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Basic Tools

Goal approximate complex functions wr small #of Xs
, is of simple functions

Powers
-> f = 0(g) ( + 19

log - -> log +> 100 .. f = r(g)() = 29

↓
f = o(g)z) f <y

- + n - m ...

exponents↓ ↓ f = w(g)z) f(g
= + = + 2 ... f= (g) () f =9

Tricks
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Other : factor, take logs
,

balance terr, Jesseis : f(zPX) [p·+(x)
UXER

, P a prob. dist.

- Convex

↳ Jesser for u=e

Common strategies : Guessing
, Charging, Youbling/Halving

, Averaging
↳ If X21

,
XE2

,
X noodecreasies

tree times X car double-log



Randomization

Gaussians

zwN(0, 1) a Standard Gaussia. MV (9(X) = -
*)

Y = M+zwN(u,) a 20-Stadard Gaussia RV (2wN(0,1) Rotational

Fact : X= (4 ,
2, ...,2) is a uniformly radoe direction for 2

, ~N(0,1) independently Sydney

Fact: If X N(0, 9
%)

,
YeN(0,6) the X +YNN10,

c+6 -> I of Gaussio.

is a Gaussing

Concentration Framework

a) Show (*) true if all &Vs near E
->

Usually via Chernoff Bounds :

6) Concentration : each RV at E (Floge) we Xi1 ...,
XE 50,1 ind . X=X

,
M := Ex)

C) Unio- Boud: all RVs
" 11 in Pr(X = (1+d)u)- exp)- 5:M/(+d) v5o

Alternative: LLL

Probabilistic Method : to show (*) Possible,
Make Random Choices + Show Pr(*) >

↳saw dypercase routing e
.g.



Polyhedral Methods Solving LPs

Let 1 : = EX: Ax 163 ~ ge via Fourier-Motzkin

↳ a "Polyhedray" ~ via enumerating all BFS

LP Feasibility : ExEI) Poly-time via ellipsoid
↑

Poly-time
LP search : Find XEle

↑ Poly-time

LP Optimization : Find XEl Maxing (CX)

Basic Feasible solutions

XEl is a BFS

iff

racm (tight (x))= (
- tight(x) == Grtrows (A) :( , x) = 63; rack(v)i= max #LE vectorsev

iff

X is as extreme port]- y,
ze) Sit .XX
#

iff Sp. y + (1- 9) .2 : Pe20
, 18]

X is a vertex]Fu sit . (X, u) > <Xin] *x'EXEL *
Fact: If 1) = Ex:30 the Kasabfs

Also, if opt := mux(x) (@ the JBFSX st . (GX) =O

Geometric View

Fact :It is the intersection ofM halfspaces + convex -> [x,]-1) #X, YEL
i

.
e. aPolytope

fact : If It is bounded
,
W BFSs V the ( = coo(v) ↓

Two Uses

1) Integrality: all BFSs ExFindaoptinaoble

4) Randomized Rounding : XEI))XEK1StartuOptinul



Metrics

Metrics Muthematically formalize distance

L80s : given (d) Aso
,
I distribution over A-diameter Clusterings sit.

Pr(U,
v separated 0(log) .My

↳Used to round Multicut LP

An embedding of (V,d) into (V
, d') is a function FiV ev

f has distortio if d(u,
v) [d'(f(F(u)1@ - d (a,v) Fure

7
(V, d)

7(ol (V=R
,
d.

III ->Gave O(logs) -apx&JL:=

Core((u+(v) for sparsest

(VC RO(10(2)
, d) cut problem

f
& &

I -
-> &

-

↑

-



Graph sparsification

"Every graph isapproximately) a tree"

Given graph G=(V,
E

,w)

Cuts: - tree T= (v, Et
,
wi) Sit. EstEV if Wer is asset MC in I the

1) W is an set MC in G

9)w(5(w)) = w
+ (5(w)

Distances : I a distribution over trees ↑ Sit . Fu,vev

1)d(u,v) [d
+ (u,v) VueV

,
TEY

6)Edu]O(loydd(ur
(Also subtrees outisCloge)

Routings:I a distribution over trees ↑ Sit Obliviously routing

via Y is Ollogo) -Congestion competitive


