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Lnwul. CALCULUS CONT.ERENCE
UNrvBnsrrv CoI.LEGE, SwLNSnl,

8 -- 14 September L974.
Sponsored by:

I.B.M. United Kingdom Ltd. (main sponsor), British Council, British Logic Colloquium.

Purpose: Informal discussion of current problems in lambda-calculus.

PARrrcrPANrs (20): TALKS (17):

Henk P. Barendregr, University of Utrecht. "Curry's paradox and Lob's theorem",
"The 0Fde".

Choukri-Bey B en-Yelles, Swansea.

M alc olm Bird, W estfield College, London.

Corrado Brihm, Univ. Turin, "Convertibility as program equivalence".

Jane Bridge, Somerville College, Oxford.

Andrd Chauvin, Univ. Algiers, "Theory of objects".

Haskell Curry, Pennsylvania State Univ.

Diederikvan Daalen, T. H. Eindhoven, "Introduction to Automath",
"Strong normalization in the l,-typed l,-calculus".

Mariangiola Dezani-Ciancaglini, Univ. Turin, "Characterization of normal forms having
inverses rn the p-q-calcu1us".

Roger Hindley, Univ. Wales, Swansea, "The Church-Rosser problem for l,-B-reduction
with the extra rule 6XX reduces to X".

Jean-Jacques Ldvy, I.R.I.A. Le Chesnay, "A proof of Welch's conjecture".

Giuseppe Longo, Univ. Pisa, "A modified kind of Strong-Wagner-style
models".

Wolfgang Maass, Univ. Munich, "The Church-Rosser theorem for infinite
l,-terms".

Gerd Mitschke, T. H. Darmstadt.

Gordon Plotkin, Univ. Edinburgh, " The ro-rule, a counterexample",
"A power-domain construction",
"A counterexample to the upside-down

Church-Rosser theorem".

Gianfranco Prini, Univ. Pisa, "Why computer-scientists need l,-ca1culus".

Richard Statman, King's College, Cambridge.

Anne Troelstra, Univ. Amsterdam.

Roel de Vrijer, T. H. Eindhoven, "The Big Tree theorem".

Peter Welch, Univ. Kent, Canterbury , " A syntactical model of the l,-calculus".

Excursion: afternoon of 11 Sept.: bus to Rhossili, with walk to Mewslade.

[Typed by Roger Hindley in 2008 from informal notes 1974.]



Lnwul. CALCULUS CONT.ERENCE
UNrvBnsrrv CoI.LEGE, SwLNSnl,

8 -- 14 September L974.
Sponsored by:

I.B.M. United Kingdom Ltd. (main sponsor), British Council, British Logic Colloquium.

Purpose: Informal discussion of current problems in lambda-calculus.

PARrrcrPANrs (20): TALKS (17):

Henk P. Barendregr, University of Utrecht. "Curry's paradox and Lob's theorem",
"The 0Fde".

Choukri-Bey B en-Yelles, Swansea.

M alc olm Bird, W estfield College, London.

Corrado Brihm, Univ. Turin, "Convertibility as program equivalence".

Jane Bridge, Somerville College, Oxford.

Andrd Chauvin, Univ. Algiers, "Theory of objects".

Haskell Curry, Pennsylvania State Univ.

Diederikvan Daalen, T. H. Eindhoven, "Introduction to Automath",
"Strong normalization in the l,-typed l,-calculus".

Mariangiola Dezani-Ciancaglini, Univ. Turin, "Characterization of normal forms having
inverses rn the p-q-calcu1us".

Roger Hindley, Univ. Wales, Swansea, "The Church-Rosser problem for l,-B-reduction
with the extra rule 6XX reduces to X".

Jean-Jacques Ldvy, I.R.I.A. Le Chesnay, "A proof of Welch's conjecture".

Giuseppe Longo, Univ. Pisa, "A modified kind of Strong-Wagner-style
models".

Wolfgang Maass, Univ. Munich, "The Church-Rosser theorem for infinite
l,-terms".

Gerd Mitschke, T. H. Darmstadt.

Gordon Plotkin, Univ. Edinburgh, " The ro-rule, a counterexample",
"A power-domain construction",
"A counterexample to the upside-down

Church-Rosser theorem".

Gianfranco Prini, Univ. Pisa, "Why computer-scientists need l,-ca1culus".

Richard Statman, King's College, Cambridge.

Anne Troelstra, Univ. Amsterdam.

Roel de Vrijer, T. H. Eindhoven, "The Big Tree theorem".

Peter Welch, Univ. Kent, Canterbury , " A syntactical model of the l,-calculus".

Excursion: afternoon of 11 Sept.: bus to Rhossili, with walk to Mewslade.

[Typed by Roger Hindley in 2008 from informal notes 1974.]















[1988]











[2006]







Applications
Théories

[Un exemple]



June 1996
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After  explosion 
in swamps near Kourou (Guyana)



Investigation committee 
J.-L. Lions, Gilles Kahn

• at 36th second, the inertial reference system (SRI) failed 

• then abrupt veer of engines 

• and rocket explosion



Investigation committee 
J.-L. Lions, Gilles Kahn

• backup program in SRI1 took control: 
- as SR1 program is same as SRI2 program 

- it was also stopped for same reason as for SRI2

• failure was due to a software bug in SRI2: 
- Ariane 5 horizontal bias is 5 times larger than in Ariane 4 

- thus overflow of a variable in the embedded program of SRI2 

- SRI2 program stopped



Investigation committee 
J.-L. Lions, Gilles Kahn

• backup program in SRI1 took control: 
- as SR1 program is same as SRI2 program 

- it was also stopped for same reason as for SRI2

• without SRI, rocket had no longer good direction: 
- veer of engine nozzles 

- explosion

• failure was due to a software bug in SRI2: 
- Ariane 5 horizontal bias is 5 times larger than in Ariane 4 

- thus overflow of a variable in the embedded program of SRI2 

- SRI2 program stopped



Investigation committee 
J.-L. Lions, Gilles Kahn

• the failing part of SRI program was used to re-align Ariane 4 in 
case of a late stop of countdown and works only until H + 40s

?

• this code was useless for Ariane 5 

• but code was kept because already well tested on Ariane 4.



Reading 
of 

PROM 
Gilles Kahn, 

Robert Ehrlich



The ADA code



The ADA code



The new ADA code



OCTOBer 1996

Robert Ehrlich, Georges Gonthier, François Rouaix 
Marcin Skubiszewski, Alain Deutsch, Damien Doligez 



1965 - 2006

Alain Deutsch



EAP1 EAP2

EPC

EPS

SCA

115t

630t630t



What to do ?

• 140000 lines of ADA + assembly 68000 
- “bottom-up” analysis 

- large documentation, but rather general

• compile the code 
- to manipulate it

• 3 software modules 

- written with strict programming rules 

- multi-tasking with many shared variables

























Alias detection

• 10-year long work by Alain Deutsch --- IABC (INRIA Interprocedural Array 
Bounds Checker) 
• big community of “alias analysis”, “points-to analysis” 

• static analysis, abstract interpretation 

• approximation of result 

• ensures no-aliases 

• IABC worked on C programs 

• efficient program and rather precise



From Ada to C and IABC

Long list

Ada CASAs ASA2C

Format

Graphviz  
program

Graphviz Postscript

IABC

Gnat
1ères passes



Assembly language parts

• read documentation 

• make ADA stubs















































Collaboration with Aérospatiale

• beautiful contract (700kf in 3 months...) 

• several bugs [gonthier] +++ 

• interval analysis [deutsch] ++ 

• work on floating point [deutsch] +- 

• simulation of LSSI automaton with Promela [gonthier] -- 

• participation to qualification committees of flight 502 ++[deutsch, 
gonthier, doligez, rouaix, skubi] 

• article in an international conference on avionics [deutsch, gonthier]

(renamed EADS & Airbus)



OctoBER 1997
A502 Suspense and Success: Account of Flight A502 
The 17 months of effort after the June 1996 failure paid off on 
30th October 1997 when Ariane 5 fully completed its second 
qualification flight. There was, however, some suspense during 
the flight when engineers realized in real time that the launcher 
was being submitted to an excessive roll after separation of the 
solid boosters and up to the end of the cryogenic stage 
flight ....

“Le logiciel a marché à 120%” 

« Software worked 120% »



Afterwards...

• Polyspace: start-up company [deutsch, pilaud] 

• code analysis ARD, ATV, other satellites [deutsch]

• programming rules of CNES [deutsch, gonthier] 

• expertise of Columbus code[jjl, gonthier, blanchet, muller]

• ESA programming rules [gonthier, jjl] 

• at ENS, Astrée analyzer has done much more for A380 

• still nice days for static analysis of programs 

• ...  and verification of programs (embedded or not) 

• our Moscova research-team well evaluated at INRIA



Conclusion

• Ariane 501 proved in real scale the importance of software bugs. 

• One can use elementary methods taken from theory of 
programming and/or concurrency. 

• Analysis on existing programs 

• Application of results of research (IABC) 

• Lot of fun ...



Conclusion - bis

Désespoir

Joie

chercheur



Conclusion - bis

Fondements

Applications

chercheur



Conclusion - bis

Théorie

Pratique

chercheur


