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:ol—u:( %:st/g%g ofﬁumg ,fumcho/l sThen it cJouc/L
be, Sown

f sww*rg:)

X Error cveat:

Rufe =ER =7 2R = Fe(/0) -PLO) + Pr(enr) - PO
i . fah.bahfj of (éceiving one

for § Mbit file _ Jn/&n. that o is hansmith
we need? pERE 04 -,}g';e:/a S

2P (14)= g ,PVK(VX/O)on
' ik

=>Pr (eh) = f\m'f‘,l (Ve/1)

R
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o Case T AV\HPOO(“I E;ua\”j :

plo) = PCY :\/2 » remembes:
P(O/l\ =Pr(_‘/0) .
o, =Pt Y,
\C - lEE —’-57’-??'2- S}K‘M{/D) AN s VHﬂ-F{”) bt P(1) -V
y A i
Vi, =0
=> in oM’ C’YMPJQ we h“‘/e, +h ; el
c0 ‘ g (V+Y) g= Y2 g
ww- V& W et
0 27 Ga e
o0 —‘ty V, 2 ) o2 2 py EW
...,__\_.. 2 _ a - a( y £ =
#ﬂllig £ At -‘@( ) wa E ‘=7nU’)ﬂ11[H’—ﬂ(})":}(f}
€n = = —lﬂ—(!-l'“) L’a? Ma‘f‘at\v'
- i, e |
M‘&%\ == ) qmre/{
E represent [

L So there. ave ,Q»op‘h'ons to enhaice. Hre

Giuali‘fj o)e Afansmission U}EQ) $ .
we. either increase. SHR or reduct

[ZER oL @-(TE—%B’) ZL\E ;,E;anuhan ['
|

i

!

PER 102(4) j ,
15 ‘ = - |
* SV R +4— + o

4 . : ) T, 7(3,( &L&/ﬂd}@x
£ ' | i S g\@f%@Oﬁ’ﬂ(
- e

" & i 'H\ onl duti 7( enhance
oot AR T Bt iyt cme. sy
o wsing B(C (o Cutol Coding). |

s
4
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. Nofe: —
o oW v Basebond cas the ' :
e part. BW =Yt 7} +o¢)
AW For DBand pass s double 1o
sided -

£ ves  oné -
£ sinc, it OR RGRGe => 3V

Y% In{'ejfahow\ ¢ R

A [ '
7 ) FJ pt) sin (%)
BPF

’-l—a—%—# Bese pomd_ -
ur |y EZEED
>Ar &A@ orthogonal ©] 0:f __}QU £55 fu

so ’H«&j il be o(nganaf

' os (1) sinlet) ot =0 e
5 BB /PLU/Z(’L;‘( %)mi f):l A 4 17 (wdkm ey g
L-—* i{-’ 15 Consion |
e orthognal sHew e Cx add Fem o eachcther.

Since fhey ar |
oot -/, : ,‘bu“df’ .‘

- Using | cosine of { sing s is 1V *ﬁ,ﬁéhpam S

4 e !

Uiy sve ot 55 5 2D o § Pt
.US(‘AD mo( € 'H/lam 'H/laf This (S /‘4“"7‘"17‘ . . cliugram: |
RO B Ol R e e o
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:'";o“,:,r b:io L(::' ZZJ
«he FC: I TaLBL '?4 hee Mo pesol
I awem b(ieod L e Gf’gf‘i"tﬂ
IJJZM Recawsethe. distances
ceplace eachuyby “pp

ace equaled betwees
any h.?:‘ Poio‘ff-

fZ ’F.FI‘)! T
p!RF BPF. ”-—r

\
{

L'-P these '€ cun/\ec*ee{;

a3l t) toeachp :fhﬁ(- |

; i

" KRF R\OFNI/BC aFixc“D/(

‘ “sw-dter” [ nIC o & o |

for e i |

AF = Auwdio Ff?;/kmc‘('] Sfug_e,- %wikcka:ge;‘ |
TF 2 Intermediafe F(cg(- S/‘ngﬁ' PR A e st |
RF= Ragliv Frey: s‘&g{g.

% RF BPF aould be : f
Tansble filter  (expensive Selution).

SAW -Filter = gwygace Aconstic Wawe Filter:

(chenper solution) .
bor 10K 2-D
K

gaﬂa&ho{ﬂ’ f‘ﬁ?'ci&ﬂg{d: Las M (h'VS/Hi). _ dafa cate

TiRWL

]——P the most impa(/'wl{‘ t)peafw(f e [ooK & ik

: ature  podulefor cith m=3bifs.
Wz’ h ﬂ/o K dineyram ﬁf IAW
Qi - Praw tht c y, ? !

atching cct -
=3 =9 Lrase +
e o 204 ’ 2pB)sine.t 4.8 i _ |
(110) +2p(t)sinext |
Z .
i——HI
e Qetueon Rx&Tx>
-~—- IVA <y > r |
SR ' 2 <¥ <Y |
Qé[ ) Ex.¥=3 (SK-M)S;( (oW = 30p W ;
'“""'}Gl""‘j eef- "”fqﬁ 7"“‘3C 7(’(8?““"5‘.55' for valtanye Jorg™ = ANV
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X Cltaracfefosf,“ (if WA @

DL Coreats. @ Frts Technology - @%;m G- point-
@’L’neu QQ - farl £l 2> s.e owltput velfage ,.,,llvswfrg_,

output volfuge - between +‘/cc. o

“
-+ Confinpne :

)96’61 Y71, Y I——

Jio

A this 2PF worK as & Limifer

( Limit the SWR).

Bt =K ( $ p( Cosert + D plt) sinwt +nld) IMHZE -
* ‘/‘f) -0

3 n tsually it is o cewmic Filter
g T o
the (226mvV) Calenlated 25 Ffollocas L
consider R=5 g A 0d Em 4 : sy g —
- Vo V= m =o
OaLb?M => ImW F ] =>

m = (83dB).
700( -qu é-gum o; L/VA' @a'm 22;/06 26K ( )
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71
Lectuwre y/y/2.018 7 -
o s hete we will see 7} |
>32<An‘famm: E\’""éiﬂ@' 7 & projection of the [22) -

ongennte .
\ iFis afunction

: , of spact
( / N if s called:

E*i T'J"GJB

“A)ore we / )
o A will see Vilfae JElecttic
) oJ‘“fh" : A I\ L&“ h aﬂ T P
t chi bl e Gl Radlation
Pattern
il - E sinf min: =0
- ,..: oM image, ):Fr max: &=90°
\ ( ;
. vowill be * al('ﬂ'}laﬂ Pa‘}’rarn'.
i :' lefaf’ed. ﬁal‘s o characteristic of the /4”'/5”/]0‘
4 & it descibe o the omfenma  how itis

Hansmit & how it recgive -

B x Dy CA
as = WA
X Mixen e

"
;/;,L (s a non - lineo” a[&//'ce PmsseS the Sg&

- b
R % iz BW = 7@ (1+x)
Yook @ Vrr |
5 wit limifs the SWR.

2 ,@2 o) __/,_%L
\{v} -Kl/.'nz - K (gﬂ,msqf) = lr<¢r +2|r(¢r60$w,i' + I cos w,-[-
@ = since & 1% }ilm(?a( ,if' (s o(isfo(fea(- "L'—‘EIT

@ = AcPl)cosfuet)+ B pl4) sinfact) cohich could be witlen ans: W zf:‘)i (:Js|(qf +6)

B =% (+ 03 (212)) .l_,i—z o —

[
>

R v
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= dhe au{'pu* of e BPF will be: @]:
2V W; plE) cos (wp t + 6:) |

%Dfﬁc{w ol Transmission §

Aata , A¢:¢c"'(4'—!
Ex. ASK. Z/“lappw f o A Awplitide = +10
1 / AAmp- = -10
4 s
(’orﬂ(’Me
r Ay,
J g
¥
B475 .

-;K%; Di:gp&fwjﬁml Phase Shift i@mj (9PSK) -
g = A el Cos (et +6);)

| Mapper]  ata | BE s Called: o
fo) -Jf'/2, ”A:S:me 3
nim i 3
T I 7 S &0 oA

%Lﬂ} i ‘coomfarafdf-
TRis s j?n'F?ee(cnffa”j Gh&(&ff%(

x Possible phases:

) s Calledt Tree Diagram-
1 Phase TreL.
K —> + .
Phase  Trellis.
,%_..
—71
v
- Mn‘c "

memofl ‘Haa‘f Keep 'H'e p(adl'ous in]eamah'om

Memog /Vlacl/linﬁ: /)ﬂﬂ U(Mj 47 e P(BV"UW ,'nfdmaﬁ'g,/)

A change  the output ~ depen
K cwrent i fagmaion jnput .
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lechue 11 Jujz013 " =
vo- Continne. (VPSK)
E, XT ) @'(1‘) A plHcos(t+d)
Full (esponse | @J A &(f:lt;a)fl -
I B QI e MK
— - d I A6
\ . j IJOO i } —dﬂ/z SMW‘};MJ
~_ /‘a ' '-77/2 O{F?ﬂl j
l loltd) L 47%
oololl
eto tt
jolic!
Broach ‘ 1 » lolul ] S q_{x »
= — 1 alt p
Bt-T5)
' oo |oll . »
oololl [o Loy \one bit difference .

Clater DPSK also called

CPFSK

X T QOPSK: Hete -
4 A8
oo /Y
ol | 21y
e | oy
| -3y

‘lgr MIK " odmin @ T

o Hamm:'ns distemce = jbgif- :

Mualti=h  Modulation .
= Continnons  Phase Fregya«an Shitt Kgﬂn}

CEM;” ‘Fawno( é) Min (A[Ag)) .

i1 4his example: o z
dmin:'E <R

==> a(,.‘;n'.‘..zR .
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XFRK : -
) L I P A
P [ :
IR o

0 4 fto 1 _—_> , -"'f?m","\"“’.

Aecomes OF M
TFFT = Taverse Fast Pourier Transform -
N

o (10¢) alwoys Fintane is OC.
at
24F

d
\‘\% '@Pi(ﬂ"j
8 we (epent
-10 7.
af =55 ,[aw=£ 3-10

Neg similar Fo o .

-/Uok,t
pue Fo )Qappif’//é%cf‘ it canse TCT = Infer Carvier Taterfeqente -
solved by wsing guandlbwids K mangemeat for the used Freguancies.

=7 LTE systems” = Long Tetm Evolution Sys fers-

4 v
Ledrwfé 76/4/20[3 ' : M-fpuf's e o(‘H’lojuna]
W OFIM Tx . P p since @ diffevent Fre;uamcr'e,g.

=7
4
v e
: X

oA — Pzt
28— cr

~) Cos (w.t)

*x nmbﬁ(‘ O’Pb'l‘h' % _ A LL
@ he input -n%m— g m, the BW ff;ﬂff‘f’ol i$ 7(; - N‘—x—'T;jmbg[
‘A ]E[e?. Jumain! BW: A7e(A/+CP) I‘:é-';‘m(.,z
h - fs (1 +CP Lo
-“'FA?' £ \ S '-’-M-Tb
‘ L ——
,% \ C']&sfesf Sl‘jnql @ Tﬂplﬂf’-
5 s 2 % OP s added T remove e ICT (Alinsing).
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KoEMm Ry )
. =
) Channel I /
(

Egualization = D2}~
Estimation) . j
7 Y Un

* Water F:'H:‘nf) ALgan'Hnm: 7o have all levels egmf/e;/ @ e 1R

N
—— )
L NEN

Cos(uc{_—)

* we will call dhe curior “Pilet comrier” 5 i} s the cefereace point sendd with

'Pflf_ a{_gfﬂ
Uswally  we send one pilat every 72 or 64 corriers .

% Same of the sub cadriers ould have Wnlliney = Q&ep chfmj
in Hhis case we can’t send dateover these sub coniiers -

* The OFUM used To Converf Freg: felechive  Fading inty
Freg- Mo Selective }%0&:’1&‘{_-

. S8 (spread g{’éc%(m)__[;p FH (Fregumg{_‘ Heppine) -
PR (Vicect Seguan(c)

= HF mamcy_ use.d faf M.hfarj Applications X communiation secz.mg(\)

s PJirect Seguance e
Qoguanct. = () = OV 3 €Z+'>-1f

Reado Mot f, wsafu
*like a courier.

2
WA B =24 $m = +e
/‘j N, Y(t)
, ’a

LR

k. & | - | ]
L3S %{‘Lfm_._ = 1 R pegaw T
P a w

. % o where *“" C (n (SLF)

H = Fn Coolmﬂ gpreaaﬁmn

(Grxin jeacf'af
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Ci > it =

<C¢.)Cj > ":g(_'j
I - Hadmardl S'E?WCC : 2 7 -1

= m—se;uwﬂcc,- => i+ is & [reudo Moise ggvt&fafﬁo{ bqij
F2.8R = Feedl Back Swif Register

Ex. m=%
1 6 [o] (x)= I+ X+ X*
+
(‘ O"O>\' . C;OQIO“' e o Muﬁfe
T 1o :/mi{wls C?i:.foolull & J;(, ‘1-“0 C?_ in -l‘nifs5 example .
O

i § { ,." Ouk)u\h C'S - |l 00 ,O‘ s0
2 7 Cy= Il 1aolo

ey !
3
oo/ .

SIS
i
x Psencle Maise: PN, A i gb;{;,( ‘5,(x)—.|':->(+ )E‘
90x)=X"9, (X))
kil ~ Lo
Gald Gode: i is a Mumber = | +¥X5X
Tacbo (ode: it is a Cgif’em (Exvor cofrection (ode)-
“Lectme 18/41/2018” alouas] A
’r = ® \“ A nel . u
oot N VR gl
s el O it
A i (Medulator) P l T
Senching o, terlai B e = .
nwnbu;afbiﬁ Rl ——%Qd\. Caffé%e
Fu. sending 2hiFs 5 £=1 extor willbe crvected.
..8 .
EX- gEEh;o'al J (?;m'l‘ed %gd: 0" Fied £ Ly This willcglffr ‘*aﬁoal
= 53 & 4=3 performance. .
gggdcd.‘ 0° = (o0l = e s pow&ffdu‘h'm.'

4 .
dor {%A = => t=4 ((55"@)“\{ 35&)
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'_/1/_"*_&-'*&)@, o.qu wse. oné code to a’.efecf ov to corvect. @j
AN types of cortection  can be defected - |

S = gwW Expansiop K = Cde Rate n8 K are integers:
K Facfd( )

% ECC (gror Contral Code):

£0C (Efror Pelection (Codle)-
ECC (Error Gorrection Gdle) = FEC:

w Evror Cotcection Gdes

. ' ingy Cocle
T- Block Godes: sl . Mote: ¥Cuclic Code include  he Hammivg .
= HMMM? Cacle e *B%ZH n'nc'MdlB the cgc[t‘C& the Hammird
. Ctjr/lic CﬂotﬂS CoJ-ES
= BCH .
LDPL “low ﬂensif’j Pax.'}j ChecK Gode
IC - Gonvolutional Codles. sgwﬂ*‘“"“‘

olutional Codles (CC) <:N,,,-53m.u:fﬁ'ca|-
4 Mao(u!aﬂoﬂ .

. Rejalar Conv

Lo Tem “ Teellis Code
. Twbo Gdes (T:C) =7 Dest Porfarmance -

i ity Grain -
g - STC "Space Tme Gade” 7 T g Diversity_

A folea 7F Coa(iﬂéj To creat & ol-ef’e(minish'c alefena[ﬂ"Cj a,ma'mj
* * 0

Fransmitted Pata  steam -
Fields 5 Avithmatic gpecations -

. TC'I;OLZ et of elements ov Alphabefs. g = jasbscs-§
, Two Bitory Operations : e
m Ao(oLf'ILl'ﬂﬂ v (+)- a+hb=C 9 2O T
)ZS M“'ffP”'C“ﬁ‘"” s (¥). a wh=ol 5 @bO
Min Field : i "
C = Lok azse§ G =101 EJ'nowj Field
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x Nofes
o Avn Mathematical dperation can be pu&rmed in any Frelol .

o Al ficlds are e%un/alm-
'AJD{IH'\.OIV\ wor K eas XoR j"\Jfﬁ @ -
o Muttiplication  coorK as  Anp Grate .

Al other opefah'ﬂns ave  constructed  using fhese iwaja*es XoR s AV

% Evtended Field -
g"nwj ‘Flt’,lo(. s a PM"' OF G’la“‘éo Fl't‘,lf/{-~
| Fa'cfo(-
2 Binow Field O F (10) —» Decir
e j C-F(2m) —» Ftended Feld .

/’GlLo?loiS FIEJJ
By 2) -
&F( is nofa‘ﬂay] il be U(SCCL'

=X - = = P
o o : >G£21f—r Sat th

x £ xtended Einawy Fields:
. represent elements :

1- Usine Vecfors: Viz=f11e nl ,Va fioroe ]

= Usin® {’aljnarm'als. J

=> These used do simplified the incomiv'y mathematics.

Additien. V,@Va = Lon 1] =5 VaVy = X+ X2+ e
+XH+XL+X{PXS4’X6

.MuH,'ph'(af'fM ; ‘/5'\/2 o f—l-)(-f-/ A
= 14X+ X2+ x4 X7+ X

2
l—,}+x+xg+)(q s Vy=lIt X

. Mo Subtraction Fchm'guc.
“Lechwe  28/4/2018°

EX. Findl V,*Vz in
V\ "’[/0100—( ~ *H’XZ iy V|¥\/2 &

folynemial Facon ¢ .
L4 x4 Kb xS Xt X

V‘Z”Z'lool—g —> I-\-)("f')(H
fioat) xTexal
2y | ($4° ] b ex e XXl
. .- T
)(64-)(2')(2 )(;4')(2"”("'(
il s, e
x A+ )+l )(3+X
)’Hfl’-rl )(2.\.‘
2
0 (cemainder) X 2t
(®)
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Ex. exleaded freld GF(2%) = GFIR) Il
o] X o(zotio(* oc’so(‘ ewe define o’ b ease the process
of Mul’fipllcwhon.

¥ primitive Polyrenials

“geneste all of the other ekmafk’l

¢ syt Pl (i )y spon e e Tl
s bex

= 3
g Lameat . > 7
™ has o non -Zeso plemen
. q
GF(2m) Ny g
8
n
s Prime poljnamfa\ ove the fac{’ors 579 X +1 :;1
3 2
£x. m=3 = n=7F K41 = (rex) (14x+X Jil ) ©
N 636,,377,},',49 fhe Ex tended Field : This)
3 gz
= . =, l'l'x*'x = O —
for Mgl GO ‘ — ?‘?_?—ij
3? X = | : \ o o v ™ xM
X 1o \o
: o ‘
", = OC? > at Bl s e B
9 - (Krj) mod 1L 1t o [l
Y ( yoX+
0 )
0(5 | v [+x+0!
P d
0(6 (o | | +of
; ﬁd s ('a“eC(
ot
the whole dval Space.
fido[- _é,:g

X * ®
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"“;f‘“e 25 /4/2013*

X CooLma_d -
X Naasiecy Code” UV are vechr.
al ’ Necl Generator Matrix .

s Tk, .G is & maltrie Ca

“ E Y, G'
/‘ e Sme(a'far
wiput mpu%- matrix

/D‘ TBW

Passible cuole coerdl.

¥ linear BlocK. codle i3 Se,/edmg ,2 code ATk f " 2
K bits
sible cop binedions- ma’fnxi 11“

4———b
U="7rio-- -1 2 pes
\/';[IO---—S 1 tr ’e Kxn
nb'ﬁ: s & o’ with K & n Bifs respectively.,
o IOk £ rs&os Jhat differ in position -

Distance @ Nuw bev o

¥-Hmr~ivx3
gy -

VZ- (\‘o/o|el
s

4y =2
Y f:m'vl fs

IAP“,"‘ oo —h clrloosmj ooaoo
6 © . oo ¢l “|00>
oad\l

; 31
q.lo l] |
19 !-
' Lttt | lnn
mn asotl

wee 5 )
X Cootfﬂj i to select 2 code wovd fiom
= pﬂmbé code ool u.%crg\ax\mwﬂ pin imim hmmm Histanc \
&\MWM— 0000

A also  maimmt b ‘t exfovr

L5 olfe :
= in 3 _— Cd{fec‘hf(\j Ca,fa b'
U T 1 ¥ (ﬂ\)
ool P y o

Con Canmf 'lra '{: such that

edlor \D = we
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X HMM'\:’\‘j code: it is a single error rarffoﬁna coalﬂ-: t-1
i s hat [L=5] —

under condlitions: 2 (nK) Howmming Codle .
X

.Far m=9 n_-::{F :—)'TFHS 3 ,(7, L’) HC oy -%’,"fﬂfﬂ HC
K=

X
) _ . is P e o}a‘}'ninea[
Kdr G. (@ = [I‘va( ,PY F ™ b(:ﬁ(s& fr m=5.

Ex:
et w=-f11017 = V=G =1 j 01 0o0o]
@ R 0 -vee (it fix one error).

x Pocity Check Matrix: (H=] 1 & PT]

? l‘ oll =2 I‘S em’“]'

*

.
.

= =11 O o
m=3 = H o 10’
0

@ R.. Find S =VH' (if R=0 540 exvors)

fove s Bo bl < S=01e L
[’ : ! ° ] L' if (e‘oreral* the last

' celpmn in
anothes  exommple’ B ol i s
\A/‘-‘-[I | 41 oaoe] in T is in the last bit.

=» S:fon ]

te: Dbt cdes e medhods 5 mathemediclly well -clefined
-_;';puf’&mjfpul’ relations 4o gafisﬁ; caalfﬂj criteria.
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“lectwe  %0/4/2018 "

%Cﬁd;c Codes: —» wed foc Srvor Petection 2\ Cortection -

V(x) = ucx) - gx)y —» # " (x) = V(x)+ e ()

. cli . A
{’;ﬂ% vx) _ v 6X)
Nn= -1 ? il—g "_5ch SLX) 50‘)
n-K=m __ , 1-~1 ()
= U (x) +a(x)+ -3‘-(;)
7

/(x)—> max ofdef m-1

CLE) =

g(x)—> m order. ol s
] a) I 7 (%) . Example : (BH) Cyche :“‘e'
1| o 1 Let 90) fom GF(2)
x e | X 9x) =+ 2+ X
Xt Yo " wl(x) =1+X
N R4 ><.','““ VIx) =+ x %X X+ #
;:(-""."”,?“—-”.?- ‘ -:!4-)(-\—)(2-&-)(‘1

7Cor m# 58,10

Jex+x ™
J# 0™ e

0 (x) =\ 4x2a x!

Pese tewo forms alwoss iy =14X % X
" existed for anym7 5850 D) = Lext Xy’

table:  9(x)= [+ x2+ x5

. aenecate  syndrom |
@ Rx a ¥ sawple L, ne Aivision !

x24 %+ =aly)

3
L+ x2+ X ﬁg i o
w2+ X1+ X

a(x) l ((x)

X'+ x?
x Y+ X’-k)(
Nete that X 3+ x2+ X
Ao gex | iexe XE | s s e i
s | st 1eX the P maffrx. — vl = A0
X L adex] x+ x? "
o theve1s Mo ewor: W Bor V(%) :/_lj-l:_\
= )_/,_(_’.‘_’- - b(x)+.@ﬂ o, A, w2 Ulx) =1+ X
7 9(x)
30x) x e X3+ X Vo
Zf’(‘l)'-’ob (K) X 3extex+| ;Z(x) = b(x) +or (&)
r(Y) ‘,ﬂ: _’_‘_i_*_i‘._lﬂ- —}'o( f[)():x ;#a(x)co
o — X
i, S So u(x)=1+X

w(x) = p(x)+alx)
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xbe G0 % B V002 xg,ﬂbb!) |
2 3 1-!—-)(-\-)(” >3 X",..x"i.‘.xzrx*' E
M_j:ij:: '_ﬁLx—’—l’-x 5 x4+ y2 :
- i
XS"’ 1 ) ¥ 4 | from table a(x) i
ey
—f—%—i ulx) = 21+ xex? |
X = i-f‘x
=> %(x)= 1+ X
o ggg ':-/0’-‘2 :1
ok M'C’ Packet laﬁﬂn - 200 8its h pit (200¥its) in the 200bits |
target pER=16% = =2 we fix 2 efrors-
L~ 100 (1 errer enery 100 Bits) -
Bek),
- =6 B Z
e k0 (we need 0= %5)
x Shortened codes: "~
x oo['e_- Lﬁm . 'é____:_‘_g_f
(n-£sU-1) € (,2?—4_,120'%)

(1005 ?) qjch'c, codle .
g(x) =1+ x+ X7
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- P J X o so the inderleaver is |
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2>V is a Ceavolution funcdioy, between e input A Xe state ]E
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Eiee Evente o defaed o5 AorKing  fom hecorect path 035,
g\ re-emerging Jo dhe correct Pqu e ithowt d‘&fec?"/ﬂ the. extor.

froe istnice @ number of ones in e edof evet path

! d‘n"feeg Bl

" 5au%pv~t bits.
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X Tucbo Godles:

% The Probleam o? Tawrbo Cocl&‘ﬂqaf:
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