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Why SEI? Software verification and validation (VV)

HILT 2016 & ===
« Software VV is a core SEI mission R
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(and for any Software Engineer). R T

Modcling, Verifying, und Generating
ARy Vit lapuens Software for Distributed Cyber-Physical
Systems using DMPL and AADL

« Alignment with ETC technical area:
We are applying advanced computing
to this core mission.

» Focus on the software engineering
challenges

If successful...will have made a B Ao Vectcasion of
significant contribution to... Bl
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Why Is Software VV important (and HARD) for DoD?

“...on average, half the cost of creating
[complex software] is on VV.”

Saturday, #4 August, 2013 15:50:35

— C. Elliott, Safe & Secure Systems & Software Symposium 2016.
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Why is Software VV important (and HARD) for DoD?

“...on average, half the cost of creating

[complex software] is on VV.” And this cost is increasing...
— C. Elliott, Safe & Secure Systems & Software Symposium 2016. M Projected
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R e “next generation Software VV will require
Software VV Tools new computing paradigm...”

Computational Cost ~ exp(size)

o T. Belote, C. Elliott, Safe & Secure Systems & Software Symposium 2014.
100-1 millions years
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Software VV Challenges
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@ Historical schedule trends with complexity

Design, Integration, and Testing (months)
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Is Quantum Computing the next major Paradigm?

H.R.5515 - John S. McCain National Defense
Authorization Act for Fiscal Year 2019

115th Congress (2017-2018) | Get alerts

1.00E88 AR S SEC. 234. DEFENSE QUANTUM INFORMATION SCIENCE AND
1.00E+11 SOLID-STATE RELAY TECHNOLOGY RESEARCH AND DEVELOPMENT PROGRAM.
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Quantum Computing Applications with State of the Art Capabilities

Request for Information (RFI)
Solicitation Number: DARPA-SN-18-68

https://www.congress.gov/bill/115th-congress/senate-bill /2987/ Agency: Other Defense Agencies
https://www.harris.senate.gov/news/press-releases/harris-introduces-bill-to-increase-resources-for-quantum-computing-and-research-to- - .
benefit-national-securit Office: Defense Advanced Research Projects Agency
benefit-national-security

https://www.fbo.gov/spg/ODA/DARPA/CMO/DARPA-SN-18-68/listing.html
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What is Quantum Computing?

Bill Phillips
NIST/JQI
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Why is it important to DoD?

SRR
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Universal Gate Quantum Computing

Update: Quantum physics gets attention— 10° -
and brighter funding prospects—in Congress )
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Is Quantum Computing the next major Paradigm?
What is the path to mission-capable...

Quantum Software Engineering L 1 i
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What are we doing?

Combinatorial?

http://satcompetition.org/
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Why is it significant?
Quantum Speedup and Software VV
Grover’s Algorithm (SAT):

(V1V V2V V3) N _'(_'Vlv —/\.V V3) N ...

Grover's algorithm: quantum search algorithm that finds
with high probability the unique input to a black box
function that produces a particular output value, using just
O(sqrt(N)) evaluations of the function, where N is the size
of the function’s domain.

classical O(2") -> quantum O(2"/2)

int get sign(int x)
if (x == 0)

return 0;

if (x < 0)
return -1;
else

return 1;

}
SMT
X=0
X=-1
X=1

http://satcompetition.org/

{

Cill'll(‘r‘ﬂ'i(‘ x](‘"()n lvni\'(‘['si[\' Near-Term Quantum Computing for Software Verification and Validation
¥ © 2018 Carnegie Mellon University

Software Engineering Institute

[DISTRIBUTION STATEMENT A] This material has been approved for public
release and unli

limited distribution.

13



What are we going to do?

Lockheed Martin Satisfiability (SAT)

Challenge Problem ‘ Solver -

Quantum Universal

int get sign(int x) {

if (x == 0)

return 0O;

return -1;
else
return 1;

Faght Contra
Embedaed System
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Benchmarking

SAT Solver (Grover’s Algorithm):
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FIG. 2: The circuit that was executed on IBM's 5-qubit quantum computer (ibmqgxd was used). The first two time

slots correspond to the state preparation. The next 13 time slots implement a Toffoli gate. The next 7 time slots

implement the 2|o0) (| = 1 operator, and the final two time slots are nsed for observing xy and ez,
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Full-Stack Software Universal Gate
FOREST

» Write applications

Using toois DEVELOPMENT: ph/ Qs

) i N et T r ]
» that bulld quantum progran's QUANTUM INS TRUCTION LANGUAGE: Qui _

Client

» that campile onto quantun

COMPILER

hardware

» that execute on a real or virtual
quantum processor

. Server
(VaV V2) A (V2V Vs) A (V2V Vs) (50 qubits)
-
LM Challenge Problem... (? qubits)
Automatically Solving NP-Complete Problems on a Quantum Computer
ICSE 18 Companion, May 27-June 3, 2018, Gothenburg, Sweden
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Deliverable: Projection for LM Challenge Problem

Unsupervised ML
on Rigetti 19Q LM Challenge Problem?

i Google
with Forest 1.2 QVM g

Automatically Solving QVM (SC)
NP-Complete (AWS)

Problems on a
Quantum Computer
ICSE 18 Corr‘lpanion
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Questions?
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Dr. Jason Larkin

Quantum

Quantum Physics and Computing

PhD Thesis “Thermal Transport Properties of Disordered Materials from
High Performance Atomistic Simulations”

Software VV

SpiralGen: DARPA High-Assurance Cyber Military Systems (HACMS)

"High-Assurance SPIRAL: End-to-End Guarantees for Robot and Car Control", IEEE Control

Systems Magazine, 2017.
“High Assurance Spiral: Scalable and Performance Portable Domain-Specific Control System

Synthesis”.

SEIl: GraphBLAS
A Test Framework for GraphBLAS (ICSE 2019, in progress)
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Software Engineering Institute
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