NASA Conference Publication 10176

Third NASA Langley Formal Methods |
Workshop '
Compiled by

C. Michael Holloway
Langley Research Center ® Hampton, Virginia

(NASA-CP-10176) THIRD NASA LANGLEY N96-10026

FORMAL METHODS WORKSHOP (NASA. -~THRU~--

Langley Research Center) 239 p NG6-10037
Unclas

G3/59 0059510

Proceedings of a workshop sponsored by the
National Aeronautics and Space Admi.iistration,
Washington, D.C., #nd held at

Langley Research Center, Hampton, Virginia
May 10-12, 1995

June 1995




INEPOAUCTHION...........coiiiiirtiiiiircctecettecte et eas e aes s essseesessseessessesssesssasanasesssnens 3
Final AGENdA...........coouiviritiiniiicinieceteetnenerercresseseesesssssassessessssessessessssssssssssessnsensessessssesssssnes 5°©
Session 1: Introduction to Formal Methods ...............c.ccocoveverereeeeenreneecreiciecsenenas 11 2
o Welcome, H. MAIEON HOIL .......cocoviiriiiiiieiiiitieeeeceeerereeeseeeessesesessesssssssesssssssssasessssnsessnes .13—°
« Rationale for Formal Methods, Ricky W. BUtler .........ccccceevueeveiirueenseeesresresseeseesssnsessesssenes 15 &
» An Informal Introduction to Formal Methods, C. Michael Holloway, Paul S. Miner, |
and Ricky W. BULIET......coiiiiiiiiieectiieeereteeetenteesnescsnssseesessessessessssssessessesessnsensans 25 <
» Overview of NASA Langley’s Formal Methods Program, Ricky W. Butler .................... 53 —¢
Session 2: LaRC-sponsored Industrial Applications................ccooecvvevevvveneeeeereneeennn. 572~
« The AAMP5/AAMP-FV Project, Steve Mller ............coverveeveeeeemniencensececnsecsseoneeossenessesennns 59~/
+ Union Switch & Signal Project, Joe Profeta and Doug Hoover ...........ccccocuevevevreeevreenne. 65 —<
+ Honeywell Software Development Project, Lance Sherry and Doug Hoover ................. 71- o
Session 3: Industry Perspectives on Formal Methods ...........c.cceovveeeevieevieeeeeeeinenenn, 81-+
Session 4: Software SYSteImIS (1)..........c.oeeeeeereeiiirereeeeeceeeseeeeesssssesssssssessssesssssesssens 89—
+ Formal Verification for Fault-Tolerant Architectures/PVS Design, John Rushby......... 91—°
» Formal Methods Demonstration Project for Space Applications, John Kelly =_
ANA BN DIVILO....uceverecriiierireeeeceeeeeetetesessesessssesestensssesesnsesessessosessnsesessensesssssanens 165 107
Session 5: Software Systems (2)............c..ooioeioiieicieiiicec et seeseereesaeses 11727
+ Ada 9X Language Precision Team, David Guaspari ............ccceeeevvuerneericrieevereiecseene. 119-3
* Introduction to Penelope and Its Applications, David Guaspari........c..ccccevveveernvennennen. 129~ ¢
Session 6: Hardware SYStemS..............cccuevvvieereerieeecierececircecesiseeesesssessessesseesssssssssesees 139+
* The Formal Verification Technology Used on AAMP5, Mandayam Srivas................... 141-5
» Specification and Verification of VHDL Designs, Damir Jamsek ...........cceecuvererueennnn. 14907/
* Derivational Reasoning System, Bhaskar Bose...........ccccceeveervivieeeneiniineeneeeiereeeaens 1576
Session 7: Researcher Perspectives on Formal Methods...............ccccceeueeeevennnnn.... 165 -+’
Session 8: ReSearch ISSUES (1)............uoeererveieieeiirerieeecieecereseenesstseesseeeseenseneessenens 1712711
+ Safety Analysis, JOhN KIIGht......cccvoieieeiiieeeieeeeetereeeeeeeeeeeeseeeeessesssesssesseseesessssssssesnas 173-7
* Non-standard Analysis and Embedded Software, Richard Platek ......c..cccocveevuueeennnnnnn. 183 - &
Session 9: Research ISSUES (2) ............cocovveerieieiiiieeiiicicrieeet st e eteseeseeseeesessssssennas 191>
* Hybrid Fault Algorithms, Pat LINCOIN.......ccccouiiiiiiiiieeecieeeeeeeeeereeeeeeeesseeeseseeesssseens 193
* Model Checking, David Dill..........ccceiiererieereneenreneninereeesresreeresreesesestesseseeessessnsssenes 2117
Session 10: Research ISSUes (3)............cociirinincnenencininseneennresessssnsessssesssssesssesens 217-0
* The DDD Scheme Machine, Steve JONISOM. ... .cceocvtririeeeeeeeseeeeseeeesseeesseessresssssrssssseses 219-/0
« Formal Development of a Clock Synchronization Circuit, Paul Miner......................... 225-//
Appendix A: List Of Att€NAEes..............c..ooveeeeiieieiieeiiete et eeeeeereseeeseesessssesessesees 233
Appendix B: Comments from Attendees..................ccoeuvvereeeerenierineeseeneeeeeeeeseereeesreenns 243
Appendix C: Overview of NASA Langley’s Formal Methods Program................. 245



T T R

INTRODUCTION

On May 10-12, 1995, the formal methods team at the NASA Langley Research Center
sponsored their third workshop! on the application of formal methods to the design and
verification of life-critical systems. This workshop brought together formal methods
researchers, industry engineers, and academicians to discuss the potential of NASA-spon-
sored formal methods and to investigate new opportumtles for applying these methods to
industry problems.

This publication constitutes the proceedings of the workshop. It contains copies of the
material presented at the workshop, summaries of many of the presentations, a complete
list of attendees, and a detailed summary of the Langley formal methods program. Much of
the material contained herein is available electronically through the World-Wide Web via
the following URL: http://atb-www.larc.nasa.gov/WS95/proceedings.html.

On behalf of the formal methods team, we thank all of the presenters and attendees for
their contributions to making this workshop a great success. We look forward to seeing all
of you again at our next workshop.

C. Michael Holloway, Workshop Co-chairman
Ricky W. Butler, Workshop Co-chairman

! Previous workshops were held in 1990 (see NASA Conference Publication 10052) and 1992 (see NASA Conference Publication
10110).
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Wednesday, May 10, 1995

8:00 - 8:45 Late Registration

Session 1: Introduction to Formal Methods
Chaired by Ricky Butler

8:45 - 9:00 Welcome
Milton Holt, Chief, Information & Electromagnetic Technology Division

9:00 - 9:30 Rationale for Formal Methods
Ricky Butler, NASA Langley Research Center

9:30 - 10:30 ‘An Informal Introduction to Formal Methods
Michael Holloway, Ricky Butler, and Paul Miner
NASA Langley Research Center

10:30 - 11:00 Break
11:00 - 12:00 An Informal Introduction to Formal Methods (continued)

12:00 - 12:30 Overview of NASA Langley’s Formal Methods Program
Ricky Butler, NASA Langley Research Center

12:30 - 1:30 Lunch in NASA Cafeteria

Session 2: LaRC-sponsored Industrial Applications
Chaired by Ricky Butler

1:30 - 2:00 The AAMP5/AAMP-FV Project
Steve Miller, Rockwell-Collins
Mandayam Srivas, SRI International

2:00 — 2:30 Union Switch & Signal Project
Joe Profeta, Union Switch & Signal
Doug Hoover, Odyssey Research Associates

2:30 - 3:00 Honeywell Software Development Project
Lance Sherry, Honeywell
Doug Hoover, Odyssey Research Associates

3:00 - 3:30 Break

Session 3: Industry Perspectives on Formal Methods
Chaired by Michael Holloway

3:30 - 5:00 Panel Session
Scott French, Loral ATC
Steve Miller, Rockwell-Collins
Joe Profeta, Union Switch & Signal
Lance Sherry, Honeywell

5:00 - 6:00 Cash Bar Social in Reid Conference Center




8:30 — 9:30
9:30 - 10:30
10:30 - 10:45
10:45 - 11:45
11:45 - 12:30
12:30 - 1:30
1:30 - 2:00
2:00 - 2:30
2:30 - 3:15
3:15 - 3:30
3:30 - 5:00
6:30 -~ 8:00

Thursday, May 11, 1995

Session 4: Software Systems (1)
Chaired by Ricky Butler

Formal Verification for Fault-Tolerant Architectures/PVS Design

John Rushby, SRI International

Formal Methods Demonstration Project for Space Applications

Ben DiVito, VIGYAN, Inc.
John Kelly, Jet Propulsion Laboratory

Break

Session 5: Software Systems (2)
Chaired by Michael Holloway

Ada 9X Language Precision Team
David Guaspari, Odyssey Research Associates

Introduction to Penelope and Its Applications
David Guaspari, Odyssey Research Associates

Lunch in NASA Cafeteria

Session 6: Hardware Systems
Chaired by Paul Miner

The Formal Verification Technology Used on AAMP5
Mandayam Srivas, SRI International

Specification and Verification of VHDL Designs
Damir Jamsek, Odyssey Research Associates

Derivational Reasoning System
Bhaskar Bose, Derivation Systems Inc.

Break

Session 7: Researcher Perspectives on Formal Methods
Chaired by Jim Caldwell

Panel Session
David Dill, Stanford University
Doug Hoover, Odyssey Research Associates
Steve Johnson, Indiana University
Natarajan Shankar, SRI International

Dinner at Captain George’s Seafood Restaurant
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8:30 - 9:15
9:15 - 10:00
10:00 - 10:30
10:30 - 11:15
11:15 - 12:00
12:00 - 1:30
1:30 - 2:00
2:00 - 2:30
2:30 - 2:40

Friday, May 12, 1995

Session 8: Research Issues (1)
Chaired by Michae! Holloway

Safety Analysis
John Knight, University of Virginia

Non-standard Analysis and Software
Richard Platek, Odyssey Research Associates

Break

Session 9: Research Issues (2)
Chaired by Victor Carrefio

Hybrid Fault Algorithms
Pat Lincoln, SRI International

Model Checking
David Dill, Stanford University

Lunch in NASA Cafeteria

Session 10: Research Issues (3)
Chaired by Ricky Butler

The DDD Scheme Machine
Steve Johnson, Indiana University

Formal Development of a Clock Synchronization Circuit
Paul Miner, NASA Langley Research Center

Closing Remarks
Ricky Butler, NASA Langley Research Center
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Session 1: Introduction to Formal Methods

Ricky W. Butler, Chair

@ Welcome, by H. Milton Holt, Chief, Information & Electromagnetic Technology Division
@ Rationale for Formal Methods, by Ricky W. Butler

@ An Informal Introduction to Formal Methods, by C. Michael Holloway, Paul S. Miner, and Ricky
W. Butler

@ Qverview of NASA Langley’s Formal Methods Program, by Ricky W. Butler
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Session 2: LaRC-sponsored Industrial
Applications

Ricky W. Butler, Chair

@ The AAMP5/AAMP-FV Project by Steve Miller, Rockwell-Collins

@ Union Switch & Signal Project, by Joe Profeta, Union Switch & Signal; and Doug Hoover,
Odyssey Research Associates

@ Honeywell Software Development Project, by Lance Sherry, Honeywell; and Doug Hoover,
Odyssey Research Associates
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The AAMP5/AAMP-FV Project osorl
Steven P. Miller Mandayam Srivas /? ¢
Collins Commercial Avionics Computer Science Laboratory -
Rockwell International SRI International
Cedar Rapids, IA 52498 USA Menlo Park, CA 94025 USA
spmiller@pobox.cca.rockwell.com srivas@csl.sri.com

Software and digital hardware are increasingly being used in situations where failure could be life threatening,
such as aircraft, nuclear power plants, weapon systems, and medical instrumentation. Several authors have
demonstrated the infeasibility of showing that such systems meet ultra-high reliability requirements through
testing alone [1,2]. Formal methods are a promising approach for increasing our confidence in digital systems, but
many questions remain on how it can be used effectively in an industrial setting.

This presentation describes a project, formal verification of the microcode in the AAMPS microprocessor,
conducted to explore how formal techniques for specification and verification could be introduced into an industrial
process. Sponsored by the Systems Validation Branch of NASA Langley and by Collins Commercial Avionics,
a division of Rockwell International, it was conducted by Collins and the SRI International Computer Science
Laboratory. The project consisted of specifying in the PVS language developed by SRI {3] a portion of a Rockwell
proprietary microprocessor, the AAMPS, at both the instruction set and register-transfer levels and using the PVS
theorem prover to prove the microcode correct for a representative subset of instructions.

While this presentation includes a brief technical overview (see-[4,5].for-a-detailed technical discussion), its
emphasis is on the lessons learned in using PVS for an example of this size and the implications for using formal
methods in an industrial setting. The central result of this project was to demonstrate the feasibility of formally
specifying a commercial microprocessor and the use of mechanical proofs of correctness to verify microcode. This
is particularly significant since the AAMPS5 was not designed for formal verification, but to provide a more than
three fold performance improvement, by pipelining instruction execution, while remaining object code compatible
with the earlier AAMP2. As a consequence, the AAMPS5 is one of the most complex microprocessors to which
formal methods have been applied.

Another key result was the discovery of both actual and seeded errors. Two actual microcode errors were
discovered and corrected during development of the formal specification, illustrating the value of simply creating
a precise specification. Two seeded errors were systematically uncovered while doing correctness proofs. One of
these was an actual error that had been discovered after first fabrication but left in the microcode provided to SRI.
The other error was designed to be unlikely to be detected by walkthroughs, testing, or simulation.

Several other results emerged during the project, including the ease with which practicing engineers became

comfortable with PVS, the need for libraries of general purpose theories, the usefulness of formal specification in -
revealing errors, the natural fit between formal specification and inspections, the difficulty of selecting the best style

of specification for a new problem domain, the high level of assurance provided by proofs of correctness, and the
need to engineer proof strategies for reuse.

Many of the costs of the AAMPS5 project can be attributed to the overhead of applying an experimental method
for the first time. To determine how much these costs can be reduced through reuse of the AAMPS expertise,
Collins, SRI, and NASA are conducting a follow—on project to verify the microcode in the AAMP-FV, a smaller
microprocessor design similar to those actually used in autoland systems. A report on the status of this project is
also presented.

[1] Butler, R. and G. Finelli, The Infeasibility of Experimental Quantification of Life—Critical Software Reliability, Soft-
ware Engineering Notes, Vol. 16, No.5, pg. 66-76, December 1991.

[2] Littlewood, B. and L. Strigini, Validation of Ultra-High Dependability for Software-based Systems, Communications of
the ACM, Vol. 36, No. 11, pg. 69-80, November 1993.

[3] Owre,S.,J. Rushby, and N. Shankar, PVS: A Prototype Verification System, In Deepak Kapur, Editor, 11th International
Conference on Automated Deduction, (CADE), pg. 748752, Saratoga, NY, June 1992, Vol. 607 of Lecture Notes in
Artificial Intelligence, Springer—Verlag.

[4] Srivas, M. and S. Miller, Formal Verification of the AAMPS5: A Case Study in the Verification of a Commercial Micro-
processor, to appear in Applications of Formal Methods, Michael G. Hinchey and Jonathan P. Bowen, Editors, Prentice—
Hall International Series in Computer Science.

[5] Srivas, M. and S. Miller, Formal Verification of an Avionics Microprocessor, to be submitted as a NASA Contractor Re-
port.

PAGE _/_’/_i‘/___ INTENTIONALLY BLANK

PRECEDING PAGE BLANK NOT FRLMED

59



\ ) 6410 RUOTIeSsoN] gragany suyog

ZJWYYV 0] apeaddn Swarsdg ujuopisod 189019] €661 SAWVY

stuawnasu] Aqpumg (oL 3upod| 7e6l| EAWVVY

A 3I0ABN ‘[] 210248 ‘] 3102A8N A9 |SjIOWUWIO)

‘aapIpyIEg 1021402 1431ig L1 upod) (861] TIWVY

‘(JAL) 20131puf padS (8311094 SYDL Modsuesy 2y

SV 1) waskg 2ouEpoAy US| dusear, WodsuesL Y| ool | avy

{(SVIIA) waskS Bupaory maspmopwuawnsul JuBugy gog-LcL upog
“(S149) wosAg uopmuamn isug 1y uonF 00f-LEL Supog
{OIND) 4aindwio) dusLAUIRLY (8L 00Y-LpL updog| 6L61] 0U-SAVD

“(Sarp) waskg Keidsyq paiwadayug 0op-LyL Juppog

“849) &S Bujuon)sog 8qo19 JuisABN|  6L61] L-S4VD

(SVIIA) washs Bupraagy masduopneuawnsisap auBug 9z ‘L5t Juprog
“SLIR) washs uopEuawnaisug 1Bj14 HuoRrg L9L ‘LsL Jupog| 6161 8-SdVD

(dWL4) s0ssa01dpiniy JueIdQL )NES VSYN
4$24q) wNsts 180D WL N3 11017 PRYPO]
{SDV) WAISAS 101u0D) 2411V 1101~ PIRYN0']

%

{SUAV) wdnskg 10131 widjld woudoiny 19¢ ‘(5L Bupog| Li61| 9-SdVD

(1NaD $49) 1pely yudwdopaag [v13uds) £s Jujuopsod 18q01D| pL6Y| $-SdVD

s10ssa301do1djpp] Jo Kjjweg JINVYV YL
puncagdyoeg

-

1995 41 umRire gaagay

SAINVV dY) JO 530014 uoledyudA pue udwdojaasq [suopet) Jo juapuadapuy o
10fo1g mopeys g
12A0LJ WAORNLL SA] A SIS J03150]) SUOIRIISU] |} 10§ IPOICDIN PAOCIY o
SAd Ut 213y (01310) 1opsues] 1is13ay payronds ¢
(suononsu] 60T JO 801) SAd Ut 21NONYDIY (0108W) Jo§ UoNOdMISU paydAds o
PO STV Y) JO UOPIBIYLIIA jBlLIO] g
(VSVN Wwo1) DUBISISSY (in) Sub|o) pue [Buonewdju] [YS £q paulojdd o
suyoD pue £313ue] VSVN 4q popunyg o
1I0[H 2Apj8s0qu)0) o
(£6-T661) uoneoyioads [eunioy 40j GSIvy Suisn siold o
(16-0661) ApMIS uoNIsURLE SPOYIdI [BULIOY DO Y1 ut pajedidtued o
95() (BISOPU] J0) UOHBILIIA (BULIOH JO K)|JQIsBa] YY) SSISSY 1

uopanposyuy

10853201d0IDNA SHINVY Y3 JO UOHBIYIIIA (B0

o —— o

/

461 @ parTLIN PRapUy

Ry RORINICY

L)

SUOISHPU) g

SSIUINLI0D) IPOIIDY JO 8003 g

21012NYPIBOIN STV 341 JO uopedY|dS euio g
ANPNNYIIBOLIBIA JINVYV ) JO uopBaYPIdS [Bulo] g
A1osypp 10fosy g

punosdyiey g

UOHB)UISILJ JO MIJAIIAQ

\_ 10553204d0IJN STINVV Y) JO UORBIYJIIA [BULIO \

\ 410 Moo aagung

___ Nwo
o gorNey &

Woo' LIS [SO@)seals WO [[omy201'19°e3d xaqod@ o) puids
9€19-658 (Piv)

VSN ST0b6 VO “Yied ojuspy
ANUIAY PoOMSUDARY £

JeuonEwWNU] RIS
K1ojes0qe] 20uddg J19Indwo)

6ViS—LE€ aﬂfe
VS 86pTS tMo] ‘spidey 1upa)y
AN proy suifiod 00y
jeuoneu1u] fjomyooy
SOIUOIAY [RIDIJIWO)) SUL{j0)

SBAIS W BpuBpy 2PN o UG

13foid Ad—dINVV/SAINVY 4L
sulfjog

souomy JrOAMI0Y
\ - e J




$S3U)I410)) JO sj00Lg

sj0014 poddag 0f WISy
D>3hug 3805y

sanss)

uogs|Ay
Y uawdiaa ) (6HY)
ANPIPYIY-0JA 3Y) Jo :O—-S—:Uuﬂw
——————————— 3JO0L] POSIOG Q) UOJIIAIY
wNEY] Log 1 a8y

S 3§ Vo
102undOfIA Y |€fiu)
24N120))421y-0IBJ 9Y) JO uojBIYIIdS

R o
uopjeInp
oy anr ueg Aew Wy s W e Oxp AN ) My Sav jar wap dviy Mv o mn gy
N

[; P661 £661 i

\ Lowns 56410 manwviw] gaayay SUHO) /
oY eARNo0Y &
e R am) jo 2 rus
= - o
’ - o I supod
[ Eenemanies ] wopa) D 10 wanudoaaaq

\_ K10)sIY 19foag \

\ says 6a1@ Fwrrg suo9

swdyshy dujuopiso,] 8qojs) pus skejdsi(y SoJUOJAY uj Is() 10§ PIPUA] o
98P PUB 9BE |2JU] UNMI DUBWL0JD] g

wWnRUIY [IIUY L U SIOMSISUBLL WO §'E~ ©

SHO))T] UONEBILIIIA J0SS20IG0IDA JEULIOJ JRNO UL SI0NSISURL] 000'07~ ©
si0)sjsuedl, 000'005~ g
TJWVYV ) JO DUBWLIOJID] XE 4dydY 0) Bupuypdy 595} g
TAAVY 231183 Yim oqnedwo) apo) 1240 g

SANVV

/ punoadyoeg

Y

61

=

6410 s gy o3
SRy !*!“U

sdNS Juosd [2A] M 3Yi Jo Auepy sojewioiny ¢,
22404 ] WIDIOIY L, JA[PIBAINN] g
yadiL, g
EIT. g BENTTOWEITT [TT RPN
waskg odL ) pawonsiydog o
saden8ue] Bunuwesdorg jeuopuoaun) o) sejluig UOHLION o
wery o) Asey pue aduig o

adendue’| uopeoyIdy dajssaadxy g
suoBuINU 1YS £q padopad( g
UOPIBIYLIIA PUB UOEIYINAS |BWII0Y 10§ JUdWUCIAUY o

SAd
punoidyjosg \
\ vons 54410 Imanweeom) g . Uy U

(upy) so3enduer] (PAYI-y3H )M sWASAS PIPPIquUIY uf 3s() 40) PIuBisa(y g

2ANN2OXT MWL -|EdY o
UAUUONAUZ DL UnY o

JO yanpy 10} yioddng UBMPIBE] IDIY(] SOPA0L| g
$2053200ad0J2) I IS0 JO KN sud(] P0)) Y] g
19§ uojaMISUY MI-DSI) Vda) g

$opopy dupssoappy d(diiny g

AUMINYAY RIBIS U0 posiy g

s10ss330adoIdy Jo Ajjwsyg JWVV

punoadyoug




\._ o 6610 FatwIv] g0y

__-l Aoy IQT dnag |+|'ll W Il|n_

BN PORNIOY

ym i
hgan AOIT‘.@—,:[L

3 L

gL N
E L
—.— n &:’H vna-w.l-.
:x Mo o
INPINIYIIBODIA A

\_ MPNYRIB0IIN STNVV 24} Jo uopjeoyIdg [BuII0 ] \

4% 6610 FUOIRWNY] §IpTY !5
- )

€

uopedyds 3512y B Bupeas) £dwis jo anfep ay) sajensnj] g
" 2ousnbag uononusuy oytoadg € pue
yorrg paztg Apadosdwi ue ‘uoneindyuo) yorlg ayiaads pannbay o

10453 3ujpe)) B sep YO g
dunsal uonepijes epy Suung puno g uaag daeyj piog o
wdwnbay Juissnl B 0} an(] sem O g
sas5e)) fensnu)) Supanq JINYV 24) Jo J0jasydg Suis)oodg Ay punoy "
HoJpg uonesyuIp [euonipesy paydwo) 10N peH o
uonEdIGR ] ISIL 220J3g PAOIUO) YIog o
SANVV 3y o d1dads iog o
SI0JY IPOICINA OM ], POAIA0ISI(] »

I5BYYJ SIY L Ul PUNO] S10.015 IPOIIN

i
€/

\_ NNIYIIBOIBIN JINVY Y} JO uopedyIdads el g \

/ 3AN)0INYIIBOIN SJINVY Y3 JO uopeaydadg [ewrof

- — .

Sy SORMNIOY g

ssoug (ssoU1da10D) Jolepy 8T *s1oug (9)K18) 10Uy £ punuy o
IO/ pue SA JO SAULT 0§~ Jo ey uonesedarg 2desoay ¢
SAd Suipray dgnaay aprg pey siopadsuy ¢
s120uidug (eanddjy Jupdpoey ¢,
suop)BoY1dAdg SAJ ) jo suopdadsug §| pawsujsdg g
$3103Y |, g 0| PAZIULIQ) SIWWOD puE SAJ JO SN 0SS'T ©
SUONIMNISU] 60T S.dNVV 241 Jo 801 paRdun)
SOUNOY IIIAIIG JANNDIXT Y Ju IS0t paydAls ¢,
sujii0D £q papudjx;y pus pasjady g
SOLOLE, | ¢ Ul SUAUHUOD) PUR SA JO SIUK] 0£0'T VNI PIALOAZ ¢,
£Buvr] YSVYN £¢ 1040 uang) £181G] 100297 Ny -
S0 |, T 01U} PIZINETIO SUIWWIOD) pue SAJ JO ST $68°1 ©

1US A4 duoq yuwawdopaagg jspju) g

\ o s 54410 WooTVUDIN) Brayang supo) /
o RONIOY &
A
(r2) poe
‘ ]
{v2} ppy
(91) epo0, (D) N syoe) vowonuisu; | A
(91) opo
(g1) wiep v [F} ]
Peoyy
(rawm| T [ anme 3 @ ool ooy
{NdQ) wun Burssedosy vieg
1
K (91) »iep hy {91) peunyy
[ (v2) o (r2) ppe u
weideyq yooig SINVY

\_ AINPRYOIBOIBIA JINVV 3Y) JO uopBdlads [BUII0Y &

62




/

S1PNS $6610 WUy U] gawyang !3
SR ROAMNIOYN g

ulewInq Wajqold 941oadg € It 1) SLONBION o
ydnoay, 2due)jdaddy u) Sujss) JyDwDL(] AIRPY PiN) g
suonesyizadg Anjend) asasug o) _.ov.uuz aundsasicg o4) 32s0Juzy o) YnIIq o
Appim sauep ssaauidug £q SAJ Jo 2ueldandy o
K3y sem suonoadsu] pus suonestpoxig usamidq A810ukg o
s1ugduy duppely £q paspy £110Jssadng suonedyds SAd g
«Sow0)) ug Bupyoory,, sademnooug o
$O2LJ12)U| pue SUONDELSYY ued]) sadesnoouyg o
uopBIYINAS [BULI0] JO SIJIUAY
SANVYV 94} Ut 3pod0soly ) Buikjuop Ajjewnoy o
$19A] J9jsues], 115130y pue 10§ U0y |18 SN VY ap Suikjioadg Ajewsoyg o
Jo Hnnyseay] [EIEIXY ay) pareajsuowd(| g

\_ suoisnPuo)) K

\ T 56410 NUOIIL) Ranpuy U109 j
DY JORNIOY g

S10u3 (og 192100 0} mojf pauieidxy [HS o
newANshg 197 sem £10A0381Q o
$J001 3y) Bujo(d YA 1US Aq PUno d10Mm 510123 Y10f] g

SANVY 3y Jo adKoosg Ky ue uo
apa) uopeayddy Suluuny oy suljo) 4q paroavdsiq o

sydnosyiyem pue suonejug £q uopoajaq padedsy o
20133 |BAJIY UB SBM PUONS g

120531 0) NI 29 0} Paudysaq sem Jsulg g
THS 03 PIPIACAJ FPOOIN Uf SI0LIY OML PIPIS g

ISBY ] SIYL U PUNO] SI01IF APOIOIIFIA

\_ $S3UJIALIO)) IPOIOIYA] JO SJO0I] K

\ e $6610 RUIRWINN| gaayan) suo)
Y RORMIICH &

UOPBIYEIIA [BIII0] BULIND S10.433 PIPIS OM], PO1IA0SI(] g

SUOPINAISUY [] UY IPOIOIIJIN ) PIYLIIA AjjBurio] g

43401J SAd 241 U] 53)82jB2)S 38Y) PAjBWIOINY g

§53U310)) JO §J00L ] Y Jujsodwiodaq 0) Yaeorddy [B1IUdY Padopad(] g
s1auBug udjsaq Y suoped§dIds SAJ Y1 Jo suopdddsug paPRpuc) g
uopjBdY|2dg Bujan( IPOIOIIY SANVY Y[ SI0413 OM], PIIAVISK(] o
saf)aadoag 10109 N4l Jo K18aqy) Aqeasnay ‘3ue’] 8 padojdad(| g

1040] JojsuBAL 205130y Y} 18 STINVV 4) Ppads g

SUORIRIISU] 60T S.JINVV ) J0 80 UM g

/ L1swiwng

Towes $4610 PeOHE Jantng SuYo) /
By RN
1jsuBaf, Adojouraag, AuydLf 03 Ydeouddy uopudyjiap jo uoppodwoddy g
auduz) unumay SAd Y 01 suopezund() o
S2INPId0VIY LIS (AAQ) wesdeig uois1dI( uey ¢
uoproINY JIPYYH 1i0ddag 0} 5HududUBYUY] g
$$200V BjE(] Pus IPO,) SNOWOUOINY g

Bujuipdy) g

sanss] pus yovoaddy

\_ $52UJ03.110) IPOIOIIJA] JO 5§001 ]




$6610 PARESW] gangy SUgo)
Uy PAMNIOY

UONORIISUL IS Y JO Jooid AP padwio) ApedN o
(s1n0}§ S ) 21mpPAYIRON pay1dAds o
SA)B)G JUILIN) g
SSAUIANIYF 150D NeNSUOWX] ¢
sauoay |, pue astadxg asndy o
Judwpradxy SGNVY 18addy g
s1olsisuel] 000'001~ o

WAISAS puUBjOINY UE Ul IS[) PIRUM I IEYAN O) JejiulS o
udisoq (1ouad pue soded o

10550203d0d| ] JOjlBUIS g
$661 ‘Kienueg uy pareniug o
14S pue suyf|oD Aq parnpuo) o
sulljoD pue VSYN 44 popund o
Vol aapeI0qel0) g

AI-dNVV \

-

\..al 4410 PropTLI) gayy

iSPafoug yuanbasgng

!
)

uo doaqj $150D 1AL YININ MOJ|
SJOOI pue SILOAL Y JJqusndy ¢
asuxixy o

ujBUIOQ WIYOLL MIN B g L], ISI14 dY) yBiIL 34 0) 5350 13dxY g
$I0NIEA |RUOLIPEL] WO 10) PIIN Hf) UISST] 10 AN Ae o
* ‘uonR|nWIS ‘FuNSIL 'SMIAIATY 1004 ‘$SINIY POOD Ul 10U SXK] ¢,

2UBINSSY JO SPAYY Y3)i) K197 SIPJAL] A[133110) Ju0(] ‘UONBIYIIA (BW0] g

suojsnjouo)

/




107

No slides are available

for

Joe Profeta’s portion of this presentation



APPLYING FORMAL METHODS TO RAILWAY CONTROL
Doug N. Hoover

Odyssey Research Associates, Inc.

In collaboration with Union Switch and Signal, ORA has been carrying on research into

applying formal methods to system-level railway control modeling and to verification of

parts of VFRAME++, a railway control CAD system under development by US&S.

The railway modeling work has produced modeling methods powerful enough to prove
safety of the conventional block control system. We hope to apply it to newer systems for
which safety is more problematic.

The VFRAME++ work centers around correctness of translation from graphical representa-
tions of circuits to hardware implementing them. Work so far carried out consists of design
verification of a translation algorithm in PVS. Currently planned is an a posteriori checker
to show that a particular translation has been done correctly. Such a checker would have
the advantage of being simple and stand-alone, hence easy to demonstrate to be correct.
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