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W
hat does it take to put advanced software and

form
al m

ethods into a typical space project?

•
O

verview
 of 2nd G

en RLV
 IV

H
M

•
Current V

&
V

 Practice and Standards
•

Form
al M

ethods for IV
H

M
 V

&
V

•
A

m
es V

&
V

 Tools for Livingstone
•

Tool M
aturation and Integration

•
Conclusions and Perspectives
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•
Second G

eneration Reusable Launch V
ehicle

Integrated V
ehicle H

ealth M
anagem

ent
•

= Integrated prognosis/diagnosis for
next-generation space shuttle

•
Technology Risk Reduction project

•
Lead: N

orthrop G
rum

m
an Corp.

•
A

dopted M
odel-Based D

iagnosis,
including Livingstone (N

A
SA

 A
RC)
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ontributions

•
First Phase: Survey (June 01 –  M

arch 02)
–

N
A

SA
 Current V

&
V

 Practice
–

A
pplicable Form

al M
ethods

–
A

m
es V

&
V

 Tools
–

O
utput: Three Reports (ase.arc.nasa.gov/vvivhm

)

•
Second Phase: Tools (A

pril 02 –  M
ay 03)

–
Tool Extensions, G

U
I, D

ocum
entation, Integration

–
O

utput: D
em

onstrations (and Reports)
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&
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D
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C
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S
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V
 S
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O
-178B

 V
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V
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Survey of N
A

SA
 V&

V Processes/M
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Survey of N
A

SA
 V&

V Processes/M
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S-1 R
em

ote A
gent

D
S-1 R

em
ote A

gent

•
A

utonom
ous spacecraft controller

•
7 classes of testbeds

•
Change Control Board
–

A
s launch date gets closer,

som
etim

es w
ork around errors

rather than fix them

35:1
...1:1

unlim
.

...one

low
est

...highest

U
nix

...D
S-1

Speed
A

vail.
Fidelity

Testbed
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C

heckout &
 Launch C

ontrol System

•
Com

puter support for ground processing and
launch of the space shuttle (very large)

•
Process Standards, Independent V

&
V

 required
•

M
assive cost and schedule overruns
Ë

 D
iscontinued in A

ugust 2002
•

Lessons learned
–

im
prove process planning, execution and control

–
spiral rather than w

aterfall approach
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X-37 IVH

M
 Experim

ent

•
U

sing Livingstone for IV
H

M
 of space vehicle

•
Closest to 2nd G

en RLV
 IV

H
M

•
D

etailed V
&

V
 plan,

follow
s N

A
SA

 standards
•

Early stage
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•
N

A
SA

 N
PG

 2820, based on IEEE/EIA
 12207.{0,1,2}

–
D

escribes S/W
 lifecycle processes, support docum

ents,
im

plem
entation recom

m
endations.

•
N

A
SA

 N
PG

 8730 (recently discontinued)
–

Covers Softw
are Independent V

erification and V
alidation (IV

&
V

)
•

A
lso relevant: RTCA

 D
O

-178B
–

Softw
are for aviation, adopted by FA

A

Prescribe precisely defined process w
ith discrete phases

and thoroughly docum
ented w

ork products at each phase
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Form
al M

ethods

•
D

ifferent "form
al" m

ethods
–

D
ifferent strengths

–
D

ifferent applicability areas

Testing

Runtim
e

M
onitoring

Static
A

nalysis

M
odel

Checking

Theorem
Proving

Effort
Cost

A
ssurance

Traditional
Form

al
(from

 John Rushby)

A
pplicable

Too H
ard

"need PhD
"

C
urrent
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al M
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the Softw

are Lifecycle
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N
A

SA
 Exam

ples

•
M

odel Checking of Rem
ote A

gent [H
avelund et.al.]

–
D

etected errors sim
ilar to one that actually occurred in flight!

•
M

odel Checking of Planning M
odels [K

hatib et.al.]
–

Real-tim
e m

odels (uses U
PPA

A
L)

•
Lightw

eight FM
 for Rem

ote A
gent Exec [Feather et.al.]

–
A

nalyze execution traces a posteriori
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V Translator

Livingstone
M

odel
S

M
V

M
o

d
el

Livingstone
S

pecification
S

M
V

S
p

ecificatio
n

Livingstone
T

race
S

M
V

T
race

L
ivin

g
sto

n
e

S
M

V

TRANSLATOR

D
iag

n
o

sis
D

iag
n

o
sis

V
erificatio

n
V

erificatio
n

•
SM

V
: sym

bolic m
odel checker (BD

D
 and SA

T)
can handle large state spaces, w

ell suited for Livingstone
•

H
ide aw

ay SM
V

, offer a Livingstone m
odel checker
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Livingstone PathFinder 
PathFinder (LPF)

(LPF)

•
Start from

 Conventional Testing (the Real Program
).

•
Instrum

ent the Code to be able to do Full M
odel Checking

–
or as close as possible

observables

S
im

ulator
(Livingstone)

M
odel

com
m

ands
&

 faults

M
IR

M
odel

Livingstone

D
river

S
cenario

M
odel

C
hecking
E

ngine

get state
set state

single step
backtrack

TESTBED
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M

odel-B
ased D

iagnosis

1.
Engine C

orrectness: the softw
are is O

K
i.e. all that can be diagnosed is correctly diagnosed

2.
M

odel C
orrectness: the m

odel is O
K

i.e. the m
odel is a valid abstraction of the plant

3.
D

iagnosability: the design is O
K

i.e. all that needs to be diagnosed can be diagnosed
In principle, 1+2+3 => diagnosis w

ill be correct
In practice, com

prom
ises for efficiency purposes

•
M

odel V
erification can address 2 and 3

•
LPF can detect problem

s related to 1, 2 or 3
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C
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ork:
Tool M
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Tool M

aturation and Integration

G
oal: Im

prove U
sability of V

&
V

 Tools
•

G
U

I (both translator and LPF)
•

Translator: trace translation (SM
V

 to Livingstone), m
ore

specification patterns
•

V
&

V
 results tracking

•
D

ocum
entation and Packaging

A
lso (other project): verification of diagnosability

•
From

 observations, can som
e fault F alw

ays be detected?
•

= m
odel checking problem

 over tw
in m

odel
•

cf. M
oChA

rt'02 paper (w
ith A

. Cim
atti)
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•
This is a lim

ited effort
–

Few
 selected exam

ples, but illustrative
–

D
em

onstration-level prototypes
•

N
ew

 space applications ask for advanced softw
are

A
dvanced softw

are asks for advanced V
&

V
•

Integrate into rigid, conservative practices
•

M
ake m

ethods and tools usable by practitioners
–

rather than the other w
ay round...

•
There is dem

and in the industry!


