Cell (i, j) and (i, j ) must be different

SAT is the simplest More sophisticated/practical function description propositions over theories SAT Modulo Theory non Boolean variables Constraint Satisfaction, Constraint Programming numerical output Weighted MaxSAT 25 /CSP, 5 Graphical models SAT is the simplest More sophisticated/practical function description propositions over theories SAT Modulo Theory non Boolean variables Constraint Satisfaction, Constraint Programming numerical output Weighted MaxSAT 25 /CSP, 5 Graphical models What can we do with SAT, CP et al.? NP-complete: can express all NP-complete problems the logical puzzles you like (Sudoku, Nonograms…) or not (configuration, scheduling, test pattern generation…) robot planning digital circuit verification (Bounded Model Checking) or software verification (FOL, grounding, abstraction)

The modern world needs rigourous logic 

(x 177 ∨ x 169 ∨ x 161 ∨ x 153 ∨ • • • ∨ x 17 ∨ x 9 ∨ x 1 ∨
(x 1 ∨ L l 1 ∨ • • • ∨ l n ) (¬x 1 ∨ R r 1 ∨ • • • ∨ r m ) (L ∨ R) (L or R empty) (x 1 ) (¬x 1 ∨ R r 1 ∨ • • • ∨ r m ) (R) (L or R empty) (x 1 ) (¬x 1 ∨ R r 1 ∨ • • • ∨ r m ) (R)
A clause is shortened by one litteral (L or R empty)

(x 1 ) (¬x 1 ∨ R r 1 ∨ • • • ∨ r m ) (R)
A clause is shortened by one litteral This may create new unit clauses (propagation) (L or R empty) Long line of research in "symbolic" Artificial Intelligence [START_REF] Bruynooghe | Deduction revision by intelligent backtracking[END_REF][START_REF] Dechter | Enhancement schemes for constraint processing: Backjumping, learning, and cutset decomposition[END_REF][START_REF] João P Marques-Silva | GRASP: A search algorithm for propositional satisfiability[END_REF][START_REF] David | An Outlook on Truth Maintenance[END_REF][START_REF] Schiex | Nogood recording for static and dynamic constraint satisfaction problems[END_REF] Trace back failure to guesses through propagation a

(x 1 ) (¬x 1 ∨ R r 1 ∨ • • • ∨ r m ) (R)

Do backward resolution from conflict

Add a new implied clause to the set of clauses a Richard M Stallman and Gerald J Sussman. "Forward reasoning and dependency-directed backtracking in a system for computer-aided circuit analysis". In: Artificial intelligence 9.2 (1977) 

  ¬x 185 ) 10012 10013 10014 10015 10016 10017 10018 10020 10021 10022 10023 10024 10025 10026 10027 10028 10029 10031 10032 10033 10034 10035 10036 10037 10086 10087 10088 10090 10091 10092 10093 10094 10095 10096 10097 10098 10099 10101 10102 10103 10104 10105 10106 10107 10108 -55 -54 53 -52 -51 50 10047 10048 10049 10050 10051 10235 -10236 000 ≈ 3.1 10 15,051 Solved in one second How does it work?Consensus/Resolution (1960's)[START_REF] Davis | A computing procedure for quantification theory[END_REF][START_REF] Alan | A machine-oriented logic based on the resolution principle[END_REF] 

A

  clause is shortened by one litteral This may create new unit clauses (propagation) If the empty clause appears: no solution Logic: Try to guess and reconsider (DPLL 7 ) SAT state-of-the-art in 1990 Hundreds of variables Thousands of clauses Logic: Learn from failure

  

  , pp. 135-196. When one splits N in 2, one part must contain a Pythagorean triple (a 2 = b 2 + c 2 )

	Intuition: Choose a variable and try to guess its value 2017: proving an "alien" theorem? Final messages	
	A lot of free data and free code… International competitions (> 50, 000 benchmarks with many A conjecture in combinatorics Asymptotes: size matters	∞
	Learning by "Activity based heuristics" 26 real problems) NP is not exactly as we tend to think	
	On-line estimation of how often a variable is involved in recent clauses/failures Open source solvers (autocatalytic) AIs have made drastic progress in their logical capacities
	Try guessing this variable first This progress also comes from (gradient-free) learning	
	More progress is needed to supplement our limited human capacities
	Learns weak spots in the problem as it is solved Strong French presence Forces to reconsider an earlier guess Prevents refailing for a related reason Award winning solvers Synergies between Logic and Intuition Constraint programming solver/startup Logic can analyze and exploit learnt models	(safe) (Glucose, 2 toulbar2 15 ) (safe generalization) (Choco) (not only Neural Nets)
	Learns a more effective formulation of the problem as it solves it Strong presence in international conferences Intuition can help logic without tainting it	(# of accepted papers in CP 4 ) (guidance)

Boolean Constraint Propagation (BCP): unit clauses[START_REF] Davis | A machine program for theorem-proving[END_REF] 

Thanks AI/toulbar2 S. de Givry (INRA) G. Katsirelos (INRA) M. Zytnicki (PhD, INRA) D. Allouche (INRA) H. Nguyen (PhD, INRA) M. Cooper (IRIT, Toulouse) J. Larrosa (UPC, Spain) F. Heras (UPC, Spain) M. Sanchez (Spain) E. Rollon (UPC, Spain) P. Meseguer (CSIC, Spain) G. Verfaillie (ONERA, ret.) JH. Lee (CU. Hong Kong) C. Bessiere (LIMM, Montpellier) JP. Métivier (GREYC, Caen) S. Loudni (GREYC, Caen) M. Fontaine (GREYC, Caen) Protein Design A. Voet (KU Leuven) D. Simoncini (INSA, Toulouse) S. Barbe (INSA, Toulouse) S. Traoré (PhD, CEA) C. Viricel (PhD) RosettaCommons (U. Washington) W. Sheffler (U. Washington) PyRosetta (U. John Hopkins) B. Donald (U. North Carolina) K. Roberts (U. North Carolina) T. Simonson (Polytechnique) J. Cortes (LAAS/CNRS)

New catalysts for biomass transformation (biofuels, food and feed, cosmetics…), New drugs for medicine New components for nanotechnologies 20 n sequences! intractable for experimental techniques CPD: From bits to atoms From information to functional matter mind blowing mass 3d printing-like capacities at atomic level (bacterias) structural and functional purposes (powerful origami) produced new folds, [START_REF] Kuhlman | Design of a novel globular protein fold with atomic-level accuracy[END_REF] catalysts, [START_REF] Röthlisberger | Kemp elimination catalysts by computational enzyme design[END_REF] nano-components [START_REF] Arnout | Computational design of a self-assembling symmetrical β-propeller protein[END_REF] Protein Design as the inverse of folding Showed that an highly tuned biased Monte Carlo increasingly fails to find the optimal sequence a Deciphering genomic DNA with EuGene Optimization + decomposable probability distribution (Semi-CRF) [START_REF] Lafferty | Conditional random fields: Probabilistic models for segmenting and labeling sequence data[END_REF] Derived from an actual human processor (S. Rumbauts, PhD) a