canned with CamScanner

Scanned with CamScanner



Scanned with CamScanner



Scanned with CamScanner

amocanner

g
2
v
~
<
S
J




&
Scanned with CamScanner

Scanned with CamScanner



_,U-.} tﬂ{‘-"b 0{:.\.,.. %ltc&\o ..;.; -,U.LE CE("":(’L:G!;‘-W?‘

Ao=«£ o, Lo wemsfe - A a2 GF
mw-} NSO K fu MRS &,&LLM Anrs
%tﬂl-‘-vh..&u. J-«Q;"

@') @Q«LE‘.LV*D‘L . ’TE_L ML:ML‘; A 'Eﬁ.t EE“‘&' J

WL reteans Llhe maos e;/‘t . ?4 Can |
Cq.?-h-g,\ [{u—* hﬂmﬂ;}{i AR . ,{_g,&;_,[‘ 2al Eu.-uu

/l.ﬂ‘.ﬁt,\.t_.,}“..,t ‘_.E_E‘ |
(}0\ thWﬁfH L".Ltgtum . /Qﬂ-‘- E'-Lhw;-m{.-ﬂ-;pu

MTLLLW A fﬂu. L L(:_/P d‘“ "‘M
A men ?’E /D—h..ﬁuv&E‘? p G %:‘ic A‘j
S LLenmlr ¢

Sl —  Rawleed f.a..uu soe: wenel C&‘/F

P

’g\ﬁ"u . (f_c&.c Q_J»QEL Hui_aa > PN A,Gl :

™ ?%M A %H/&«”{ 4 o SeP Pail,
B st f Shvern: ol cowanecs Bord.
9%t *u]{mmng G ?mwkﬁ L/"ﬁ L
| U M tne cLiaeys -
G%WM Mujj |
e el n
= A Bwuled W enaioh v ’{‘”"*’g&”‘“?‘*"“?&

Z_, n.}-gi..-. W S

(“M ot A

MMMM :

3 G-M{;m wwzon-swa{a M’Zﬂj‘gih

s W AV 2220 3 quT «au W

Ehwn cf /“1,01 ' :.Lj Hw(.ﬂ .

Scanned with CamScanner

Scanne d with CamScanner



.—-'7

_?

“

g’i, Mtumxh wiey Ll M’pmq we Yo o,
/&w
r.EU* 1 L | L-...L(_hnj L -
(hﬂ-M) *’-’*—“‘-"r.' ‘-’"UEM QUE ﬁ\, ""L‘ZE ﬂ“ﬁLCA/?‘ E-»U'I,lu
-.'-J‘LEJUE;:A i wlaﬁu e "J o~ .
2 WMmEd aMe km.\ﬂf:jf fu ,_Fﬁ“}
$ e . Le 7amal
Qere s~ QMER.EQ 24 ‘
{f Lﬂ/{’tg{ L}-U‘L"J‘ LHG{_,L{JLE j a2 a_aﬂ Gﬂ%u’«my}l‘

O /‘LLQAJ?J.M JFeny WL(/LL oS cfh:_wu
W C%fr » " J&/ff(}- M"‘"P J . L@‘E:E;MM
/i)[‘“ﬁl““‘; gj’ ‘s N3 Mf Lk m«i— Hian

gj il ko il kbt
> ‘i WLF&LEE@&L s el

ﬁfﬂ. h}'f:.hﬂ.j..cuhf_. ' ok T
M
/Gl_t

HWE Q, at) ﬁ}@ 5 ,,*QL'L Eéi%uum
D Sl @.@ F'*-:{LMM ho LLHJ:;‘@“WZLJQ
V/ N ,?,h WMEEL@ A m Hﬂﬁ

nnnnnnnnnnnnnnnnnnnnn



d-—‘zhv Wie, QV 8, & Keu rQLJ (@7& S AP~
"f '““"“’L’*Q ef»’é g We;a [g\cMC(‘.’fﬂjf%

Tk ‘*‘”‘LJ Sy “{uﬂa A«u.,Q %y T OBag- Tf

TOOBaye-T QQMD ...
cfoler'. we Loslid fad

de Compita] Glle

=y C ,g.g;?p(u‘,ﬂ o e (ﬂﬂx 6,9,@() C,Mj ’}vﬂ? gLaEMjE
/i,%fﬂm J\_o\lmla/ K - £ &Aﬁﬁeai{
,&u QM“# m NV L Dzrﬁ "]/vu.,&
s

' ‘%wfﬁao@% /EAJV» QM“ W ) e

Lim o cﬁm Le (@ fé“-“ nCia

“«, Ay o MQ;@ #"U
ﬁﬁ aﬂmaﬁ (,uuoﬂéq—uﬂ(:?

S dAF u‘l«xu.fu@' s ) v B
” ﬂ‘ﬂ 't QM Lan S, " o ¢
: WA T

il e '-”L{’b

P %Q;Q;D\J? o g?g,‘

4
»J







> o Ok Gl -

=~ A el .LF;[-‘Q callle 5 e ﬁ ;“PJ*:P
0e g{_ﬁm;f;{ B ol Acammils - o
b o /150“\.1-.-«. cﬁ L?/Q.E' :

= Ll Omal dnn il s
sy Ef.h?' a Py AT ) ﬂkﬂ—uyev a
’7“-“‘]'/9-" Luqu{:Jx_uw W,JALJ ?[f‘ a "E

oA o L{I_,MQE —%tuﬂ/v 6-e dnce
ch.«Q;ﬂQ}, b Nin, Mﬂvti Wr b













Scanned with CamScanner



LWF‘ M w1l A (v.g?,-iu-.-.,_,Qr:J-JQ_b,

f













;T '—..; Py e o e Phe vy 1'

> o i eada T o Lol A

ont ol s BL;.
A
foa i

ﬂ._ _ A ' —

Wﬂ&y@u M, A

N : x B . -
Scanned with CamScanner

Scanned with CamScanner









iy

| '_? VL ' | I}
<@ il S 4 “KD e
!@ o e P 7 Tl ’ii 20, N fsail
| .
/ R
| ( P,Q_/(}b- # —

Scanned with CamScanner



Scanned with CamScanner

Scanne d with CamScanner






"50&‘ E‘-’ Qﬂw‘*ﬂp (Q—gﬂi L:j‘l oy @I,

ik
f"'MM«-m&{anbe 4Fx~mr¥MLP (9 r" i
> ?\wa@ w g

T\li'_}_ o) -é\mjmg,m o
ke 2

i 4 i
L - . ‘
d i ¥ - :
# 1 F P ‘.\ .
# Wi
] ; r ‘
. o : ! | '
il L3 ] ;- 1 f._ | j "
L] . \
{ ¥
8 . .
& Al M" ’
. -

l, &

: e
o

8- w&wg C'fj &Y .' ;
) r s ﬁl\ Mj ,;3,-‘; O

— Eh 1

- RS e
Scanned with CamScanner

Scanne d with CamScanner






W o Ay K J
Scanned with CamScanner

Scanne d with CamScanner



Scanned with CamScanner









Scanned with CamScanner



Quctrsmmisise, Lomefs § Pomindy

& o
Pt gd'_wr}{&%

Uiz o .

s
=7 WPavmaipctn  fAaw AT

| 32 el




ArA i
w Co n u:_f_Qf‘
)
zﬂ rl.-aﬁfﬂ ' ﬁ
: 4{' e iy
4 AL p AT _,
{ A A

—aglwbr&

re/L %ﬁw‘i}’& - {;"‘ﬂ d
~ A~ 3.4 fA- B-"“"" e dr
- & 2P S ealis ®







6Byl (Rl A
= — . A

o R P
?'E'u( c@‘,ggt‘ ‘F'\Lﬁitd__ft, o ,rv\Q v Y s

Scanned with CamScanner

Scanne d with CamScanner



Scanned with CamScanner









Scanned with CamScanner

Scanne d with CamScanner



( ) t* q}.' F H{) *
R' h:' R KO Y A T G 2 . O nea{1C

. i P Mws{%mm

o lawm [ %
L]' Muue,}a_ h@Lm

. W 4
— T:f aceRinie

pie ou e

Scanned with CamScanner



& 0ea {' D. O(du ol WA Ysdston a
Ju A, “@W‘”&“d







o N N |
q'uﬂ'

. " Ak bl v M\ e L e
— 'FJ_J\HA.O A AMILALS "'r [t‘{'-f o E_; yhi s

¢

¢l ”‘3&;"& 'ﬁf't]':mm‘“Q"..“""“*"*“““*E;a[ rs

P mea L-ﬂai v decbed
L

—

LSMK)J& :lq K?{a f @ AC JZUM.?&

_(RR axfenes Bl amsgudd” c3 Ll ff,:g
| “wfj_:\_l,t.p{ %ME . % CE.IE,L ﬂLL N/ B ;
H’L \ i {

0p andd K
— Hik a\l&% m#% KF% :1{ -

\ Aoad SRR M/{M




R_]nit"% ( éQr_.QE: guw&?)

(-7 Qels Sncodiin!




Scanned with CamScanner

Scanne d with CamScanner



O — +ve
1 —tve
(D pezz (N rebs &MW )

Of—-——} o AV
1 e, MM/ET'
s N4

w\\hﬁ"i,? :M:L NRZ-L § NRZ-T. ffuer frasm
> HPowener,, NR2-L  nffors cwcire 'ﬁ.
L M' "f\:f_ » A
> 90wl | WL NR2-L § NRz-T

R7 (RJLIL.;,; & 2en a) s o %

Scanned with CamScanner



P‘..n———

> o it w DC cfanent Bl Ll g
L.nﬂbﬁ-xg"{l ﬂg_t.-tv._ﬂ ..E. , 2 03

i J% {k‘u M/\.L‘Mﬁ 3 d; Lw?- (‘pwﬁﬁf L.L’.. M{.k.t#f 1...24:5{

: ﬂflf‘j ﬂ"‘- ?‘91"‘—&@ E () ,!l/'u’vltia_t_.. iy ﬂAﬂ"“f{‘ )

Y e e
{Ol L"Q- ww | W lars M'_;@u;m ‘Q #ttj’ﬂ”

.

Scanned with CamScanner

Scanne d with CamScanner



R "'""‘ﬁﬂ y /Qﬂﬂgnﬂ a Nt _,...tm\_r_
"

= rfh( &L} A @A L) p"l

_/(t &) f}tt..fg mt LA
U-\J—fv g Nez-L o«

— (Dt«.ﬁj 1% Qﬁ/w { ;f:flwc %2-“'“"- /;'/E:-
CMWQ«L&M Kl aut,g, R “‘*‘“"’Y NQ?-—L
-r%ﬁ}_, ,La/B“—*'-EﬂJL /Q’ lrﬁLLMQQQC‘,L1

<8 -J— Lﬁ% o ‘JU? gﬂwwe Mﬁ_ﬁ




(@ s ik
/.;’_?(_%haﬂm %N"L& %W"‘?‘Tﬁuw o’

/ 0 —> it , O Vs
1o Hrve va 1




A @*j%cim. .0.0000000D 'Y }-@Qﬂw“

Afz:o:o?o‘d‘O‘O‘o o (V*Tmi
> IR g B . l'b;—,er&%’fmgm
= B Y fl A

e Wls E 2 L
I Pl | ‘B\ _v,: | '-'.-ii_f 8.
| | vy 3.0 &

/ ﬁwww ¥ -h,{l_

tols'olofo tololo

2 "f- €
I 8 ’ e P \
- 1 -

+ E R -

[+] - i . 3 J*:'\"!

[ &

il

o
: = .
" ( o . . .. {1- % i .;’rl
- B : B .
S ' _‘:" Y & £ 3N , | ¥ A H}
H i ; i o t._‘.l' a._.!.]j
i \own. N v B L ey oy
ADm 0.1 M o A0

Scanned with CamScanner

Scanne d with CamScanner



Scanned with CamScanner



e . o -, U T . e e e

Scanned with .C.a.r;Sc.anner

Scanne d with CamScanner



e _ bl

o el eint e, gl Seusfad’ Lye WD L
ﬁ%‘?@,&ﬂhﬁwaﬂma *L—'f :

i
\ .1 4

s Stan cipial # N T R T

- I ol | l‘O“'”HOIIHI@I

I‘—..-—_'l-l-l'_ 'I-'t"ﬂ-| '-'.""

e Rt | = _ e - L

[ -

I.r
Scanned with CamScanner

Scanne d with CamScanner



e Sl
. e T | M @A)
rﬂd Py
’;M"‘ﬂ“f* hﬁgr;«Q:AA—Q,
P g NPT P
00 - > AP
0 <), 5 il
C ] g ] 1 3

Scanned with CamScanner



) Scanned with CamScanner

Scanne d with CamScanner



L] . & ‘ﬁ ""i
L ,1
%‘ﬂ{’/ W. |

Scanned with CamScanner



Y _ |
N | , 28 '
x X "' . . i "
Fa? \ -'
l 9 ™y
Scanned with CamScanner

Scanned with CamScanner



* A" ¥ W
:j r acv“;d’{:)”
g ; oM. -
A T 1 aeoten E}

\/ .:-r. & LN B’P'{"MLD |

— = %
E_j &Qé}“bﬁ,@t() @LC": %&g?r\ )/Zg Viq-g
itk L N sl

Scanned with CamScanner






3y
B o
g, M
r—-
o
,l.-i
y
=
~
s
™
"
.
a4
P
i-
T
~
'-
.-;‘
&
o
™
.
-
__‘ “-u'h
"
I"
-~
-
.,
e
o
"

2% 1
S - o6t !
No= 0 (bt oedd)
o lenda, 3 ~ o ISy
o BF¥ g = %
S ™ e 7 :}MXLI ZL’WOLfI

Scanned with 'tC_al.fnSc.anner

Scanne d with CamScanner



) oy A’SI\ 3 W /wak—é
[ (+4)s |




f“
+
1]

]
?,ﬁ,TQ .

y

}
|

|

1

i/

N /T
+

s

4

!

~iv J

|

'

v
'

Scanned rl'h CamScanner

ed with CamScanner

Scann



Lt tend 48

Bmgmﬂev ”f* ﬁSfQ

W 7
aaoa

{;\ﬂatm gp_G %" BO/OLKM }LJ{ J-E: L e #

f@—O:{H&
;F]l; [,j«_fj Al

t‘f}?gixul ;F-;'ﬂ | \/

|
)
)

Scanned with CamScanner

Scanne d with CamScanner



o -aui (s l
4V - g e g
S o [ Jbo YLE’ ' ' iﬂ—‘: §
,.c"‘f 2-2f f il | l-{-.;-
W — - N T
< ¢
—g . 3 ili U 11.._UJ.{JJ ‘”1 —-—\Jd i Il
&1 | L"F'J_ | ""‘\* -_

4 108 Ko cvn gt WO ﬁ 80Kt Ll

G aovkatn Ll Lo, 0L
i /{MLGHW ﬁ%ine ARt et _‘f‘u ,‘Lt-f ,:;VQ{

k. il LR By g
Civ L;VE-L' cb"'i
I ,\/I;j A _{am L&.-::DMK}QQKH%- x
Vo i dese 80f & ook o
I LGE G 147 .
~ A5 =2 e as-__gt_wf IN=J6klyy |0

Scanned with CamScanner

Scanned with CamScanner



i

 Phose shifr x5 (K.

- 7T (e W€ Mf‘"‘ 'Jﬁ;'-ﬁ{»‘-‘- ﬂ
B e

Scanned with CamScanner



f ] oy
eV SIED T fh (Q AT
C&{L;fLLLLiLMm c‘/"?h‘h' WA b Q
-G AV
"_CK i &
1 O |
L k > 1
/
1-&AM &L
i lo.*.T oo
: _"l J- -
- o ,f .
LY’ 27N oy
e < SRV AR
109 | a0
——3 =1 1 _1 > +
Jo) 16
(\.—Q“‘r"; On ) x UID 0 quj
0ol

Scanned with CamScanner

Scanne d with CamScanner



e y
]

M e

10‘..'190*001 r{?bﬂ![}[n;p” ’”OT [}

G e B A
%WJ L/M J’I\P\’ "

!
’ |
)
b | &) .

Scanned with CamScanner

Scanne d with CamScanner



Scanned with CamScanner

Scanne d with CamScanner



R A e R W il L

Scanned with CamScanner

e e e e o

Scanned with CamScanner



Scanned with CamScanner

nnnnnn d with CamScanner









. . .i'-. < \ . .
.__-"' |.| 1 T . ]
" / f ’ i \ " , | H‘j "L,L{I-}-PL '(,/t’-ll'[l""'.l
| }l '\ ) X Lo LG ‘;"U /_j o
: . L 1'Se ( ‘{_F
g \

' : LA , s
ppebponios { VTS
d s B . -41 , ; 1
t ) : - " % : :
: : N ; . " ali.."i."l-r o b P #

Scanne d with CamScanner



| = '- = )
A < ) &) n G uEAA) o' | .
Nt ‘—'é:j — ‘ M & I———L i

——

=~ f‘gj‘"uﬁhsmm A (bt o

iy 0 T ' N,

b et TN

B 5 o ferad 4 L5 gty

" j:ui MF\' L néana L‘LCE‘L\ Zf R 4
. as»wf&@ .

ik 8 AAL Ane

R eGE ok 7 W
/ ﬁo{&om, ounleoaﬂ{))m‘ll/mw 1oopj

.}-'}'.:_: : LAk L
Scanned with CamScanner

Scanne d with CamScanner



wﬂ%miw ’@:'.hmﬂt—#ﬁtmu; nYd &;9_ A

4 I_f“f"? ﬂ% ﬂb‘ﬁ At | 7t .

Scanned with CamScanrfner

Scanne d with CamScanner



— ME’E:'M g._ f{f(;f-) ,}f(’&.;xf ¥ h

e — -

iltien |0t" T

Qals”

! | jt‘l\‘\:‘&r.
™1 <

b [wae) e To] (T

L L—1
L aitvidon , \ @1/ / QW"%L

q
§ L

%(N;Mi: e .




—

rifofo [1’_-"[1‘3 [( [o.yL1° f”\l'/ﬂ ‘

Scanned with CamScanner

nnnnnn d with CamScanner



Scanﬁed with C_amSlc.anner

Scanne d with CamScanner



Scanned with CamScanner

Scanned with CamScanner



1 | e 2f - - .
J — f o 1 1 ':" "'I N i 3 - N .3 )
Scanned with CamScanner

Scanned with CamScanner









4
Scanned with CamScanner

Scanne d with CamScanner









Scanned with CamScanner

Scanne d with CamScanner



. ‘ i
A\
AT & . !
. P 5 . —_—
}

Cf[_? A qu :me,@ i

Scanned with CamScanner

Scanned with CamScanner



S A a 0 Lebosye - L
2 Sgpbd St P g
A Do L Mtféki&rﬁgg Zide .
RS dtd S o Lk, o ¢, i fle

. t y E4ss® -
M Al ww bandy Lot of £

o sacll sk o b LY pans i

) C/!\M«,:mfa M L M;, 99 2 G ,{ J_,:
MWL? “-"Qh}ttQ_tL' ek &J %M& @q.h,ag

(,ﬁ; &WUE Ewﬁ‘((“fﬁ?" . |

Scanned with CamScanner

Scanned with CamScanner



A o

iy v W

il 4%(&' )ﬁl
b Adend

£
Scanned with CamScanner

Scanned with CamScanner



Scanned with CamScanner



Scanned with CamScanner



Q. Whatis a switch?
Q. What is switching?
Q. What is switched network?

Switch

Switches are the hardware or software
devices capable of creating temporary
connections between two or more devices
linked to the switch but not to each other. It

IS @ device which connects multiple
communication lines together.
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Folded Switch

Switch
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Switching

* A network 1s a set of connected devices.
Whenever we have multiple devices, we have
the problem of how to connect them to make

one-to-one communication possible.
* The solution 1s switching.

* A switched network consists of a series of
interlinked nodes, called switches.
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Switched Network

* A Computer network in which connectivity is
provided by using numbers of switches.

* A fully switched network uses only switches
for connecting all devices used in that
network.
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Switched network (Networking using Switches )

B C

D 8
oo & & T

. .
 j— I«D jo—
s ol
A

{ \ I \
J I H G

AW

v Computers are denoted by A,B,C upto L
v Switches are denoted by 1,11,111 uupto VIII
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Traditionally, three methods of switching have
been discussed:

[.circuit switching,
2.packet switching
1. Virtual circuit
1. Data gram
3.message switching.

*The first two are commonly used today.
*The third has been phased out in general
communications but still has applications.
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Taxonomy of switched networks

| : | ) 1
‘ Circunt switching I Packet switching Message switching

Virtual-circunt

Datagram
approach

approach
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dl ;ISwitching and TCP/IP Layers
Switching takes place at several layers of the TCP/IP
protocol suite:

|.at the physical layer it 1s circuit switching. There is
no exchange of packets at PL. The switches at PL
allow signals to move in one path or another.

2.at the data-link layer we can have packet switching.
However,

Packet switching 1s done normally using Virtual

Circuit Approach.

Here, either a virtual circuit or datagram approach can
be used. Internet uses datagram approach.
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4. Switching at Application Laver : we can have only
message switching at AL. It is done by exchanging
messages like email etc. So such communication can
be called as message switched communication. As

such there is no concept of message switched
Network.

Scanned with CamScanner

Scanned with CamScanner



Circuit switching

* Circuit switching is used in public telephone
network but it is used for data transmission
also along with voice communication

* Voice communication is efficient but data
communication is not that efficient

* In this method a dedicated path is

established between two computer using
one or more switch
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The transfer mode of a network involves
setting up a dedicated end to end
connection. This path is maintained till the
end of communication.

Link Is released after communication is over

Circuit switching takes place at physical
layer

Data transfer may use FDM or TDM
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Three Phases of Circuit Switching

The actual communication in a circuit-
switched network requires three phases:

I. connection setup,

2. data transfer, and

3. connection teardown.
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Circuit-switched network used in Example

Crcunt-switched nectwork

& '
-
-
4

4=8
switch

1 line with

|-
1.544 Mbps
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Certain issues in circuit switching

* Efficiency — low, because of resources remain
dedicated through out the connection

* Delay — despite low efficiency there is very
low delay in transmission.

— Since connection is dedicate so only time taken in
connection is the only delay in transmission
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* Advantages —
— Dedicated transmission
— No delay in transmission
* Disadvantages

— Because of dedicated connection other devices waste
time in waiting
— Dedicated connection will consume all bandwidth

— Sometimes it may take long time to establish a
connection

* Applications — Public Switched Telephone Network
(PSTN)
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Space-division switching

Time-division switching
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Space Division Switching

* In space division switching, the paths in the
circuit are separated from each other
spatially. This technology is used in both
analog & digital networks. It uses following
switches for connection:

— Cross bar switch
— Multistage switch
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Crossbar Switch

To control
_station

A cross bar switch connects n input
lines to m output lines in a grid using
micro switches (transistor) at each
Cross point.
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Multistage Switch

J

i3
B
515 ]

IThe limitations of crossbar switch is removed by multistage switch. In fact
it combines cross bar switches in several stages.

<JIn multistage switching, devices are linked to switches that, in turn are
linked to a hierarchy of other switches.
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Time-division multiplexed switch

* Time slot interchange reads bits from incoming slots in
each frame and writes these into a register. Call setup
would have created a permutation table for how the
contents are read out.

* These switches are only used in voice calling.
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Examples of Circuit Switched Network

* Public switched telephone network (PSTN)
* ISDN B-channel

* Circuit Switched Data (CSD) and
High-Speed Circuit-Switched Data (HSCSD)
service in cellular systems such as GSM

* Datakit

* X.21 (Used in the German DATEX-L and
Scandinavian DATEX circuit switched data

network)
* Optical mesh network
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X.25

- X.25 (ITU-it) is protocol standard for WAN
communications

« |t defines how connections between user devices and
network devices are established and maintained.

- X.25 Is designed to operate effectively regardless of the
type of systems connected to the network.

+ Itis typically used in the packet-switched networks
(PSNs) of common carriers, such as the telephone
companies

+ Subscribers are charged based on their use of the
network.
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X.25

- The development of the X.25 standard was initiated by
the common carriers in the 1970s.

- At that time, there was a need for WAN protocols
capable of providing connectivity across public data
networks (PDNs)

- X.251s now administered as an international standard
by the ITU-T.
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X.25 Devices and Protocol Operation

X.25 network devices fall into three general categories:
1. Data Terminal Equipment (DTE),

2. Data Circuit-terminating Equipment (DCE),

3. Packet-switching Exchange (PSE)
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Data Terminal Equipment (DTE),

Data terminal equipment devices are end systems that
communicate across the X.25 network.

They are usually

terminals,
personal computers, or network hosts,

and are located on the premises of individual
subscribers.
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Data Circuit-terminating Equipment (DCE),

DCE devices are communications devices, such as
modems and packet switches, that provide the interface
between DTE devices and a PSE, and are generally
located in the carrier's facilities.

PSEs are switches that compose the bulk of the carrier's
network. They transfer data from one DTE device to

another through the X.25 PSN.

Scanned with CamScanner

Scanne d with CamScanner



Packet-switching Exchange (PSE)

- PSEs are switches that compose the bulk of the
carrier's network. They transfer data from one DTE
device to another through the X.25 PSN

Scanned with CamScanner

Scanne d with CamScanner



DTEs, DCEs, and PSEs Make Up an X.25 Network
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Two types of X.25 virtual circuits exist: switched and
permanent.

Switched virtual circuits (SVCs) are temporary
connections used for irregular data transfers. They
require that two DTE devices establish, maintain,
and terminate a session each time the devices need

to communicate.

Permanent virtual circuits (PVCs) are permanently
established connections used for frequent and
consistent data transfers. PVCs do not require that
sessions be established and terminated. Therefore,
DTEs can begin transferring data whenever

necessary because the session is always active
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Routing 1n packet switching networks

Routing 1s a key function: determine a (best) path
from any source to any destination
There exist multiple paths
Which path 1s best?
Depend on objective:
— Minimize number of hops

— Minimize end-to-end delay
— Maximize available bandwidth

Must have global knowledge about network state
to pertorm this task
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An example of a packet-switch network

Switch or router

Paths: 1-3-6, 1-4-3-6. 1-2-5-6. ...

=

Figure .29
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Criteria for a good routing algorithm

ks

(R

Correctness: correct route and accurate dehivery
of packets

robustness: adaptive to changes of network
topology and varying traffic load

Cleverness: ability to detour congestion links
and determine the connectivity of the network.
Efficiency: rapid finding of the route and
minimization of control messages.
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Classification of routing algorithms

« Static vs. dynamic:
— Static: manually compute routes, simple, but not scalable
and dynamic
— Dynamic: automatic route computation, adaptive to
dynamics of network but complicated
» Centralized vs. distributed

— Centralized: a center entity computes all routes and load
the routes into all routers, but not scalable

— Distributed: routers exchange topology information and
perform own computation of routes, but inconsistent and
loop routes.

* In datagram, routing 1s based on packet by packet
but in VC, routing is executed during setup
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An example of a datagram packet-switch network

Switch or router

Paths: 1-3-6, 1-4-3-6. 1-2-5-6. ...

Figure
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Routing table for datagram packet switching network

Node 3

Node | Destination Nexatl node

Destination Neal node I |

—— 2 4

2 3 4 4
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Destination Next node
Node 2
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Node 6
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6 | 6

Figure .26
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Hierarchical routing

Size of routing tables will become extremely large
when network increases

Solution 1s: the hosts close to each other are assigned
network addresses with the same prefixes. In a
remote routing table, all these hosts are treated as
one address, just one entry in the routing table. (only
in the local routing table, these hosts are treated
separately).

All packets towards to these hosts are forwarded to
this area from remote area based on remote routing
table and further forwards to the specific host based
on local routing table.

Theretore hierarchical addressing.

10
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(a)

(b)

Hierarchical routing table
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What Is Congestion?

Congestion occurs when the number of packets being
transmitted through the network approaches the packet
handling capacity of the network

Congestion control aims to keep number of packets
below level at which performance falls off dramatically

Data network 1s a network of queues
» Can congestion occur at Circuit Switching network?

Generally 80% utilization 1s critical

Finite queues mean data may be lost

Spring, 2003 k4272

Michigam =«
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Effects of Congestion

« Packets arriving are stored at 0 ther
- i - T I
input buffers -> Routing

decision made -> Packet :
moves to output buffer v subecribes e

» Packets queued for output
transmitted as fast as possible

» Statistical TDM

o wther

Input buller
SEEEEEEES
SENSEEEEN
Output bulTer

il

< i

« If packets arrive too fast to be
routed/output, bufters fill up

» Discard packets

» Flow control to mhuy

Sprning, 2003 EE 4272
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Mechanisms for Congestion Control

« Backpressure (connection oriented hop-by-hop net flow control) : X.2§
» Choke Packet (a control packet from congested node) : crude

* Implicit Congestion Signaling

« Explicit Congestion Signaling

Implicit
tdelay, discard)

Source ———

Destination

Faplicit
(bdnary, credit, rale)

|

+

Spring, 2003 Bl 4272
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Backpressure

[f node becomes congested 1t can slow down or halt flow
of packets from other nodes

May mean that other nodes have to apply control on
Incoming packet rates

Propagates back to source
Can restrict to logical connections generating most traffic

Used 1n connection oriented that allow hop-by-hop
congestion control (e.g. X.25)

Not used in ATM nor frame relay
Only recently developed for IP

Spring, 2003 k4272
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Choke Packet

e Control packet
» Generated at congested node
» Sent to source node

» e.g. ICMP source quench
» From router or destination
» Source cuts back until no more source quench message
» Sent for every discarded packet, or anticipated

e Rather crude mechanism
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Implicit Congestion Signaling

Transmission delay may increase with congestion
Packet may be discarded

Source can detect these as implicit indications of
congestion -> responsibility of end systems

Useful on connectionless (datagram) networks
» e.2. IP based

~» (I'CP includes congestion and flow control - see chapter 17)
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Explicit Congestion Signaling

« Network alerts end systems of increasing congestion
* End systems take steps to reduce offered load

« Typically used in connection-oriented network
» Backwards
» Congestion avoidance in opposite direction to packet required
» Forwards
» Congestion avoidance in same direction as packet required ??
« (Categories of Explicit Signaling
» Binary: A bit set in a packet indicates congestion
» Credit based
» Indicates how many packets source may send
» Common for end-to-end flow control
» Rate based
» Supply explicit data rate Iimit
- ¢g ATM

S Ta T | | B b i | m.ﬂ..__.a_-.'-__
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Congestion Control in Packet Switched Networks

Send control packet to some or all source nodes

» Requires additional traffic during congestion

Rely on routing information
» May vary too rapidly
End-to-end probe packets
» Adds to overhead

Add congestion 1nfo to packets as they cross nodes

» Either backwards or forwards
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Tratfic management and QoS

* Purpose of traffic management is to provide QoS.
* Mechanisms:

— Control load on links and switches

— Set priority and scheduling at routers/multiplexers to
provide differentiated treatments to different packets.

— Perform policing and shaping (admission control)
— Congestion control.
» For a packet, we are interested n
— End-to-end delay, also jitter (variation of delay)
— Packet loss

40)
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Approaches to traffic management

* Queue strategies (control sharing of bandwidth among users):
— FIFO (First In First Out):

* all amving packets are put in a common queue and sent in the order of arrival.
* Packets are discarded when queue (1.e., bulfer) 1s full at the tme of arrival
* Packet length, queue size, and interarrival ume affect the performance
* A high rate user will deprive other users of transmitting packets.
— FIFO with discard priority
* Packets are classified as different types, only discard low priority packets.
— Fair Queues
* Every user flow has a logical queue, all the queues shares bandwidth equally.
— Weighted Fair Queue
* Every user flow has a logical queue, but each queue has a specific weight,
queues shares bandwidth based on their weights.
* The weights may be based on types of traffic, or how much payment.

41
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Random Early Detection (RED)

* Problem with fair queue: in core network, too many flows

at the same time and tracking the states of all flows 1s
difficult.

* One solution 1s having a limited number of logical queues
with each for a given class of flows. But the bad sender
may hog the buffer resource.

* So RED: randomly drop packets before buffer overflows.

A higher rate source would suffer higher dropped packets.
— Two thresholds: min, and max,,,

* Below min,, no drop,

* From min, = max,, randomly drop arriving packets with increasing
probability
* Above max . drop all armmving packets.

th*
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ATM Traffic Management

* High speed, small cell size, imited overhead bits

* Requirements & Challenges

» Majority of traffic not responsive to flow control (e.g.
voice, video)
» Feedback slow due to small transmission time compared
with propagation delay
» Wide range of application demands
» Difterent trafthc patterns
» Different network services
» High speed switching and transmission increases volatility

» Fluctuation in routing policy and flow control
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Traffic & Congestion Control Framework

ATM layer traffic and congestion control should support
QoS classes for all foreseeable network services

Should not rely on AAL protocols that are network
specific, nor higher level application specific protocols ->
more general

Should minimize network and end-to-end system
complexity

Determine whether a given new connection can be
accommodated

Agree performance parameters with subscriber -> contract
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Traffic Management & Congestion Control Techniques

« Resource management using virtual paths
* (Connection admission control

» Usage parameter control (UPC)

« Selective cell discard

 Traffic shaping
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Congestion control in packet switching networks

When more incoming packets than out-going capacity,
buffer is needed

[f the situation lasts too long, buffer will be full, packets
be discarded, congestion occurs.

Retransmission of lost/discard packets worsen
congestion

As a result, the throughput will be very low.

Some ways are needed to control and solve congestion

43
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Congestion control in packet switching networks

Question: is it OK to increase buffer size?

Not OK.

| .Buffer 1s larger, then waiting time is longer. It will

cause time out and retransmit packets, thus more congestion.
[f buffer size 1s infinite, then packet can delay forever.

Congestion control 1s a very hard problem.

R
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Approaches to congestion control
* Open-loop (preventive approaches):

— If a traffic flow will degrade the network performance and QoS
can not be guaranteed, then reject the traffic flow from the
beginning. Called admission control.

—  Leaky bucket traffic policing:

An admitted bad user may violate initial contact and pour too much traffic
into network

There 1s a bucket which controls a constant rate flowing into network.
The user packets are first poured into the bucket, instead of to network.

Once amount of packets into bucket excesses certain level, the further
packets will be tagged. It the bucket is ftull, the extra packets will be
discarded.

Whenever congestion occurs, the tagged packets will be discarded

* Close-loop (after fact approaches):
—  After congestion occurred, eliminate or reduce congestion.

45
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Water above threshold will be tagged

» Water drains at
a constant rate

Figure 7.53
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Close-loop control—TCP congestion control

* TCP uses shiding-window for flow control

— Advertised window to tell sender how many bytes to send and
guarantee the receiver window never overflow

— However advertised window does not prevent buffers in routers
overflow, l.e., congestion.
* Another window: congestion window used by sender
— Sender sends min{advertised window, congestion window )

— At beginning, the congestion window 1s set to one maximum
size segment.

— Whenever receiving a ACK, sender increases congestion
window (double, then linearly)

— Whenever time-out or a duplicate ACK is received, sender will
reduce congestion window (half, then linearly).
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Bridges

Bridges are used to divide larger networks into smaller sections. They do this
by sitting between two physical network segments and managing the flow of

data between the two. By looking at the MAC address of the devices con-

nected to each segment, bridges can elect to forward the data (if they believe

that the destination address is on another interface), or block it from cross-

ing (if they can verify that it is on the interface from which it came). Figure

3.4 shows how a bridge can be used to segregate a network.

NOTE,

Bridges can also be used to connect two physical LANs into a larger logical LAN.

When bridges were introduced, the MAC addresses of the devices on the con-

nected networks had to be entered manually, a tme-consuming process that

had plenty of opportunity for error. Today, almost all bridges can build a list

of the MAC addresses on an interface by watching the traffic on the network.

Such devices are called learning bridges because of this functionality.

.............

Data not destined for a
device on the other
network i1s prevented from
passing over the bridge
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Figure 3.4 How a bridge is used to segregate networks,

Bridge

7 1
7 |
1 !
= .
{’ﬂ? = .

Networking Devices 6%

...........

Scanned with CamScanner

Scanned with CamScanner



Bridge Placement and Bridging Loops

There are two issues that you must consider when using bridges. The first is
the bridge placement, and the other is the elimination of bridging loops:

» Placement—Bridges should be positioned in the network using the
80/20 rule. This rule dictates that 80% of the data should be local and
that the other 20% should be destined for devices on the other side of
the bridge.

» Bridging loops—Bridging loops can occur when more than one bridge
is implemented on the network. In this scenario, the bridges can confuse
each other by leading one another to believe that a device is located on a
certain segment when it is not. To combat the bridging loop problem,
the IEEE 802.1d Spanning Tree protocol enables bridge interfaces to be
assigned a value that is then used to control the bridge-learning process.

Types of Bridges

Three types of |]II*I{1L,LH are used 1n networks:

» Transparent hridgu—l)urivua its name from the fact that the devices
on the network are unaware of its existence. A transparent bridge does
nothing except block or forward data based on the MAC address.

» Source route bridge—Used in Token Ring networks. The source route

bridge derives its name from the fact that the entire path that the packet
1s to take through the network is embedded within the packet.

» ‘Iranslational hridgc Used to convert one networking data format to

another; tor example, from Token Ring to Ethernet and vice versa.

66 Chapler 3

Today, bridges are slowly but surely falling out of favor. Ethernet switches
offer similar functionality; they can provide logical divisions, or segments, in
the network. In fact, switches are sometimes referred to as multiport bridges
because of the way they operate.
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Hubs

At the bottom of the networking food chain, so to speak, are hubs. Hubs are
used in networks that use twisted-pair cabling to connect devices. Hubs can
also be joined together to create larger networks. Hubs are simple devices
that direct data packets to all devices connected to the hub, regardless of
whether the data package is destined for the device. This makes them inetfi-
cient devices and can create a performance bottleneck on busy networks.

In its most basic form, a hub does nothing except provide a pathway for the
electrical signals to travel along. Such a device is called a passive hub. Far
more common nowadays is an active hub, which, as well as providing a path
for the data signals, regenerates the signal before it forwards it to all of the
connected devices. A hub does not perform any processing on the data that
it forwards, nor does it perform any error checking.

Hubs come in a variety of shapes and sizes. Small hubs with five or eight con-
nection ports are commonly referred to as workgroup hubs. Others can
accommodate larger numbers of devices (normally up to 32). These are
referred to as high-density devices. Because hubs don’t perform any processing,
they do little except enable communication between connected devices. For
today’s high-demand network applications, something with a little more
intelligence is required. That’s where switches come 1n.
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Switches

Like hubs, switches are the connectivity points of an Ethernet network.
Devices connect to switches via twisted-pair cabling, one cable for each
device. The difference berween hubs and switches is in how the devices deal
with the data that they receive. Whereas a hub forwards the data it receives
to all of the ports on the device, a switch forwards it only to the port that
connects to the destination device. It does this by learning the MAC address
of the devices attached to it, and then by matching the destination MAC

address in the data it receives. Figure 3.1 shows how a switch works.

Figure 3.1 How a switch works.

By forwarding data only to the connection that should receive it, the switch
can improve network performance in two ways. First, by creating a direct
path between two devices and controlling their communication, it can great-
ly reduce the number of collisions on the network. As you might recall, col-
lisions occur on Ethernet networks when two devices attempt to transmit at

exactly the same time. In addition, the lack of collisions enables switches to

62

Chapter 3

communicate with devices in full-duplex mode. In a full-duplex configura-
tion, devices can send and receive data from the switch at the same time.
Contrast this with half-duplex communication, in which communication can
occur in only one direction at a time. Full-duplex transmission speeds are
double that ot a standard, half-duplex, connection. So, a 10Mbps connection
becomes 20Mbps, and a 100Mbps connection becomes 200Mbps.

The net result of these measures i1s that switches can offer r;igniﬁc:mt per-

formance Improvements over hub-based networks, particularly when net-
work use is high.

[rrespective of whether a connection is at full or half lll][]]t:]'{, the method of
Hx\'itr:hing dictates how the switch deals with the data it receives. The fol-
lowing is a brief explanation of each method:

» Cut-through—In a cut-through switching environment, the packet
begins to be forwarded as soon as it is received. This method is very fast,
but creates the possibility of errors being propagated through the net-
work, as there is no error checking.
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» Store-and-forward—Unlike cut-through, in a store-and-forward
switching environment, the entire packet is received and error checked
betore being forwarded. The upside of this method is that errors are not
propagated through the network. The downside is that the error check-
Ing process takes a relatively long time, and store-and-forward switching
is considerably slower as a result.

» FragmentFree—1o take advantage of the error checking of store-and-
forward switching, but still offer performance levels nearing that of cut-
through switching, FragmentFree switching can be used. In a
FragmentFree-switching environment, enough of the packet is read so
that the switch can determine whether the packet has been involved in a
collision. As soon as the collision status has been determined, the packet
is forwarded.
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LAN PROTOCOL ARCHITECTURE

» The basic functions of a LAN i1s organized by
set of layering protocols.

» IEEE 802 Reference Model

Protocols defined specifically for LAN and MAN
transmission address 1ssues relating to the

transmission of blocks of data over the network

» In OSI (Open System Interconnection), higher
layer protocols (layer 3 or 4 and above) are

independent of network architecture and are
applicable to LANs , MANSs, and WANSs .

LAN PROTOCOL ARCHITECTURE

» A discussion of LAN protocols 1s concerned
principally with lower layers of the OSI model.

» This architecture was developed by the IEEE
802 LAN standards committee

» It 1s generally referred to as the IEEE 802
reference model.
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LAN PROTOCOL ARCHITECTURE

» Working from the bottom up, the lowest layer of the
[EEE 802 reference model corresponds to the physical
layer of the OSI model and includes such functions as :

* Encoding / decoding of signals
* Preamble generation/removal

= Bit transmission / reception

» In addition, the physical layer of the 802 model includes
a specification of the transmission medium and the

topology.

OS] reference
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IH} er LLU service
protocols access point
Network (L3AF)
L ih
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LAN PROTOCOL ARCHITECTURE

» Above the physical layer are the functions associated
with providing service to LAN users. These include the
following:

1. On transmission, assemble data into a frame with
address and error-detection fields.

2. On reception, disassemble frame and perform address
recognition and error detection.

3. Govern access to the LAN transmission medium .

4. Provide an interface to higher layers and perform flow
and error control .

» These are functions typically associated with OSI layer
2 (Data Link Layer) .

-
LAN PROTOCOL ARCHITECTURE

» The set of functions in the last point are grouped
into a logical link control (LLC) layer.

» The functions in the first three points are treated
as a separate layer, called medium access control
(MAC).

» The separation 1s done for the following reasons:

. The logic required to manage access to a shared
access medium 1s not found 1n traditional layer 2
data link layer .

2. For the same LLC, several MAC options may be
provided .
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LAN PROTOCOL ARCHITECTURE

I Application data \pplication laver
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Figure illustrates the relationship between the levels of the architecture
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3.3 Network Principles
* Packet Transmission

* Packet transmission superseded telephone/telegraph switched network
» Messages are packetized and packets are queued, buffered (in local
storage ), and transmitted when lines are available using asynchronous
transmission protocol

 Data Streaming

* Multimedia data can't be packetized due to unpredicted delays. AV data

are streamed at higher frequency and bandwidth at continuous flow rate

* Delivery of multimedia data to its destination is time-critical / low latency —
requiring end-to-end predefined route

* E.g. networks: ATM, IPv6 (next generation - will separate 'steamed’ IP
packets at network layer; and use RSVP (resource reserv. protocol)
resource/bandwidth prealloc and RTP play-time/time-reqs (real-time transp
protocol) at layers 3 & 1, respectively) to work

12
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* Switching Schemes - 4 Kinds of switching methods typically used

—~ Broadcast - no switching logic, all nodes ‘'see’ signals on circuits/cells (e.g.,
Ethernet, wireless nemgﬁgs)

~ Circuit Switching - Interconnected segments of circuits via
switches/exchange boxes, e.g., POTS (Plain Old Telephone System)

-~ Packet Switching — Developed as computing tech advanced with processors
and storage spaces using store-and-forward algorithms and computers as
switches. Packets are not sent instantaneously, routed on different links,
reordered, may be lost, high latency (few usec — msecs). Extension to switch
audio/video data brought integration of 'digitized’ data for computer comm.,
telephone services, TV, and radio broadcasting, teleconferencing

-~ Frame Relag - PS (not instantaneous, just an illusion!), but FR, which
integrates CS and PS techniques, streams smaller _lpackets (53 bytecells
called frames) as bits at processing nodes. E.g., ATM

13
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* Protocols -
* Protocols - implemented as pairs of software modules in send/receive
nodes,
* Specify the sequence of messages for transmission
* Specify the format of the data in the messages
* Protocols Layers — layered architecture, following the OSI suite
* packels are communicated as peer-{o-peer transmission but effected
vertically across layers by encapsulation method over a physical medium
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Protocols Suites - The 7-layered architecture of the ISO-0OSI

* Each layer provides service 10 the layer above it and extends the service
provided by the layer below it
« A complete sel of protocol layers constitute a suite or stack
* Layering simplifies and generalizes the software interface definitions, but
coslly overhead due to encapsulations and protocol conversions
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Protocols

Addressing.

Transport layer addressing scheme, composed of network address (of host), l.e., the
IP address, and the port number. The combined address s typically called a socket
or transport address of the Transport Layer. Each host may have several port #s for
different kinds of protocols (e.g., for HTTP, FTP) or services. Hosts send port
numbers to clients to establish, e.g., TCP, connection. Finding port # on server
hosts in DS for arbitrary services requires RMIVRPC type of schemes

* Packet Delivery (at network layer).

* Datagram - one-at-a-time, hop-by-hop transmission of packets with no storing of
copies al switches, no setup of paths, unreliable and failures are handled by hosts,
each packet contains full network address of source-to-destination, e g., Internet IP
datagram in network layer and some wireless networks

* Virtual circuits — set up of end-to-end path/address held in switch tables, no
network address in packets except VC #, switching at intermediate nodes, more
reliable, latency depends on time to use the links/path segments, unike POTS
vmce-hnks VC Hnl:.s can be sha red and u5edfentered n mult:ple tables e. g ATM
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— Network technologies (or subnets):
* LANs: Ethernet, ATM networks using different physical, data link, and network
layers
* WANSs: Internet, using analog and digital POTS switched technologies, satellite
links and wide-area ATM networks, and relying on underlying LANs and MANs

- Internetworking:
* Integrated network of subnets using
* 1) unffied internetworking addressing scheme for communication between host
and any subnet
* 2) PDU (protocol data unit) format and conversion/handling protocols

* J3) standards/protocols and devices/switches for interconnecting and
addressing component subnets and hosls

* Network (hardware) components: routers, bridges, hubs, switches

* Tunneling: Intemetworking protocol, e .g., IPV6, for bridging a variety of physical
subnets using ‘packet encapsulation’ techniques. E g., IPv6 protocol packets
encapsulated inside IPv4, IP, ATM PDU's and transported across a sea of IPv4, IP,
ATM networks. Another, e.g., MobilelP transmits IP packets to other mobiles by
encapsulating IP packets over other networks, Another, e.qg.. PPP for transmitting

IP pa?sts.
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* Intemet Protocols

— History: 1970's research results. TCP - Transport control protocol, IP ~
Internet protocol

- Forms a single ‘internetworking’ protocol (using IP datagram ‘encapsulation’
methods)

- Many existing application-specific/layer protocols are based on / using TCP/IP
..e., built on top of TCP/IP - (e.g., Web (HTTP), SMTP, POP, FTP, Telnet)

- When TCP is not enough additional higher-level protocol, e.g., SSL (secure
socket protocol) for security, can be built atop TCP

- Internet protocols were initially developed for simple ftp and e-mails
-~ Exceptional networks not using TCP/IP — WAP and protocols for multimedia

- Internet protocols usually layered over existing ‘physical’ networks, e.g., over
Ethernets and over telephone serial lines via PPP for modem connection
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IP provides a connectionless, or datagram, service between end
systems. There are a number of advantages to this approach:

A connectionless internet facility is flexible. It can deal with a variety
of networks, some of which are themselves connectionless. In essence,
IP requires very little from the constituent networks.

A connectionless internet service can be made highly robust. This is

basically the same argument made for a datagram network service
versus a virtual circuit service.

A connectionless internet service is best for connectionless transport
protocols, because it does not impose unnecessary overhead.
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