~ String Matching

. Bru'l‘e--Force ‘5;5*2 i
Text oafNl: abCxyz ab cdabgd abcxyz
Pattern PIM: abcdabxy
1
3
BrileSearch
Li= | 3 é.:=|;
Yepeat

if alil="Prjl +then
4‘,3:: A','l"; j:zj.'l'l;

else o :

A i= 4."3"‘2; 3‘3 |5

until 4>M or A> N,

W W
Cor sentinel)
Too bad !
.Oooooooooooo\ 3+5+5
e 899 | > KMP
s T 8% 6o | 6006000
| © 6 6 0 © = Boyer- Moore



knu+h —Mowris -'Baﬂadﬂom-hm

A mevey backup

<

abcxvdzabcd cdaloxyz

a X
akgeob g
KMPsea.vch.‘] Next(j) a/ «
L=l =l ggg“‘d*’-‘
Yepeo.'l: . next Ci]=0
if 3-_-.0 or alil= ‘P[aJ-rhen. abexyz
Lie L+); 3 A+t ag‘& next (2] =|
else ¥ i
4 = mextl3l; abcxYz
l&ht \ 1&>M oy &>N a“ib%% neXt[']=l
«—M Llitl,:}%und a&é’x‘éz
ao% d hext [3] =2
e How to comytﬂ'e nex't[a] ? L1
X X X abcdabexgzach{xx £ X X X X
o ab Edabe xgza_bcdabc mn¥Pp
W B L AT £141
" ol nextri] AKX LR
% a-nex-l:[d
ekt @ | I TR B ,;eif:{"'[k}ﬂgl ki 3*‘
’ lgrh_l\)ex’cl
A=\ 3::0; next[1}:=0;
repea-l:

|f 3:0 oy P[&]"'?f ] -l-lnen
Li= A1y 4= dH; next L=} ;

else j o= et

until L>M
T:M-!-M



Havd-Wire ‘next “table ivto Pregram a[NH.. N+M] = PL --M]

o100 | i:=0;
] extl4y] 0: Ii=j+1; | -
\." ; M w 4: 5 mT.‘ﬁAV 1’ then goto 0; m“”.~.+.~m € Comp Al with Phl=|
2 ._ 2: it a[i]<>0’ then goto I; i:=j+71; . ” Pkl=o
= | 3:if a[i]<>1’ then goto I; i:=i+]1; v PB1=)
4 * 4:if ali]l<_ 0’ then goto 2; j:=jy7]; _
5 3 5:if a[i]<>’0’ then goto 3; ii=it]; Pll=0
6 _ 6:if a[i]l<>"1’ then goto I; j:=jt7g; _
I w. 7: if afj]
8

<>’I’ then goto 2; I:'=i+1;

m”mmeAvﬁSmn goto 2; j:=j471;
\ search:=j—§;

L L1




Bmder- Moove a\%oﬁi—hm T W '

Text : WHICH-FINALLY-HLATS-AT-THAT

Rtten: A T- THAT

AT-THAT
AT-THAT
= A T- THATY
dIEF]‘q d'[_]=4 AT-—THAT
BMsearch d2[5]= 7 d.(-1=4
L:=M; é::M).
repeat
if ala]l=pr4] +hen
4...321(.-‘; g.:e é—‘ ;
else if §=M then
Li= i+ d [ara];
‘ :
d seA'."n‘ A'.+~d2[j]’- 3::“).
Unt: | 3 ; i oy a4 >/N
At Not Found
How to meu+e dy,da ?
4 . 8 s 6 1 3 di[s]= 0
Pl AS S BES S E S d (El= |
dfil 15 1413 7 1 10 3 (A=
M ? ‘?‘l’;? 01hers.-.-.8
885 1 -+ U (<) = M~ tax (P =c)
ASSESSES )
AssESSES :

92272332k 1 4 ¢

.o dzE“-]:q el
2



Rabin - Kavp a‘%ori'rhm

- encode S-I:Y.‘na 'm'l'o 'in"’eﬂek'.

abde aboc text

abc Tattern

Cabcly= 1-26+2-26 +3 i

Labd]y = 1. 26*%2-26+ 4

Cbdely = 2.26*+4-26+5
= i[al:d]z(,- 1-262)‘ 26 +5

"|'€X‘|: ' G. Qz e ai_ ak"ﬂ . a-A‘d'M"‘ a-A'.'I'M T au
Toktern, : Br-- P

%=[ax.. a&'-&-M-\]
S [Qn.. Qiml]l= (’)C- a,zo\M")*d-l- Qism (mod 3')

T=N+M



1:3 l e Com pression

- Yeduce Space (encodana)ﬁ; reduce computing or
Communication time

° Imposs‘s b‘e to ComPYeSS -Qvel'la -Fi'es.

- Run \engi-k
AAAABBBAABBBBBCDDDGM

. a||>‘\a|n'|3 on‘g = 4A3BAABSRC 3DAM

o M DDDGKEM
Mixed =>QD4ABBBAAQEBC 8
Escape character &

[}
-'Binavg file: o',
| - e i
P e :
00]0000000”‘070000000(000000011111111111111000000000 2814 9 EoL

€ b)OOOUOUUOOOOOOJOUOOOUOOI111111111111111110000000 2618 7
J0007°0000000000000000001111111111111111111111110000 2324 4
(00000000000000000000011111111111111111111111111000 2226 3

000000000000000000001111111111111111111111111111110 2030 1
000000000000000000011111110000000000000000001111111 N 7. 187
000000000000000000011111000000000000000000000011111 195225
000000000000000000011100000000000000000000000000111 19- 3263
000000000000000000011100000000000000000000000000111 19- 3263
000000000000000000011100000000000000000000000000111 19 3263
000000000000000000011100000000000000000000000000111 19 3263
000000000000000000001111000000000000000000000001110 20 42331
(00000020000000000000011100000000000000000000111000 22 32033
011115%32111111111111111111111111111111111111111111 1 59
(011111111111111111111111111111111111111111111111111 L5
011111111111111111111111111111111111111111111111111 1
U11111111111111311111111111111111111111111111111111 1 50 .
011111111111111111111111111111111111111111111111111 1:-50
01100000000000000000000000000000000000000000000001 1 1. 2062



g Hu#man Codina_

- encode fyeguent chavactey wih slnoy‘"e\r string

11 6

cin

2l & (1] (3] [8) (1) (3 AR EBROEBRARE
’BAB'CDEFGILMNOPRST

1] [3] [3] [7) [2] [G 2) 216l 2@ B B2 @R B3

1] (2] [2] 2 2) [3 3] 2
1l 0 |
gl | dad [i8] = -30
Y - - dad [34]=30
29 . s
23 o 28
33 32 : 31
11 12 16 2130
' 37 38
ARORN 6 8 & 8 i 10 g '
: = a1 ‘40 }5
| 39
3] 3 @ (8 4) 1 ré 4) [z 3
L S M E
1 2 21 12 2 a3 ‘
2] g 3
ol - D R L_FJ
1] [+
C P

. W'.+\A ’Pvior'rhé Rueue



0 1
P v+
01 0 1 0 1 . .
N & & ~ ® ~
7 v \ o/ N\ 0 1 0 1 0 1
OB A () ). § BME) E ®
0 1 0 1 0 1 p 1
o Q
Codefal=1 = 001 :3
lCh[ﬂ] =3 :

& ed’élfﬂal nodes of a bina? tree

I' 'PYQ'FEX COde : RO S‘eﬁuence s a ‘PYe‘FiX [/ anorher'

: OF i PYQ‘F‘* Code : Shortest encoded stving,

B@mp]e of non- Pm—ﬁx Code

A |
B: Ol
C: 61} o
2
Sl AT

R

. Dnﬁnamié Huffman Coalin%



Cryptology (675 )
. Cy.ﬂto%vaph : enCode, e,ncrgption, ({f(ﬁ%ﬁ;}, ¢nci|>lner
Cnaptoana'ﬂs:s : decode, decryption (375-76?9), decipher

. APP‘;mt;ons : M'\litd"g > 'f'l'e S%SEmI

electronic fund transfer

. CY‘ﬂPt" Sldsfem : ,@ Eavesdveppey
u./,
BTSN ey
Yeceivey [~ | at Dawn
- R
cipaevﬂxt kcz

Decode




Simple me+hods

¢ Caesayr Cipher (K=3)
F: Nk = (M+KDsh
Plamtext: ATTACK AT DAWN K=1
Cipher-l'ex-t: BRUUBD LABULAEBXDO
. Even F: 1=l 1A, ... gt ia .. 2}
s easy to break ba -Fmsuenc% Coun{::nﬂ_
. V‘.%eneve Ciphev
Key F A BCABE 2ABS
Plantext : A TTA C K AT
Ciphertext : B VWB EN ACW

- Vevnam Cipher (one time pad )
-V A€ Key <> T, 1, 0ifo: {A,., 2} > A, . 2}
. K'ad as |on3 GS Plo.'m*l'ext
* The Onlﬁ Secure Slas'\'em

* Binary file
C'\Fhef“‘e)(‘l: = Keta ® P\a‘-ni'ex{:
i Encv'ﬂpt.'on/Decvgptwh Machine (Havalwavc)

Enc,rudpt'm Mahine Decryption Machine
voo TA e ~P VvV X
KecA '?;,K; RO PvX > @k P TTA
T T
" feedback £n.  (random 4 ) +$eed back $n.

Cryptovariable (Key) (seed) Cryptovaviable (key )



Number 'l'heova

Theorem : 2 2 me = =1 med P

PE: () §1amodp, 2amdp, ..., (p-Na modP}
- gll 2, ..."P-l}
Example: {3mod 5 6 mod 5 qmod§, [2 medS)
={3 L4 2}

%0 = Ya mdp & Pl(x-pa
"»prny
& X=Y% med P

@ (p-)! o'z (p-n? med?
> aM'z) md P

Example: 3%5'= 1| med 5

A=) med (- 43 (4= mod T)

Theovem (M, P)= (M, §)=\ = M (28D med N

P
T MM z1 medp 5 Mo med P

% M(P—')(%"') El mod Ts‘

—ﬂ'\eoY i vV
(Euker) GM=1 S =g (medw)

“(?(N) = ¥ Yelatve Pn‘mw " {014' 2 N-\S



- Rablic -keq S'gd'ems

E : Puwblic ke'é

D: ‘P\'iva‘ia keté
() D(E(M) =M, Vmessqae M.
(2) AN (D E) distinct

3 E ?@D

=F:l=-1

(Even( M E(M), %{'—)D)

(4) E D are easg +o compuﬂ'e

O‘P?OPOSGA b'a ‘.D'.'FFG, He“ema», ICI76.

» RiVest - Shamir - Adleman (F?SA) a\ﬂtJYi-r\nm, 1978.

P T Pprime

N=P%

@M = (p-1(8-1)

(&, co'w)) = |

| M—-) sendey

1~

E=(N,©

‘Bté ‘PYl'mal"hé test
N %‘Bg Faclovizaton is

Hard

= ed +KoeWw) =)\ (d=}>v|‘me,)

= (N, E’) ’Pu.\ol.c Ke%
D (N d) ‘Prwad"e Keta,

ME—>
mod N

(EE)G\ —KQ(NJH

W ll

c\phe\r

veceiveyY 7

(Me)d, M mod N/

D=(N.4)

M-Kcy-a)(%—n)ﬂ
M med N



Example: P=3, =T [2=2-5+2

o 2:3 +|
N=2| g

= | =5-2(12-2%)
YIN)= 12 -8.5-2.12

d=5, €=5 <5.5-212=| Cipher
M=3 MemodN=35mod2|=|2K i
12‘* mod N = |2°med 2| = 3

Wha RsA o.laorir\m works 2 (N, e, M€ b/ M ) mod A/

N ?@ " = d
> F 7 = W), d
e b ‘W, & B M o' e..n..9
The on|3 wq.é +o —Fad'ov'n‘ze N is to test ?Yime-s
Q, 5, 5, q, ol J_A_i'
N # opevations - Computin time
Adigts  Tedwizen wenClay
50 |.4-x%]0'° 4 Houvs
183 |-3x|o'|57 150 Days
o 2.3x|0 74 Yeavs
200 1.2 x |03 3.8x10? Yeays

'Diai-to.l Siaﬁa{:we
(an apphca-l:.ion O'F ‘Public. kea Scds‘rem.s)

(B, D) L (B, Ty)

£ () (5 §DAM))) =M

- M= message A Senalsfoa.

Reguive : () D(E(M) = E(D(M) =M.
(2) L can't deny. /A' Cav't '(')O‘rge Dulm) 2




+ Knapsack Problem
e Given fan, Qs ..., an}, K 3 Ry +Qig -+ Qoo = K ?
& W+ 0 Xat -+ On%n=K, Xi=o | ?
> General 10n} : NP- complele, No Polcanomial time algovithm,
. Supev-incveasma fai aa -, Qny: Vaag,...,", Oyt +0j41 <0,
Con be selved n OW) time .

Example : (3 5 4, 20 44) § £°
3%1+5%+ QA3+ 20 Xq +44 X5 =69 med &9 3,'_:_: ::o
Xg = 3+5+9+20 <
=25 d._.__‘ q i
=g “3=€ Aa=|

4% 67| md8q ol

3N +65X+ 9 X3+20 Xa + 44 Xg = 6 9 med 89
>4 | = a
23%) + 68X+ 69 X3+ 5%a+ 11 A5 = 34 med 39

. knapsack CiPher scas'l'ém ( Hellman 2 Mevkle, 1472 )

Public keg . (23,69,69,5, 1), 89
privafe key: (3, 5, 9, 20,44), 4

plaintext : M= (cloil)a
Cirhev\-ed'- : M= 84

() 4%54 = 69 mod 89

ceivey
Receive (i) Seolve Xi, obtain (ololl),

-But Shamiv (1993) Showed , this merhod is breakable !



Computationa\ Geome{:r&

o Oba'ec"ge 'PO.lh'E : (9‘,?)
line, Sirﬁmentl arwvay (P. %)
Polygen ee . BP

Pla.na.v subdivisien

. Ques-l:‘-onsz ]n“"evsec'l:ion ctatic / daanam;c
‘Po'm{: - location

decomposition

- Applications:e Qraphics,  « Imge']’mcess;na
e CAD * Patrern ?ec»ah'rl:ion
e VLST * Rebotics

. ?amdiam;: Tnevemental  (enstruction
Plane sweep
Locus
Pivide & Conzuer
Geometric Transformation

| ’Pru.ne & Search
Dcanamization



SCam - Conveysion

" G‘eometr.‘c obéed's — ’Pixe\s; Bitmaps
(line, area)
e Draw (P, §) % (%=, %)
dot(p);
dot (%); 4 (p+3)
if x-xal =1 o 191-Ya| >1 +hen
draw (P, £(P+3));
dvaw (£p+3), 3);

’P(XI’ 3|)

* Tncrvemental a\ﬁori-rlnm

’m=';i;:'3(_:i b=9-mx

U-4% = m(%x-%)

%:m%“""a'—m“l %"9 «_‘_I
=mx+b Y> Yrm

’Pro gra:m. *

Y=Y,
'FOY Niw= X% 1o X2 do
dot (%, Yound (B);

13 = %4—’”‘;



Line Intersection

cio _arib _(x-:4)(arib)
Yeo—‘ ’X+i-'3 e ,xz_'_al’

. rsind= bx-a% >o
& 0<0 < 18°

o Cownter ClockWise A
ccW (o, x. A) = +1 ‘Ax

-4 QLZ

¥
o
-1- A-,///x
A
A
s o+
x"’

+1 9/

e Li,=(0 X)

Seqmert:
L2=(A8) egmenls

A(a,b)

0 6 X (%.4)
S

bx-aY >o

bx-a¥ <o

bx-aY=o0 |
QX0 or ‘o3<o

%1_'_ 183' ; at-.- bz

else

L0l % ¢ & ccwW(oXxA) * CCW (0.x, B) so AND
CCW (A,B0) * cCW (A B X) <0

B
X X B X X
A
0/( 8 °><°* o/ A
; \
b

cew(ox,A)=0 cCW(o X A)=-1



Simple closed path : +hvu every p;t;és’does not

infersect
\tself

Methoed : ordey points
a.ccovdinﬁ to 6 to an

anchoy point.
’ How to find Qa-l:an-‘-g ? ‘
e -‘ .
O%— +an 3%- 2 i (T) RIE
& 2 oo B B
%os x‘i% < | 7‘ vy C o+b C+d
e, | - =
WO A *EW o 2 C ]I?IZ
'ongram
R
oo T - (9 AeYee)
il X <o hen (m, )
t = 2-t;
elseif Y<o then (1)
't 1= 4+t;
o<t €4

0<qot = 360




Inclusion in 'Polaaoh (O L
T Po'gaon ?

n & odd

sile ysection
out & even

e Gro -From one side to anothey = CO'AWL +|

"Rfo%vo.m 3 =03 Cou,n-l:_ = 0).
fov L= to N do
'tF 'PAQ L, then {
if PR N L% then

Count := count +1;

19%;

b Clnoose'P: min % amona min fé Coord.ma—,rés
Pel = Ré&L
I
“Pu

Bl&.g: POGL, ’?|¢L -



]
COWVQX IU.H (CblYVe)
Smallest convex polvdzon contains all points

Gool: find vevtices define +he Hull.
F‘Propev‘h‘es of CH: o

- all points on same side of ed%e
in CH.

. 'Po‘m'l:s with {::?: {;E aYe
verfices of CH.

o]

G

D

Tackage Wrapying ( Javvis Mavc\nina)

o smallest Y
P minb

JPz 1 Mo B, amona >U

u-r;":“ }Pn =R F s

= NM




Grroahom Scan
* Choose 1 point, sorting accorolinea to 6

¢« Add 1 pt, 'mool'.&a 4o kezp CH PYOPeY+ﬂ 2 1.6
o\l points on same side of Hull edge. (No right-turn)

Example:
- Add K
* B, K different sides
of PN
>
« B K same side of NL
CCW (N, L k) <o

T=N |03N + O(N)

Titevior Elimination BMJILNPKFIECOAHGD

- Pick 4 points on the Hull, discard evevy point nside, then
» Use Graham scan.

4 points con be

(\) Max, m-!ﬂ) x
max, min, '3

N

(2) Max, min, X+%
max, min, fX-—ﬂ-




ComPlexa-"a
. 'Packaﬂe Wrapping : N M

- Groham Scan N IOﬁ/V (optimum )
. Twtevior Elimination : N |03N (worst)
/\/ (in Pracl'u‘ce)

@ Comp‘GXi+a of Convex Hull = Comp\ex‘rl'a of sorting = N logl\/
proof (i) Sorting Y Compwl:ina Convex Hull Rl
ol

To sort {&:y: » S={ &Y o {(as ‘F(“A)S, FZ”‘ x:
(2) CH(S) . . or %)

Ml 2N logas !

<. Convex
103 /
: K, A
) 3 N|°3A/ CH algorithm

oR

ftogh | A loga




‘Ran%e gearch'-na (Mw\t;-ke% Seavc[oing)

B _F-.y\c\ ’-Rec:ord - (XIJ Gaisin XN)) 3-‘&./ X, € [.-a', bl]
4 Xz € [aa, ba]

othri bu’l‘e :
Xn €[ow, byl
N=l
e A= H m‘\évna\ SGO«YChmﬂ.
¢ "PYQPYOCCSSH’\
'Range ~ Seay cqrs
o Methed 4
Preprocessing :  sorting N log A/

Ranﬂe- geavch : bmawa search R+ log A/
Keys: 1, 2,3 4 5 6,1, 8, 9

Q=25 1] t 7
e Me+hod 2
Prepro cessing : binary seavch tree N log Al

Range-search:  Search (4, Lo, bl) R+loga/
W as Q. l(ea then Search (f left, [a, 'DJ)
if Lkey=b +hen search (L vight [a "].2.
it a< L keas.b then ?\r‘m{:(.Q.keg);




N=2

. Se%uenti al search

Q=[GL b;] x [-azl 17.2]

V 1€X<N, check (x:9:)€ B,

. ijed:;«m

0 V<, check %:€[a b]?
® check Y. & [0z b.]?among those L pass ()

e Grid method (Atlas)

Grid[o.-4 0..4]

Gridlo11> G =

« K-D tree
e Quad -tree

-ty = = o= o

e

°K

IF

tP

M@%

1 ET W ™




tree




_—

Geometnc Intersection : Sweepma Bmara tree +

e ' Yanae seavchma
? . .F
rA — [
G I i §I
: 1J
o— H: :
D{ | !
\ [B
o Binavy tree >f1n— =¢} BBDE.FHUCGT
Keta -.IS' b 9 coovd. . @ 0 D T c A Q-FJEI
‘ = Insert : G

T = Delete

-—e %'Ran%e S’edvck YCV%C SQO.YCh H :




General Se%me.n-l: Intersection

(priovity gueue)

%~ shructure Y- strudtuve

a, b g 9
C,a b 7 8 9
acC b 67 8%
a, b, C 56,177 89
ba,c 4 6,789
b a 34789

a L7 e
1587 489

'Proper‘l'-a : Ih‘l"eysec-l:ina lines must be adaacen-l: n 'x-s’c.\fud‘u!e Some

A\aori thm

time

While ’a-s't'ruc"i'uva x¢ do {
delete P from Y- structure;

P=Llowll) =>

'P=L|nL2 %

§
T=A log/\/+I \og/\/

() TInsert (L, 9();
(2) Insevt (Lnle Y)
Insevt(LoLy, Y)

(1) Irrl'evchauge Ly Lz i X- styuctuve

Lj_ Lr .
@ St Inserd (Len L., 13) if abow

L
gt Insevt (£, nl—nﬂ) Sweep [
(1) Delete (L,'X:);

&
—‘—K—°—L1 e IHSer(LQnLY,y)

L,'g L /..r '|¥ QXiS't



C‘osest fPo'm'Ls clividina line

L R
N
L5 |
: \\‘\ : °L
i | >K)

[ ] { // l
F
. i
/ |
6"'0 ~.L ;

i 72| |
°G ' 4 |
| : /1 : g
H<L
per . 5:\
{ N M

Alcaom-hm. (divide & Co'ncbuer)

<) Find closest pairs cg.: ot 115 Yewswela

(2) 5 = min (JIJ Sz)

*
(3) ?yoaect E—»’P‘* so?"eol [;ta ‘d-Coovd.

@ Ve PF, scan < 6 ps in B (wikin 5)
Get &g
6) &s=min(J, &%)

Presove 'a CooYdiﬂd—e
> TN =2TE) +oW)
= O (/V lbaN,)




VOYOHO.\ ‘D;a%ram ; G’i\/en, a',"', QAN

* Vovono: poly gon (a) := all points closey to a than other ai%s.
vevleices < aN-4 (pependiculay bisector)
edges <« 3N-¢ '

- Voronoi ol-‘agram = h) polygon (&)

. \/ovon.oi Dm‘

(Delauna {:rian%ulaﬂ:ion)
'tviangula-hion of all points
o o\eﬁvee (Vev'i-ﬂ() =3 (ﬂ-lb')
e Convex Hull € Dual

. ’Pol%%oh (&) unbounded
& ae convex Hull

* Applications

o closest pair ¢ find closest paiv of Ai's (€ Dual )
all neayest neigh\oov * £indl meavest neighboy of o, (& Dual )
neavest. meighboy find meavest Gz of a pointP (p¢ poly (4,)
Computing Convex Hull : (c Dual)

(C Dual)

+ind o tvee connects all O:s with minimum olis+amce.

Euclio\eom Min;mum S?omnin% -l?eg ‘

e Con Compare Yovonoi Diaamm wmn O(N |°9 N)

= AW can be solved in O(N loaN_)



(Divide & Conﬁue?)




Compile \fovono: 'D:agram i O(Nloakl) time
(Divide g Conﬁuer)

§4

Separation chain

VD= (Vo(L) N L(e) U6 U (Vo) aRer)

’

..__\-i-_-/ S’uppoviina Line < CH(LUR)




’ (_ompcd'e Suppov’h‘na Lines T: O(N)
(4) Compife CH(L); CH(R)

@) Find inleriey Po'mt TP 0-51 CH(L), (3 ez 3 m,o)
3 P in‘\'évio‘r point of CH(R) ? ¥

dis caw\g
Vewf" 1ces Of

) Graham Scan

: ?U*l\\._/

?\ropef‘:j= ?: inlerioy Po'mt oj: CH
& Arglc of  Vefices F ¢ 2

b Alcdoﬁ'l‘lﬂm —Fov conVex hu! |
Tn) = 2 T(&)+oW)
= O (W lgn)



