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Purpose

»T0 perform full-case
verification
("Robustness Test ") of
Flight SW FDIR logic



How?

o By generating test cases
necessary for formal proof of
the SW

o By comparing between the
results of flight SW test and
our independent test for the
generated cases



Why?

ot is extremely expensive to
perform "robustness test" by
conventional manual testing



Strategy

@ Automatically generate "robustness test" cases from
the requirement model built by IV&V

® Conduct Monte Carlo Simulation of the flight SW for
the test cases

@ Conduct same Monte Carlo Simulation of the auto-
generated code from the design model built by IV&V

@ Perform auto-comparison of the two results using

the criteria generated from requirement model built by
IV&V
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Generating Test Cases

» Every Possible Combination of 2

Failures
Full path verification for 2FT system safety

- Every Possible Combination of
Timing
Monte Carlo randomizing of fault injection timing

- Every Possible variation of Data

Dispersion
Monte Carlo randomizing of input data dispersion
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Generating Test Criteria

+ |[dentification of state variables and
their values to be checked

Define sets of state values required to be observed
with the given combinations of failures

- Auto generation from requirement
specification

Generate state definition (see next chart) of the
system with the given combinations of failures



Generating Test Criteria

FDIR Requirement

Failure Modes

Failure Modes



Generating Test Criteria

Formal Model of the requirement specification
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Auto Code Generation
from Design Model

Attltude boolean Attitude ()
{
State Value if (IMU())
cnd[0] = "T";
DEFINITION else cnd[0] = "F";
if (GPS())
= Nominal cnd[1l] = "T";
else cnd[1] = "F";

IMU is functional
GPS is ifunctional
Rate < 0.1deg/s

if (Rate()<0.1)
cnd[2] = “T";

= Off-Nominal if ((strcmp(cAd[0],
IMU is functional | [F]*[* (stremp(cnd[1], §
.. ; (strcmp(cnd[2], §'T"
GPS is ifunctional | |* JF[* return TRUE;
Rate < 0.1deg/s *[*|F| else return FALSE;




Auto Monte Carlo
Simulation

Auto-generated
coile

Robustness
‘ L’ | Q ‘ TeSt




Auto Monte Carlo
Simulation

® 00 Untitled
iw A S
v € QO «
Verify  Simulate Add Insert Delete Navigate
Variable Name Type Daty O O O Simulation_Result.sq
Master_Controller main int ESA_Status
ESA_Status state int '
Cyro_Status state int
ESA_A !nput dou - 5 = L
ESA_B input dou Byro_Status
Gyro_A input dou !
Cyro_B input dou
Loss_of_Attitude hazard int 4 " 5
ESA_A
C il T T TP T N e T Log
on
o -
_s RRRRR AR AR a,
C o SO0 a7 et
A ESA_B
T
5
0- -
) ) ) o SO0 Teq
|{nt set_loss_of_Attitude C(void> Gyro_a
T T
/¢ Local variables oF ]
int error;
unsigned long i; = ,
unsigned long long j; 1] S000 Ted
/¢ = TRUE =
static char table_1 (21011 = { E [T ~ =
{T}, ESA _B:2.752218
o m Last Value of ESA_B :2.290000
i/ - FALSE Prev Value of ESA_B :2.280000
L Gyro_A :-3.894785
tat h table_2 [2]1[2] = -
o ! Last Value of Gyro_A : 1.502517
{F,T} Prev Value of Gyro_A :0.000000
¥ Gyro_B :0.720477
Last Value of Gyro_B :-0.287011
/¢ Return immediately if children have not been changed. Ecr)ev voafluAenqtf ((.;zyr.01_B :0.000000
i fluse_saved_Loss_of_Attitude) return 0K; SS_ol_Auwtude :

Last Value of Loss_of_Attitude : 1
Prav \Valua of | nec_aof Attituda -0

/f Start inquiry for children.

iflerror = set_ESA_Status()) return Unknown;
iflerror = set_Gyro_Status()) return Unknown;

for(j=@;j<1;j++> {

Simulation result was written at /tmp/Simulation_Result.sq



Verify the Generated Code wrt
Requirement Specification
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Compare the Auto-sim result
with Flight SW test resulit
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