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How developers write requirements

Lockheed Martin Cyber-Physical System Challenge, component FSM:

® Exceeding sensor limits shall latch an autopilot pullup when the pilot is not in
control (not standby) and the system is supported without failures (not apfalil).

®* The autopilot shall change states from TRANSITION to STANDBY when the pilot
IS in control (standby).

® The autopilot shall change states from TRANSITION to NOMINAL when the
system is supported and sensor data is good.

®* The autopilot shall change states from NOMINAL to MANEUVER when the
sensor data is not good.

®* The autopilot shall change states from NOMINAL to STANDBY when the pilot is
in control (standby).

®* The autopilot shall change states from MANEUVER to STANDBY when the pilot
IS in control (standby) and sensor data is good.



Lockheed Martin Cyber-Physical System Challenge, component FSM:

® Exceeding sensor limits shall latch an autopilot pullup when the pilot is not in
control (not standby) and the system is supported without failures (not apfail).

®* The autopilot shall change state

IS in control (standby). o
Every time these conditions hold or only

| when they become true?
®* The autopilot shall change states from TF

system is supported and sensor data is gooc

®* The autopilot shall change states from NOMINAL to MANEUVER when the
sensor data is not good.

®* The autopilot shall change states from NOMINAL to STANDBY when the pilot is
in control (standby).

®* The autopilot shall change states from MANEUVER to STANDBY when the pilot
IS in control (standby) and sensor data is good.



var autopilot: bool = (not standby) and supported and (not

apfail) ;
var pre_autopilot: bool = false -> pre autopilot;
var pre_limits: bool = = false -> pre limits;

guarantee "FSM-001v2" S((((((autopilot and pre_autopilot and
pre_limits) and (pre ( not (autopilot and pre_autopilot and
pre_limits)))) or ((autopilot and pre_autopilot and
pre_limits) and FTP)) => (pullup)) and FTP), ((((autopilot
and pre_autopilot and pre_limits) and (pre ( not (autopilot
and pre_autopilot and pre_limits)))) or ((autopilot and
pre_autopilot and pre_limits) and FTP)) => (pullup)));



Tem F»orai. Llogics

PAST TIME FORMULA

((H ((Lin_roll hold & (! FTP)) => (Y ((((! (steady state)) S ((!
(steady state)) & Fin roll hold)) | ((abs_roller err <= 1.0) S
((abs_roller err <= 1.0) & ((steady state) & ((Y (! (steady state))) |
Fin roll hold))))) S ((((! (steady state)) S ((! (steady state)) &
Fin roll hold)) | ((abs_roller err <= 1.0) S ((abs_roller err <= 1.0)
& ((steady state) & ((Y (! (steady state))) | Fin roll hold))))) &
Fin roll hold))))) & (((! Lin roll hold) S ((! Lin roll hold) &

Fin roll hold)) -> ((((! (steady state)) S ((! (steady state)) &

Fin roll hold)) | ((abs_roller err <= 1.0) S ((abs_roller err <= 1.0)
& ((steady state) & ((Y (! (steady state))) | Fin roll hold))))) S
((((! (steady state)) S ((! (steady state)) & Fin roll hold)) |
((abs_roller err <= 1.0) S ((abs_roller err <= 1.0) & ((steady state)
& ((Y (! (steady state))) | Fin roll hold))))) & Fin roll hold))))
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Thomas Kyanko, "Report: Survey on Model-Based Software Engineering and Auto-Generated Code”, NASA
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ambiguous/misunderstood,

™ In auto-generted code

B In models

contradictory

Popstojanova,

[3] Johann Schumann, Matt Knudsen, Teme Kahsai, Noble Nkwocha, Katerina Goseva

Thomas Kyanko, "Report: Survey on Model-Based Software Engineering and Auto-Generated Code”, NASA



How do we bridge this gap?

(?;t,gc:-rous nformauaaEnoms




welcowe to FRE

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

The Formal Requirements Elicitation Tool (FRET)

CQP&MTQS rﬁquierQmﬁs when in cruising mode, the altitude_hold_



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

The Formal Requirements Elicitation Tool (FRET)

CQF&MTQS r@.quiremem&s when in cruising mode, the altitude_hold_

B . . ENFORCED: in every interval where cruising holds. TRIGGER: first
1 y 1 7 ] 1 11 point in the interval. REQUIRES: for every trigger, RES must hold at all
o0—"O0—0—0—0—0—0 time points between (and including) the trigger and the end of the

Explaiins their meaning IRSRERE

- 0—o0 —0—0—0—
T 0—90—0 -0 -0 0 D 000 ‘" |

o M = cruising, Response = (altitude_hold => maintain_altitude).

=&
(=2 O O O Lk O O O O O O O




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

The Formal Requirements Elicitation Tool (FRET)

CQF&MT‘QS TQQMLT‘EMQV\&S when in cruising mode, the altitude_hold_:

R - - . . ENFORCED: in every interval where cruising holds. TRIGGER: first
( 1 ’ : 1 ¢ 7 3 ) ] 11 point in the interval. REQUIRES: for every trigger, RES must hold at all
O—O0—0—0—0—

. . . time points between (and including) the trigger and the end of the
L. N LW v interval.
Exptmms their meaniing { ﬁ
- 0—0— —
= O O O O O O O O O O
; : . & ' _ E
?rO uﬁ Qs %0 r r hl ‘& L ‘oﬂZ.Q ‘ﬁo Ms o M = cruising, Response = (altitude_hold => maintain_altitude).
- O O O 3 O O O O O O O
Diagram Semantics A
Future Time LTL " o
cope i
(LAST V (cruising -> (altitude hold -> ecrmaom i i
maintain altitude))) :: :.m.:MT:

Target: altitude_hold_autopilot component.

Past Time LTL




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

The Formal Requirements Elicitation Tool (FRET)

CQF&MT‘QS TQQMLT‘EMQV\&S when in cruising mode, the altitude_hold_:

R - - . . ENFORCED: in every interval where cruising holds. TRIGGER: first
( 1 ’ : 1 ¢ 7 3 ) ] 11 point in the interval. REQUIRES: for every trigger, RES must hold at all
O—O0—0—0—0—

) . . . It:‘r:;e r\5:>aollms between (and including) the trigger and the end of the
. &0 :

Expt&ms their meaniing { ]
Co0—o0 —
= 46— —0—O0-—O—D—HB—0—0——0 | "l |

] [ ] d 3
? rO dut Qs %0 r m & L ““Z"& & "‘O M s o M = cruising, Response = (altitude_hold => maintain_altitude).
o-—0-—0-——0 3 O—D—HB—0—0—0—0
Diagram Semantics A
Future Time LTL . o

Intervals

(LAST V (cruising -> (altitude hold ->
maintain altitude)))

Response must hold at least

BN conewhere in this interval

soe Negation of response must hold at
e least somewhere in this interval

Response must hold

Target: altitude_hold_autopilot component. bk

Connecks wikh o\malvsés tools

. contract FSMSpec(apfail:bool; sensorLimits:bool; standby:bool; supported:bool; ) returns (
Past Time LTL FRTTRE AR
let
var autopilot:bool=supported and not apfail and not standby;
guarantee "FSMOO1" H ((sensorLimits and autopilot) => (pullup));
tel

’—|
sensorLimits

autopilot @
supported AND
( ; )—> NOT L—pa
P 5 A==>B »|In1 guarantee

>

( ; '—» NOT - -
oy (sensorLimits and autopilot) => (pullup)

A4
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The Formal Requirements Elicitation Tool (FRET)

C,QF&M]*QS TQQME«T‘EMQV\&S when in cruising mode, the altitude_hold_:

R . . B . . . } ENFORCED: in every interval where cruising holds. TRIGGER: first
( 1 ’ : 4 ) ¢ / 3 7 1 11 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

Explains their meaning | T

o M = cruising, Response = (altitude_hold => maintain_altitude).

= O O O O

Produces formalizations

- O O O 3 O O O O O O O

Diagram Semantics A

Future Time LTL m -

{mentioned in Scope)

Intervals
Scope interval
(LAST V (cruising -> (altitude hold ->
. . . - = Response must hold at least
maintain altitude))) B .cners in tis ntanal

Negation of response must hold at
""""""" least somewhere in this interval

Response must hold
I ..ophee in this interval

Target: altitude_hold_autopilot component.

Connecks wikh amaljsés tools

. contract FSMSpec(apfail:bool; sensorLimits:bool; standby:bool; supported:bool; ) returns (
Past Time LTL PETTHheaY
let
var autopilot:bool=supported and not apfail and not standby;
guarantee "FSMOO1" H ((sensorLimits and autopilot) => (pullup));

tel
e
i [FSM002, FSM003] ~
sensorLimits
Variable Variable Step Step autopilot
name type 0 1 3 »
<
3y
Yy . sup:r;po ed AND
£, 2 &
Ry o &
47(’0@ © S FSM002 bool true true NOT | »{A
w7 — A==>B »{in1 guarantee
FSA,,OO) ) FSM002 bool true true P »B
contiet? NOT
FsMoog FSM002 bool true true standny (sensorLimits and autopilot) => (pullup)
“—
005
FSMO0® I FSM002 bool true true
o3
o ully
¢ FSM002 bool true true P P
$v S
N %
& % 2 FSM002 bool true true
coranna ot n




e A set of industrial benchmarks. Each challenge includes:
e Natural language requirements
e A Simulink model

e A set of parameters (in .mat format) for simulating the model



The Ten Lockheed Martin CPS Challenge Problems (LMCPS)

e A set of industrial benchmarks. Each challenge includes:
e Natural language requirements
e A Simulink model

e A set of parameters (in .mat format) for simulating the model

e [he challenges are:
e Representative of flight-critical systems

e Publicly available

https://github.com/hbourbouh/Im challenges



https://github.com/hbourbouh/lm_challenges

Requirement from the 6 DoF DeHavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.



Step 0: Requirement Elicitation

Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural Llanquage requimmem&:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

Step O involves understanding the requirement and making it precise.

We start by identifying the involved.



Step 0: Requirement Elicitation

Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural Llanquage requiramem&:

[AP-003c]: The shall be set to 30 degrees in the

same direction as the actual if the actual roll angle is greater
than 30 degrees at the time of

Step O involves understanding the requirement and making it precise.
We start by identifying the involved.

Now we are ready to write the requirement in the #ET Lsh language!



Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

~(CE T Lsh fields:

Scope, condition, component®, shall*, timing, response*



Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

~[CE T Lsh version:

If abs(roll_angle) >30 & roll_hold_mode_engagement,

~(CE T Lsh fields:

Scope, condition, component®, shall*, timing, response*



Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

~[CE T Lsh version:

If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall

~(CE T Lsh fields:

Scope, condition, component®, shall*, timing, response*



Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

~[CE T Lsh version:

If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall immediately

~(CE T Lsh fields:

Scope, condition, component®, shall*, timing, response*



Requirement from the 6 DoF Dehavilland Beaver Autopilot LMCPS challenge

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the
same direction as the actual roll angle if the actual roll angle is greater
than 30 degrees at the time of roll hold mode engagement.

~[CE T Lsh version:

If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall immediately satisfy
roll_hold_reference = 30*sign(roll_angle)

~(CE T Lsh fields:

Scope, condition, component®, shall*, timing, response*



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30

degrees at the time of roll hold mode engagement.

~CETLsh version:

[AP-003c-v1]: If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall immediately satisfy roll_hold_reference = 30*sign(roll_angle)

beginning of time TC

TC = (abs (roll_angle ) > 30 & roll_hold_mode_engagement),
Response = (roll_hold_reference = 30 * sign ( roll_angle )).

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v1]: If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall immediately satisfy roll_hold_reference = 30*sign(roll_angle)

TRUE —O0——0—
p
beginning of time TC FALSE 0—0——0—0—0—0—0—0— - 0—o0—0—o0—<
TRUE —O0——0—
q
FALSE @ O O O O O O O— —O O O O C
TRUE —O—
TC = (abs (roll_angle ) > 30 & roll_hold_mode_engagement), ;
Response = (roll_hold_reference = 30 * sign ( roll_angle )).
FALSE @ O O O O O O O— —O O O O O C
TRUE © O O O O O O O G O O O C
REQ
— gy . . . FALSE
FRETish fields: p: abs(roll_angle)
Scope, condition, component*, shall*, timing, response* q: roll_hold_mode_engagement

[ response



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v1]: If abs(roll_angle) >30 & roll_hold_mode_engagement,
Autopilot shall immediately satisfy roll_hold_reference = 30*sign(roll_angle)

TRUE
p
beginning of time TC FALSE 0—0——0—0—0—0—0 o—o0—<C
TRUE
q
FALSE 0—0——o0——0—0——0——0 o—o—<¢
TRUE
TC = (abs (roll_angle ) > 30 & roll_hold_mode_engagement), ;
Response = (roll_hold_reference = 30 * sign ( roll_angle )).
FALSE —0—o0——o0——o0—0——0 o—o0—<
TRUE © O O O O O O O O C
REQ
— gy . . . FALSE
"“’QET‘«S"\ fle|dS p: abS(rO”_ag e
Scope, condition, component*, shall*, timing, response* q: roll_hold_mode_engagement

[ response



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v2]: Autopilot shall immediately satisfy if (abs(roll_angle) >30 &
roll_hold_mode_engagement) then (roll_hold_reference = 30*sign(roll_angle))

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v2]: Autopilot shall immediately satisfy if (abs(roll_angle) >30 &
roll_hold_mode_engagement) then (roll_hold_reference = 30*sign(roll_angle))

TRUE

P

FALSE ©
TRUE

o
o
0

o
o
o
o
(0]
o

q

FALSE o
TRUE

p: abs(roll_angle)
g: roll_hold_mode_engagement
r: roll_hold_reference = 30 * sign(roll_angle)

o
0]

o
o
o
o
o
o

r

FALSE o
TRUE

REQ
FALSE 6—0—o0

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*

o
o
o
o
(@]
o
o O
0O O
0O 0O

o
Q
o
o




Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v2]: Autopilot shall immediately satisfy if (abs(roll_angle) >30 &
roll_hold_mode_engagement) then (roll_hold_reference = 30*sign(roll_angle))

TRU

P

FALSE ©
TRUE

g roll_hold_mode_engagement ?

FALSE 0—o What does that mean?
TRUE

p: abs(roll_angle)
g: roll_hold_mode_engagement
r: roll_hold_reference = 30 * sign(roll_angle)

r

FALSE o

TRUE
FALSE 0—0——0° e

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*

o O
o O
o O
0O 0O

o
o
o
o
o



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30

degrees at the time of roll hold mode engagement.

~CETLsh version:

[AP-003c-v3]: when in roll_hold mode Autopilot shall immediately satisfy if
(abs(roll_angle) >30) then (roll_hold_reference = 30*sign(roll_angle))

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30

degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v3]: when in roll_hold mode Autopilot shall immediately satisfy if
(abs(roll_angle) >30) then (roll_hold_reference = 30*sign(roll_angle))

B S

M = roll_hold, Response = (abs ( roll_angle ) > 30 =>
roll_hold_reference = 30 * sign ( roll_angle )).

FIETLsh fields:
Scope, condition, component®, shall*, timing, response*



Step 1: Requirement Formalization

Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsh version:

[AP-003c-v3]: when in roll_hold mode Autopilot shall immediately satisfy
(abs(roll_angle) >30) => (roll_hold_reference = 30*sign(roll_angle))

Past Time Linear ‘T@.m?oro\{ Logic formula:

H(roll hold & (! FTP | (Y (! roll hold))) => abs(roll angle >
30 => roll hold reference = 30 * sign(roll angle)))

where FTP is a predicate that holds at the First Time Point of an execution



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

Pask Time Linear Temparai Logie formula:

H(roll hold & (! FTP | (Y (! roll hold))) => abs(roll angle >
30 => roll hold reference = 30 * sign(roll angle)))

-=0Once --Historically
node 0(X:bool) returns (Y:bool); node H(X:bool) returns (Y:bool);
let let
Y = X or (false -> pre Y); Y =X -> (X and (pre Y));
tel tel
--Y since X -=-Y since inclusive X
node S(X,Y: bool) returns (Z:bool); node SI(X,Y: bool) returns (Z:bool);
let let
Z =X or (Y and (false => pre Z)); Z =Y and (X or (false =-> pre 2Z));
tel tel

COCOSF‘»’E‘.& analysis code:




Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v3]: when in roll_hold mode Autopilot shall immediately satisfy
(abs(roll_angle) >30) => (roll_hold_reference = 30*sign(roll_angle))

(4) spht> | Phi
phi Ail Cmd
—/ <psi> ileron Cmd
psi
COo= >
HdgMode_cmd P : )
’ D - »TAS HdgModeCmd
TAS <airspeed> g elm
( 8 ) ' 3 »|AP Eng
APEnb PhiRef_cmd —o—>®
HDG1M S—RHRa Mo PhiRef_cmd
i 2 3 p|HDG Ref
HDG Ref phiCmd —>@
@ B TUIRNeD phiCmd
Turn Knob

Roll_Autopilot



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

~CE T Lsl version:

[AP-003c-v3]: when in roll_hold mode Autopilot shall immediately satisfy
(abs(roll_angle) >30) => (roll_hold_reference = 30*sigrj(roll_anglg))

Generabtion of
Era&eo\bdi&j daka’

1«3 sohe »|Phi
Ail Cmd
( 5 - p| Psi A@
—/ <psi> ileron Cmd
psi
COo= >
HdgMode_cmd
3 (7)) - p{TAS @
<airspeed> HdgModeCmd
TAS
( 8 ) ' 3 »|AP Eng
APEN PhiRef_cmd —o—>®
b1 | KD PhiRef_cmd
HDG M
2 P HDG Ref
HDG Ref phiCmd —>@
( 3 ) p| Turn Knob phiCmd
Turn Knob

Roll_Autopilot



Natural language requirement:

[AP-003c]: The roll hold reference shall be set to 30 degrees in the same
direction as the actual roll angle if the actual roll angle is greater than 30
degrees at the time of roll hold mode engagement.

CoCoSpec analysis code:

Stnmaulinle monitor:

AND

> ]
A==>B[—p{In1 Guarantee guarantee >
|ul —I Guarantee
|—>

vV

|[ro|l_angle] > »




Sinaulinle monitors automatically attached on the model:

A 4

1 valid

P roll_angle
»| HDG Mode
Contract valid [y
| APEng
—p»{ roll_hold_reference
Contract
<D SSPhts p Phi
hi Ail Cmd
sy o >0
) <psi> eron Cmd
psi
(6 ) — »|p
HdgMode_cmd P : )
> C7) . p{TAS
<airspeed> HdgModeCmd
TAS
( 8 } . p| AP Eng
APEn PhiRef_cmd ——&——( 4 )
D +—»{HDG Mode PhiRef_omd Assume
HDG M Assume
2 »HDG Ref
HDG ReéB phiCmd —>@
p| Turn Knob z |,
w e phiCmd : A==>B|—7pIn1 Guarantee ¢

Roll_Autopilot

AP-003c

Guarantee~-:

Guarantee

Validator



RollAutopilot PP/Roll_Autopilot

Time

0.025

Phi (input)

Psi (input)

p (input)

TAS (input)

APEng (input)
HDGMode (input)
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Step 6: Simulation
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e [or the Autopilot challenge this proved particular useful:

e \We were able to analyze all properties that were specified at local level but none of the

properties that were specified globally

TABLE VI: AP Analysis Results with Kind2

Reqs Scope Kind2 Result | Kind2 Time
AP-000 Global Unsupported

AP-001] Roll AP | Valid < 1 sec
AP-002 Roll AP | Valid < 1 sec
'AP-003a) Roll AP | Invalid < 1 sec
AP-003b] | Roll AP | Invalid < 1 sec
AP-003c¢] Roll AP | Invalid < 1 sec
AP-003d] | Roll AP | Valid < 1 sec
AP-004 Global Unsupported

AP-005] Global Unsupported

AP-006) Global Unsupported

AP-007 Roll AP | Valid < 1.86c
AP-008 Roll AP | Valid < 1 sec
AP-010] Global Unsupported

Total running time CoCoSim: 40.589s




To summarize

e Using an end-to-end framework significantly simplifies
requirements elicitation and model analysis

e Lliciting requirements with unambiguous and as-intended
semantics is not an easy task

e [EXxplanations and interactive exploration of requirements helps
e [ndustrial requirements are complex to analyze

e [t is important to provide modular analysis

Our open source tools can be accessed on Github:
nttps://github.com/NASA-SW-VnV/fret

nttps://github.com/NASA-SW-VnV/CoCoSim

Thant qou!


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

