Mathematical Programming
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How to program a conformal computer?

Symmetries in Physics®»  Global<{ Local
/ \
Variational Euler-Lagrange
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How to program a conformal computer?

Constraint Programming

Programs as a set of constraints between variables
Not good solvers
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How to program a conformal computer?

Constraint Programming

Programs as a set of constraints between variables
Not good solvers
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Optimization Theory and Convexity

O...the great watershed in optimization isnOt between linearit

and nonlinearity, but convexity and nonconvexity.O
R.Tyrrell Rockafellar (SIAM Review, 2003)

Lagrange Duality Convex Relaxations

-
minimize fo(x)
X
subject to ol D] st s
TITLI T 1 T fo o bl ) S DOy Pl IO RS TRE e o A SR e,

) o
2 | o Ml LS 2o _— ¥
- = ‘ : ¥ \_. 0 .,,{0&' ¢/~".,<,.'.\‘ ¢ ;.__
: L e S O L




Optimization Theory and Convexity

O...the great watershed in optimization isnOt between linearity
and nonlinearity, but convexity and nonconvexity.O

Lagrange Duality

R.Tyrrell Rockafellar (SIAM Review, 2003)

Convex Relaxations

(
minimize fo(x)
X

baloglee Ounl i <

——
- —

. T “-\

P g i o Ay 4 e
o (8hs 4

subject to ifsloelis Ot l < st

A LE ALY ¥ RS / “9 -
= = A R R TR 5 Sty (£ PR A ey 2 e
o TR RIS TE N TCORES B e R Dy chis
Y W o B o o S v B PR A SO o R
o gl % § R ¢ I\-( L N o



Optimization Theory and Convexity

Decomposition framework




High Level Language: Mathematical Programming

Formulation

v

Preprocessing-) Objective function and constraints

\/

Method-) Prlmal dual prlmal dual S|mplex mterlor pomt conjugated grad
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Sorting as a Mathematical Program

Given a list of numbers

{U,Ug,...,UN}

Pnd a permutation such that




Sorting as a Mathematical Program

Linear program fu(!)=1u; ) +2uU g + 8
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Pu : ,O | J N - Convex relaxation
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Sorting as a Mathematical Program

Dual linear program
r o e N
minimize -

subjectto 7+ ¢ !

Auction algorithm
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Sorting as a Mathematical Program

Another approach
(Permutation as a product of standard transpositions)

Theorem:

Every permutation ! ! Sy can be written as the product

I}I/Z
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Sorting as a Mathematical Program

Another approach
(Permutation as a product of standard transpositions)

fy (I ) = [1 s diiaN ] !EN/ zoN/"%té éE]_OéU




Sorting as a Mathematical Program

Another approach
(Permutation as a product of standard transpositions)

maximize fo(')=11,2,...,N]E\y 2On/ 2 @22B; 01U
subject to (O! Cyy ! Z_,k:1,...,N/2,|:1,...,N.)

Convex Relaxation
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Sorting as a Mathematical Program
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Convex Relaxation

R

Another approach
(Permutation as a product of standard transpositions)
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General Optimization Solvers in the Boolean CA

Building blocks: Linear Algebra
Matrix multiplication, Cholesky, LU, QR, SVD,...

ScalLAPACKScalable LAPACK)
PLASMAParallel LA for Scalable Multi-core Architectures)
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General Optimization Solvers in the Boolean CA

Building blocks: Linear Algebra
Matrix multiplication, Cholesky, LU, QR, SVD,...

ScalLAPACKScalable LAPACK)
PLASMAParallel LA for Scalable Multi-core Architectures)
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General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
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General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication

di2 di3
doo do3
dz2 a3z

! T RO ~dy b % oo d N » T e oLt P LA e o'y ' P it U A et S (o M b 5 TV AR ERies 14 o R o R T LA
> L N4 4 S K Al L Y A pEF ) a GRS W T L 2al ol P LN SR A S VAN B L. AT IR C8 Lty L DR ey & g RN o " by 5 N 3 ALY d
Hogn TOPRVSTARR A vy, Y, SO MR SGe M s0Y oo (1o TRRSVAPORER 1 o ORI oy S LR S 4 D T P, A o Lo e A i I M S UG e SO B P LI Y 3 ool TN e, P ol
E ¥ it AN ZEN K S PR Ve e PP T - F Lot Mg VIR R O LA e B S > Sk b e A L PRI N 53 _ ¥ '~
- ey ) ¢ | LG i } P AEARE S o P 0 al P i N g CE T o t v R Bael Lo Lhy . Pl 5, ¥r % ¥ =
i B REREY @ B D) ot v | € b [ o ] R R e R T R T A I A D A N A i i L e O e i P




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication




General Optimization Solvers in the Boolean CA

ORenderingO Math

Linear time Matrix-Vector Multiplication
Sum
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