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So o we hove &W\id diide and Conguef o anthmbic probltms:
e Keatsula: fasder Wrt@er m|plication (2 - nl%tg)

o« Stossn: {oske watrin molbplicakion (P~ n'9)

_\'oéo\, we opply divide ond tonqrr 1o common fusks en lick:
O S«Hua
® ﬁ"‘(\\‘v\ﬂ v median



SonTING: given o Iisk 6 norbec Q. @n, 00Fpor Ham in increasing ocdes .

Tdio is o (D spit t [ist into fwo halves
® RM[SIM; st adn half
merge Hhe two socted Mlws

HereeSort (A, @n):= 1. i =1, wetoin @,

2. S = Mewse Orr (ay, -, Aryy)
3. Sp:= ﬂER&ESDQT(an/,_ﬂ,M,Gn)
L. S = wrax(s._,s,()
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How to implament mx.rge7 Take smallec eloment Jiom Ha b sorted \8Ys and re‘aea)r.

28 3 + 13
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6\ Lois 23 6 F 0 LW wr L K K

Honee nRcgR (s0,Se) wong a b 0( \SL\+l§a\),

(Eoc\r\ i’fﬁm\"w\ C;o‘mvoves Ywo A\ nls Q,\c\ RMOYSS O )



The unning Hime AS T)= 27(2)+0(n),

By Hhe Master Theotm mn Recomunas: =2,b2,d=1 = -EJ . _i-'-_\ G '°3|,"‘) -—O(r\loav\).

Al Ha Tl work' TS in meging , 68 nothigy hoppent Hll He rewrsion Wits fhe bate @ase .
This V\w\'orullf leads o an fembwe alaodH\W\ Hat mainatoing a quve on lists:
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Thare are O( ladw) passes , ¢acka hxlc.‘ng e Oln),
whidh dooble Ha Size - He lists en He quewe.,
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Q. can W de bber Hhan waeSorH Mo and Yes

No: hm*@&soﬁ AS & OMpacison Sort ie,, oA alaoriw”lwn in whidh the O{\ly opition
P?((lorm.c) on Hae (‘,\rr)‘ T{ITY . Y (DMI)ariSDr\s (Heir valves oge  oHwwnse i&ﬂoﬂd)

Haorm: Any o pacison Sorh)\a alae((fhm HQUI RS Jl.(nlogv\) Lormpa. ({800
b Sort lists of n eltmeyts.

So n\mb{gor’f [{S 0\7-1—{“\&\ amond ODMPqt'\SOA SorH/\a alao((H'\.m.r'.

s: e o SOrHr\a olaoriH\Ms ot a~ ot Solelyy based on  gormpatisont.

foc QXGW\\)U! , i‘: Ha aletunts an w bik lONa/ H\i’ni
o Fodix Sk vy OCw-n) bit opera hions
. mer(az Soft yses O(u.n.loav\) bit o?w\’ions (o\ (',tamfor\'Soa torts O(w) bt D?ch\-ioag)

Thert o many 8o h‘:\ﬁ olgoriHwms  and Ha et on. drgends on the agplication .
( Doto resides Tn PAM vs AW, M(!&RSO(\' woks belitr o linked Lists, ...)



Bock o Haorm: Any  Gompacison SD(H/\& alao((ﬂ\m l-eqm'reﬁ ..D..(nlogv\) LOrnpas {30
b Sork lists o(- n eltmeyts.

Fix on algecithm A, WLOG focos on inpot lisks @, 4s whe dimnts ase dictinet-

Tk CON\PH‘GHOA & A o G, Q, defines o ;ermvhkon T:[n1=[n1 (He OJJ'M'\’S Otrs, Brgzr 1~ s Prrcny)-
EVQ(7 pQ(mu\-qun 1S o Poss{blx outpot .

ot S dunolk He st of possible ferwwhh'ens at o ﬁiw\ point jn A'S Comptokion.

Befora 0l gprithmn stourts: 1S]=[{all possi bl [aenwhﬁms%\'—* n\

At adn ompacSon. i Q<05 e S S, S./
£ 00y 85 He SC,
Qi< Gy
Sinx S1US2=C , we Knoww that (SISl oe (S22 19 . TES/ Vo
Go o tompacison dividks posstble ovtpats by o mah 2. Qpcay || <G
r \ \\)
Henet, "t 64 sompacisont wabil [l /|| Y
7 lez(Y\!)? ['332 (—2—) =Y\\n8n-n|03L€ =1 (alogn) - . ™ --éz o

Nolt: s is o orsk-cost loupt bound  (deghin oF cagey et i nﬂ.»(nk@n)) y
bur con & \w?m‘m\ W an OvtraR-Ga%  \QuRr bowd (Q\M&?LCM\‘L‘& lod- s '3\'(’\‘03"))




Menian FiaDing
given S= fa, ... 2.3 ovipot median(8) := " 8es 54, half o S is swaller & M S i b'@er“
How is median(S) diﬁo.m\’r Leam aw.rcxgds):(zi?' 0.)/n 7

Ex: (L,1) = age medion=\ medidn s one & B demunts

(),1,10) = avg=4 median= | Ond iC lest sentibive b0 outliers
O\ 1) 2 avg=3,  medion:|
(1,1,100) > ovg = 33 medion =|

How to OQM?\I\-L median |
Tdwa ): soct ond hoke midde eliwent — O(V\\oﬂv\)

Tdw 22 we do NoT . abost +he onder f dlemints above ond below Hhe median
Wo uie duide 0dl (onquer o Sohve @ hacder problam:

Salechon  inpot: Sk & nomberg S, index k¢ [
ovtpot: K- dh smallegt Jumeat n &

NO\'L" K= N = % s Hw NA&QI\ (Sah»\ d‘lj;g QWJ‘QCJQ “’NO maddle € ri\S < Q‘Nl/\)



Tdw: pick 0eS ond st & o Se={ el in € smaller Hana?
Sou= ‘{QU‘S in chua] o 03
Sexc {elis in S gqrake tanal

Than FOTR In o S\'m;@\lv\%rma;d way .

Slect (S k)= o pik ae$ aad compile 3,6, S T o lit i linac Hime
« i KIS Hun Select (S k)

il 1S < ks S+l Hen retuen o
. ]{. IS +1Sa|< K Hn SQKC{'(SR, k“gd-lgcl')

We q0 {»‘(’ON\ list Cize S| Jo Wst Sip ymx[‘[le,}Qg];,
How 1o pick ol
Bod case is it & it always He ltma%\' (or swolltt) Qeant & Ha wereat gk
O(n)+oln-Dro(n-2)+- = Oy
Good case is it & alwoys splits S cowly in half: [Sil,[Sel = ISI,
Tn HNs cse we geb U Rorin® ) - T(N,) + 0Cn) = O (n)

P coblam: ?KQKIAD ae$ ac aboye mfu'wﬁ_, ]ei“d(’\n medion



Tdea: pik &e $ ok rondom |
We soy that o s good e ie between 254 ond St pec s s: [_;lj%s_}
Whea @ s @ooa , R rew gt Shiinks by & constant factor :
mac 19,1, 16e3¢ .16
There A wany qeod el afcg[a is gd =L
S in oxpectation At takes 2 kes o get o ged @
The expeted uning bire s

ET(n) < ET(gn) +[—E[ B 1y F;,\d 990J q]. O(s) + O(n)
= B:T(%.n) + 2-0(n)
=ET(&n)+ OC)
= O(n)

On Goy \‘<\\N‘\' S and ‘U\kau' K , S (S%) rehns  He ot anSuar
0 On number 6% 8‘@3 tHhek 1S OC) wda\io/\.



