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\—\u(Q man Codes — sphimal prelix code

RSCII ¢ a L‘\xed \evtﬁ’“/\ ceode,

A=4\ = cloo ocol

o = 6\, = Ollo ocol
B = 42\s = O\ 0 BSlo

b= 62, =0\l OClo

i

Z : DA

O\ol \olo 2= Ay =0\\oVO

Eaoch characker gues € bits, Mo merer hawd ofien
e character is 1ased



\/ar‘\ab\e—\éwg\’h codes
6\(\0(‘1,2( codes Qor &equw*\& used chacacters

\ékgp,n Cades Lor (V\{;rec\uemk chavracver s
Wi wiea VCRe 7
Example: VCR-glus 7 e

Where
{ do Qotrers

?
@uesh‘sv\: \Asu) o aecede 7 loco oloy o) S

bone less chicken

?(e@x - free code = prelix coce S5 il SHECS

No chartacter has an echckm% —that
s Xe prlix of ansther characlers €nceding



Q@p(eSQMT Prekix coces as a Io\\rxary tree
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e v (o) \>
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?ro\olewt: Given an “alphabet” of characters and

a Kequency foc each character, Wat & the
optval prefix code

M‘\V\E\’Vﬁ e gferluwcta X X

%(T\ = Z('_ Cexy Ao (x)
/ t—w £\ \ deﬁho&x

2xpected Yree JCOF‘ s in Yree
g ol bivs pretx = [ew]m of .Qf\\cod\\/bé.

Code oL «



Gme@c\\/ Q\\%Df;mm: “w@;mox\ cCooes
D St Aaraciecs by rg'&c\uemcy

@ Take D charactere v leask Qreque.«\c,y; x4z,
(T\Aese_ vol\\ oo S\)\CLOLA AR (-] bo‘“‘om,\

@ (RQMO\IZ x €z &:(EW\ Ahe a\?\r\alﬂﬁ:\' an o
feplace dhem withh & “Lake” character wriy

/\ s & C/=(C-1x.2%) 0 IX3



letter  probability | letter probability

A 082 N 067
B 015 @, 075
C 028 P .019
D .043 Q .001
E A27 R .060
F 022 S 063
G .020 T .091
H 061 U 028
I 070 |4 .010
J .002 44 023
K .008 X 001
L .040 L .020
M .024 Z .001

hettec -Q'ec\uem_y ‘akle Qf Eﬂ\cs\ish
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a Rulfoman code
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Use « Wheap o store dhamacecs by -Qreqmemc,y.
Smaller (requencies on ‘op.

Fach \ecarzn = 2 ExracrMNMia + 1 Tnser€

Bui\d Veap O (n
Extract Min x2 (o o0 O xn % Ol n)
Tns<ert nx B \oi.vx)

@(M\o@vx\



Huﬂcmm Codes  ace opfuna , but wwy'?

Claim #\: ,ﬁxwose_ T € «a binary tree Loc
Some oeelix cede,
lex « 4 k< be dwe characlecs Wt lowest Q(‘equemc,y.
ket b & ¢ be Yo charactecs, slng s Sy
Maxuum depth . < 5‘~ﬂ’—6$§ms£cb)
Su dat £y 2 (ouy & SC L
ppose 7 b) < Ly,

/ﬁ\&n, 5\00\?9\\/&6 2% amA b omd 5\1001?91\&.&_ La_amd C

Wl result W T with Mo Areater exgected
code \engta.






?(‘oog oj; Clawm*\ ( by Ca\cw\ajh\@/\)

removed X added x
5 o ddeé)“" ; a¥ e degta
vlx

%(T ) %(TS g(x\ A (x) + LY. A/ (x )47 =d«(b)
=Ly dr )+ Leyy ér\' (4)e—=dx ()
- L) A7(L) + £(b) Ar (b)
- £(0) A+ (@) + £ dp()

= BN + £ [arlw)- dr ()] <

% -((Y).[dﬂ\'(c'\vd‘r(ﬂ)] Viegatims
S+ L) [ (0)- dy(0) ] ) e
o (fo- [ty -dea]

= B(1)+ [ £(0)- QC*QM (e)-Q(j)’ ddg\ A (e)

< B(TB %0 e Qeert. 2 El




Olmm L Let T be alomary 4ee G a Reelix code.
Suppese X £Y are Sibling leaves,

L@t T' be cbrined Lom T oy (CEJLQC(\/L}_
JﬂAQ, SLLb‘Tee. ,w‘\‘\’\,\ a

7 X

® %

whepe o g assigned xuwe Leequoncy of ALY
cowbied :  L(w)- Lo+ £iy).

Then, B(T') = B(T) - Ly —€y)



_(f(cofg of Qaw w2 by Ca\cug\a,lﬁ@r\\

B(T) = B(T) - fo0 drt - Loyyde yy « vy dpr (W)
= B(T) - €00 deto) - L) A0+ L0 [det) - V)
= B(T) -&im*Q@] Acx) + L) Aelx) - L£(x)

= B(T) - Sher(X) + Lottty - £y

o B(T\ B -Q(x)— -C(y) o does not depend o
the deptte of x &y,

X



Mi \—\w@mm{\ codes ale op\—MuxM.

__(\Pfrabﬂ, by RSQUCKBN. Wnauction e #¥ ol arcters.

x\/\ﬁ-?
_:iﬂduo\ﬂ;»\ Hypothesis: k—\u.QMn Codes ale OWWMI%\\U‘\'
g;,r Aphabers W W eharachers. ¥

Bage Case: 7= 0 . Teivial.

lnduckion (ose:  Yeave P = Pln+)
Suppose wst. ke X ke a prelix Ccode <

B(x) < B(T)
e Jhe Vree Lor a Wufl man code.

mwhere T



ket x4 ) be two characters ot maxdmawm degtv
C>((\ 1. “Twean, Xey Yhave “Yhe Lowest @eﬁu-ency,

By Qaim £\, e cam swap X &Y YO maximam

depth W X and obtain
B(X') < B(x)

By Claiwm ¥ e canm replace A4y (Moo
gmmt’mﬂ 1o ke 51];»!:\«58) Wit X in X and i T)
and obkin X" ang T'

B(x")= B(x') -fx) ~fuy)
B(T)= B(T) - Lo -Liy)



Then,  BX) < BIX) < B(T)
= E(X) ‘--Q(x)--C(\&\ < B(T)“-Q(K\--(:(m
= BKX") < (1)

But, T' 38 e \-\'Q—C-men code (s “we wn Characte~
al\lphalaet C'= (C. - 5*:@ \ O {3y,

"o
Fuckhecmore, X' is also a pelix code o .

'ﬁ\eﬂ, Hullman codes are ot oPtwum Ge &
wich hae M characlers . Wz candradicts n),



/(a‘ae, Arechive Ko blem i

n {lee shreda on maguetic tmee.

Order wae s
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.-

must = cam —thouslh
Q.‘\.es ‘ '\"’\ft& ""\ -\-b

reach Liled
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A
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(D Puk  snectec Gles \n feont

@ (Pvff wmo e g(equ&n#\\j ueed Sles

(\)ré blevns:

O Lots of shact Lles Mot are ot used often

@ \f@(7 Loi*\é (ies vsod st gréqu&/ﬁr\:j.



_Som\ﬂﬂg NS g(zqu@mcy / \emﬁ\’l/\ and .

g Lile has QW{)%‘ QL 4 '(g:(equkem% Ve
As&,cme Qﬁlé’s are al@w&a s&) ted b% Pl natizd

Pl z Ph = Pz - = Prg,

S)/Lo’k) "ﬂwﬂl “ME minimize ,ﬂy)a.ec[@d’ &rccess +Hme

;’ P (acc,ess Yime S Lile -i) = 12_; Pt&%\_@)

ead over a\\ Giles velste
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USWLQ argxwﬁt K— SEVhL ovc\er\\ag X Aoes n&
PMCC Cle 4L at Hhe b%in\m\/ué , W couwd have.

WAKN\NG v Camsr swap o Me Ceany.

ol i =

ordec:
L 23
I 33

213
25\

i G
32|

pi= 00 L.=<%0

v\ /2,= O.0l

o.g( ¥0) +
o. S‘s(*a'o\ +
0.\0(100\ i
S.e(1oo)+
S.o(49) +

o, fO(Q) +

2 Qes

P2=0.10 Q.= 100 Pa-= OO ﬂz,:cl
Pz/2,= O.00\ Ta/e, = 0.0\,
o.10( ¥0x1co) + o.\o(¥o*\oo+T) = V00 _WK ‘
ono(ga)+ o.\o(tgﬂ = QuY¢ 603093;&?(«6“
o€ (1go)t o.lo(1¥a)= 1729 2 ¥ o5
o1o( (09)+ o.xo(18a)= 172.] -“c(”ﬂ
OF‘" \ (v 5(9
o0.20( %)+ ©O-lo(189)= T J ﬁ?;"f';wﬂ’

o.lo( 104) + 0.%0( 18%)= (63



PBut we cam swe@ adyocudd Sles
o Cle Ll Lo - Liaea Ky .-Lite- -
- Bt
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Q' Qe fle Se oo Koy Klen P { PR

L/"\/’\/ VW
c S A QA Cce55 war
\eﬁvfg:se%(\“‘e' . MC—-:f cknnﬂ&co\ ot changed
ik’
EAT(s ) - BATEG) = Py - pli
Mmust Cead ( g
g\e;*v%@"j \_:: A Lite 7 YogqetT
Y2 Cilea r@-\—v .L\\:g

Buf, %)% > @e/ﬁ = Pl -pL <O So, EAT (S )<EAT (s)



Leﬂ' G be Ane order WA produced by ﬁreeAj,
Ll Lle2 ... Qe

ldow do we waky O \woe Ve G

b\/ Swa\op\\/»%, adldacem't gi\es?.?.?



Ansmef . “Bubble Seort
Let S® ke due orcerig oblmied Gom Bubble Sorting

S aC,Cord\\(\% o ,Qarges.’t ?;/Q_; =y of e -t'“‘

6‘\6(7 OQ %ubble 30(’ t

Tren, EAT(S)> ERT(S") = EAT(s)z - 2 BAT(S™)

Sorted \-



Yool Auat Greedy i optmum: Gre=dy

Sol

Suppose, Seml Solundn S has EAT(S ) < BAT (Cﬂ\

“Then, Bubve St S by  Pilo. order.

EAT(G)> EAT(S) ZEAT(S) =. .2 AT (™) = BAT()
ere Me&tiiod Same ov&erl\'\a

o> EAT(6) = BAT (6)

a cenYradictHton.
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