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Outline for today

AOptimization in CS

AShannon Capacity

AThe Theta Function of a Graph
AlLovasz Bound

AShannon capacity of the&ycle
ALinear and Semidefinite Programs



Parts 3,4

ASemidefinite programs for the Theta function
ASandwich theorem and perfect graphs

ARelaxations and Rounding: Combinatorial optimization.
Examples.

AGoemandVilliamson MaxCut algorithm
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Modelling as a graph problem
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Scheduling Tasks on Shared Machines

Aln a highperformance computing cluster: tasks need
machines
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they require the same resource.

AFind the largest batch of tasks that can run in parallel
without conflicts : 2 ey bebiron
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Scheduling Exams

AA professor has to schedudeexams

(SCHEDULING )

ATwo exams cannot be scheduled in the AM
- Omw
same slot, If some student has T g%{;‘EXAM—
" 2!
registered for both of them 3 S EXAm
AFind the maximum number of exams — O

that can be scheduled simultaneously In b
the same slot
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Fundamental Graph Quantities
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Chromatic Number

AProper Colouring of a grapfi ke,
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NRHardness

ABoth| "O and..."O are believed to bdard to compute
for any input graphO
% P+NP, X(6) and L(6) wik be Compudid n._ pelynomiad Tome
o~ (L@ . O(n£>’>
arO(Y)‘m))

ABut they turn up frequently in practical applications!
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Another example

ALT &2dz NBOSAQGS awLTT#

AWhat are the possible words that
might have led to it?

A JILL, JILL, JLLL may all have been
received as JILL

A Conflict graph shows that 2
messages (e.g. fix E and I) can be

transmitted withqut avmbigm%u 5
TNRY UKS aSYRSNXa

A Can you do somethipg better if
you allow to transmitQ) ¢
symbols at a time?
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Definition: Similarity Graplo
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AO D U:Uis similar tod y v=w o {vw]

ASimilarityfree dictionary of0 —> & lkclion o b, M of
MBVCLW Pa,\,[”wl, 0[}%51%&‘!'-
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Exampleo

A(CE) > o (Cs) *‘X(Cf)
I
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Shannon Capacity @3}9
ABits of information transmitted ik 'I'i CO  (dyforiiom )
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Part 2

Lovasz Theta Function and Shannon Capacity of
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Shannon Capacity: definition
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ANote thatd shows thatQ p need not always be the

best! ’
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A Ois bounded and satisfies the limit criterion
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Hard toanalyzé

A,(OAa ay202NA2dzafeéeé KI
graphs [Shannon, 1956]

ALovasz [1979] determined(o ) via an ingenious
GNBf I EI GA2YE

AOpen to determine O for many graphs, eved



Finding, ('Q

B N o((&)
ALet3(Q h ¢t () (1 (0)) = (ale)) = *@).
ATo find what3("Q is, first look to bound it

Al 201 al Qa ARSIY t221 +da I 3
‘rand its properties
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Orthonormal Representations examples

. . ) . n w’rl,{a =0 &
ATrivial orthonormal representatione # Wie €
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AComplete graphhy (4 nen-triaal orthasormel vep?)
Lek all %L‘/,s be the same ( no Comhaat mua)dcéh%
peosent ).






Value of an OR fOD oe- orthomsmel rep”

ALet™Y O B hd be an Orthonormal Representation of
O

AThevalueof 7Y is defined as

C
ANote7 A4 NBIR la a0KSOI ¢
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ATheorem:3('Q 7 O

Proof uses two lemmas:

ALemma Al ('O 7 O O
ACorollary? ("O) 7 (Q

ALemma B: For all grapfege("O) 7 "Oee
Fl)(an‘a ke - A’Ppltd Lemma 6 e Gv' @k
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Lemma A

ALemma AT ('O 7 ('O7 (O

Definition (Strong Graph Producii 'O
G= (V,E), H = ("")F)
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