/!?=%+@+; IPSEC =6K!5$6$(/J&!"($8T!I#EF!<$8)& !$W&$@*X56*+67'!*/K. 

 

"YTB8: 

2&' IPSEC ;: INTERNET PROTOCOL SECURITY !"J@*8&'!5$6$(/&'!A8$.+;!"8B@!<$8)&!?=%+@(;

5$./0!I&X!56*+67'!*/K!  VPNe!!

 

"()'*+,-'!"./0J&!L*Y6&'!N(.*+&'! VPN1!!

I&'!$6:!<8!A$G+6-' "#$%!"./0!"3@';/!U&M;!90&'!'M:!$(Q;&;6.+&'!U&!j(++!i(T!U$6:C\WQF!C=K!<(/!3/*+! 

56*+67'!"3@';/!C=K$/+8!A;=!I+T!;F!"PJ+%8!<=8!;F!C=K$/+8!<$/8!9,!"(JT8!5$./0!;F !IJK!k*>+6@!U&MJ,

"Q*=!I&'!<8O$/!\(8++!"()'*+,'!"./0!`$067!3(@/&';!A[8O'!AT&' <8[&'!">P+*8&$/!5@(&;!'=Q!"&;/G8. 

 

"()'*+,-'!"./0&'!C*., VPN: 

!C*.P&'!b%J++*$/.;!A$8KO'!A$Q*!<(.8+&!56*+67'!"./0!?'=%+@'!9, !U&M/!f&!l*#8!b%0!LF!;F!<(PY;8&'

A8>&'!*G8/!"#$%&'!"(JT8&'!"./0&'!I&'!A;%=&'!<8 !Z>/!M(P6+;!`'=O;!5$8;J>8&';!d8'*/&'!D(8Q!I&'!A;%=J&

c*$%!?:=Q';+!`$6[F!?$W8&' A8>&'!*G8!<K!'=(>/!*P@&'!`$6[F!;F!N+.8&'. 

!!

!!
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(."()'*+,-'!"./0&'!A8K!"(P VPN: 

 

� 5$8;J>8&'!D8!A8$>+&': 

A.0!IJK!5$8;J>8&'!A$/G+@';!A$@*'!?+( !]M:!I&'!5$8;J>8&'!?(@G+!?+(!i(T/!5$8;J>8&'!<8!C*(S#!N;(Q

A(W@+&!C*(S#&'!N;(Q&' !U&M.;!A/G+@8&';!A@*8&'!<';6K!A8T+!N(Q!A.;!56*+67'!"./0!IJK!$WJG6!"(J8K

"E$3/ !C\(88A/G+@8&'!\$WQ!I&'!A;#;&'!=6K!N(Q&'!f(Q;+!IJK!=K$@+. 

 

� N;(Q!"($8T 56*+67'!*/K!A$G+67'!`$6[F!5$8;J>8&': 

"./0!IJK!C=;Q;8&'!*3$%8J&!'*Y6 !96;*+.&7'!D(E;+&'!",$)'!?+(;!$:*(P0+!?+(!N;(Q&'!D(8Q!<g,!56*+67'

?+(&!A@*8J& ]M:!k(JS+!?+(;!f+(;:!<8!=.H+&'<8!*WY(!-;!9Q*$%!kBS/!U&M!=>/!C*P08&'!N;(Q&'! !5$8;J>8&'

N;/6O'!`$06$/!"(J8>&'!]M:!I8@+;!f(&'!A@*8&'!<';6K!a;@ Tunneling. 

 

� A/G+@8&'!I&'!$W&;#;!=>/!N;(Q&'!]M:!D(8Q+;!j+,: 

=>/ ?'=%+@g/!f&!A;%8!b%0!k*3!<8!$W6F!<8!=.H+&'!?+(!A/G+@8&'!\$WQ&'!I&'!N;(Q&'!A;#; !"./0&'

a*%F!C*8!$W/(+*+;!5$8;J>8&'!D(8Q+!?+(;!C*P(0&'!U,!?+(;!"()'*+,7' !\$WQ&'!;F!b%0&'!I&'!$W&$@*X;

"(JT8&'!"./0&'!A%'=!f(&'!A@*8&'. 

 

h(/3+!5';3% "()'*+,-'!"./0&' VPN: 

 

� "./0&'!]M:!?K=(!A(S0+!?$Y6!;:!fQ$+T+!$8!A;F /0&'!?K=(!A(S0+!?$Y6!IJK!A;#T&'!U(J>,!"()'*+,7'!".

A[8  Windows 2000 ;'2003i(T! "()'*+,7'!"./0&'!<$8K=(!$8W6'. 

 

� ?@'!;F!U/!b$%!9/!LF!?E*!UJ8+!<F!NQ( 56*+67'!A;.;+;*/!?E*!IJK!A;#T&'!U(J>,!h$36 IP !U/!b$%&'

=(*(!<8!D(3+@(!9.& A;#T&'!U6.8(!;F!k+$W&'!?E*!A[8!$8$8+!"./0&'!\((8+!"./0&'!I&'!A;%=&'h$36!?@X!IJK! 

"8W8&'!_P6/!?;G(&. 

 

� `$06'!D(3+@+!I+T!"./0J&!5$8=$%.!A8>J&!C\WQF!b(#%+ !I&'!c$+T+!=(Q!A.0/!"()'*+,7'!"./0&'!A(S0+;
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"(JT8&'!U+./0!A%'=!N@$T!C\WQF!iB[ "()'*+,7'!"./0J&!"8=$%!C\WQH.!A8>J&!$W+R(W+&. 

 

?=$%&'!\$WQ&' A;O':- 

!f+R(W+!?+(!?=$%!\$WQA;m@8&'!;:;!"()'*+,7'!"./0J&!"/';/.!A8>J& !;F!"(JT8&'!"./0&'!<(/!A8$>+&'!<K

I&'!c$+T+;!56*+67'!"./0;!56'*+67$2/!k*>($8 !==K!",$)X!"./0!5;*.! Network Interface 

Cards5$8;J>8&'!D8!$8:=T'!A8$>+(!i(T/!4 '!5*$.&'!A8$>+(;!56*+67'!"./0!<8!"J/G+@8&';!I&'!"J@*8&'!*%n-

C*(S#&'!N;(Q&'!D8 "(JT8&'!"./0&'!A%'=!$W+$.*T+/!?.T+(;!5$8;J>8J&. 

 

?=$%&'!\$WQ&' 96$[&': 

f(,!<\%+!LM&'!?=$%&'!;:;!h$36&'!9,!?.T+&'!9:!?=$%&'!'M:!"8W8!<;.+ !*;/>&'!5$8J.;!<(8=%+@8&'!`$8@F

A.&!5$(TB#&'!a;+@8!=(=T+!?+(; ?=%+@8. 

 

i&$[&'!?=$%&'!\$WQ&': 

%(5/[+&'!"(J8>&!?=$%&'!'M:!b# !I&'!"Q$T/!9:;!"()'*+,7'!"./0&'!I&'!<(J%'=&'!"(#%0!<8!=.H+&';

k*>(!b$%!A;.;+;*/ 2/ RADIUS PROTOCOL (OR) IAS - Internet Authentication 

Services 

 

"R(W+ "./0&$/!A#++!k;@!9+&'!C\WQO': 

"R(W+!I&'!U+./0!c*$%!=;Q;8!\$WQ!LF!c$+T( <F!A/E!?@'!=(=T+;!"()'*+,7'!"./0&'!IJK!A$#+7'!<8!<.8+(!

"()'*+,7'!"./0&'!"/';/ 9,!'=Q!"JW@!"(J8>&'!]M:;!?=%+@8&'!A;.;+;*/&'; Windows 2000/2003. 

 

5$(/$Q(X "()'*+,-'!"./0&'!$W8'=%+@'!?:'; VPN:!!

A(#;+!IJK!C*=G&'!9:!5$(/$Q(7'!?:F .!$8W8!C=K$/+8&'!C\WQO';!5$./0&'!!C=;=2T8!k(&$.+/!U&M;!",$@8&'!56$

"(&$K!"Q*=/!; <$8O'!<8!eee!5$.*0&'!9,!$W8:F!b(%J+!<.8(;!C=(=K!9W,!$W+$8'=%+@'!<K!$8F !i(T!U;6/&';

"(JT8&'!?W+./0!IJK!A$#+7'!<8!<((M(P6+&';!<(*(=8&'!*$/.!D(3+@( !!!!f26(>8!?$@2EF!=2(;\+!;F!A$8KO'!M(P6+;

5$8;J>8!A(#;+!;F!5$8(J>+&$/`B8\J&!"8$:! !5$GP2#!;F!=;GK!b;#%/e!!ee!!!!i2(T!`$2/3O';!5$(P02+@8&'
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I&'!A;%=&'!<8!`$/3O'!<.8+(@ !$W+/$+.;!*(*$G+&'!">Q'*8!;F!I)*8&'!"&$T!">/$+8&!IP0+@8&$/!"#$%&'!"./0&'

LF!<8 ?&$>&'!9,!<$.8. 

 

"()'*+,7'!"./0&'!IJK!<8O' VPN: 

� !D);!<8!=/- C\WQO'!9,!"(*$6!<'*=Q<(E*+%8&'!<8!$W+($8T&!U&M;!"8=$%&'!. 

� !N;(Q!"($8T "()'*+,7'!"./0&'!<8!C=*';&';!C*=$#&'!5$8;J>8&'. 

 

`$06'!"(J8K N;/6-': 

$8:!<(+G(*3!;F!<(K;6!U$6:!N;/6O'!`$06'!"(J8>&!"/@6&$/: 

� ?$>&'!l$+P8&';!"(8E*&'!5'=$W0&'!?'=%+@' Layer Two Tunneling Protocol With IP Security: 

*;8O'!=(G>+!9,!N/@++!$W6F!-'!<$8O'!5$Q*=!IJKF!"G(*3&'!]M:!U&!<8)+; *%n'!?=$%!\$WQ!I&'!c$+T+;. 

 

� "3G6!I&'!"3G6!<8!A$@*7'!A;.;+;*/ Point to Point Tunneling Protocol: !9:!"G(*3&'!]M:;

$W6F!i(T!"6;*8&$/!\(8++!$W6-!IJ[8&' NJ3++!- Windows 2000/2003 !A$#+7'!=(*(!9Q*$%!\$WQ!LO

<F!$8.!"()'*+,7'!"./0&$/ !oJ/+!*(P0+&'!C;E"!#5/! 

!!
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!"#$%&&&&&&&&&&&&&&&&&&&&&&'$()*+,&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Dictionary of the Networks  &
 

!"#$%&'!()*+%&!,'$-.%&!&/0-1)2!34%!5678$!9-48:%-8!!;;'#< !=(>)"02!9-$?4%&!@$6A7B$%&!C$!"?>%&!&/0!D<!

@E)E+%&!-#7$F(7  

!!

9G(7GH!@$?4!DG>$:!!

GI-8JK<!@)L)?4 INTERNET J$!@.7:$ International Network !!(MAN!OBME'!P@)$%->%&!@48:%&!'2!P 

!Q?R!6)L)!-$!3+'8!"'.7!9G(7GH!JK<!9-)S-+EI&!"!J$!(T42!D<!(7')8$'4!J))U$!!"" !!P!"%-M>%&!3'E!@%'6

P@)$'4E!(S&'6'!9->$-F'!9-4(:!Q%H!VL#FW&!X/0!"Y>$!@)4?$!6'>7' !(M<2!Q%H!@<-1I-8!!!JM$$!J)BM$E7$!6&

34:8!9G(7GH!@48:8!@%'+'$!@)+A:!VL#F2!J'4?7$) !!!P@M>7$$!9MG(7GI&!9?>F!D7%&!O-8BW&!6E2!X/0'!P"S&6

6&6L)!@$6-A%&!VL#FW&!66>< !9G(7GH!J'$6A7B)!J)/%&!Z-A:[%!@8BG%-8!3-E%&!\%/4'!P]-)(#:^!O(-.)!-$!#"!

J')?$ "6A7B$. 

 

 

O)'!6)&'!6%('%& World wide web :!!

-0(-+7A& WWW '2 W3 '2 O)'!@_-B88`!!Z'+G!9-Ea+!J$!"FE%&!@?S-0!@?)4:7!D0'!!b)8>:M7!!QM?R!

9G(7GI&!!c@4(E!'$G7 !!!!d8+M)!O8BM%&'!P9MG(7GI&!Q?R!e(A2!@$6A!f2!J$!(842!@R(B8!O)'%&!D<!()B%&

-$6GR!]-E1&' B7!D0'!P-$!=(>7B$!3-$>7B&!O(F7!3UA!"#.)(_!6-F)H!,-G%&!Q?R!3#g&P9G(7G9B)%!-#GH! 

C1'!\%!d)77!@48:%&!h$&(8<!P\%/!J$!(T42!D0!38!POBE<!9G(7GH!@48:%!6'6'%&!bF'%& _8&'( - Links - !D<

"B-8!i(>7!_8&'(%&!X/0'!P9G(7GI&!Q?R!\.S-T' Hyper Text ;!!

 

 

@48:%&`  

P9-$'?>$%&!36-87!3F2!J$!]->$!(T42!'2!J)L-#F!3+'!D0 !-#7>)8_8!J'47!J2!@48:?%!J4$)'!!!_8(M7!JjM8!P@)?E$

P3-T$%&!3)8B!Q?R!-$!@)-G8!D<!VL#F2 @)?E$!@._G$!@48:8!Q$B)!J2!J4$)!-$!&/0'(Local Area Network 

�LAN� ) ,4>%-8'!P !@>MB&'!@._G$!@48:!Q$B7!"UR2!(8R!VL#F2!J)8!_8(7!D7%&!@48:%-<! (Wide Area 

Network "WAN  +7U%!@a?7A$!O)%-B2!(7')8$4%&!9-48:!"6A7B7'i7-#%&!@48:8!kl&678&!P3- !kl-#7G&'!P@)6->%&

@)%-R!@R(B!9&/!@+-A!@)S'1!i-)%2!@?+'8 ; 
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"6-A%& (Server) : 

V6-R!6)a7B$%&!"-YG%&!J'4)'!P@48:%&!Q?R!(7')8$4%&!@$YG2!3+'%!@)?4)0!D0 !!@M_E$!'2!P]-)874$!]-)+A:!]&L-#F

9-)$4!J)LA7!bG4$)!(842!"-YG!J'4)<!"6-A%&!-$2!P3$R )84!@)B)S(%&!9-.)8_7%&!/)aG7!C)_7B)'!P9-G-)8%&!J$!V(m!

!(7')8$4%&!h$&(8m6.%!P! !9)G8m!9G(7GH!m!"6-A%&!@)?4)0!,-B2!Q?R!!n"T!o!6)a7B$%& -#7L'-F7. 

 

 

C8-7%&(Client) : 

L-#F!J$!@$6A%&!O?_8!"'.)!(7')8$4!L-#F !@M$6A!(<'$!C$!\&(7:&!(7')8$4!O?_)!-$6G><!P(AN!(7')8$4 ISP 

K<(<'$%!C8-7!(87>)!bG @$6A%& (Client of ISP).;!!

 

 

3'SB$"-YG%&! System Administrator : 

(+7A) Q%H!J-)EW&!O?p2!D< SA !ZA:%&!'0'3'SB$%&V()84%&!9-4(:%&!D<!(7')8$4!V(&6H!JR!!;6q !V6R!J'4)

@4(:%&!J$!()*+!"Bq!Q7E!'2!Z-A:2!;!&/0!-#8!"'.)!D7%&!"-#$%&3'SB$%&J$177! 9)8T7!!-#T)6ME7'!h$&(8%&!

VL#F2!9)8T7'!3)*:7%&!@$YGW!9-)q(7!9)8T7'!P-#7%&LH' !9-8'8$%&'!9-#F'$%&'!9-$6'$%&'!9->8-_%-4!-#?)4:7'

l&62!@8q&($'!@)-$E%&!J&(6F' (AN!Q%H!"6A7B$!;!!!!3)FBM7'!@48:M%&!(6-+M$!6&6RK8!"'.)!f/%&!ZA:%&!'0'

J)$6A7B$%& (6-+$%&!@G-)+'!@)(B%&!"#$-q(2'. 

 

 

R3)$ (Agent) :!!

"-YG!D< 3)$>%&n$%&!6'L (Client/Server)6&6RH!@)?$R!/aG)!f/%&!"-YG%&!J$!lLF%&!\%/!P !!9-M$'?>$%&!36-87'

i)1$%&!h$-G(8!JR!@8-)G Host $%&!'2!6'L; 

 

 

DB4'!(8!".?$ Proxy Server : 

!!f(-G%&!(&6F%&!@?$R!D<!b8:)!QB4'(8%&Firewall9<'B!J'4)!J2!-$H!J-R'G!'0'!P!!3T$!()'!rISA!s!6(-0!'2

!()';!!
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".?$!D<!3*7:)!h$-G(8 9G(7GI&!J)8'!9G(7GI&!'2!@)?E$%&!@)._G$%&!\748:!J)8!6F&'7$!;bG$!@%'-E$!D< !l-aAI

J)?a_7$%&!JR!@48:%&!@)G8!;(#Y7!D4%!V(6-+%&!9g-+7g&!34!h$-G(8%&!&/0!Da+) !!,MaG!J$!@$6-q!-#Gj4'!-#?4

@%t&!;B4'!(8%&!".?$!"'.)Q%H!\8?_!()($78!]-1)2!D &'F%&!3)8B!=(7>)!"T!9G(7GI&!\76.R!D<!\)%H!X(($)!"T!O

48:%&@)!;3'uB$!J-4$K8 !@M)?E$%&!@)._G$%&!@48:%&!'$6A7B$!C)_7B)!D7%&!@)F(-A%&!_-.G%&!")YG7!]-1)2!"-YG%& 

-#8!3-+7g&!;!L-#F!-0-17.$8!"'.)!@.)(_!'0'm!]-8%-p!bF'$!mA6?%!9-8?_!Q?R!6(%-8!3' !!@MG)>$!Cq&'$!Q?R

Q?R'!-0-.?7!D7%&!($&'W&!Q?R!l-G8!O?_%&!&/0!/)aG78!"'.)!\%/8' b)?R!v"w$x+!f/%&!b)F'7%&. 

 

 

"Y7G$%&!(6-+$%&!J)>$ (URL) : 

(-+7A&!'0 Q%HUniform Resource Locator !Q?R!DG'(74%I&!Cq'$%&!J&'G>%!DG.7%&!"Bg&!'0 !P9G(7GI&

$!b8!6F')!f/%&!J-4$%&!'23'+'?%!J)>$!J&'GR!3LG$?%!J2!-$4<!PJ)>$!Cq' !!!!\-MG#<!P!3-MT$%&!3)8MB!Q?R!b)%H

9G(7GI&!Q?R!J)>$!Cq'$!Q%H!3'+'?%!J)>$!J&'GR !Q%H!]UT$!3'+'%-4"UBg&!y)(_!Cq'$!68g!9G(7GI&!Q?R!

M%&!@<(>$!J$ URL M%-<!P URL !Z-A%&!b8'0!slamonline.com/ http://www.i;! 

 

 

%&!(&6F%&(-Ge@)-$E%&!(&6F!'2! Firewall : 

J2!('($%&!@4(E%!d$B)!-$#)?4!'2!h$&(8%&!'2!VL#FW&!D<!"S-q!LF-E !_.<!6E&'!X-F7&!D<!y<677m!z(-A%&!Q%H!

@)$E$%&!@48:%&!J$!cL-#F!'0!(-G%&!(&6F a_7$%&!J$!@48:%&!@)-$E%!V6-R!3$>7B)!"M#8!O'p($%&!()p!J)?!c

Q?R!y?_)!f/%&!"Bg&!'0' 3B(7!D7%&!9-$'?>$%&!Oq&()!'#<!9G(7GH!C$!]g-+7&!(<')!f/%&!f(7')8$4%&!y)8_7%& 

@B-BE%&!\7-$'?>$!Q%H!3'+'%&!J4$)'!P9G(7GH!3UA!J$!\7BBu$!D<!38.7B7'!;"-YG!'0' !@)?$R!6)).7%!J)$j7

:!Q?R!V6'F'$%&!9&(7')8$4%&!Q?R!3'A6%&@)?E$!@48 LAN J-4$!f2!J$ z(-A%&!D<. 

 

 

3'4'7'(8 Protocol : 

9-a+&'$%&!D0!9g-+7g&'!9-48:%&!D< !OF&'%&!9&l&(FI&!i(>7!D7%&!@)$B(%&-#R-87H!9-G-)8%&!3-B(H!6GR!

-#$U7B&'!;i(>7 D<!@?$>7B$%&!l-_AW&!J$!y.E7%&'!3B?B7%&'!9)q'7%&'!y)BG7%&!9g'4'7'(8%& @48:%&. 
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7'(89G(7GI&!3'4' IP :!!

8!9G(7G&(3'4'7' Internet Protocol !@48:%&!@.8_!'0 !!3'M4'7'(8!@)M:-E8!@+-A%& TCP/IP !!DM7%&'

-#$6A7B73-+7U%!9G(7GI&!Q?R!9&'6W&! -#1>88;;!!;M%&'IP Address !!9MG(7GI&!3'4'7'(8!J&'GR`!!!'M0!

(7')8$4!348!Z-A%&!J&'G>%& M%&!J&'GR!34%'!@48:8!3+7$IP !!(M_!!!@M)$q(!-M$H!@M8-74?%!J)7.)  (TCP/IP 

Address) 3T$ 212.26.66.3 @)<(E!'2 (FQDN) &!J)'-G>%&!D0'!!!!!9-Ea+M7$%&!DM<!V6-MR!-M#874G!D7%

J&'G>%&!O74G<!bYaE!@8'>+%!J4%'!D$q(%&!'0!D.).E%&!J&'G>%&' !!@M$F(7!"7)!]-)?A&6!@48:%&!D<!J4%'!D<(E%&

D$q(%&!J&'G>%&!Q%H!D<(E%&!J&'G>%& y8-_$%&b%!. 

 

 

3.G%-8!"4E7%&!3'4'7'(8 (TCP) : 

(-+7A& (Transfer Control Protocol) 9G(7GI&!3'4'7'(8!Q%H!9-$'?>$%&!()($78!3'4'7'(8%&!&/0!"'.) 

IP !'0'3'SB$@$'#a$!-#G2'!@%-B(%&!3'+'!J$!64j7%&!JR!. 

 

 

ZG%&!3.G!3'4'7'(8 >:7%&)D8 (HTTP) :!!

(-+7A&!'0 Hyper Text Markup Language Z'+G%&!L)$(7!@*%!P @)8>:7%&!;!-#%-$>7B&!"7)!@)')G8!@*%

9G(7GI&'!O'%&!9&6G7B$!i+'%!;3$>7B7!9G-4 !!!(M#Y$%&'!@M)G8%&!i(>7!Jt&!-#G4%!P@)G8%&!i)(>7%!_.<!]U+2

D<!-$8!P(+-G>%&!J-4$' !!DM0'!Pe(A2!V()T4!3)+-a7'!@)8>:7%&!9-_-87(g&'!Z'+G%&'!"'B(%&'!_'_A%&!\%/

@R'$F$ J$!@)R(< SGML !(-+M7A& Standard Generalized Markup Language, !!!LM)$(7%&!@M*%

@)$'$>%& @)B-).%&!!;@)7'84G>%&!@48:%&!yS-T'!(8R!da+7%&!J4$$%&!J$!3>F7!@?)B'!D0'!!"6A7BM$%&!P !!_*1M)

\?7!Q%H!O-0/%&!J$!bG4$)!-$$!@)7'84G>%&!@48:%&!@.)T'!Q?R!V6'F'$!_8(!_-.G!Q?R !!!!9MG-4!'M%!QM7E!@.)T'%&

(AN!L-#F!Q?R!V6'F'$. 

 

 

9-a?$%&!3.G!3'4'7'(8 (FTP) : 
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(-+7A& File Transfer Protocol 9-a?$%&!3-B(H!3'4'7(8!P!!c"R6) FTP ]-q-_G !!!9-.)BMG7'!{&'MG2!J$

9-a?$%&!3-B(H!P-#G$ EBCDIC ' ASCII y)BG7%&' DS-GT%&. 

!!

 

@_.G!Q%H!@_.G!3'4'7'(8 (PPP) :!!

 

 Point-to-Point Protocol !!i7-M#%&!_'_A!@_B&'8!9G(7GH!(8R!9-G-)8%&!374!36-87%!J)7?)B'!e6EH!;;;

e(AW&!@?)B'%& D0 SLIP !3'4'7'(8 PPP !!!9ME7!3&LM)!g'!l-M_AW&!d)E+7'!9-G-)8?%!_*1!@?)B'!(<') 

()'_7%&. 

 

 

6)(8%&!O74$!3'4'7'(8 (POP : Post Office Protocol ) :!!

'7'(8%&!&/0!"6A7B)!DG'(74%g&!6)(8%&!3S-B(!D<!3'4  �  d$B) !@4(:!(7')8$4!D<!b?S-B(!J)LA78!"6A7B$?%

P6>8!-$)<!-#R-F(7B-8!"'.)!D4!@$6A%&!()<'7 "-YG%&!&/#%!9->8_!|UT!\-G0' POP ' POP2 ' POP3.; 

 

 

_A%&!'/!9G(7Gg&!3'4'7'(8 3B?B7$%& (SLIP : Serial Line Internet Protocol ) :!!

 (8!'03)*:7%!"6A7B)!3'4'7' 9G(7GI&!3'4'7'(8IP !@?B?B7$!_'_A!Q?R Serial Lines !i7-M#%&!(S&'64!;

6GR!V6-R -$H!"6A7B)!@$6A!(<'$8!_-87(g& PPP '2 SLIP;!!

 

 

_)B8%&!6)(8%&!3.G!3'4'7'(8 ( SMTP) :!!

VL#FW&!J)8!DG'(74%I&!6)(8%&!3.G%!"6A7B)!3'4'7'(8. 

 

C$F$ 9G(7Gg&!@?74 (PING : Packet Internet Grouper ) : 

  (-87Ag!"6A7B)!h$-G(8 e6+!O?_!3-B(K8!\%/'!@)%'+'%&!V(6.%& ICMP 6(%&!(-Y7G&'!-#)%H. 
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3.E%& (Domain) : 

M%&!J$!lLF%&!\%/!'0 DNS -#>q'$'!\(7')8$4!@48:!J-4$!66E)!f/%& "%->%&!D<. 

 

bF'$(Router) : 

!@+-A%&!9&(&(.%&!/A7)!(7')8$4!"-YG6)6E78 9G(7GI&!Q?R!@4(E%&!9-0-F7&. 

 

 

3'.E%&!l-$B2!"-YG (DNS : Domain Name System ) :!!

J)'-G>%&!6)6E7%!"-YG!'0 @)48:%& IP Addresses 3'.E%&'!V-$B$%&!9&(7')8$4?%!@.8-_$%& Domains.. M%& 

DNS !!_-M.G!-#G)8!3+a7!9-$'?>$%&!J$!@?B?B!J$!J'47)!;;;!!!3'M.E%&!l-$MB2!@M$6A Domain Name 

Service 3'.E%&!l-$B2!3)'E78!"'.)!h$-G(8!JR!V(-8R!D0 Domain Names !J)'-MGR!Q%H !@)48M:! IP 

Addresses;!!

 

 

DB-BW&!9-F(A$%&'!9UA6$%&!@48:!"-YG (NETBIOS : Network Basic Input/Output System) 

: 

 "-YG8!3$>7!D7%&!VL#F[%!d$B) DOS J$ %&!9-$6A!3-$>7B&'!C$!|6E7%&@48:!;!"B&!'0!"Bg&!,aG

"6A7B)!@)?E$!@48:!3'4'7'(8 9<'B'(4)-$!9-F7G$!D<!CB&'!34:8. 

 

y-_G%&!=(R (Band Width) : 

@)$4!D0 66E$!9q'!D<!J)>$!_A!Q?R!-#%-B(H!\G4$)!D7%&!9-$'?>$%&!!c66>8!,-.)!y-_G%&!=(R !9-18G%&

@)G-T%&!D<   Bits per Second O747' (bps) ;!!!

 

-T%&!D<!98@)G (Bits per second): 

-0(-+7A& BPS 3.G!@)?$R!l-GT2!@)G-T!34!@?B($%&!9-78%&!66R!D0' 9-G-)8%&. 

 

@)G-T%&!D<!98!'?)4 Kilobits per second: 
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-0(-+7A& KBPS !J$!i->1j8!,-.7!P9-G-)8%&!3.G!@)?$R!l-GT2!@)G-T!34!@?B($%&!9-78%&!66R!D0'!"$%98! 

@)G-T%-8. 

 

98!'?)4 (Kilobit) : 

!36->7!,-)q!V6E'!"$%"6A7B7'!P98! V(4&/?%!@)8->)7Bg&!@q-_%&!6)6E7!D<!V6-R. 

 

9)-8!'?)4 (Kilobyte) : 

!36->7!,-)q!V6E'!"$%9)-8!. 

 

9)-8!-F)$ (Megabyte) : 

V6E' !36->7!,-)q!"$%!'2!9)-8!'?)4!!"%&#'(9)-8!. 

 

3-+7& (Dial-up) :!!

'2!J'a)?7%&!"&6A7B& ISDN $4%&!_8(%9G(7GI&!@$6A8!"6'$!"&6A7B-8!(7')8. !!($7BM$%&!_-M87(g&!,4R!D0' 

Permanent Connection !@$6A%&!Q?R!3+E7!D4!bG2!DG>)!&/0' @)a7-0!@$%-4$!3$>7!J2!\)?R!bGK<. 

 

 

V6E'$%&!9-$6A?%!@)$q(%&!@48:%& (ISDN) : 

MM%!(-+7A&Integrated Services Digital Network 6)6F!-)F'%'G47!D0!PV !!!9-48M:!QM?R!f'7E7

@R(B%&!@.S-<!9g-+7&!@$6A!(87>7'!V6E&'!@?)B'!D<!@)$q('!@)7'+ . @?$-47$%&!9-$6A?%!@)$q(!@48:!D0'!;

C)$F!Q?R!67$7!@)$q(!9g-+7&!@48:%!,-).$!D0' !!@M)%-E%&!@$YGW&!34!3E$!3E7!J2!-#G$!6+.)!"%->%&!l-EG2

J$&L7$!D$q(!3-B(H!"-YG8 @)F&'6Lg&!3$-4!;+77!@48:M%-8!VL#FW&!@).8'!9&(7')8$4%&!3 ISDN !!!3UMA!JM$

9-#F&' @_)B8!@)B-)q!;@$YGW&!J4$77B!P@?$74$!d8+7!-$6GR ISDN 3-B(H!Q?R!V(6-q!J'47!J2!J$ !!9&'M+2

!6E&'!_A!D<!9-G-)8'!')6)<'m9U+'!|UT!@)%-E!O?_77!@$#$! @?+aG$. 

 

 

9G(7GI&!@$6A!"6.$ (ISP: Internet Service Provider) : !!!
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'0 !"6A7B$%&!"'.)!D7%&!@4(:%&m!V6-R!mP9G(7Gg-8!_8(!Q?R!3'+E?%!-#)6%!\&(7:g-8! !@_87($!@4(:%&!X/0'

D<!l-1RW&!9-4(:%&!e6EH!J$!V(:-8$!9G(7GI-8 CIX;!!

 

@$6A (<'F (Gopher) : 

@)?$R!3)#B7!i6#8!@)4)($W&!-7'B)G)$!@>$-F!b7('_!"-YG $7>)!'0'!9G(7GI&!"&6A7B&!J$!|E8%&!@)?$R!Q?R!6

3.G'!yS-T'%&!Vl&(.%!"S&'.%&!3UA 9-a?$%& .. Gopher Cq&'$'!9-a?$%&!Q%H!V(-:I&!bG4$) Telnet !!LM4&($'

9-$'?>$ WAIS -0()p'. 

 

 

6>8!JR!3-+7g& (Telnet) :!!

0'f(-)>$!9G(7GH!3'4'7'(8! i)1$!(7')8$4!Q?R!XL-#F!_8(8!"6A7B$?%!d$B)'!6>8!JR!_8(%&!9-$6A%!

XL-#F!]UR-F 6)>8%&!(7')8$4%&!\%/!J$!lLF!bGj4'. 

 

/aG$%&!"q( Port Number :!!

J-4$ 3A6%&n9G(7GH!h$-G(8%!D1&(7<g&!z(A%&!;]UT$ FTP '!'!(<'FHTTP !'!-#?4!V-_>$!9G%-7 !!/M<-G$!"-q(2

P66E$!/aG$8!b?+'!6GR!6(%&!@)a)4!@<(>$!J$!(7')8$4%&!J4$7)!D4%!V6)(< F%&!9-$.?$!|6E77!!!(M8R!V6-MR!(<'

!/aG$%&'"9-$.?$!3$>7B7'!P! HTTP !/aG$%&&"3'4'7'(8'! DG'(74%I&!6)(8%& SMTP !!!/MaG$%&!3$>7BM)$#!

]-$S&6!;@)1&(7<g&!").%&!X/0!L'-F7!\G4$) J&'G>%&!D<!e(A2!")q!6)6E7!3UA!J$ (URL);!!

 

 

!l-G)$r/aG$!s (PORT) :!!

!Q?R!i)1$!(7')8$4!Q?R!J)>$!h$-G(8!Cq'$!6)6E79G(7GI&!;;@?)?q!9&'GB!38q !!!6M)6E7!"6A7BM$%&!Q?R!J-4

!/aG$%&!PPbBaG8!9('8%&$)M%-8!Z-A!Telnet !/aG$%&'$!Z-A! M%-8FTP!!66ME7!h$&(8%&!"Y>$<!"')%&!-$2!P

/aG$%& -)4)7-$'72. 

 

 

Winsock 

Q?R!3'A6%&!96(2!&/H'!PL'6G)'!D<!l-.7%&!"-YG !!QR6M)!iM?$!\)6%!(<'7)!J2!OF)<!9G(7GI& winsock.dll 



 Chapter 7                                                               Dictionary of the Networks 

 Eng. Mohammed Abd EL-Kader               

 

 9 

"-YG%&!3A&6!{'1'$!;D7%&!@?4:$%& !@M>8_!,aG!C$!3$>7!h$&(8%&!C)$F!,)%!bG2!D0!]&()T4!((477 Winsock 

y)8_7 trumpet f/%& _8(!()<'7%!"6A7B)!J'()T4%&!b?$>7B) SLIP !!!()<'M78!9MG(7GI&!"'.7'!"#7-8B-E!J)8

@ABG J$ Winsock; 

 

3)$E7 Upload :!!

e(A2!9-$'?>$!'2!i?$!3.G!'0\(7')8$4!J$! "6'$!(8R!'2!@48:!_-87(&!(8R!".?$%&!Q%H. 

 

3)LG7 Download : 

D< !@?+'!(8R!\(7')8$4!Q%H!".?$!J$!e(A2!9-$'?>$!'2!i?$!3.G!P!9g-+7g&@)8)>:7(8R!'2! "6'$. 

 

h$)(8 Applet : 

@S)8!D<!3$>)!D4%!"$+$!l&'7Eg&!D7&/!h$-G(8 =(>7B$!J$1!3$>)!-<-F!h$)(84!P!V66E$. 

!!

!!

 

"6A7B$%&!O-BE User Account :!!

!Q%'7)!@48:%&!Q%H!3'+'%-8!"4E7?%!-#%-$>7B&!"7)!@)G$2!@)%N3'SB$"-YG%&! -#7G-)+'!-0l-:GH!!;!!(M+-GR!3$7:7

JR!9-$'?>$'!y'.E'!('($!@$?4!Q?R!"6A7B$%&!O-BE "6A7B$%&!-#)%H!D$7G)!D7%&!9-R'$F$%&. 

 

 

l68%&!@Ea+ Home Page : 

@Ea+ !yU_Gg&O'!Cq'$!'2!9G(7GH!D<!@)%'W&!!;'2!6E&'!ZA:8!@G(7.$!l68%&!@Ea+!J'47!6q !6E&'!{'1'$
]-8B-G$!]-G-4$!J'47'!P!d8(%&!D*87!g!@BBu$!'2!@4(:!'2!J)>$ !9G(7GH!6(&'$!'2!9-Ea+!Q%H!bG$!3-.7GU%

e(A2!;DB)S(%&!O-8%&!-0(87R& Cq'$?%. 

 

|E8%&!\(E$ Search Engine : 

d)7)!Z-A!".?$9-)?$R!/)aG7!\%! \$#7!O'!9-Ea+!6-F)I!@)B-B2!9-$?4!@_B&'8!|E8. 

 

!!


