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Quantum Computing Algorithms & Applications

QC: Research Necessities Possible Applications
1. Explore precise limits (fundamental & technical)

P Reinforcement Learning
2. Consider problems holistically

P Optimisation

3. Maximise utility P Databases
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OTH Bt 1. Reinforcement Learning

REGENSBU

LD 5258 Sk Reinforcement Learning I
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OTH Bt 1. Reinforcement Learning
Reinforcement Learning II

ILFD eSSt runs

Ingredients

P State

P Action

» Reward/Punishment

P Tradeoff between current and future gains
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1. Reinforcement Learning
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Reinforcement Learning II
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Ingredients

P State

P Action

» Reward/Punishment

P Tradeoff between current and future gains

Bellman Optimality Equation

Qu(,0) = E[R, + ymax Q. (S,.1,@) | S, = 5,4, = q]
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OTH Bt 1. Reinforcement Learning
Reinforcement Learning II
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Ingredients dvantage & Disadvantage

P State P> Switch between exploration and exploitation
P Action P Q function is hard to compute

» Reward/Punishment
P Tradeoff between current and future gains

Bellman Optimality Equation

Q. (s,a) = [E{Rt +fyn3lz}xQ*(St+1,a’) | Sy =s,4, = a}
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Classical optimization
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Optimisation
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OTH 2. Optimisation
LD 589858 8une Maximise Utility
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OTH Bt 2. Optimisation
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LD 589858 8une Maximise Utility

Boolean Satisfiability

f(@) =(xq VT VZy) A (29 Va3V azs)A
(zy VgV j6)

Annealers and QUBOs

rrgn E ciixi—kg Cij T
i

i+

Reductions
P Choi: k-SAT <, MIS <, QUBO
» Backbone
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2. Optimisation

Maximise Utility

o= |Cl/|V

)

probability Pus(SAT)
of finding assignment:

probability Pgs(SAT)
of finding assignments

(2.21,2.62]

(262,301

(3.0,3.5]

L o

Backbone method

(35.3.82)

MIS method

(3.82,42) ool

& g
ainterval

Runtime

— 5x5us
5% 205
5% 1605
5 x 5005
5 x 20005

— 100 % 20us

Runtime
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5x 1605
5 x 5005
5 x 2000us

— 100 x 20us

(5.25.6.0]
(6.0, 7.01
(7.0,8.4]

Boolean Satisfiability
f(@) =(xq VT VZy) A (29 Va3V azs)A
(z1 VgV )
Annealers and QUBOs
mjin Z Cii%T; + Z Ci; %%
1

i+

Reductions

P Choi: k-SAT <, MIS <, QUBO
P Backbone

W. Mauerer

Some Recent Musings on Quantum Computing

10 /18



2. Optimisation

Maximise Utility
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OT |- et 2. Optimisation

LD 589858 8une Maximise Utility
1 ! !
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Correctness Optimisation
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OTH e 2. Optimisation
LD 589858 8une Maximise Utility
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2. Optimisation

Maximise Utility
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Ol ey 3. Databases
LFID 58888 ume Join Ordering Overview

01/ N\ 005
R S @ The query graph with the relationsR,Sand T
OE=0 B |

10Tuples 1000 Tuples 1000 Tuples ~ 2nd two predicates.

A Two possible left-deep join trees
Solutions representing different join permutations.
(§ B 6 IS

(RoaS)oa T (5% T) = R

Resulting cost 51,000 100,000 Vastly different costs.

W. Mauerer Some Recent Musings on Quantum Computing 13/18



OT H [ 3. Databases

LFD 5898 e D-Wave Results
E CPU QPU A DPCC X DPsize v  MPDP
$ GPU + DPE <& DPsub ®  Postgres

D-Wave Quantum Annealing

P Comparison to classical DP
P Speedups for small queries?®
» But: Limits quickly reached

Optimisation Time [ms] (log)

i i
2 3 4 5

# Relations

*Note that we consider simplified queries for the QPU, to avoid discretisation issues.
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3. Databases

Co-Designing Custom QPUs

Extrapolating QPUs

P Criteria: P Topologies:
P Problem size > IBMQ
P Connectivity P Rigetti
P Gate sets » IonQ

Impact on IBM Q

P Higher connectivity: Drastic impact
P Gate sets: Moderate impact

Circuit Depth [log]
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4. Consequences
LD s Software+Systems Engineering

Software Development Processes

uonesyIe)

( Linux ) (_RTOS ) (_ RTOS

H Hypervisor H

O

Software Engineering

uone|os|

System Consolidation

System Architecture
awy | -[eay

OTH Regensburg: > 300 Commits to Jailhouse@GitHub
R. Ramsauer, D. Lohmann, WM: Look mum, no VM exits! (almost), Proc. 13th Workshop on Operating Systems Platforms for Embedded Real-Time Applications (OSPERT) (2017)
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4. Consequences

Software+Systems Engineering

econstruction and Analysis of
Software Development Processes

Software Engineering

Linux ) (_RTOS ) ( RTOS )

System Consolidation

System Architecture

OTH Regensburg: > 300 Commits to Jailhouse@GitHub

(
H Hypervisor H

uonejos| uonesyIa)

o -jeay

Applications

Quantum Algorithms

Software Abstractions & Clustering ' @

Hypervisor & Operating System =
Engineering & Class. Interconnects | | CPUs &
i Topology Management | | Classical Control

Quantum Error Correction

BlEERREE

pueISId

v

Interconnects and Control

QBits and Gates

fst-od

R. Ramsauer, D. Lohmann, WM: Look mum, no VM exits! (almost), Proc. 13th Workshop on Operating Systems Platforms for Embedded Real-Time Applications (OSPERT) (2017)
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4. Consequences

Thank you!

Trevisan Extractor

Maximise Utility
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> GE(p)

> Gr2")

> Block-Weak Design

Bit Extractor

Weakly random source
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Software+Systems Engineering

Cloud
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—

System
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4.
Quantum Reproducibility

Project-specific Generic | — dest. integrates source
leracls artefacts => dest. produced by source
--% data flow
Build Docker Container
q recipe meta-container (source)
/ .
1
1
1
. Container |- _.___ >
Credentials (binary) |4-------n-== QPU
1
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