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Research Question:

How can we achieve safe and reliable
Digital Engineering?
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Results:

Seamless Digital Engineering (SDE) is a digital engineering
tooling paradigm that guarantees model coherence and integrity
by affording an elegant human-computer interface for systems
modeling that is end-to-end formally verified down thru the
computer hardware.!

self-specifies &
self-verifies

self-hosts

extends &
PC improves

bootstrapx .

High-Assurance

Computing 'Snp::;fllsesy
Kit (HACK) simulates &
analyzes

- Engineering ontologies

- Knowledge graph database

- Project management

. unting & i

- Systems Modeling Language

- Content publisher
- International standards i
. Models & tools for: safe, reliable, elegant

computing system

- Physics

B virtual - gateware - physical
- Units of measurement - Engineering implements & ( 9 ph )

validates

HCI
o‘(’ Bootstrap Legend:
engineering HACK .
eo ? H Standons tibrary W Trusted Computing Base
@ [0 Human-Audited & Certified
\< 3 [ Formaly Verified w/
distributed (Timed) Abstract .
| quadstore || State Machines D Mechanized Proofs
— Dependent on

mv:roKamen

/au Ca lculi

Milawa FOL
theorem prover

stagel MO stage® auditable
macro assembler [*| hex assemblers [*] hex seed

Kernel LISP

Propagation [S——

Interaction I SMT

3 [ oo oo e [ s

THE KE
Hacy ;A LOo

K Mgy, K ar
(def1ne function he'lln;wnr'ld ;3 specification of the pure function N
[“ZE!TiQ‘;J? Complete docunent object or Asciidoc string!) GUAGE

Pequires (> (length name) 8)
tensures (= (length out)

;3 Hoare triple pre-condition
;; Hoare triple post-condition

(+ (length "Hello, ")
ﬂe"w‘ "a"‘;;) + Embedded SysML v2 & DocBook
:satisfies [ :FR/0O1 ] _;; SysML Block "satisfies" Relationship + Dependent type system oriented
itests [((es( tr1v1a1—exam e ey .
at the name is inserted into the greeting." toward program verification

iFR/083 15 SysHL Functional Requirenent - Knowledgebase integration

0
(hell ld "World" . - initi

ref: te:t ST/ i ;-]»)zlre, ence a test defined elsewhere Contract ba,s?d def1n1t10n§

e A 0 S Pl s Full traceability from requirements

to system tests

+ Embedded project model data

tversion {

Conclusions:

« Cl late design is y to overcome the DE reverse salient, and a high-assurance
information appliance? applies the greatest leverage against the current paradigm.
We identified 4 primary system Quality Attributes of a Seamless Digital Engineering appliance:

1) Seamless, 2) Trustworthy, 3) Elegant®, and 4) Convivial®.
Full-source bootstrap and end-to-end mechanized formal verification are required to satisfy
Seamless and Trustworthy high-assurance Quality Attribute thresholds.
Activity-Based Computing® & L iented pr ® with built-in MBSE affordances
help satisfy Seamless, Elegant & Convivial Quality Attributes.
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