e Grray Tochnlgae-

Constidor tve dikuarion,
" Thane O Noay \ntod Ltgors QUY twhe
nhs 0 PTOjTarmeding: Woo O Veay B~ & how &1
%NQ upply ofy 96 & o4 e 54 Coing

. Now he ho o %hio_mi wWho naods
Qoma money C 425> € Thok do0 An  minimurs
no O Coury e hos & Qreody Clno\ ta_
® @ ®
§oot5 545 - Ao

~ nds o} + 5% 5%
‘ol SO\\L!::\C"\'

And ke gt o &
bo hos ¥ glve O Cotn 0f lowngat yolun ~thax
Aoes not  Foke hm post ‘

,S?c.-s Jos, Hovgok Aanersinosion $o_o
New &\s 0 2hovt $o the Ormouht Qs tra
nexe toasngaw he CGon QWe > \ob. & ho Qave
A 5 & Coin '

note - BE Qoon (Renesieny 0dd Coin OF

el Anar Goes not Roks W poastk e

\‘Y\Q, Q_hge)h \roluo-
Ournotnt Fo o POIO-
Deini Fon ' Bee dy PGOTm -
\N‘\W ‘/\/WIW\
AN C\\Sommm\a PM&d\grp Thax %0\\m
’\\;j brobters S0Wing  Opproack 0f maring
Lo Coly DP—h\maL C,ho\cp_ ok coch Skage witw

e Wope Of Kfinding o Qlobar O primurs

Poos:- Qi ;
= Simpla ey +o implament | Aann Lase.

Coms: Neny Ofken, thay dont provide. a
g\ obalty opximuns  Solutien




2l

%o, of  Grracdy:

) G\'U“Qo_d._g Cholca pPoopesty - A Qlobal
\ : —

OPH murs Con bo 0sived as by Mﬂ&bl“g’ =
Qotar OpRimurs

&)z_gpy;lma_\.ﬂ_$ub.&mc,tu'rq',- Pn Op+imal

&oﬂut\cm o% YW P‘u‘oblarp Corralns Qb O PHEmMmal
Solu i on +6 &ubpqmbuxm.s

Bpgﬂiea):\cmx—
D Prim's  Algos
0> kouws kalls  BPlgonitums

> Lo %\f\&\hﬁ
mntmuas
Sponning

Trvoo
B 0]a Inaplocy problar
5> Con-toiner Leading prokler



/PK’IM\.Q h\ GDPT]HM ["f‘i tant Fraies of

DERINEon - ; . thdl  O-
,.EE_— o 'Lon Q,Lcao At used. g7 % 5 ”

el nimum CoAL 8PCU\nTn% h;LQQ,. %my Connorcte
wei@k;ta,cL. Ln Adrectoch amlah | )
o ornutl
- WESC &t
> ConnaLLo,a, A) et o
S g

W h‘bw_; P4 s
Uh -r@,cbo_ch— @ ]

TniEion ﬁw fooah- s
it S o ol 7
"%Aa_Fh;-CIQ-) O ¥

f 6 L
% N, O co-n'\uj:w- C—
u . °"& aL\\ "rNL '\mmclw of o fa(mPV“
Ythat Conin®™ 3 __ ‘
Tl o, 0{1 Mﬁ MU PC\"NH )y o - iy
DI, S T Spaneing. kaes’ Of %
{5034 n\mun) Po-m %* LTQQ

iqeateh v
f ey e 0 FSIN IS LY Cg n
| 8’\QP h,.[' ‘U' | J:M Panm 8~

o) 4 N

)7L
.,‘

; ang., " fPo&Q\b\ht\@ _.

] [b fPOSS\bl\[t{_Q) £'|

.l-sSi: atl the 3gsf>.huw
9‘ Ckoozsp_ Amallost -

CDAmnbauc__j RH san

.. D N(,Lrﬁ)bm Oj} J-_,.CSPQON“% J:)\JZQ/} 840@3 Q)tpowzn:l:\a ﬂ'

i e Qoo Bigpa il i
201/ a0 A { 'TJSPEREL{}WA% L- .\'E

: | g (T
0, 'l': 1 27p1n0 8 o mclsw“g PIUTCSJ{“ \E‘
nomay 0 1 N7 ' BN o i - ‘)_'
$ 29/000N0 .’d;l' %-__j /470 11 (\l:
~ ¢ "

et "‘tl"f"\"';-’--‘-“ an] € ¢
v,

= — 1



!

Prftm lq f\\ao ’Lkl\uD Q Xam)‘)ln "

——

________________ - B>
rP’\,o Cocluwo - - ' o al "
@ ’P.‘um‘a &\aom:\km ' Com&*rm i. o .masr)'rmum;
(Qpann'inca L seo T\'\muah O (gilotu.un& Of xpondin g

(gub'\‘TQQs

" The * Snikial &ub«}rug_o_ lh ‘ Sue.k ‘a fgﬁ-CW-QDCcL
@O'NM'\-A o ra 8\'\8({)_ VQ,L'EQ)Q ,&_Q,Q_Q_cko_d_ mbﬁ-mwht
Asran the Set . 0f He %\apk‘ “Veseiens.
3. 'On " Ooch ikonasion, We prandt the.  Cuwvent

-'t;ru?.n- L | ctho_:., M mahmu, bl{ SVmP\ aﬂ-ﬂbhm%-
b),dc-'\’ho- haanes: vaspex. r\o’tm "}hn_.b’rk'vo_qﬂ__.

QM 1 having 8ma\\ut Uuﬁltﬂkt)

M m@‘-”"“ﬂm Stop.s a{gm al\ The 8}\&PLJ
\IQJLt\Cu \r\.QVg_bQDJL |h"Hru 'lvulo_ bma— (Lom-trmLLm&

-

| TO’\‘a.L I\u_mbo;_ @g |mﬁm,,‘.: n--|"?“
‘J
Impmtcmt - No’m rord T
_xThe mm,’ ol ‘H\u a‘&om Ko wa&g
Q_D_du’ Vontov : hot rn -Hno_st Clwront TEAoL (it
Ahe |n¥onmod=\on abow:. tha o Shosroy! adge
(‘,onnwd—'m%r +he Vorkoyx Mo O rwoe  Norkoy.

x TE Wil be Oono. by & labolx,

D name. Of e neasest  voarow
DThe linghe oy dhe ot ponding odge




M ST SHENBAGAVAYST +r\

¥ Vowicss dhar ove hot  adjoacone

MIT S Q| 44549,

Towo Vonticos| ’Rﬂmin?na "
, Vont: cos
BOA L9, 500 |« beamw i e ¢- o
1! a C_-—:: ._> ‘, /CD / i
U d—CwaD),,rﬂjC'-C’\.gB)}(qu)
bCQ:QD e_cw ,d_C“/'Ob); e
00140 ek - .D_C- .MJ\’))' :P‘ Qb‘u_ 4—> ) .E‘»_' 5
‘ L LY ! o b
1l } 11
W AT, Phad
ch'))) Lﬂtb), IQ.C;"‘/@/ ‘.'.._
- Techy
‘_J }"I' J ol
_ G .", AR Y~
O\ ' i . : - P
st e s, D atml
o) - on. 0] _—
| Aaneh
K o ™~ [ ) -f‘}l
= L AUY TITav; tla|
2C o e HEUSR
: ‘ NEN XL
o) | A Lo ?)
._-l».‘ e '\“;) -
W\ e
0.4 '6,‘3&‘@"“"\:
ogNBF° ce59°
f’\'%" 3(\"?10
N ETE-DREIE et
B ET 154/

% Rold

[attans ona.

Vearicoy 2 odaqos.

e

Qs o ﬁ&Q_[QCbD_d\



— S g S [ g S

Al %Omium Op Promigi |

Alacaithm — Pamca) i h : Gssy

/7 Porimls Cﬂﬂommm -%mr Co'n,s-imt_l:mcar B
DINTOIT N Spannm EAOO
/1 Topat A Welghvo & Connhocted Ca,h_af,h. G\%_\/,Ej

f/ Ou.t()uj: Eq the Aok Qg ,O,&alu CXJI’DPD/Sma-
@ \”ﬂ\mmc_l.m,. Spannincaf Tl 0? Q
Vf & {Voj Lok 0@ Viaikodl \)‘Qn.tlag,g
N EF % d) o =3 fy, ='A‘i:;',;:‘:i°;g
-:Po_v |e-_’L -}_0 W49 Ao
DIRA D immam M%@.
* \f‘: in VTl el
v & 0 Sucin Thar A

~ p 1
£ 40 ) ¢

tp* bm:weam Vosticos

0~ )T n aff o
/Ad U te W
avy < U-[U*j

//Acldf the Q—d-gﬂf :&-0 ’l’ha, cﬂpanmnfr S T=N
ETQN ETU{O’E} |

w | ‘
% Ig o C %ampku,fixo_ﬁmmo_& Q.b

Cl.n adaodlhur tatsl X,

loxit L E 5Ewo o7 - Cxx;pg
Tﬁ‘ﬂn Com T ] - QQM_ ‘ﬁb Muﬁh b
.;% _'_I‘:P, &' %KCLPIA— o | Matsi y\j

Joprawntad . 0 binawy _haap. e, mm@mm

Ao -QJJ';L/ [-'. ;
A ﬂxanoifxo_ b Goplansy - @LE“"% .

£ &chaxu A\ Veakicoy




J-'

' 15.5.7. 35”51".!';’;!:(_};\%]‘:vg‘ ",
;B }-'\"6' U 3kalls A (‘_),.’L‘l“r\lh Agsistant Profagsor

\__/"-.._._.-—-‘--...____._. =, _.--...__..-%--.._______’_ \—
|

¥ Ty waod %o %‘fnf_{ Min e tam

@Paﬁﬂ?na L Too < 1 .
xR b db covend- R
raduote Atudaomt  Jotep kv skad.,
K Tp  thld g oAkt always  The nput
D IN e tuve Colx: Mgo_ s bo' Aolac koo, nost
4 Bue gk O not  hecoisasy ~ ek N

. v
(gﬂﬁ%b&tg- OPHMU-I‘"L— -Q‘d_gp_ A O'd'J 0 C‘DJ: e ther

4 bit

| ; Eald Lao At 1
. LSM“ J/m ’ ) T Ciir H“‘“ . their
(Dhi;'f“'S-l" Alaoﬁ_{m N kTU.SKCLl S aO/U.ﬂAn) o ¢
™ i y be

@mf‘(iﬁta’ ‘\-\"r;\‘-.-ﬁlm élpann\ma- +3 3 nee hM So_u_d/
fweo by Aclocking the o ' '

Odfocant  Vertics Of dlheadyl MU JF T T
Aoloctod ,I'\IQ,U:'\QDS

—a)

S |'> 1807\.!: | r_‘-m .QCD-%@ | o nom dsQ-CJLO_Qﬁn%_ ority

teris

@) & ahliiaimm, O S gty | W
| ) fhan’ Shaatng- Wit e SRy

(Stlb apW T feans  “this dosbod. Mot .Q&&mg«.
Fe 8)\ P / . . = ..\._ v—-lh_o_ e—l—l’l"f-@__r\t .
e haxt _QAS;L o ~This Daat )

Sub%aa_pw L Such an ?ncjys‘xm does et

Dﬂg)' O-mei -&-Q_ '_) ‘ =2 :n I s [ o (L\‘

ree is

7

-



Fya ) Plt‘_

kwils kal

fov

f\\a OnE e

iy rﬂ:r}:u:”-*xj
z , by A 43 - :
(F'U“QC_ g \cgl': TN i ] A -
] O'U'b@__ch_ Lm_, 000 wer 1400 . N e D
cclges A8 00p Q&é}u (S ] { (VYT V00 S
o

______
,,,,,,

;Po_ abb&cpq:{!d@ao_c:
U g 4 2 5 sl

4 A2 8

[ —



220

TWQQ_@EJL Sowtod L\&.&: o Mga; T s dorasion

ba fo ab by L{‘G{‘CLP ae cd do 1
L & 3 4 &5 L ob| &/

ap - Cosy: Of MAT A 5,

5
Mg oitnm dor frural -
ALQIORSETHM kroekpLCED

4 k'BT-LSkCLL“S CLt oAt ,.gow,- Corngtrictin
//Irxptu: grmgd_ Connactod. BAQPLL Gus {u,e}

£ oudpur: ET.- ho Aot 0O _O_dgp,; C)OTB)POSm%.
o, Minimoun SPcmnm% Treoo. Of

Sosk £ n ﬂmdﬂ—tﬂa&sm% ovde, 0 tho Qiige_
Walghts loly & ... & wC‘Q-I[E.D

Ere ) //no odge Adlocked

oitotinter &40/ no Lodge  Aoleceod

Cage Of odgen
k<o 4 IniHaliee +he  nNumbes o) phocos.sed

%&MS"T

White 9 docintor ¢ V-4 do adge.
Kk < k4a £
1P E'T @] {0_7 r_g[ it O;Cfd(llfa G&-\N"‘\’\‘“\ﬁ“

E+ & g+ 0 {Q_ :} N\"s\ \3\3“‘0\-..,
Qceuntor & 0 Counbos 44
Aokten . Eq

Time. Cmp(.o_m#kf ’
W S P S

o \E| \oa =

E= Tl No @.P.Q.ClgDJ

tr



Huffman  Codin g
M._N\_/\__

Greedy Algorithms | Set 3 (Huffman Coding)

Q%uﬂman coding is a lossless data compression algorithm, The Idea is to assign l@[fra__b_]qiegthdcodes to input

,igt@'actérs, lengths of the assigned codes are based on the frequencies of corresponding characters. The most

A

\Y
frequent character gets the smallest code and the least frequent character gets the largest codé)

The variabledength codes assigned to input characters are Prefix Codes, means the codes (bit sequences) are
assigned in such a way that the code assigned to one character is not prefix of code assigned to any other
character. This is how Huffman Coding makes sure that there is no ambiguity when decoding the generated bit
stream.

Let us understand prefix codes with a counter example. Let there be four characters a, b, ¢ and d, and their
comesponding variable length codes be 00, 01, 0 and 1. This coding leads to ambiguity because code assigned to ¢
is prefix of codes assigned to a and b. If the compressed bit stream is 0001, the de-compressed output may be

“cced” or “ceb” or “acd” or “ab”,
See this for applications of Huffiman Coding.

There are mainly two major parts in Huffman Coding
1) Build @ Huffman Tree from input characters.
2) Traverse the Huffman Tree and assign codes to characters.

Steps to build Huffman Tree
Input is arrey of unique characters along with their frequency of oscurences and output is Huffiman Tree.

1. Create a leaf node for each unique character and build a min heap of all leaf nodes (Min Heap is used as a priority
yueue. Tne vaiue of frequency field is used to compare two nodes in min heap. Initialiy, the least frequent character is

at root)
2. Extract two nodes with the minimum frequency from the min heap.

3. Create a new intemal node with frequency equal to the sum of the two nodes frequencies. Make the first extracted
node as its left child and the other extracted node as its right child, Add this node to the min heap.

4. Repeat steps#2 and #3 until the heap contains only one node. The remaining node is the root node and the trée is

~rrriete Co—mpm:a’
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