Parallel Semidefinite Optimization
An Introduction
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You are a Kindergarten teacher...
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. buying art supplies for students ...
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... and you can't buy enough for everyone
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How do you make the most kids happy?

07.07.2018 | Informatik | GCC | Parallel Semidefinite Optimization | 6 ATUD

eeeeeeeeeeeeeeeeeeeeeeeeeee



Optimization

TECHNISCHE
UNIVERSITAT
DARMSTADT

Restrictions
e You have a budget:
o $24 to spend total
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Crayons

$1

Markers

$2
il
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Restrictions
e You have a budget:
o $24 to spend total
o $1 per box of crayons
o $2 per box of markers
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Optimization

Restrictions

e You have a budget:
o $24 to spend total
o $1 per box of crayons
o $2 per box of markers

e Students are picky:
o 20 students want crayons
o 10 students want markers
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Restrictions

e You have a budget:
o $24 to spend total
o $1 per box of crayons
o $2 per box of markers

e Students are picky:
o 20 students want crayons
o 10 students want markers

e You want to be fair
o Can’t buy more than 3 more

boxes of crayons than markers

07.07.2018 | Informatik | GCC | Parallel Semidefinite Optimization | 11



TECHNISCHE
UNIVERSITAT
DARMSTADT

Optimization

How do we optimize?
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Optimization

How do we optimize?
let T1 denote boxes of crayons

let T9 denote boxes of markers

maximize x1 + x9
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Restrictions

e You have a budget:
o $24 to spend total
o $1 per box of crayons
o $2 per box of markers

e Students are picky:
o 20 students want crayons
o 10 students want markers

e You want to be fair
o Can’t buy more than 3 more

boxes of crayons than markers

x|+ 219 < 24
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Optimization

Restrictions
e You have a budget:
o $24 to spend total
o $1 per box of crayons :El —I_ 23:2 S 24

o $2 per box of markers
e Students are picky:
o 20 students want crayons 931 < 20 372 < 10
o 10 students want markers — —
e You want to be fair
o Can’t buy more than 3 more
boxes of crayons than markers
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Optimization

Restrictions
e You have a budget:
o $24 to spend total
o $1 per box of crayons :El —I_ 23:2 S 24

o $2 per box of markers
e Students are picky:
o 20 students want crayons 931 < 20 372 < 10
o 10 students want markers — —
e You want to be fair
o Can’t buy more than 3 more

boxes of crayons than markers X 1 — ZEQ S 3
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maximize
T+ I9

such that
r1, 9 > ()
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maximize
T+ I9

such that
ry,xy > ()
r; <20 x2< 10
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maximize
T+ I9

such that
x1,x9 >
r1 <20 a9 <10
r1+ 2x9 < 24
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maximize
]+ T2

such that
x1,x9 >
r1 <20 w2 <10
r1+ 2x9 < 24
r1— 19 <3
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LP Formal Definition maximize
maximize X1+ T2

Clxl + szz + —|— CnIn such that

such that x1, 9 > (

L1y L2y +eey Iy 2 0 T S 20) 9 S 10
a1121 + a1222 + ... + a1, T < by 71+ 219 < 24

A 1T1 + Q2T + .o + ATy < b,
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Optimization

L P Formal Definition
maximize
C1T1 + €T + ... T Cnln

such that
1,29, ..., Ty > 0

a1121 + a2 + ... + a1pTn < b

A 1T1 + Q2T + .o + ATy < b,

maximize
(! z)
such that

x> 0

Az <b
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Linear Programs

Primal
maximize
(!, x)
such that
x>0

Az <b

Dual
minimize
v y)

such that

y =0

ATyZC
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Semidefinite Programs

LP Primal SDP Primal

maximize maximize
(!, x) (C, X)

such that such that
x>0 X >0

Ax < b <Ak,X> <b. fork=1.m
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Semidefinite Programs
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Semidefinite Programs

X =0

Vv € R" vl Xv >0

This is equivalent to
an infinite set of linear constraints!
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Semidefinite Programs

Simplex Method

Interior Point Methods
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Simplex-Method

Interior Point Methods
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X7
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Parallel Programming

_|_

CPU GPU
MULTIPLE CORES THOUSANDS OF CORES
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Parallel Programming

SDP Primal
maximize
(C, X)
such that
X >0

(A, X) < b fork=1..m
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Parallel Programming: Saving Space

SDP Primal C.X, A € [R7X™

maximize

such that let m = 15
X >0

(A, X) < b fork=1..m

07.07.2018 | Informatik | GCC | Parallel Semidefinite Optimization | 39 ATUD

eeeeeeeeeeeeeeeeeeeeeeeeeee



%5 TECHNISCHE

S A
%{\66‘)@ UNIVERSITAT
& DARMSTADT

Parallel Programming: Saving Space

SDP Primal C.X, A € [R7X™

maximize

such that let m =15

X >0 6 MB
(A, X) < b fork=1..m
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Parallel Programming: Saving Space

‘A 0 0] [ox b— Ax
0 AT I| |dy| = c—z— Aly
E 0 F| |0z svec(opl — Hp(XZ))

Moy = h
M = AE'F AT
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Parallel Programming: Saving Space

E—l
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Parallel Programming: Saving Space

E—l
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Parallel Programming: Saving Space

1FAT

m X m mxn nxm
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Parallel Programming: Saving Space

ElpaAT ]
M A
I = —22 |
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Questions?
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