6.1220 Notes (Tirson)

INTRODUCTION

+ Greedy Maorthms

o Medion Findig Aly

(¢) Split vt buckets of 5

(2) Prvot ot meban of +he T meding
(2) Recurse. on ether left/ nélnt
Tl =T(sn) + T(E0) +00) = O()
* Komtsuba's Alg (p(a'2)
(10"2A+8) (I6"*C +D)

= 10"(Ac)+ 10" [(A+8) (g+0)- AC-BD] + 8D

ToDLKIT / PROBARIUTY

¢ _Master Thm : T(a)=aT(p)+fin)
v FY=0(n %) T =6 (n'22)
~ J =0 (1 1gk): Tw)=0 (9% 15*)
~ -Hn) = ._()..(Y\Wﬁ)& aH%)é CF{n) T()=6 (‘an))

o Chernoff : For X~ Bin (n, #/n):
el # e’ﬁl'%,ﬁi I
el O[5 <

(] M a2
PrreCp) e [5]) < ™7, p<1

. UV\—‘W\ Bound'. Pr(UE'JS SR (E)

o Markoy \V\eq,:Pr(Xza)SEQTw (x=z0)

+ Chebyghey Inen,: Pr (1%p122) < v_g,g

RANpoM2eD
- Quid-Sort Alg

() Pk rondom pivot, divde info LER.
(2) Quickorf L o8 R. Retum (L, p,R).

Runbime. O(nLogn) w/ prb -4 .

M Defive \amod’ pvot f 2 Srankﬁ%n.

P (20.6L bed puoks for cubpmblemt inluding k)

<€ (Chanoff). Prck L=3000ns) . Boud.

» Binary Madrnx. Poduct Check
MBHC > ABVECY w/prob =3 .

Podf |t ABR+CA . Tor any ABX=C5

we houe PBREHC(H). nyechvity!

AMRTIZED & COMPETITIVE
~ Aagregode (eg. cum over el item)
~ hacourting (Gve el ‘oudget’)
N?ofey\"ﬁﬂl 'ﬁlnd’t(—)i/‘ *3

d’,\ 2q7°(Vn) . /C\,;= C;+A¢¢
‘ Auﬂ'l()/\“:‘lf\d /"m%utfgj:nk/size
~ MakeSet , FindSet | Union 7
Ollgn) -2 O(atm) &= 0 (logn),,
« X = Compefitweness
cosk() = - cast(0PT) + k

HAS HING / DICTION ARIES

gpo@. Ws/De| S
Sonled QM) OG) Oh)
Dir.Addess OW OG) OO
Chaining  Olmn  O() Olita)ag
ChiRestig O0) Ol)an OO,
Open #ddr.  Om) 0oy Ol
0.A+R529 On) O, 00y
Cuckoo  O(M OWanzg O0)
CuckootReSing O(n) 001y OC)

- Uniform Hach 'Faﬂ'vx[g H:
kz(}l WW=J=m Vkell.ieM.

. (Livesal Hash Tomly H:
P D)=kl <7 ¥ ktk, €]

* Buiilding Univessal tHash Foniily
m prime . Write all kel as r=lo, U
digits in bae m. Then
{he(k)=a'F | ZeM"§ 15 umvenal.

« Open Addressing
h: UsM =M (Pnbeﬁ%'- pww)
with wiferm (perm) hashing assm.

» Stohe Diefionany
Want no collisions
Birthdoy Lemmo: W m=2n* w/
univesal {aails, Pr (eollision) £ 0.9
6 2 -Lowl Hnsh‘«g_gz (Oln)y,, time)
(1) Hash once. Let ni=$keys mapped o i.
I Zni>4n, cesample. (Pr< <)
(2) Foreach ieM, hagh to £0, m;—l] where
Mmi=0(n7). If collide, resoamp\e -

’

’ 2-Wag C)na‘m‘anﬁ

> Two oracles Used
= Put key n the less Ul bin -
E(larges’r bin s'tze)= Ollglgn)>> O t@,‘%)

» Cuckoo Hashing

- Two ovacks used .
+ FKick exishiyg key T Ofher choue
duing callision . i
= Cuckoo Groph: V‘-M;E‘ifjfé?_

MINIMUY] SPANNING TREES

st
Cut Pop: Ligntest edbe oF any
“aut” () ie in MST.

C\jcke Bop: Heauiest edge of any

cycle is not in MST.
Uniquesers: Weights” clisiinct
= (mque MST

» Kruskal's Alg

() Sort edges by waght

(D Inest edges i€ sofe Hp,{—{,g
Ryom lightet (use Union-Find)

Rurting.: O(mlam) + O (maln))

+ Prim's Mg (~Dijkstra)

» Evow single fvee Starting Aom
ligietest (use prioity & for
unconvected nedes, updarte
conneckedpess whea poppig)

Runhine : O(plon +n) ot

Toonacc Heap proviy Ruede

MAX-FLOW MMIN-CIAT

* How Networje
G=(V.E, o t,¢:E-Ra0)

+ Residual Networ<

a—}» =(V, Es s/t C_p) where
Ce(e) = Cle) =fle) and
Er={e:Gl)>0}.



* How Decmposition Thum
Flow s Flow cycles
N 8-t Howo paths .

. Mox Floww —MinCut Thm
(@) Jeut: c(S)=L£E)EIF) .
() £ s & maxfipw BV
(O No $-t paths i Gy

« Ford-Tulkegon ﬁb OFS
Pusiing, Flow 1§ st W\GQF
gf:\\g):b(gnﬂ (Qéwdo-?o\y\

» Moy Bsttleneck Pxthh Ay

Pugh How uithe ageatest boottlencke
duang Ford-Tulkeson

Ot Jan a(nC)) (wsakly - poly)

: EcoMbV\de‘ka@ Py
And st in Gy vie 8FS Juﬁfg TF.
O(YV\IV\\ (smyg\w/-\»\\ﬂ

LINEPR PROGRANS
» Lincar ‘Pogram Dua lity

Mmax T'X wn'o'g
AX<Db N§=>T
X =0 ﬂ?p g >0

% ((R)§*-Ci)=0 ¥

INTRACTARILITY
« Venber or NP X=instance
Va(xy) Clol shl‘)(‘ﬁ:m‘("ﬁ‘)
~ Runs n O((x+\9)*) Hime.-
ST()=YES f and only if
Flgl <17 Vilxg) =YeS -

+ EXP={soluble n 2P time §

+ QT (& ceduces 1o 1)
if there i a poly reducton oy
YES-inganes of R +» of T
NO-nstancgs of R » of T

° N?‘M: &SFT\' V&eN’P

e NP-Complete : NP-Had A NP .

+ -GKT, VC, Clique, Zcolor, _
S“M’Suvw, K k, 2-NAESA
ip, --. Wﬁmpsl\alc(’vwmplde

. NP-Hordl
% P#wp NP

- CoNP : \lentfier for NO-instnaces

@[22 ne)

APPROXIMATIONS

+ X-approgimadion (x1):
O?T(P) A 20Tt
_Z_(_P_)_S(X (mg,x\mw{’tl)l\)

AP P~
Soth o (mifemzodion)

+ hogrox Scheme - Alg 5(P¢)
whiidh 16 (14€) -oprox. {or
all 2>0.

MULTIPLICRTIVE UEI6#TS

+ Online Al9 _
() Learner pidks distioudion "
() Advasary pids coste Cy
(%) Leamer pids action (Vi Pe)
() Lesmer incus cost, and

\earps all C¢- Repedt -

. ExpedaoUo%
EO=2% p®c @)

- Regrd LEQEE) Fendy

o Petactions _g- & i
in hindsigt™ b= ti:i Ten ¢

e g i F ol

action 'n K™ ¥ aen £

* Expert Prpdietions
m“’:cﬁi if midate else O .

’ W@:}H?d Mm 2fnn
ms<2()+e)m+=g .

No vansling reget (21)

e Multiplicaic Weighis Update
EM)< (1+¢)m; + B2
\loM‘sk?nrj re,gr?ﬁ'.

RANDOM WALKS

~Gochastic prowss : X =1 X, teNj
~ Markov proess : memonylegs 7
~ Mado choin: Craph repr of ) Gy
~ Tiine-homppenous: Came MC YteN ,
~ Transition Matik: Wi =Fr(K=ilXo=1)
~§+ah'owﬁ Dt : T=TW
~ Commuricating class: SCC of Gy
~ Recurrent class: w/o outdeq
~ Trapsient class : w/ oufdeg

(Au andom walk yarishes here)
~ Class penod: &CD of cycle [en.
~ fpenodio : Penod=1 -
~ Uniqueness of T<> 1 recurrent.
~ Comtraen <= N\ recument aperodic

|~ Demiled bolance : Ty =Ty Wae

|+ medvopolisHastings

Wa=9(41) fd ), W :&‘i)wx,
face (9,X) =min {4- J % 5




FAST FOURIER TRANSFORM

« FET (Wont W& ; Wij = w9
() ¥ n=l, retwa @
(2) W « 2™/
(2) Yooné— FFT (6o 0 s - Ca2)
Yodd< FET(a,, 05+ ,0n+1)
() Retun § where br Dsj<d,
Yj=Youen) + w*_yaw
Yirg=Jown; =W i | S

é@

* Jnvege FFT: Wi=4Ww
Runtimes: O(n lgn) -

» Convolytion Cy= iaa b,

10

S———

SUBLINEAR ALGORITHMS

’ m‘@ﬂodﬁ for éubliw

l. Classi X : (zive. )(-0pproX o

2.%;%: Yes 'v&e ma?PNo .m
[ fom tue (w/kigh prob)

(revenn| Alg:

(D Repeat __ times:

16 _, @tuen NO-

) Return YES-

. E-closehesz ogG'
Adding < en/A edgeS can
make Gr conmecred .

o« ¢-closenes’ of L

Ddoting <¢n items owes
o Sorked gub gt 3

SKETCHING

» Streaming Alg: Input 1s seq
only passed once /few times.

* Sketch:C(X) =compressed

input X.

+ Given alg A with Hime T
and Space S gving Coneol’/
expeced answer E(6)=6 w
Vaiance O3, WSt

< b
Pr((1#4)-approx) = l

o Mean oF Estimartes
A"(,5): o
() hepeat A R=[Z2] times
in paradle|. .
(2) DW"‘?“"' §=]{-(9‘+‘--+ é\R)
Prltrer-oppo) = 1-5

Time: O(T).
Space: O( T S)

e Median of Means

memre,3):
5‘) Re(pead' Ale) Ref4el(3l
times in paralle].
(2) Owtput wedinn -
Pr((149)-ogpan) 2 1-0°
Time: OCT+ ()
Space: O(ZLEM{E)S) .

+ t-Wise indepenclence
Porall cidfinct k; s-ike €U
and not necessonly obistinct
L. /0 'I.L-téM,

A bz~ L
hggi[h/}‘h(kj)-z,]- L

+ Morris ' Alg (X=1"40)=n)
() C(X) <0 .
(2) For evem 1, \ncrement
CU) w/pob Q7CX),
() Output (x)=2“"-| .
Space : O(Ll(3) 1919 E))

o FMBS Alg (#x)=#dishuct 2l.)
() CX)<1. AL-wise
(2) CL)=min§COY), h(®d}y Vi
() Output Ft)=zfz5 -1
E(®)=dr
ot = m

¢« KNV _Alg
() Pée D-wise h:U»M where
Iml =3
Q) Cx)H 2.

k — [2%/¢*].
(3)CN=nin3COU {hlxiY] Vi
(®) Outpur

|cxy) ik e <le
‘f-uz/WC{K) 0-.

P ((4e)-appex) = 2/3.

+ Soccod Simi londy
S(xy)= Xayl Jixvy|.

. Zignadure of A under h

OulA) = w2 Jh(a)
= R5M=0,8)] = Ja.3).

o Similaity/Near neighbor Seah

Given A, s-1Aa,s, 5% When A is
passed w, OW

-~ YES if 370 A)28

- NO W IT(AM)<S’ .

o Locolly Sencitie Haging Alg

=T0 reduce false negatives.
() Buld L signotures o
build b porfect hath tobles-
2. P-(Ai Ay same bucket)
2 |- (1-3@)) 25 )
= To reduce false positives.
() Use t min-hahes instead,
E-C. h” 1-":th W]‘l"’\
0y, (W =(0, 0, .53, ()
o Pr (Ai Aj same bucket)
2 -(1-3hi)t)
Twaok t ond | for ophmally
e \-(-1t) =00, nLs%ol)



