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Why SEI? Software verification and validation (VV)

• Software VV is a core SEI mission 

(and for any Software Engineer).

• 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 

significant contribution to…
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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.”

— C. Elliott, Safe & Secure Systems & Software Symposium 2016.

github.com/esp8266/Arduino

https://github.com/esp8266/Arduino
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Why is Software VV important (and HARD) for DoD?

And this cost is increasing…

T. Belote, C. Elliott, Safe & Secure Systems & Software Symposium 2014.

“next generation Software VV will require 

new computing paradigm...”

“…on average, half the cost of creating 

[complex software] is on VV.”

— C. Elliott, Safe & Secure Systems & Software Symposium 2016.

Software VV Tools

Computational Cost ~ exp(size)

100-1 millions years
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Software VV Challenges 
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Is Quantum Computing the next major Paradigm? 

https://www.congress.gov/bill/115th-congress/senate-bill/2987/
https://www.harris.senate.gov/news/press-releases/harris-introduces-bill-to-increase-resources-for-quantum-computing-and-research-to-
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

“A Quantum Computer differs 

more from a classical 

computer…than a classical 

computer differs from an 

ABACUS”
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Why is it important to DoD? 

Universal Gate Quantum Computing
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Is Quantum Computing the next major Paradigm? 
What is the path to mission-capable…

Quantum Software Engineering
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What are we doing?
Software Verification and Validation (VV)

http://satcompetition.org/

SMT

X = 0

X = -1

X = 1

Satisfiability (SAT):

• SAT is the foundation for Satisfiability Modulo Theory 

(SMT) 

• SAT: classical worst-case complexity O(2^n). NP-

complete problem, Combinatorical Optimization

(v1 ∨ v2 ∨ v3 ) ∧￢(￢v1 ∨￢v2 ∨ v3) ∧ …

Combinatorial?
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Why is it significant?
Quantum Speedup and Software VV

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

(v1 ∨ v2 ∨ v3 ) ∧￢(￢v1 ∨￢v2 ∨ v3) ∧ …

http://satcompetition.org/

SMT

X = 0

X = -1

X = 1

Grover’s Algorithm (SAT):

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.
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What are we going to do? 

Quantum Universal 

Gate

Lockheed Martin 

Challenge Problem

Satisfiability (SAT) 

Solver
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Benchmarking

LM Challenge Problem…   (? qubits)

v1 ∨ v2 (5 qubits)

(v1 ∨ v2 ) ∧ (v1 ∨ v3 ) ∧ (v2 ∨ v3 ) (50 qubits)

Full-Stack Software Universal GateSAT Solver (Grover’s Algorithm):

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

B = f(error, connectivity, …)

Automatically Solving 

NP-Complete 

Problems on a 

Quantum Computer

ICSE ’18 Companion
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Classical Cost = A*2n

Quantum Cost = B*2n/2
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Questions?
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Dr. Jason Larkin
Research Scientist Quantum

Physics, HPC, Software VV

Quantum Physics and Computing

PhD Thesis “Thermal Transport Properties of Disordered Materials from 

High Performance Atomistic Simulations”

Quantum Chemsitry (DFT), Quantum Computing for Quantum Chemistry

HPC

AFRL, DoD HPCMP

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”.

SEI: GraphBLAS
A Test Framework for GraphBLAS (ICSE 2019, in progress)

https://users.ece.cmu.edu/~franzf/papers/has2017.pdf
https://users.ece.cmu.edu/~franzf/hacms.htm

