Dajca Link I_age;\’

Lecture 7 F(a_miq% ond nkvo duchon o CRC

o te dado Unk Lmdgr_, we. ’O'g bo" make conse of the inc,owu'na ‘ents

\|r
which bits ethor mMean
Frame $Oﬂ'd:hng in skaeam of d.DJlg,.
L, The msulh'ﬂﬂ unit is (alled o Frame.

In a -Frg;meJ we firet reed o demarcste whee te cechion loegms/endx

High-Level  Doba link Conbrol (MDLC) & wsed os layer-2  technology in
Wide Aea Nehoorks-

HDLC

(wane)

The (HDLL) frame has o bzz,m sequence., 2 by
header, 6 bits
lndg , vorieble
CRC, and, 16 Vil
end. sequente . 8 bits

The Le%(n/end squence or te same: OIlIVHIO
IF texe, (s FWW*“% b seniJ toe wﬂhwoushd send  Hhue
£ abo hdps in elock sYndLron'lzeﬂon-

o What F thie Sequence  appears eJeewhere 7
switng W, Jo bif si:u%gg,— Sey OINID is somewhtre i the middle.-
we inert bils.
What HDLC dees (s:
— |f you see 5 congecpbive s, inserk o O,

O LI QOOLLL It Opo! LN O
|

OllltloopptiiLIQleoOltip O
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At the receiver,
we semenow e b @move these stubfed bits.
Wherever you see 3 congerubive s, vemove e sdoseq/uaruf stobfed O
The end sequence sl hoe 6 contecshive ls.
Bot what # tere s some bit esror?
0 — Remove (ot sl,-a‘Fﬂ@
W \10 — Rssume. exd Sequence
L — Assume emor s occurved and discard the frame
(We discord e»endﬂru'rﬂ il we e Y seq verce agajn)
The & veny barebones  thovgh, we need something better for emprs.

Cyckic Redundancy Check  (CRE)
CRC We just @PfEﬂA the k-bt CRC to 4y n-bit datawderd t0 gﬂt a
(=1 here) “codeword"
T space of dadasods & the 2t oFall 2" bit worke-
e leepit sh Ynak aly 2° o the 2™ (ne)-bit skigs are vald.
An isue oy asises when the eror & such that the eronsone string
s o Ccodeword qgx woell.
= We need to ensure thak codpwords are " far apart”

Given vw € 10,3, #p  Hanming gistance between v and w s
alv,w) = fié[n] N .-r.w;i-
Hamming distance ( nwm ber of Fas‘u’cms ‘{"ved are  diskind)
Fr a “code” C S {p1": te Fhmwna distnce of C ig
min fd(v,vﬂ P wEC, Viw }.

We wrlk  thic distane to be larag-
GF)= F() i a fiile field oith clemads $0,1%.

Addivion () hes wonkity ©.  (Noe fhat atb=o-®)
Mulkplicahion (x) hos ety [
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CRC i losced on a chb'c, Codg
v s o codewend, cyclic shifts of v alyo vlt in codowords.

'lbaemmb 6 (RC, we v l.arl% division (1n F,)
The. &,(vfsor/awa.b( s of luan kel k-
Foc eample, soy k=3 and the gorwalor o “divissr” i LDI and
n=b with detawed 111D

Generator 190011
Divisor 'f r‘Q}kb-.ts
1ol llOH O Ooo
|\ol
oODl
66010
o100 O
1000
101V
ol O

1101

@Lm CRL.

The codeword i< Hen lloug it
doduwed  CRC

At the cender,
L“‘ﬂ division for a ai 6@0’41'0? can be impLemenied usfnd chift rea/iS{’e,s.
For agmra.{-pr 110,

Skores | kst and skifs to He right by | each
Dataword IDCV— clodke cycke
Cﬁdﬁé "”) %)__D-’%':H@"’DW (e @ xoRo)

yor with 000 if [Eﬂda‘ng bit D>
XOR wth 101 f Lenuiina bt 1

1)
<| O | L e am

After Dadasoord (00D & em.?{-ig,l, e CRC s L ia the chift rea;sfe,;.
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M the @ceiver, ether
- pass the dataword with k Os Huwdh the CRC ciewit and \ren'@
that the C(RCs madch or
2. pass tre enbie  @ceived Loord H‘u‘augh the cRC deewit and Verify
Hrd: 300 gel' all Ds-

Lecture8 CRC Pol\,nomia\ Aritumedic

What kit errors can  fro  CRC dehut?
We wilk epresent  the divigor as o pOlyjromial

for exam{ale, [OF = 1+ Lx*+ Dxs 1x® = x!'-i—xz-fl-
(101 « 1L = 1O
O X b Yex x).
Q(-"-l- T (x4 = o e 203+ x4 %+ = o x4
(2-0 in /)

% <oy we transmit fome codaword with ge(/ufvalan): Ppbdnowd
P~ ek e error Iaksh‘ing, be E().
The received wod & then PO + E(0.
We divide dhe received polynomial by CO and - the resultent

s O, we soy e is ne bt error L?O\ﬂ corvepondiyy to
qenerakec.

We want
PLOYEL)  +O & EW=#0.

C(x)

_>Sira‘,¢ it errors.
EL) = %! for  come i. o
PLO+ED - PY + El) - ElY
cld ) CO cx)
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€ Cl - A "‘I."' +\ s'm-a\ﬂ. bt ercos can be dﬂz‘t@&l)

J
G v le EW = CL)-D[x

|
Wl hae of lewmt two
Non-2e0 popes of .

(o for eample, not con dedet gnﬂlﬂ/ ot erprs)

— 2-bt exrrors. _ _ o
ebd: e xt o xI(X74)  (soppoce 31D
Write  each thdnow'al @S o ffod,ud: of ireducible PoLgnonru‘dg.

E = g - gyl

o O BT W 7Y

It C i« o+ te R \(K-r----l-lJ he ‘E.(x) s & e form xP.
> ne £ il dwe Ye ¥ (# i>0)

However, we oodu have

(x¥e -4+ D) = xf-\—l Por some l@rgg, Y.

So if L. [.ar&g (e errors o far aPachBJ ty bt erow
might ot be detecked

The smallest Y suh Wt €0 divides x%4l i called i ofdor.

It & knowon how o ﬁl'ntl cl) of the form xKsooe) Suﬁh
bat + hes oder 2% -1.

So while thic lmils e legtn o te codesord Hrad con
e fransmitted, gek the job done qyite well

Soi# we hoe o I bit CRC, we con brwumit data  with
of mar 2°¢ ike while de{zc}tra 2-bit ermore .
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— Odd-bit errors _ _
Elx) = X" & x"% 4.0 4 x2 .
It O has (I+3) as & fagdor, it cannot divide y of thig
'Fbrm. lndeed,
c=+1) p(=0 Wt EM-1.

D(x)— 000" \ | 1 1000
xD()—po 't |l | \DDOD

60 1060000007 , ) shring of Is in D
oo le in C\t)t.)D(%)

'X.-l

r
F CLD hee an even pumber oF boyme, it con dekeck any  emr
ELD) with an odd nombey of Lerms

H])]_C Vs es CRc ~lb—-1BM
L) = ' + x'® xt 4|
CRC-32  |has
Clx) = x;2.+ xza: +x’—3 s XZLf 3(I6TXIZ + " 4 P

L R e T B
Lecture 9 ARQ

How do we dutect a bust of errors?
Tat e, a boch of contiguers bite become emoneoyus.
The error s ofF the foem
i+ Ltl-2 i+l L
EGO = x" + % o+ +x" oy

let the (R ke oF the form

COd = xRy - 4 |

——

onything,
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To be Und&W, CLX\ ciivfalﬂ& E[x).

ED = X (xt' xl—zc—__ﬁ\ﬁu's iy the pet that muktes

+ --HB

£t

() yK

[ —

no KP -Fudw

Lo e o ook dide el
So  borsts ofF ’.U‘ﬁhw o most K can be detected

ARG Angther ﬂung we shall shJig & ARQ - Avtomakic Repeck reQuest
Cometimes, if Hhe Lk behoeen 4o nedes jg parelicble, Sove of thy
ha:dhn% of nahaJalHH is Qone by the DL-- (1cP & q{uib’, slow)
WF Leee ARQ
(the wireless link i prone to errors)

Suppose. e sender serds out a frome Hub the receiver receives St lader
How do we know & the frame hns got thew reliebly?
Speed. of l{jh.t debq
Tre receiver serde ol an acknowledauwd‘ Hod ic received afder SE-
CACK)
The MK fome is quife small, it just acknowledges the spacifie frame.
How long shovld the Sender wait for the ACK?
This IS q:?“E r\nn-»h'iwbl n TCP becavse trore are —Fad'Ors suh as
whore Yov are located-
Hexe, however, e af@ Jus"i canceraed albOUt o Sffglg_ link.
We need dp Fgure ovt what Hhe RTT is.
ficst bt of cent frome fom  conder +-D>
last bit of Ak Fame fo gondor
T distance behoeen the (WiR) occees poit and te duviee s vswally
o P 10s of mefers.
t will {ake o coople oF nenoseconds (not &S(%mw).
Weir 23 times the RTT and i AK not  ppived, ebnamit:
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Note Hhat the time aleo Jﬂrmis on te size of He frame
and AcK.

What # the KK fame is in emr /Aid not feach the cender? A
Tmeout  Limeout 16 caid ¥ occwr. The sender ascuomes +the worst cage ond
peerds 4ty fame offer e Lmegut Ca.blﬁwgh the receiver hae
abeady received Hhe frome)

ks ako possible fo wn inke problems i we set the timer {0 ke
too cnall. We reive the ACK for o previovs version of the (same)
frame, wohile e are waih'ng for e wment frame.

P te Ymer & tvo lamge, then we waste o lob of bie f Hhee
fs an ksue with e Foame (or ALK).

We mut sex W2 Hmer a.Ffrorrrpj-glﬂ fo ot down on recovrces ord

reéundmc%-
We offen re.presenf P\‘DJCDc,oLs Usirﬂ stulz ulfearg.ms or Howcharts.
For- example,
stafe { evenk Aachon A everd Dlackion D

Stase 3 Like, dtderminighc
finite  avfovala

event B/ evert ¢/ achon C

Shadel
Exh adon is raPrzsml'eA 53 e. Howchadt
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In AK&, Glot mﬁssﬂae’ Serd & -Ftame an_{:njm'ng
from \uahu leaer the message sek bimer

Timeout occomed
(<] e FO s o,

S& hmer

Ship hmer, dquwe _
Get PCA hm&s@gg wecanee £

has keen (ecesved

Wiceless s\’s)'ems usu&lg e  ARQ.

Lecture 10 M.Ed-'ldm P\CL&S‘.':

Recall b icsve of medivm access that we hﬂJ(Jon'aﬂg) looked at -

The wire e & He ° mediom - 1€ even'aone brec 4o vz Hag medivm
of te wme fime, the messages  w| collide /inkerfee.

It & more pmblww:h'c in the wirdless case sine Ht S\'am.\ der_gds very
fut  with Jistance-

CSMA For now , we shal look at Ethengt LAN, whith vses CSMA - Carriexr
Cense  Mulkiple  Pecess
Thee & o contal bus (wid) and we went to prevedt mullipls popls
from sfmulch.rlep\Jshd mwujchr\a

Ore idea is to have some Ceniral G.Uthﬂl’l.{'% whose permission oo
need (his ic uvsed N wirless cellular nedworks).

Forbdner, b & the ksve of how this avthority knows  when
someone wanks o transmit- I we kiow how many nodes there are,
we tould do  TDMA (Time Division Mulhple Pocess) — give r&aular
time  slofs doring Which Conly) ey can trommit - Obviouely, this  |pads
bo wvassive ineﬂﬁ‘u‘enué, What # « new person J'orns'z What if e
Wia}j geo down?
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¥ a nede ac data bp s, it createe a frome asd serds it
Broadeast sigmls ore sent {p eNeryone - on the nehwork.
Sroadcasy W& Mot Common e Onicask Sigraly - there & a single deshnahon
unicast wie- Tz ae elep multicad sigralt
Thie part of the pertinend icforvghon shoud ke merhonzd ac well.
In thie scheme, whak # there & o collision? Neither receiver receives
the informadon ¥ g informaon i cent bny. oot veers agein, e Could
to onother collision.
We alo need o medmaniom Jor collision dereckion

£ & collison is dﬂkedfw, we. 5"‘-00\&11'4: have both SUIJ-US 'hH Daau'n
iMved i -

COMA is o rondom access potOCd— the sdedvle for transmission i
not decided in Odvance.

A each serder node, we back off for some random amound of
fime before mb'ﬂm-ﬂ"-ll:bﬂd

Tre ‘Corrier Serse” weaie tat i someore elee i traremitting , we
wait before Semitrg Our QN Mmessage Tris reeolves Me  1ssue  Ahad
oters when  pre person rektansmits 5h'dM‘|3 befor e other

This covld shll b problemahe & eope ar tyina to coMmunicate
simoltaneoudy | somez need v %PJW{; ralea-haLra

IEEE 8022 pses (CSMp - CP
Ls Collision Detechvn
To do casrier sorce, we Can just check f thee & some reasonalle

amourl  of energy on the wire.
(stﬁ‘a'eﬂﬂg [aagr Hran the neise enu%)

How do we Pu’-Form insion datechion?
In wireless jxt  checke & ACK & received-
I wied, ohen te signals add Up, e covld do omebining woth
Foudier analysie More cimply however, we ges Yot Hog W&]oﬁ
e signal (ncmases afr pop iqnals add up
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Keep ovnobnar thahold . W e eneny ic 8rea.¥ex, Hun declae Hat
o collision has occurred.

% we e hwoo twedholds — ore for carrier sencee and one for
eo\lision detechon

Mnother wsve is: et f ore cide ddeck the collision much
earler ond S’fﬂfs toymittig 0 tro other ¢de don not dekect
0. c,oU.isl'orl?

Sp afler the fict sde ceddizee thare & @ collision, it serds out
a (short) Jmm'”ﬂ s%naﬂ o the dher cide datede oo colliston
(it o aue.rankeed tnat datechion wail| \-laﬁven by fne hme Hu

jormuming sfar\ﬂj end-e)
tt 1« wortn cobing Hat e may be molbple  other side’s.

Receives g messaae,

Fom hiaWJ [aﬂer

-

b4

Cha.nml\ No
ldle

Transmit™ abter o ge some five. for
a. Sort gD-P-— 4.6 ps e Tecaier Jo recover from

Mﬂﬂ.ﬂw\r\ll&} ® m\“'ous n-'_ssnﬂc’
while l'rm?dfa EE ary
No Conbinoe
drang rission We destribe mowr
in dE:hiJl I-th

Ves,
Sernd 22-Wit
jommig - seqperce

Stwp franumi ssion
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Framme  dekails in 202-3 -

Stort  Frame | Deshinghion MAC [Source MaC
ramble Delimite, Address Addsess Lengihn Ipadl'ml

Tiafes | e 6oyl G b LS U

CRC

N
v

Lt — 158 \sa’w-

Nh’d wnimon frame  Size”?
e assume ‘et Yo waN s a& most  2500m wide -

RTU ~ GOO - 25 VIS
2x 108

doe Jo speed of Light
bt not emd‘l.g
It te Fme trangmission Hme [o (modh) lp,faur than the RTT,
it e Pgssi\o\e tat we do ot doted & ¢ gllsion bé’m{’m#am
Hinishes hwﬂwl‘ﬁ'nﬂ .

s Jr’"’* > 3

ok least the
ljna.

29 Y.'a.

Alcna the wag e alio haw rzfeoJErs -Ehd'refmdxze Msiaml.
This may 0dd some e time,so B ve Conwvah'velg toke 50ps

Cinetoad, of 25ps).
bl ba\:u ad 1Ip MbPs — 51-2 ps-

P e hae larger  digances or hﬂhu fafes, the mjpmom frame size
wed be made I_a.raer.
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Whig masimum fame. oize?
. ® we have a la.rawr frame , the, probalality of ae,thna an
exroneous it i i'u'ah.
B opis the. probabiliyy o o parkiewlor it goc orory (asstme (id),
the ?\'o!aa.bailﬂ'g, of az’mng o oroc 6 \— L[f-? n-lal.ua’ﬂn

s. Memary rgc’/uirmm):s at te NIC cond g0 vp (we need i sthoe it
for Creclcing the CRCY.

Frruﬂg. what  dichibution  do we  pick te madom bockeff fom?

¥ A i the minimum  wait hne, we pick U"i'FDrmlAd from

SAv-.vefor, -, 2%t We went k b ke Laraar ¥ o Pw';l,a, hawe.

edlided. How?

Whd we do s ’H'Lqr W, Iniﬁa.lhé pick spme (small) . IF o
cokision occors, we Neresse ko (and cecwd). This system is known
as exponentiel ko off.

B owe vse Linear instead, we might end vp waitiy for & long
Lie before no collision Occwrs

Backoff

A e compete Howchart of the bpve informehin e gven on the next poge-
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Gt fare Ty 2nd Wait for

Lx S1-2 Bs
No- of co Usions \4 i
Por Hhis Frame L N:0 _
UmForm\AA rard.m\k' seled”
7' vE io, 152, Q-k‘&
g Busy T :
L(W, k=N k—.\D
. Yes
WN\T ﬂi-bp.s '{'hln mnq. wand b
Shast h'murm}dl'nﬂ- wait foc l?r% N<ID >
l Yes
Yee | Serd 0 Wt
josnming sepuerce [+
No
N
> o
Dore!, (pm'k mr) ansmision
o dng
Lecture 11  MMAC in WiF: foever

Wieless LM have ideas similor o wired systems, bl slighkly modified .

Q¢ w2 Yew boo lagps comectd do the wme occess poind  that wank
o Communicate.-

Whet it we uvse coma-cp? The Pmbllrn hee & that Msiami dzmas
VU\& Fast, %o it rmaht e inkErV\’QhZA as oI bg other ngfum ]Darﬁormrg
carcix sense (it decoye 0s 0" for some 2<aced. For e sme
reason, colision datection ic gt very eifechve eithor.

So what do we do? Pﬁs\‘amna Frzq/uem[u nﬁdhi' work, put who wevld assign
Freqencios?

Noke thot cosder conse covld work § the sendos e cose by, so leds
leave & in.

Can e 'h\{ Cnnczﬂxra ovt ouvr pwn Si%na.\? The recoived rmﬂr\i not e veny
Uese to the trongritied sind dve to meise (in ca of o collision).
Why net yee wmow\.z&gmenhs? Fist do coscier Sonce for come bme W free,
stack  branemitiing. Then ;]usl: hoge Yok Bz teceives \ve ceceived & f‘_orrer_-i\a\

and  woit for an ockapwledgernent.
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£ tee ic no acknowldgemenk assume o collision has ocevmed.

Trew is onother ieste called dhe hidden tocmingl prodlem.

Hidden Terminal . o °

A B c

Bconm bhear boddn A ad C bt A ad £ connst hear epon obher.
¥ Asp ad C—8 e & o wolison oF 8 Neither cecenves on
audanowleéarﬂm* ot a lot of tire is yasted.
o WIFC Uses bial Corrier Sancivg. Magbe  befor A frammits to B, it
Mg sonds o short muest o send frame bp toll B Prob # intends
b cwnd. B then Rlle i m(a\'\\:outs admut the came tun cend A
s o. short clear 4o cend Frame. Then when C hears He CTs, it
knows that it onould ot bromgmit.
" We con aso incwde in the C1g how logg tre Cdunnel will ke leusy -
Ctre L As frare + Ak o A)
s i known os fhe Nebwore  Allocahon  Veckor. This telle Bs
neiahkours how Lon% to Stay Silent .
To do this, tre RTS iteel indudas a NAV.

NAN (RTS)
< > |
' l., NAN LC:‘\’%\ R !
l Il'. | 'II l | 1 :
RTS CS Daka. Ak
(A—=8)  (gsp) (A—B (&=
!
C connek C can
heos heas

The le & Hek aryiore hearing 6. RTS o (TS remans gilenk kor
tre coresponding NM. We ot gilente axound botn Yo Sendur and

CoNes .
B A deeset hear CTS, it dpesnt brancmit
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# Hue ient moh contenhion in the nehogrk, Loe nm‘aht not vee R1JCTS
o seve Yme.

RS 1S e usuam(-s senk Using lower modulabion (ke BPSKY oo the
o\um.l-nbnnua’nibelmae_—we_ wank it to e hemrlbda.kotth';
people.

Lecture 12  (Cp\lisions in WiF

The oveald WiF a.\ﬁon'{:km ie called  (CSMA-CA
CSMA-CA & Collicion Fyoidance

Prothor prodlan (e the exposed torminal problem.
Say e have

Exposed Terminal D A B C
Bah con haex nziahb'ows.
In H‘Lenrg A-D ad. B—C coud be frasymitted s'\rﬂu\t&n.QQosLa
But Cemies Sence Provenk thi becawse fr and B ore expoed 1o ench obher

Cuithin h.Qan'rﬂ m_r%g,\
Eah will hove o comtention window (ew).
A B RTS+ CTS + Dodot ACK
Contention A—->B
Window (_'——L_———}
E .
c 0 c

g“‘l Ais ’crmmrhring o B, A has more data 1o traruwit afler the woerendy

fame, ond C o2 dodk 4o  trarumit av wel. After e Frame is done,
DIFS Cach taits ‘FD( Q ‘FIXQ& Eive Dishiwtd lﬂL’U'Ffame S.Padr\a, (D\F53-

This gires some aotion of prioity (% Yoo wait less, oo can tanmt).

The dime gop behoeen the RS CTS or CTS/Dada o Date [ACK 15 callal
SIFS e, Short Inber-Fame SPMJ‘—%. (SIFS.

Obviouely, Bne DIFS ciould e 8@:& Hun te SIFs.

Data Link Layer Page 16



W"ué do we need SIFS?
— Wait for Frbcessl'ﬂ.a (dﬂc«oilra aud stuff — ‘PH\I/ MAC(DLL) Prou.ss(ng\
- B hears RTs, then Nic st fom reeive to  Hanumit
(which tekes some Hme)

- A cenge RS, d'wgc from  tprumit to receive -

Aftyr the DS, each waiks for & rmndom amoont of Lime .

Divide fime o clots (Qps in W), B someone sturs Mmithi'g i0 o glot,
omeone who s waiting dor the next slot to tranumit should be oblp to
corrier Qerge the ficst peraon and ot tranamit-

DIFS :_‘ | ity

A—B | RTS + CTS + Dfu+ ALK |-yt

|
L}

) S
o {
e
Sy off dee 0
Proegeion detoy .

Se the slot lenaﬂ'\ should toke rro‘:ndai‘bn de\aa, offsek in slots, and LHime b

Cacrielr <gnce wnbd eccounk -
C most haar and carrier sense A wiin the slot i it stark trangmitting.

Forber, if A does ngt fraumit, it needs bime bp gpitdn fom receive 4o
tangmit mode -

—
L}

Mter te DIFS, we woit for some random wmber of gloks. This is whare
conderdion pindow entes the pictue.
nibialize W = Unk (D, CWgey)

Re,«m'n.ina m‘l:ina tme
For every ille sbot, decrecent W by 1. e wasting Hime i 1ot cesek!
Freeze W) # channed Sd—s busn’.
DIFS ; i/ .
A8 bt Dt -
Wa=: 5 Lk 3 2 i Vo
c _1_>|st* o RTS +CxS+ Data+ ACK pies .
We= 3 L\ 0O g % 33
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Note Hut the wa:’n'na hme & ngt decrementdd Aur.‘nﬂ te SIFs.
We detect a collsion # — senk RTS, ao CTG

- genk dodo, no ACK.
In this cas,we do

CWrax = Clpg, x 2

CWmey = ™Min Cf-wm, Mowimom allowed valwe)
and then choowe the (random) wajh'na time &aw‘r\_

The name of Hus potocol s IEEE 80211, (bg.n,ac, o)
) Glated
Corunon

The fume has

Framble. | Signal , Fcs

Nbdulath/ bsed, MAC addresses, duda. e Fmt,_ Check. Sum (CRE)

wdingrnd:e < S

MAac pa:’:

We "cod’ the dotu ba&sre. passing it o
o chonn) b0 prohzdr oauirul bit oo,

Rate

per of bi
The nale. is the dd.aree 9(1 rec).undnnUul nﬁnum oF bits

k
WiFe has 3 o T “mﬁ”&"ﬁni
rate bit rate channel width
2o1-\l g - Ok-8AM (3/4) Sl Migps 20 MM
802- [l n - HL-QAM (54) 150 méps 4O MHz2
@02 Il ec - 256-QAM L.’S/,_A or (5/6) bl MB?S upto (6D MHz
go1- 1| ax — [02k-DAM G/LD or (5/1) -2 Gops opto 160 MH2
(Slso)

Codes hlp vs debock and possibly coreck codpuoods

In MmO (Moltigle Input Multiple Outpud), the sender /rceiver have mulbple
anternat. Ty crannd width is the wiskh of the frgueccy bondwidth-
Crongiog nstiieg clse, it cale oL chonnel wridth-

Usig  WIMO instend of SISO copid drosbicolly [nCrente te bt ralz.
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Typically, DIFS = SIS + 2 x(sbt kime)
PIES - SIS + (slob kime)

Ls Peink Cosrdingtion  Funchion — inkermediste priority
more. cenfrelized

DIFS uses the Distribukd  (gordinahon Funchon.

PIFS

Now, what akout the QeS7 |s it poss-‘blw to give hig"w Pn'orihd Aﬂpe,n&nﬂ
on the gpplicahon?
IEEE 202-1le was created for Hhis [t dow nok ﬂi\rg a hovd aUara.ni'ee.
eghon \oice \ideo Other
¢ C.J;op‘:?i Cinitial) 3 T 5 (Rarely psed)
Cmemax\ 1 15 1023
To know whih fadket is there, there is some cross-opplication interagion
behoeen the  gpplieaion layer and DL
WiFi ig, I0 aumal, tereble for QoS

SIFS = 1D pe for 1ig, lin
= lops for llac ef.
Juet Like in ethemet Here (s o magimum nwmber pf retries for coll&ions
ofer whidn we gjre up-
Wifi profocole are usoally buckward compatibe
1# we use te Dighrbuted Coodinebion Fundign, Wi is net too hard b
set Up and gef working -

Lecture 12

We have diccussed CHSMA-CD ad (A The 3ovemment allots Pgrh‘w\ﬂ-r
#mq/uenq bards @l it {3 o Ffree-for-all (oitin Hioe bard s — asujore
Con fn) ysing ‘them

How wovld we encure that sy . oUC WiFi sigrale ond owr nai(jlnbnwk Wi
sigmh do not inderfere 7

Since Ynere it no cendalized coordunador we just vse CSMA, o ey
decondrakized pmh)cnl-
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This s for  UMicenced borde, what about Licented bands? T 89\/{: awchons

qu/uenu,j bode for excusive Usoge Q Some cDum\a
CSMA isnt the best e eecapse we do have Some conwlizad coordinalir

lt s \ook ab cellvler nekworks. The compony can use o bandpes filker
o ensue  that other companies sigrald  do nob inkertere.

The geegraphical a8 & divided indp “cells’ , each of which hot a bhaee ddion
e uvg lock &t a sina\o, el for mow. We muk  Jecide how ko diw

B He resovrces amony Yo moble veere ¢o trat Uro_}j dun't inwégg.

Uy AT‘/ ﬂmnm

Ore idea: Gie diffeent time <ok tb diferent uvserg. This s TOMA-
Time Division Mulh'?\a. A ccocs.

TDMA < Frome >
U|—!BS(—I L —tgs-‘ul LaUp—#ES (BSE&& Shhﬂn)
Ug— BBS:_'_ BS-u; (Repesk)
Uy —

Downlink Some slobs in ke fame aiw. the  edodde — knpwn a» the Aownlink map

Uplink ond UPUT\.\‘\ WU{)

) dTo prevenk inkerferonce, thore s 6 guasd band separaking Afferont Companis'
B::(; ‘FW.Q/UQW:H band¢
Con we Simile.rb.& split (:ren,ytnuj into sloks ?

Fety
Sleke in the 3
'[ BS—uy ( demain
Airkl BS:- Uy
l Vi RS Lhas many quadd leands
oFDMA - Tire

This & FDMA - Fraquency  Division Multiple Accoss.
4G-LTE uvses OFDMHA -Dringgoral FDMA. K i a combinglin o TDMA and
FOMA. '
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Tiles A-.rl’[zl T
|

A VAR

< Shory 3% (b allow suitthing bjw
DL/uL map cend.  @nd cereive)

Yeeamplo. ] . .
~ Chetk synchruzadion with 8- Tiles < molkiple may correspord b a single. ueer

— Derarte frame stort
» Estimae otferuehion and phase dwges

We cart offord o aw 8Uﬂ.rd bade lhere ‘becace tut wouU wWade a [of-

OFDMA stzrdw'av\lﬂ alows us o bigremit without 8«;&? bands " S
we chall ngt st

it turms oot that the odtenuehion in different hies is different. Some sl b
the od of Y fome allow the vsers b0 koll bhe Bswlru‘chl:ilesaraancd
for tnem. Thic ~vay nob sty te same, o fow famee laker, the

DLjvL map may c\mnge to berekit evesyone-

We dio only allocate dok to people who went to uvpload /dousnicsd . This i
where  condention slots enber b pichure, docing which anyene ean transmt -
A e sags ey Want b faumt- o o s, thoy vee some sort of
CSMA  sdgme
The DL/UL map could be uveed as @ ok of a.dtnawlldﬂm or

d-!'EfMﬁ‘fd'd, te B ould Jost a-d‘-l'\-owleclae. durina the DL window -
W & collision ©ccors dun'n.g condenbion glofs, Hrwd do 0 mndom hackeff.
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(Or&"’amﬂl Fryguency Division Muttiplevicg

In OFDM, i eaxch nomow band, t s Uke we have o CBMPU’J&
differont center Frquena] £ . Distined narrowy bonds can even vse
different modulahans.

We can brenimit along Sepasate rarow bande OF b same bire -
Essen\-ia_lla mulbple modylahong on narow  barvls.

OFDM is vsed in Wik

LTE uses both OFPM ard  OFDMA.

Flaally, lef vs  look ok CDMA- Code Divison Muliple Access, whidh was Ul
COMA in 3.
e allows m.u(L'l'PlJL vsers ko use g game Hme slot-
it vsee o preadig code.
Sy v - al® « Acas (20f t) N (c. and . an
Uy Cold «Acon(2125) peb< Spreadig codes
Spreading These  codes Gd'e—_r chaen cuh that ¢ and ¢, or DrHﬂ.oaonal-

Code

J‘C-ILL’) Cp_{.t\ dt - O.

How Ao w2 gerorde? IF we rendomly genorake it (-1,0 , #gn for 5
o soffvetly [png string, te codee are orthogonal Loith Iniah prob .
Moo codir  are muhaly pr&ﬂzonal.ffbwdowadwﬂ?

A = Zs;m d,
2

Note Huk
S0« ald s CIRD) = Acor (2ne0) () -1)

= A (leeon (MR
2Mmpyed a
low ,Fg.ssbh'ﬂer
Sy (£) x GO cos (2MF, 1) = -Re (D) e (218 &)

= —% o, (0 2 () (’-l' o (L THet)
'—‘——-‘J

Lo P“:{ biker
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So we ore left xth somaHdrH Lke
A+ (_za B ea ()

4 ' }ram ObT
%m\ﬂ& thig an&Jusf gives (iﬂ)T

= Not o hsml.{oddf fﬁLOrt‘at‘nal Aotz bogk if Houknowthe codes.

COMA and OFDM o (geust to mulkipath.
Lecture 14 Ethesnek Swi'tc.hina,

Lﬂg%r 2 switches 02 n the dhemet and vse the MAC oddrese to switch.
Lager 3 switthes (molersd vee e P addiese.

__ This iopolegy does not easly scale to more

mflljj[h O than o few 1Ds of nodes.
>We vse a Sth'{-cJ/h also  known ads o bridge.
! N T
L [ /=]
5 E &IP!AD {lr-l'flj ‘J];

A cwith sdwh'vd.;d forwends mu,amjda
A—C woold toaunit ot not A—a.

£ e o 'fbrwmﬂing tuble . Deskinghion ~ Part N
A 9)
B
C {
D I

So ¥ it heus o MesSage be B af pprl: O, it does not forward .
How does it ﬁeJ: {fo kow the ‘Forwafd«‘a teble?  Avtormede dymmi&,
uPAaJ\'on woold be ideal.
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Avu} devee hay @ Unigue é’hfh MAC  oddrecs hadeoded in the cary,
Each Forlr of the swfdh hw & MAC address as el

ibally , the forwerding table is erphy. We now connedk it

Sag it hears A-B.
It aow knaws that A % ab port D bt dince it deesn't kaow wiee B
s, t decdes to forward o port |

We vpdate the forwanliy fabk basd on the sendec

What # we urgly o devie kom one sde and plug it on the othe?
Each endy in the teble ha an expiring kime. Bt has been a whie
Sice we ‘awe heprd fom Somegne, we delete thyr endy.

The pocess is gimlor § we  hae moe then oo ports.
sWe send t0 all ports it We weoiver is hot in 4 tabb.
= We vpdpte the sendar's pott in the tuble:
(forther, Hure e on expiey tive)

What alout  the follow-ma sH.'uG:!'l'on?

E,g o O
A frome fom A cold ijda
EA b ;I endbssly, tus eating barduwiddh.
O Od

We uvee the spannig bree protocol (created by Radia Pecivan) -
l. Elct a mot br\'da¢
2. Each bﬂ'dae, hinds  which ?ort is cloeest 0 the root and Gssigne thig
pot oc the “rook port”.
(what e the h’ebreah‘ng role?)
3 Amorg o)) bn‘dg,es comected to o LAN, elect one 4o fonverd framec
on that LAN. ("des'aral'ea Par’c')
u. p‘"ﬂ port whidh 15 neither & ot port nor a desiqnated pord is
disa)pled.
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- Eacn brdge ha o badge \D. The root (g the bridge with the

lowest brdae, ID.
ganﬁfaurs-b\b FurL— MAC addresg
2 nybes olhect MAC
dafaclt : 32768

can be any mﬂl:q;la of 4pab fom O —oluuDd.
I we wand o costom root bn'd%aJ we assign 6 lower wlie fo it
(the lower the Valve, the highe thg priority)

Each brfdae telle ik n,ejﬂ\rdolgurs
(y, d, X)
swallest 1D o l\*'“g 'D

L now dustanee. to

YR

a |
X —R z
4,4,X)  (Y2.d,,2)

-|4r' \’<11J
Ye=¥ amd dy= d +dist(x,2).

# Ve V2 o dedist(x,2) < 4,
dz = d+ digt (X,2) .

Repeat unkl eveyjore hgs the same roob-

— In the cae of a be whee mulbpl porte hoe epd srallest dictorce o the

coot, choste Bk with e cnallet 1p. (be for a Pﬂl:)
L—>(_n£|‘ahh9u( 's Pprk)

- The olasfa‘u‘fﬂd port is that with He shertest Jistance 0 Hhe oot port-
It He, break based o0 . (bie foc o LAN)

= Disoble ports Yot g neither oot pot nor dusignabed port-
The Qdistancee can be tweaked rmnua.u-ld

Cpeed  Cask
10 Glbps 2
| (Hbps 4
100 Mbps 9

10 Mépg 100
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