Homework- 2

Design and Analysis of algorithm

TRISHAN MONDAL

§ Problem 5

(T)  Gien rwombers 1%, %S we ane making BST for

do'ma CompaiSoh  on The kasis of ovders. At M Step we Gan
hove  atmost il Compari’éon, Lo -J'omug atmest ﬁ;;‘g Compatison
Possible..  Tn ovder Ho  have an Ay Where \_”LCZ__"} Com—
Paison  Veeded, We meed exacty l Comparisn at T Siep
for f=12.on Tf we lok  af  BST diagram, #s not possiie
-Em any  Xi  have two brancle 0s n e next Step  The element

Yire Wl need afmost T Compaison- Thus the BST will have

Ohe. branch ot ecach PO'ST'HD'V\-

-y

"|_n,_|

We don't want two Sided loranching o % ot any Step
6, % wul be <ither Mox %1 or Mmin X1i- Let, Tn be the
TWmper  of Sequence hawe Y\Cn—!)/z Cm@ouu‘sm— Aftee we
hate choosen % we have 0 do  Same dov (Zgy- %),
We Wil hove he vewwience, Th=2Th = Tpn= LT,

for one oclement there s ch(j option poestble, 'Tﬁ=2W| as T=1.



(i) %,..., x; arfe already Sovted tn BST . I{ % et

Companea) to %3, there s oWy two possible  option foo % O Suffices

ad  Condition 40 be CGmPa)’leo] witke L and X < % LX5 (ov, x; <ALy

accseding o He %, Vin e Sorded  dscending or descending ordex )

%
@ K< XjLx g Car AL XL X aﬁw\r‘dmﬁ 1) RATR TS orle. Sorted T

dSchm_q or de.S'CL‘ndTnS crdo_*()' So, X5 Con S at —+wo Qap-

(i)  let, X be he standom \wtiable, Courts The mnumber of

COTY\PATUEJH 'E)‘Y‘ a Sequewce (’)‘!J-"’ X, )- L€/+/ 0. be, Hhe

zéam)@te Space, 5= 3 (%) SequenceS, all ane distiner 1y Xt LL—>N

Lot Xi be The vandom Vatiobe defined as —ﬁ)um-‘nj/
X =2

It
Where, I-U- 6 the Indicator, Iij =i

ijl
) T8 Gompoud o

9 Otherwise
% Now, H’:[I.J_] = TP(Iv,S:iBZ?CJ is Campaned Yo 1)
37
~ 2
T+ <Bj part lll))
o, EL4T= (01)  and hence, EDX]= Z[E[x] = ZL’L%
i+ =
n
El] = 2> 20)

=y IH

"
= 4, RLM—:)
th’, it 9\2‘—1+ 22_, T Z H

o—s

N '&Chﬂ)laj (n+1) — ( 2y )

= Ab-Deg(nr) = ( 2h = 4leqlm)
A —Alegt
70 (e N2

S Alm) loq (nH)



§ Problem 6

(1) def  Gearch (A 8, L)
N=denlA) ™M= len(B)
K= Renth)fy = len(B) [2

0 L=o ¢ vetwxn min ((ALe1,8L)
i n==o0 vetwrn BILDY
W M==0 1 yetum AlL]

i{f kie<cp

M ALKT<BLv]:
Yeturn Search ( A [-Kﬂ"":)hﬂ, B, I;—k'-l)
o e ALT » BOLI:
: “redun  Search (A, B Lvtly--oom] l_p_,)
n  eise (# are 74);

S oo - Y Ual 3 w [N
-~

3 if A[K] < BIY]:

[ et Search (Acgloq--,¥T L)
IS elke

lg ~wequen  Searcde (4, Bl-kT, B, 4 )

12

Correctness. Finding R lavgest Glememt T aray of  min Mumber
lo equlvalent 4o Finding @rTT Amadlest  mmber  (L=n-k ). Here we
will  proceed oy Induction tn grder to Show  Correctness. ine -6 Can
be Weed as base Case of e Mnductionr In Rine Fy Kiv<L
means  The eclement we ae |ook‘{nj o1 comes afier The
halﬁoafj point of unin (AUB)- Tf AKI<BLY] au the elements
in ALL-- Kl e Smaller than BIY], we 9e¢t kH element
ocwring  Reft of Iﬂ;ﬁ Thus we ale Calling Searci for

(ATEHyowl, B, -k )- Hence, the Xk 2% Teducing- From 12— We

Can See We aw keeping K Fx ot ”Ycobua‘mj the ooy StZe,

He a\jcymﬂ:_m wul Terminates Since we wie T@qdjus”r‘mj K

C(aardingﬂj bj industion we Can &uj ocwtl. algcﬁ’ﬁbm Wor k<
C,D'Y‘Y‘Z_C.Hﬂ-



Time Complexity . ota) prodlem Aize ic win. b fie 9 UE
Yeduetg to Lize Vli-ym and o+ dnme h #E Size g “editing Yo e,
Atmédart Jr\ui’nj e happening  ar Aine W, fve 16 Thus. Comloining ‘hem
ST (20mm) s T( 2 (mm))
> Tinm) € T (Smen))
Here,  log %!:o ond  Jhence  T(min) v 6( log(mtn))  Hhis 18
Oliegm+iogn) ab t wiyf be dominated by logm, loqn  ccarrding

o ™M»n on MM pihicke 95 the Bame Ccase  as oonCW“S)'l

U Let A= (q’(;)l be Ahe matrix  WOhose Tows ore  Sorted

{y,5én

in Osdunding order. Le Ay < A b Fied ¢ and i<k Lef,

B= (b’{j)l be dhe wmatrix  Which We  obfained afier Sorting

Stigh

~

the colimns of A Here, bk €bjx  For jei Let, * be a
Tumber b | and m. We wwt Show K™ vow 5 Ssted. by e the
1™ Smallest  number Tn i~ Glmm of B- Ne wuwl et dyg,-s A, 3
A Such that by €A 4 Yl Too v=Veo -ty s ollows
Fom The Joct  vows of A ane Sorkd. T one of eclemente
%ak,\j,w--,ak"—_'}§ oceuns Tn the  Set SIOK[;H\B:;, then we have
iy > kypey > by (9 Gums ane Sorkd ). TF no element of
iqmg---,akh.;]ﬁ OCcwys  n ibk(ji-l)lijl y Ty vust ok i owesr (-
Por+ of ({1 vow, and hence b',@ﬁ) = Ay, 31) 7 b‘l'j- e

™ raw of B is SoTHed e N



§ Problem 7

(i) 1 def  Magority (4 )
2 n= len (ACT), k=hy2
3 £ om==1, return AL,
Y AL: AL.....k] , A= ALK#, .. n]
5 ML= Magority (4.), Mg = Majortiy (4g)
. M =Mgs
7 Teturn My
3 else
q Count_M_ =0, Count_Mp =0
¥ for  i=1..0m
" i AT == Mg
- Count_Mp ++
3 for =,
" e ATT] == ML
I Count— M t+
ic o Count Mg > Vs
17 Yeturtn MR
5 Ho Count— ML Y Y,
Iq Tetwn My
% else
Yeturn  NULL

Correctness. Ty 4he  above algovitom I The ooy lengte 35 1 ey
We  oUle ~Yetwining the <lemert ANT, Which %2 Covvect. We are
,gfl,fi-'l'?nﬁ anvy  asvom A of leng’rt:. n o Awo Pan*H; AL,Ap of
Sie Vg, Then we are Calling Hhe funcrion Majoriry, Tecwrstel
W owow ajazm Aplit e avigy o o pont of Stze V-
Bj induciion, i+ Wl terminate and Wk Yeturn  Valmes M, Mp-
from  dine 6720, We hawe Fo Cheek ASome  Statement, Ro e algoriHum
Wil terminate at fnike &tep-

For an arroy A of lenB) 7L, We ole



Sub olwtd:naz % at fwo part AL and Ar B& Induction  led
Majority (AL) = ML and Majority (AR)=Mp are Correct —Tesult
My ocung > %Hme_c in A and Mg ocuwre > %— tomes n Ag, Aene
T8 Me=Mg % ocww >V, timestn A. T ML#FMgp, the
We alle Checking  dor how may 2, AUT=Mi , if Fhat number
Count—M_ >Wo then ML i¢ majority - Stmdlart ‘H?«ing Kolds o0 Mg
Maﬁm’f{’jowc A €ither wul be ML or Mg o A dw+ how
majortty  element- I{f My was The majorTy element ~then
Ma mwt ocart % TimeS and Mo, Mp  Scwu >% Fimeg,
but then Ma, ML, Mg ok > FmeS n “otal Hence cwt
Cb\ﬂdﬁﬁvw\ 1S Corvect-
Time Complexitys  tlere  we ore  divding  the problem of
dize m 4o two Subprovlem of &ze V. fquality Checking
/POUP 19wl Hoke ~On) Hme  thue.

T = 2T(%) ¥ o), wik TUW=1

'8& Magter’s %Qmﬂem Wwe 1’m/\Je,, T(n) OQ’YﬂOﬁ n)-

| Toput: an ovzey A of Aize nx .
(.‘) 1 inarr = AL, prec zo
a 2 gﬂ\” 0<t <hnIs
4 € proczoz
g nare = ALAJ
5 Else
N W narr = AL:
8 proc ++
1 €lse
2 0¢ ~~
it Stab =0 Pr
2 for 1=0,--, M=\ ¢
12 if inave = ALTT:
Iy proc ++
5 € 24 proc »n o
i Yeturn narr
1% el
13 Teturn NULL




Description ond Covrrectness. The voriable inare and proc s
SmitabiZed with AD] ond O *('esPec-Hvdjo T proC=0 We Set The clement
of Al]las new Vame of inacr. Otherwise ncreament pro¢ and  dereament
otherwise. Aften Tt we terate over A, Canting The OGiual mMumber
of oceunences of inarr Wsing The Youable — Shb - If tare i@ ot
The majority clement, W dls %€ 2% proc <n- Then we <eturn
NULL-

If  there s a majorty element % of A, I+ vus ocany?
fimeg. TF  inarr =% aF the end f the oops proc  updates o0
foo  Some  Nalue ff Some Ofher Values ocecune ot least  as
Ynary Hme. Whick ¢ not porcible.. AL>  Cand =X , if maj ority

Llement @xikte T provel  owt algo-r‘{‘HZm °%¢  Coyrelt

Time Complexity. for loop at dine 3,12 Werakes 7 ting
Ou?-lrev THexatiom Eru‘shea! We. Cheaky 2#3tdb 2N
W ohkes v Goﬂm)l C o meu‘mﬂm). The ovexal

CGYY\.P 7&?(‘2‘13 ¢ Fhaws O(n)- |



$ Problem 8

(Q) let S bhe adxd Squarie, divide # nto Y equal

ro|-8-

Sub-Sﬂ\mna. I the Suare  Comdaing B or move  Points

of L, dhen by PHP atleact Ao of these poimts

WL g@l his Ohe of Hhe Saluaﬂr& of Aize %X O!’/Q- The  maxsanuwm
distonce  bw  Hhose points  Couwld ke 79, - I54d. Bt d= minidy, dre.
This leads ws o & Cortradiction. S0 any dxd Square Gan Contain

atmost- Y points  of L( %ame hoids Hor R)-

A 4
L : R
o e
(b) Correctness. The a\aom’ﬂam 1% Swle.uj * ALI E P IAR
4 ‘l’M ------------ AN 9 I
Correct If  dior dp  (awardtng o pictwie) 15 e e
mindmuom Pogsfble. JTshnce. b/w ahﬂ . L Ry
Two pair  of LUR. [WNe head 4o xd x xrd

Check 3f the o\,ﬁoﬁﬁ\m 1s  Corvect When
Closest  pair 3¢ fm,dm  Such That v €L and 9,€R.
o, diet (P B)<de Thus  Pu must e tn LA §Ra)s vdepax) =Ly
and  dm musi e i RNL(RA) s wspeard $7RAL Lot Ba= (xp,¥p)
and M= (%q, ds)-  WLoG, assume Yp<Yg

The woy algovithm s goen, it The algerithm
do mot wetwin (PM,OLM) as Hhe “Glosest Pa‘nr", Here WUl
exist  pedrs ey gy Do -9 (497)  Such Thats  Yp< i< <Y34 g

Snce, d(Rnadu)<d, Then The Pointe B, (459)5 - (X7 Y7), I



W e wikin o dxd Sbipe I We  Split 2dxd o

fwo dxd Lquarte, at |ect b of The

axd

Squane..

2dxd  Stip tn L) URyY Mas one dxd Tn L)

dxd T Rge Bul ttfe not possiole by Tart (a)

(c)

4 poimf WUl le ™ one of

and anether

def  Closes+_ potie (P= (%Y)):

= len(P)
=+ PJlfma;zj Coged
o m==2% gt (P)= ohict (o, PL2)
L Yetwtn P

W n==3:
| d= min §{ d (PLT, PRT)s d (P, PLsl),
’ o (P0] rCs])
# G{ i the —Fum—hcm menlwle du%tance b
L two point (WY, (%,%)
it d(pro, Pel) ==d ¢ vetwn (PO PLI)
, i d (Pl PI)==d: veturn ( P1.PLe])
3 i AP P) ==d3 yewmn  (PL37,P07)
1= di’v?d?ng the mebfam nto gubpwmm
ekse. :
;Tn’nd = Y , Xl= Lort(x) # hee we
EOTI@ Sorting the ooy of X, by c\h& So‘rfvnﬁ
algamﬂam;‘l*ﬁe ooy X now Has  points fn ascend ing
i Order-
: P = Closest —patr (X—'[lo 7"\-4],Y)
Pr-= CIOSaS+_Pa\¥ (xImid#, --m], )
i d, = dit (R), de= o\:sf(PR) , d = i (‘AL,JR)
¥ Combmtg 1o Sub problem:
S5= the points of P whose X Coordinare Me
m The ’Y'ahge [’Z—-d X'td]
Y0 = Y Goordinates of points n €.
Y.2= Sort (Y1)
_ b= lden(s)
foril+o s
 for 7 L v T

AN

L dilT = dist (oY), 06 Y-2 ()

ot[] = min d,[3]
dg— Min o!zf:[
if 0’3 >d
5 if d=d vetwin R
it "‘R q ;. Yeturn PR

if dg<d:
PM = Whick. Pair of points tn § has drs¢ (_/-) :6{3
retunn FM‘

L > This is the
pSudoCode  for
Oloar;-f-Lm albove,.




Tme, CO‘n\PIe,XH\\j- Smﬁnj in Xine 16,21 meeds v wiegy Hime
The  codes from 2482 meed Fo mwtplication  whick 1< atmost
Of order vFn  fwe total  Fme ned foo ee  clwldtion
Vinlogn. e are ol‘iv:olt‘nﬂ the  problem of Bize m fo  Fuo
Problem  of A ze N/, -

T(n) = 2T(n) T o(nieqn)

< 2T(m) + ¢ mogn < 2*T ()4 antegni g 11090
< 2‘;3" TU) tamlognt e, Dlog D 4 ... + Ciogy %37;, laj-#_‘
W N4 LC\+CL+-~ ’rC]agy\)nLogh
~ C %Qoﬁw)ﬂh “ 0 C”W’ﬂh)
2o Time  Compexty T(n) v 0 (neogn)>) - .

()
/gea next %jé ”



Foblem 8 Part (d)

X.1= sort (X) 4 Iniy Case we ane
%, Y_1 = Sort (Y) Sorting X and\ outside he
nEH oY)
| def  closes+ pair (P= (%Y) ) ™
2 = len(P)
3 =+ pﬂfmam:g Coces
‘ i Mm==2 0 gt (P)= dhict (PO, PL)
° L Yetwtn P
6 W ==3 ¢
7 | d= min §{ d (POT, PRT)s d (P, PLs1),
8 | d (P01 pLs] ) g
9 # d i fhe funetton menlwie dutance bW
lo - oo ot (%49) s (%9 )e
I it d(pro, Pe1) ==d ¢ vetwn (P01 PLI)
2 | i d(Pra Prl)==d: yeswn ( P21 PIEI)
8 - i AP ) ==d3 verwm (PL31,P00)
Iy + dividing  he Ff@‘blam nto  Bub problem
15 else.
1 mld = n/‘l. ) ¥ here  we
17 Sane Smﬁ"nﬂ the O\J'maﬁ G\C X, b\\] oma SO‘H’WZ]
I3 algﬁfd‘hm;*ﬁe aviey X now Has  points fn ascend ing
I i Ordey-
% : P.= Clesest . paty (X—l[lo ;M-d],Y)
21 PR = Clasest — paiv (xTmidt, -], Y)
92 _d, = dut(R), OdR: o"‘Sf(PR) , d = min (‘AMJR)
3 # Ccm\lom?g +wd  Sub probleyn:
24 5= the points of P whose X Coordinate e
25 | i The Tange [%-d,xd ]
# Y2=Y.I G-ordinates of Poinds in S.
27
23 b= len(S)
29 ‘fUY’ tl+o s8¢
326 for 7 ! 4o 9
8l L AT = digr (O6Ya(e)), 06 Y2 (4s)
. _&z[‘.] = min d,L5]
33 dg— ™min 0!2 T]
84 IF 0’3 >d
5 if di=d i vetuin B
3 ’ # odg=d ! rerun B
3% if dg<d:
3 PM = Whick. Pair of points n § has dis¢ (_,-) =013
4 | _Yetuin B,

Cocrect necs of T Agoritem ¢4 Came o< before,

ALince, X_)

i alrea

Corjed ocutLde Closest_ poiv, e Yewwence.

Wowd be. TN £ 2T(w,j+ G(n) 7 Tinw 0nlogn), Berting  cu&idk wold
toke V%lbﬂvx +ome. Lo Aol Atme Complexity % v O(nbgw) &



§’Prob|emq
m-|
() For Ahts part let, AGo= Zam.x and; B(x)=2_ bixt
L=0
We  wiMl cheek  the  efficient of 6N o, c;:Cx5=ACx)ch)-
n-\
This  Gefficient 15, §“« bisk: By Mhe observation gEven
=0
*n the Guestion we @n Sy A s Cmtaled h b at

n-
ji ‘PJST}TO‘Y) W othe  Geffrcient 7 _ax by 8 e
K=o

(i) ¢ Mme k™ position of @& has * Then we Yemove “'kFaYH‘

Loom AE) (4 s the  Same Fcbjnam,(a) Cavstructed  in Previsus ’Pqﬁ)
N -l

Take BOO—QZB‘X"- TF Ahe  coefficent of ' 5s

h=-my then A s Contained In b at j™ Faswian. (mk B e

tofal  yumber of % q).

(%) By faking A0, B and Jo wakdiply AG<) and B
bj foct  Lourier rans frm (FFT) we need Camplexiy,
Vo Ol logCmattond) Stnze, myn, i 58 v O (miogm)-

Foe each 5 we need to Gheck Coefficient of x5 iy C(x),
Ne heed to do M vmudtiplication H0  determing Cay n € We have

o doit for m-n time S0 +ime Complexityy  OC trmem)m) v O Cmn),y M5
betler Fhan FFT % ™M ¢ Smadl Than \oatm- =

¥ KRemqu . Solutton of Pproblem® poarit-(d) §5 Mainy due 10 Depta Bolak, Ela
Prsbleys Part 0 Bas been digcugced Wit  Awratrick

basw and T Aane gmgd/olugcmssed Lome  0f  SolidtSem<
With 601,(%0\ ’Da%w?m/ Ruja'l-asl'\ Jana-



