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Selve recurrence relakion using su.b*s‘hhéucm
meXhod b

1) Guess the order of the apocithm (s
B (1gn)
2) Show: T(n) & ctlgn  Hfor 02 0,
) Assume. T(n/2) & clg(n/2)
et W) TC) £ clglnla)+d

clg(n)-clg@)+1
C/%(n) o

i n



T\“a et.gaivx" Guess T("\)é Clgn—-—b

T(n> L Q\ (\'\lz)-»i

(") & c\%n -+
whel for B = A+

T & c\ar\—-\;
B TRoRNde OC\% V\B

& &

;b) Recursive Vecsion Runtirme !
e R £

e (1)
(.V\j Z—l—(n 12) + n/z Tl o -

Cog\' ok c_rac&w\% new,

Sovee. ;\‘kb?rO&eM V\a\c S\ze,d \\S')f V\Q
e Sphc\w% specatar

Selve Recurtence telation \xgmé substidiction

D 6"&&%1 Tw) = "Ocn\gn’)

%) Swow : T(w) £ cnign Lor N> N,

D Assume: Thz) & e(n/2) \%(ﬂlz)
u) Substritubes
T(n) £ clnfz)lg(nfz)+n/2

= cn\g(n/z)-‘- "
= cnl%n——c_n\g;l '

= Cnlgn =tnthn
< calgn

. T('\) = O(V’\‘%W)




| _c) The ertra cunning +ime of e recursive
Lunction e becanse The splicing opecat
wn Puthon Creakes o ew osvoy with
wl2 Tolements (which T sssume ol been
implemented Jo run n O(n] Fime.

‘R befler implementertion would be:
dek b\‘V\QW%Secd_‘df\(o.\Ce’r) ifemn, Sixs¥ = O, last:

which wew\d cceake ne new \nstanley ok dhe
acray , ke e ecartive vecsion,

3> og) # apoH/\esis Lo Hhe order of sek.mterseckion
@) (owgm'm (1<) ; \4:\))

By guess “hat the ocdec of the Lunction
wheecgectson wouwld e Luear eatwe smaller
of *he *two sets Since any nlersectkian
command  would need 4o ruw —_containg--
ot least once Loc ecach element in —the smalle

List,
\:) Fime \a MS \s\ = 10* ls\=lot | \s\=e*} |
I 0.00 2 0,00% 0.003 |c
M"\Oq 6,002 ©.038 o.04 ¢
le\:log 0.003 .o\ o4 1
le}=10° coo% | 0.06 1.4 i

. The sbeve values {in Saaw&&\ oce the Yetea|
S of cunning timeir on  S.intergeckiow () 100
Hmeg Lor” varying values of 1s) anel |~



c) Based on g ey Qerlme,s;\*c;\\a _obsecyed
~Oodkp. e Buleon AS b alan ik

CO(n), where n= min (is), 1)

A) Wes, e new meteie should cun slewesr

- because the additien o€ a doman dreck

wag tedundankt, &+ did net chance the \udion
kot added  an edditioval n-dependent opecation

oo every e\enment compacicon,
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Reoblem Set 2.~ \ntrodaction fo Algoccthwng

:D \Mq\e., mended W bstselect, £Y
A\ a0 it deseriptions

Set node 4o cest ;
sekt rank = node.lelts size
| while nede isnk Nowne & T
1 Wwoindex == ok
re turn Wede
| el\le \R 1ndew & tank
K node = node,lelt
'E cank = rank = nede right.Size - 1
e\se

nede = nede,cight
| rank = cank 4 node . lebksize 1 /

LEFT TRAVERSAL RIGHT TRP‘VET&S AL
(dotted Lne s rank sepatatec)

:Z) Amortized P\f\q\aﬁs :
| PFOVQ T(‘f\» :\\:;O (V\> "CO‘('“ T(v\) ',

| beine, the number of opertadtions fo
incretnewt e binary counter n-times,



Bits fup dependivg on Yhe k-value
for the KM lnccement:

AR O] F.zmqga;( qgg [ L8] _mr e

o fies P Rps

ps
6104‘8 C\Qfé ever \ee% e €3,
ik~ vt

Yhits Bbits

Therelore the Aptal cost of Kk inccemends
e o Summation of the number of Llles
Cot L eockh oit: |

N‘\“D___'\'D_ﬁ" N« !!,.,_.\.._(_\__ vee
% W AR Thd T

This »&  a ge,uwa’ma, sequence whiclh
reduces o steichly less Haan  2n,

20 i O(w) A& Tl = o) GED

3> ab P(C,V\Q‘m ol 3 oftec B ng\e.h._._ (_\n;_\_‘\?,

Ass um ‘ﬂ% the KkeuS ase wdependent, each
has o probability of haching 4o one lacatic
of ‘/m) e peobalor ity of heshes  oautin
& A e \/VV\ Vm o (\‘ m\“’

'\7) This Qvobﬂm\oi({\” e algo (\/M)B beccxugﬁ
W omounts 4o e  same  Hhi na ) slet n
2% W%‘G\Qd\ 2 AWMWRS v a tOw,



C) Load\ Tockec = = {2 \Ogﬁ

o = i ee cotie of elemenks 4o slots

w-—

R ( unswee esstul search) = A~ o.\ae,m%%,u chain leng

'\ - !
2 e Ty T aadh - O Lo e
% £ g #
VAR i 78 A ERES g8 L RE 4 RET { gt i
b 55 L LY Sikmse 2 - 15 L& A 0
\

ol = Pro?&c"'*\"&xa\f“\ ot QN’&% LiMledh
with hoched elements

T() = Fime do fied an emety sle’r
E[T(\]*‘ expeched Yime toLind an e.mﬁb% 51

This & e uwa\ew&( o Qﬁk\%% '“\L Q}( ecﬁﬂéﬁ\
lenath of & Sequence ot Lilled e\emmﬂs wch

oo™ o @m@qﬁecﬁm oL .

ECTleE, 2/o0S

This is the probobility where
o \ow éér awnd Shocter Subgec;uq_s

are ;Wﬁ.,\
Pg T o o5

\
L \%(‘ ’i%;b =05 E[T("ﬂ S 2\g(V- Vg



\

L\Ba\ Ren's a\goci‘v\\m cuns 4 nested

\0093 ' i
1\) o s_stact \‘QV\%& (0, \ew (S\)
Ly This is O(n)
2) Lo s-ewd i mv\%e(s-s\-ox-\-) \QY\(Sa\X
Ly ™is \ag an amortkized cost of
, V\/ZJ adse O(n)
,3> doc +.stack \w rang € (0,len (63)
u‘w S This s O(v\) :
i IS TR |
m
N“\:\\Ke OL\%or\\’\\m TUAS (“)(%-5(“)(%3 ok %" e Of
e , g Toes

b} A\%Ss.a\s a\gorlkkm requires 2 rested for
looeS, plus @ call ‘o the Python \n_ @Pen-&fc(a
Lo Lgkse |

\A-(:O,r lew '“»\\v\ e e(_min(\s\,\t\))u ,
o~ S o821

?3 Sor <_skack .. — Ol gl
-@or *(';-&’(mr*i.., w—— OQ,\)*Z*O(V\) O(ﬂ}

2) & cucrewt 1w s_sw‘bs‘r,ri»«gs

: LBI wil\ assume *\‘\«\ig uses linear
Seqcc:\n_’w-% and Aherefoce s C)(Y\\) ,

Therefore Yhe Aotal al %@ri%m cuns wn O(n?)
+ime. S AT .



« Q) lmelemented  in ‘$L¢>$'§"P(v\%2,pék

} lnodia) (uqmoc&\&tdﬁ O(n“[%\f\) Mec\((:\‘ch‘&*k'@h

| T (o) z 0.C00RF1% 0.00038 517

. Thosg)s 0.0.28 105" | G.00869 303
T(loo&o)_—_ 3']%\7 039 0. L\S—aochﬁq

- TGesoed)= 204, 150419 \20.8 | 293982

0\> Implemented i Subs‘trl«\%‘-\.?é, using Relotn- Ikarp
O(n*lgn) bi-seacch Olnign) Rabin kace

T(oo)
T(!OOO)
T(10000)
T(100000)
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Problem Set 2 -\atceduction Yo Alyenthims

\3 lmplement ed \r\m\),Ae\@,&e.pg

Code uSes Nicst Aecceae ko

which seks e
\ndek to —oco ond  pusches

Yo Ahe top
(mq‘m%q‘w\\‘v\% rMivineoy veeiand ). Then, the
&Acact_min  Function 1s uSed Yo remoue

‘e element. Roth operations Cun in o( \%v\\
se e combined Lunctiow is alse A() '\5

L\) a) I e MPR were wmplemented sidh o
mox heap, then m epecations wouwld
hoave o worst-Cage +time of C)(M‘gmx
sivice extract and ‘nsect woud cachh have

C(lg ) dime n the worsk cage.

b) here, o lengt < accoy e be generated,
every \ngert opetation ~would check againg
a %ém*e,d tmox value qedcc\*l
the value & ™Mok,  Updates are done by
ekt MPA[value] +=1. Exdract mMox removes
one Lrom dhe MPRImax, and 1€ Hhis s now 2ere

wolks  back Aowwn e QCToLy until W can
v o new wox.

V\S O\A\a YA

_ﬂ\e process %kes OCW\+'}<> -@or w Qpercdf(‘awts
becomce  the  dotal  cost o€ all  unlk-backs s

firnd o new max 15 o vost K, since Hhe
Moy Can ovx\a decreas €.



5}@3 Deteck collisions is O(“1> _S\nce
'e/\)@(% ball s compared o@a it eyert
ofhe.  ( Lppec e iow\%(e W a spuale W\Q‘\‘(“(KK

A

.’ b) SO(_’\‘(V\S coax = QO(n)

Col\lision Checlk ;O(_‘(jn_rl) Whe ey x= E[q:l; of baiﬁs/b
and ™M = H of bins

ln Yhe  worst case (o) bals i the same D) fh

PQC‘QOFW\s 4he  same oas the o¢ z’%ina'\ a\%ovf-\%\;

On Xhe avecooe cose, \swever o g
: OOUN
8 ’ 4 (e \r)/zs.“é 2

SN o BURRSRS
L= eolere oo SEOGT
6SS36 |

Stnce M2 24Y4n  Hhis teans the collision
check should  take O(n) Xwme Yo procecs,
o\pet wika \M%\/\e,r constrant coefficiends..

C) \MQ\@V\Q,A*eo\ W o\esrac)riovn\mcj and\ 4estor
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~ Peoglew SET H: Intceduction—to Naori@g

{D Give  an O(\/*—EB —‘c‘xMe. q\gc;r\jr‘/\fv\ Lor
‘SQ(DO'LDOUHV\%_ o graph who  coanected componentc.

Flest, creade o ge¥ of all verkices  ordered

‘\D\a Some eagy erocess (such as position tn
OCtay  of oot o), Next, go tacough every

: ed\ge,, Compare the +use hodes incident o
Fne edge  kee Yhe cnmaller of the twe and

delele (b mack) Hhe \Q!\%Qr one. ln the end,
o unmarked

e %vag\/\ wull  heve @v\\a
nede s  whlch  ore  the avaallest Aedes . ead
Connected  Compenent.

\Q ‘\/V\e, x()urQOse PaTe A Jro pc@—H—‘n‘on —Hr\e %m@\f\,

Hhen mgtead of marking, nedes  could be adde
b to o \ist containing all connected nodes and
" node, |

sYore d \r:lxj e Ui

. Stnce only one pass Hough esch noede and
each edge is requiced, Zthis algocithm

| (\Q,C.Lwif\.e,s. OCV+E) fime..

Z} aOh TE i pact e chc:\_@_. £ patih connects
o owikh kgl e wimplement Hhis algeeithm

O(V+ EB e, run a =S s'fqrfr\‘w% at 2~
nevec coloe Hthe nede v, so Lukure
edge Checks  cowm loop ek, Then €

b= would e colored o gecond time, we
con  step and teturn true. (£ we reach

Yhe end oF all nodes, we can relucn false

N



b) Beals a\caoc(ir\/\w\ LLOY kS Lo uvdirected w
8@@\8‘ because g@l ng bQQ\Sg\\Q‘td‘S‘ Lorom
on edge g dways possible, Hhecefore
—he Cb\/\\(j 8(‘&()%&‘ w vtheut cy cles  are “rees
which never repeat nodes 1a a RES,

W o digraph s poocecs wouwl d produce
falce positves, Toke dhe simple example beb

@N@
\@J

Thece is vo cycle herve because v hes
ne ouﬂ‘%oina edges, et It ig seen Foice
Lroen 1, and M,

C) Fiest, uie  conduct a DOFS ' but alse
\Gve o second walk ‘o each nede L(%)
when i+ s discevered and  remove dhic
Mmoark whenever we  loacktcacdk Bona o
black nede,. This (%) log the propeciy
of Saa(v\a which . nedes lte . a d\llrect
pathh  Lrem g, HhesTactivg node and
CYee cuctent  veckey, 0 |

‘|

Cna c\eg con dhen \Oe o\e+ac\-72d ol occufr('vq
“whenever ac nede Linds a (%) wnede
o\uu\ivx% e Searcin, _noy Vole : -

2) ‘\W\Q\&W\Q\/\'\‘éd n \Q\/e/\.pxé and so\\)e,r\pg
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Peoalem SET S ¢ INTROBUCTION To ALGORITHMS

:D 0\\ Tolse. This ¢ OV\\% drue Moo g(\qQV\
Containg ne ne%a’cwe edge weight € cles,
o s will \eaue e  shoctest path
unde Lined | put will tekuem an answer
nonekhelecs  with ais MadiCCC*C_uHGV\,

b} Falce. Censidec Hne Lollowing  gtaph:

/© In His example, e

tost (G> _ F path AC i s%ric\'\a shovts
| 4 B than ARC | uet they have
e some levxé—\(\r\ wikhh ol

= edae  \enoths Spuared,
,00841(6—) Z\—gq A& % CY

/6

C} Teue. This a\%or‘c‘rf/\m will retucn e \qr%e.d‘ ’
ctmple path, "in an acyelic graph. The
relote EProblem of Sinding o \ovx%e.er
Oimple peah with aueleg T¢ net Solvable
with dhis OL\_%OFL-‘«'&VO’\ and e in NP-complete.

| Z> _0\7 Peool bé Cantradicton

Qqepoge ed%e, (a,v’> wece downward ceitica
ond 4 e hot o a Shortest poth betwee
S and ur This means =he dotal pakh waicgﬁx*
includhe (u)’v") S s—%cic*\\a vore thaw Ahe

- Shovfect pakh welght by gome Lactor €. We could
Yhen  subtract Some amount  ac, 0<acl from
(w,v) and & would shill be longer Svau the
shottect path which contradicts dhe deCinitiov
o€ Deing downward  ceifica\.

|



B Qaim* A\ ypward critical edges (w,v) are on
| e  shockest paMa befween S and 2

Proé £ ba Contradiction -

Acplin, Suppose we \ad an upward covtical
pallh Frok werent on She shwockect path. This
Meang  The pabih  ncludi (U, v) s s%c(c-,‘n'é_
\M‘g@(‘ thon the choctest path u)e(%;‘«ia. Heve,
we could add any dackec ¢ o the weight
of (u,v) and W wouwld not weeease the
ghortect pathh weight, conteadicting. -ihe
principle 66 being upwards caifical.

D

e ¢

3 Implemented in dijkerea.py
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Proelem SET bt Infroduction do Moocithms

_’L} |mplemented -@(b.eé

ZB q} “The sek of Suberoblems is e wag,s
of MO;k\v\g o\f\av\%e, withe (2.2 c-1)
as the QMOka+S o@ kc: ('\avxa,e La d

b) c;f%‘\’ SCL-(C) re@r\ese,vx* Hoe —Cunc*\om Lhes
He lisk of fue shoctest \ist o€ chqv\ge
Aeven Cgvx : aw\our\‘r (158 QV\av\.@f o

\ ¥

!

SCL(C>-—YWW\ SCL(Cd. ], ?{jQ
1 SCL(Q o\g

SCL(C A )
C) The mvxniw% time of dhis Q\%orf%m 'S
O( W\C> oS Yhece oare C <u bproblem

Q,QC%“\ f‘“é,ii},“u‘i’ef\‘v\ 0y (‘-ﬁ ot denominea
cal cud et ans.

A> \vv\,pleme.,wlreﬁ [ c\/\ag%e. Py



~——

3 Q> The cebr of cubproblems are dhe \ow%ngr
\V\cveag{vx% S&bS@ﬂnyhC@S , ending ok index €O,

The LIS of " the Qist { elements s necessartly
l+te moximum of the LIS which end at j, which

18 S et Mt _J < L) \XL-’;]( 76);5]; 8\V€LV\ ¥ ac-ihe Sequew

. b} Fet %,; be Yhe LIS which ends at element i
e ecurrence relation ¢ thecefore:

O = Vax l&v\%'\’\q< % | j<é, %j<7f'b>+1
From Hhis Hhe true LIS i simely:
ST = o \ev\%%(%a\ (€50,,2,.,03F )

CB This CL\&P“;H’\W\ cequires O(n?) Fime Decause -
there arée W peoblemg each \/\q\l\VL% n s w\DQ«"Obe

é«) \W\Q\QMQV\’Ved ‘"M Progcess. 2y,

| LB Implemented n Resizeablelmage, Py

\’49 \)\v\@orlrtu\oéve\é) T couldnt ge& P\ wocking
e *hs cede s untegted and Ny cavdan
\DW%S :



