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TEST TEST-TCND-N
when occurred(7,persisted(2,fault)) the sw shall
immediately satisfy q

TEST
when not in m mode when p the sw shall always satisfy r

LM_AUTOPILOT AP-003b
In rollhold mode RollHoldReference shall immediately
satisfy abs(rollangle)<6 => rollholdreference = 0

TEST TEST-BNDD-RSPNSE
if P the sw shall within 5 ticks satisfy R

TEST-ONLY-IN
only in m, when p, shall the software satisfy pc
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ENFORCED: in every interval where cruising holds. TRIGGER: first
point in the interval. REQUIRES: for every trigger, RES must hold at all
time points between (and including) the trigger and the end of the
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Diagram Semantics

Mode of speration
(mentioned n Scope)

System Component * .
Timeout (seconds)

FSM ® v Compositional [] Monolithic 900 - - -
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Conflict 3 - -

> . Variable Step Step Step Step Step §
b R Variable name
f%a I type 0 1 2 3 4
Sy,
<> a2 good bool true true true true true
Cor
FSM00g
standby bool false false false false false
FS
Conffiey -
ot s state real 2 2 2 2 2
G, supported bool true true true true true
7
,7
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D ™ Summary
FSM006 FSM shall for 5 ticks satisfy (state = ap_maneuver_state & standby & good) => STATE = ap_standby_state
FSM007 FSM shall within 5 ticks satisfy (state = ap_maneuver_state & supported & good) => STATE = ap_transition_state
FSM002 FSM shall always satisfy (standby & state = ap_transition_state) => STATE = ap_standby_state
w00 y— STATE = . rantion st

Fswoaz FSM shalsweys satsy (sandoy & state = ap_ranston.stat) > STATE = ap_stancly.sate



Realizability Checking

[FSM-006] “The autopilot shall change states from MANEUVER to STANDBY when the
pilot is in control (standby) and sensor data is good and stay in this state for

the next 5 ticks.”

[FSM-007] “The autopilot shall, within the next 5 ticks, change states from MANEUVER to
TRANSITION when the system is supported and sensor data is good.”

* Reactive Systems: Inputs controlled by the environment; outputs controlled by

system.
Inputs:
standby, supported, good : Bool

Outputs:
STATE : {MANEUVER, STANDBY, TRANSITION}

* Formal Analysis
Consistency: Are the requirements satisfiable?
Realizability: Are the requirements satisfiable for any input provided by the environment?




Realizability in Requirements Specification Tools

Finite Infinite  Decomposition Liveness  Unrealizable
State State Cores

Spectra v X X v v
SpeAR v X X X
AGREE v v X X X
RATSY v X X v v
EARS-CTRL v X X X X
FRET v v v X v

https://github.com/NASA-SW-VnV/fret



Finite Infinite Decomposition Liveness Unrealizable Algorithms Other features

State State Cores
Spectra v X X v v BDD-based CUDD Well-separation,
fixpoint + Vacuity Checking,
JTLV Counterstrategies
SpeaAR v v X X X k-induction JKind N/A
AGREE v v X X X k-induction  JKind N/A
RATSY v X X v v BDD-based CUDD Counterstrategies
fixpoint +
NuSMV
EARS-CTRL v X X X X BDD-based autoCode4 N/A
fixpoint
FRET v v v X v k-induction, JKind, Simulation of
SMT-based Kind2 conflicting
fixpoint requirements
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