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© Matrix Multiplicative Weights (MMW)
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Multiplicate Weights |.

o Mutliplicative Weights algorithm:

1. Fixann < % With each decision i associate the weight
wi = 1

cfort=1,2,..., T do

Choose decision i with probability proportional to its

weight Wl-(t).

Observe the costs of decisions m(?).

5. Penalize the costly decisions: for every decision i set

w N

»
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Multiplicate Weights I1.

Assume that all costs m ) € [—1;1] and n < 3. Then the
Multiplicate Weights a/gor/thm guarantees that after T rounds, for
any decision i, we have:

;
S m®. t)<Zm(t)—|—nZ]mt)|+lnn

t=1
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@ Matrix game

o Moves: [n], [m]
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@ Matrix game

o Moves: [n], [m]
) Payoff: Ac [_1; 1]"><m
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Solving a LP with MW 1.

@ Matrix game

Moves: [n], [m]

Payoff: A € [-1;1]™*™

Probabilities: x € A",y € A™

Goal: optimize y for the best possible strategy x

min max x' Ay = min maxe,-TAy7
YEA™ xEAN yEAM i€[n]
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Solving a LP with MW 1.

@ Matrix game

Moves: [n], [m]
Payoff: A € [-1;1]™*™

Probabilities: x € A",y € A™
Goal: optimize y for the best possible strategy x

min max x' Ay = min maxe,-TAy7

YEA™ xEAN yEAM i€[n]
Primal: Dual:
min A max A’
s.t. Ay < de s.it. ATx > Ne
yeA™ e A"
A€ [-1;1] N el-1:1]
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Solving a LP with MW 1I.

\

e Modified Grigoriados-Khachiyan (MGK) algorithm:
x© «—0ecR"and y® «0ecR™
for t = 1 2,...do

n(t) = 2\/E
u(t) — —ATx(0) and v(t) « Ay(t)
P(®)  exp(u(®)) = exp(—AT x(*)) and
Q) exp(v()) = exp(Ay())

(t) p(t) (1) Q(t)
P ey, and ¢ < om

Sample a ~ p(t) and b ~ g(t)
YD) = () 4 p(De, and x(HD) = x(1) 4 (g,

g s e

@

© N
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Solving a LP with MW 1lI.

e Let ¢ € (0, %) With probability at least 6 the MGK algorithm

produces a sequence of x\t) and y(t) such that for all t the
x(t) y(t)
[Ix®[1 lly®© 1

intermediate solutions and are e-optimal

solutions with

=2 (s nomy+n (1) 42)

e Given a pair of strategies x and y and k = (9(5%) independent

samples iy, ..., Ik from x and ji,...,jx fromy, %Zle Aij is
an e-approximate estimate of the value of the game
corresponding to strategies x, y.

@ The MGK algorithm can be implemented to find an e-optimal
pair of solutions with probability at least 1 — § in i—g In(75")
iterations, using O(n + m) time per iteration and n+ m
queries to the entries of A.
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o Generalize the matrix game:

it
v

«Or (Fr < =>4 DA



SemiDefinite Programs, MMW algorithm 1.

\

o Generalize the matrix game:
e Strategy: unit vector v from a distribution P
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SemiDefinite Programs, MMW algorithm 1.

\

o Generalize the matrix game:

e Strategy: unit vector v from a distribution P
o Loss matrix M with eigenvalues from [—1; 1]
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SemiDefinite Programs, MMW algorithm 1.

\

o Generalize the matrix game:

Strategy: unit vector v from a distribution P
Loss matrix M with eigenvalues from [—1; 1]
Largest eigenvalue: A,(M)

Payout: vIMv = Mew’

AeB=Tr(ATB) = > AijBjj
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SemiDefinite Programs, MMW algorithm 1.

\

o Generalize the matrix game:

Strategy: unit vector v from a distribution P
Loss matrix M with eigenvalues from [—1; 1]
Largest eigenvalue: A,(M)

Payout: vIMv = Mew’

AeB=Tr(ATB) = > AijBjj

Expected loss: M e Ep(w )
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SemiDefinite Programs, MMW algorithm 1.

\

o Generalize the matrix game:

Strategy: unit vector v from a distribution P
Loss matrix M with eigenvalues from [—1; 1]
Largest eigenvalue: A,(M)

Payout: vIMv = Mew’

AeB=Tr(ATB) =Y, A;B;

Expected loss: M e Ep(w )

o Goal: minimize ZtT:lvTM(t)v
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SemiDefinite Programs, MMW algorithm 1.

\

@ Matrix Multiplicate Weights algorithm:

1. Fix n <1, number of rounds T.
2: Set W) =1

3: fort=1,2,..., T do

4: Use the density matrix P(t) =
5

6

Tr(W)
Obtain loss matrix M(t)
Update the weight matrix as follows:

t
W(t+1) = exp <—77 Z M(T)>

T=1
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SemiDefinite Programs, MMW algorithm I11.

\

For any sequence of loss matrices M) M@ M(T) the MMW
algorithm generates density matrices P(), P P(t) sych that
T Inn
> MB P <y, (ZM”) nT + —
t=1 N )
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A Primal-Dual solver with MMW 1.

\

Primal: Dual:
max CeX min b-y
m
Viem:AjeX= b > Ay =C
j=1
X=0 y=>0

Attila Monos, Advisor: Andras Gilyén MMW algorithm, connections to quantum computing



A Primal-Dual solver with MMW |I.

\

@ Oracle is an algorithm that, given a primal candidate solution
X = 0 either outputs a vector y (if there is such a vector) such

that
b-y<a
D (AjeX)y; > CeX
j=1
y>0

our outputs "fail". In the latter case, we'll say that the
(Oracle) failed.
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A Primal-Dual solver with MMW |I.

!

@ Oracle is an algorithm that, given a primal candidate solution
X = 0 either outputs a vector y (if there is such a vector) such

that
b-y<a
D (AjeX)y; > CeX
j=1
y>0

our outputs "fail". In the latter case, we'll say that the
(Oracle) failed.

@ Oracle fails: X can be scaled to become a primal feasible
solution

Attila Monos, Advisor: Andras Gilyén MMW algorithm, connections to quantum computing



A Primal-Dual solver with MMW |l1.

\

@ Width of Oracle: smallest p > 0: for primal candidate X, y
satisfies ||Ajy; — C|| < p

Attila Monos, Advisor: Andras Gilyén MMW algorithm, connections to quantum computing



A Primal-Dual solver with MMW |l1.

!

@ Width of Oracle: smallest p > 0: for primal candidate X, y
satisfies ||Ajy; — C|| < p
Algorithm:

1:

w N

10:

© o N>R

Fix trace bound R, width bound p, parameters n < 1 and
T for the MMW algorithm

fort=1,2,..., T do
Obtain the density matrix P(t) from step t of the MMW
algorithm
X)) = Rp(®)
Run Oracle with primal candidate X(t)
if Oracle fails then
Abort.
Let y(t) be the vector generated by Oracle
Use M(t) = (Zj 1 Ajyj(t) C) as the loss matrix in the

next step of the MMW algorithm
If Oracle never fails in all T rounds, then output the dual
solution y = + Zt Ly® ¢ + Ze1.
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A Primal-Dual solver with MMW V.

\

Run the Primal-Dual SDP solver with MMW with parameter
2 p2

setting ) = 5.5 and T = [W] and assume that Oracle never

fails in any of the T iterations. Then the dual solution output, y is

feasible with objective value at most o + €.
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© Matrix Multiplicative Weights (MMW)
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© Matrix Multiplicative Weights (MMW)

@ Quantum computing, some optimization problems
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Roadmap

o
@ Quantum computing, some optimization problems

© Generalized Markov Chains in quantum computing and MMW
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