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llustration: The overall requirements engineering process






What Should |
Verify?




Natural Language

[, ,
“After collecting sample,
the rover shall place the

sample into container.”
ek 2 3
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“After collecting sample,
the rover shall place the

sample into container,”
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formal analysis



Natural Language Formal Language

i . h
After collecting sample,

the rover shall place the

Gamp/e into container.”

GXG (((! collectSamples) & (i\
collectSamples)) -> (X (F[0,5]
PlaceSamplesInContainers)))) &
(collectSamples -> (F[0,5]

dPlaceSamplesInContainers))) 3

>

v' Intuitive

- Ambiguous
- Notamenableto
formal analysis



Natuwral Language Formal Language

- . ) (((G (((! collectSamples) & (X\
After collecting sample, collectSamples)) -> (X (F[0,5]
the rover shall p/ace the PlaceSamplesInContainers)))) &

ksamp/e into containers.”) (collectSamples -> (F[0,5]
PlaceSamplesInContainers))) )

v" Unambiguous

v' Intuitive v" Amenable to
Formal Analysis
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formal analysis



Natural Language

Formal Language

= : (((G (((! collectSamples) & (X\
After collecting sample, collectSamples)) -> (X (F[0,5]
the rover shall place the " Iiﬁ PlaceSamplesInContainers)))) &

sample into container.” (collectSamples -> (F[O0,5]
'-%PlaceSamplesInContainers) ) ) )

v' Unambiguous

v' Intuitive v" Amenable to
Formal Analysis
- Ambiguous
- Notamenable to - Unintuitive

formal analysis



Let's

Speak
FRETish!

Total Projects Total Requirements

8 471

Hierarchical Cluster

EngineController2.0

Explainability Requirements

Ventilator v0.5.1

CaseStudiesPR L

Ventilator v0.4.1

Formalized Requirements

System Components Requirement Size

10 45248 vytes

Recent Activity

RL R4_PATTERN

whenever (cRL >= tS) & !(var <= threshold) RLAgent shall
immediately satisfy chooseAction &
(vartwcreaction(state,action,tR) <= threshold)

CaseStudiesPR Miss_Rate_Per_Track
Classifier shall always satisfy missRate <= (n_tr - x_min) /
n_tr

RL R1_Pattern

whenever (cRL >=tS) & (var <= threshold) RLAgent shall
immediately satisfy chooseAction &
(var+wcreaction(state,action,ts) <= threshold)

RL R4_INSTANTIATED

whenever (cRL >=1S) & ( > TMAX) RLAgent shall
immediately satisfy chooseAction & (hMax - c)*
((tDLast+tRMax) - t) <= TMAX

Default

if a system shall always satisfy b

CaseStudiesPR Min_Hit_Per_Track
Classifier shall always satisfy hitRate >= (x_min/n_tr’

EngineController2.0 UC5_R_1_1

((sensorValue_S >
nominalValue - R)
=> setThrust =V2) &

Il until (diff_ref_obs <
gTime >=0) &



Total Projects Total Requirements

8 471

Formalized Requirements

87.26%

Hierarchical Cluster

()
EngineController2.0
Explainability Requirements RL
()
Ventilator v0.5.1 Ventilator v0.6
®
( ]
CaseStudiesPR. L Default

Ventilator v0.4.1

System Comp Size

10 45248 bytes

Recent Activity

RL R4_PATTERN

whenever (cRL >=tS) & !(var <= threshold) RLAgent shall
immediately satisfy chooseAction &
(var+wcreaction(state,action,tR) <= threshold)

CaseStudiesPR Miss_Rate_Per_Track
Classifier shall always satisfy missRate <= (n_tr - x_min) /
n_tr

RL R1_Pattern

whenever (cRL >=tS) & (var <= threshold) RLAgent shall
immediately satisfy chooseAction &
(var+wcreaction(state,action,ts) <= threshold)

RL R4_INSTANTIATED

whenever (cRL >=tS) & (bigT > TMAX) RLAgent shall
immediately satisfy chooseAction & (hMax - c)*
((tDLast+tRMax) - t) <= TMAX

Default
if a system shall always satisfy b

CaseStudiesPR Min_Hit_Per_Track
Classifier shall always satisfy hitRate >= (x_min/n_tr)

EngineController2.0 UC5_R_1_1

when (diff_ref_obs > activeThreshold) if ((sensorValue_S >
nominalValue + R) | (sensorValue_S < nominalValue - R)
(sensorValue_S = null) & (pilotinput => setThrust = V2) &
(observedThrust = V1) ) Engine shall until (diff_ref_obs <
inactiveThreshold) satisfy (settlingTime >=0) &
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Uses of FRET




Specification of Robotic
Missions

» Mobile robots separate humans from hazards and
inaccessible environments.

* Robotic mission requirements describe the high-
level tasks that the robotic system must
accomplish.



Specification Patterns

g[rf:lml — Monitor ———————{ Robotic Mission Specification Patterns |

([ visit ] Ank sequenced visit]

[Continuous visit
with reaction]




Pattern: Visit With Reaction @

Robot shall eventually satisfy wp4 & flashlights




Pattern: Avoidance

Robot shall never satisfy astronautPosition



Ongoing and Future Work

e Refactoring framework for maintaining requirements (MU-FRET)
e Probabilistic extension to FRETish

e Requirement patterns for Human-Robot-Interaction

e Drone use cases

e NASA's Viper Mission

e Applicability to multi-robot systems
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