Proceedings of the IJCAR ATP System CompetitionPage 1The IJCAR ATP System CompetitionGeoff SutcliffeDepartment of Computer ScienceUniversity of Miamigeoff@cs.jcu.edu.auIn order to stimulate ATP system development, and to expose ATP systems to interestedresearchers, the IJCAR ATP System Competition (CASC-JC) will be held on 21st June2001. CASC evaluates the performance of sound, fully automatic, 1st order ATPsystems. The evaluation is in terms of:• the number of problems solved, and• the number of acceptable proof objects produced, and• the average runtime for problems solved;in the context of:• a bounded number of eligible problems, chosen from the TPTP Problem Library, and• a specified time limit for each solution attempt.1. The IJCAR ATP System Competition (CASC-JC) will be held at IJCAR1, Siena, Italy, on 21st June2001. CASC evaluates the performance of sound, fully automatic, 1st order ATP systems. Theevaluation is in terms of the number of problems solved, the number of acceptable proof objectsproduced, and the average runtime for problems solved, in the context of a bounded number of eligibleproblems chosen from the TPTP Problem Library [SS98c] and a specified time limit for each solutionattempt. CASC-JC is the sixth such ATP system competition, following the successful competitions atCADEs-13 to -17 [SS97a, SS98d, SS99, Sut00a, Sut01].Nineteen ATP systems, listed in Table 1, have been entered into the various competition anddemonstration divisions. The winners of the CASC-17 divisions have been automatically entered intothose divisions, to provide benchmarks against which progress can be judged (the competition archiveprovides access to the CASC-17 systems’ executables and source code).The design and procedures of CASC-JC evolved from those of CASCs-13 to -17 [SS97b, SS98a,SS98b, Sut99, Sut00b]. Important changes for CASC-JC are:• The SEM division has not been continued.• A new EPR division has been added to the competition divisions. The MIX division has been divided into two classes, one ranked by the number of problems solved,and one ranked by the number of acceptable proof objects output. To be eligible to win the Proofclass, sample proof objects have to be supplied in advance, and the winner’s proof objects arechecked after the competition.• The SAT division is divided into two categories, one with equality and one without.• The problems are taken from an unreleased version of the TPTP.• Incomplete and augmented TPTP problems are eligible. 1 IJCAR incorporates CADE in 2001

Proceedings of the IJCAR ATP System CompetitionPage 2• The required system properties have changed.The full motivations for these changes are given in Section˚8. The rules, deadlines, and specificationsgiven here, are absolute. Only the competition panel has the right to make exceptions.The competition organizers are Geoff Sutcliffe and Christian Suttner. The competition is overseen by apanel of knowledgeable researchers who are not participating in the event; the panel members areMaria Paola Bonacina, Claude Kirchner, and Jeff Pelletier. The competition will be run on computersprovided by Facult�t f�r Informatik, Technische Universit�t M�nchen. The CASC-JC WWW siteprovides access to resources used before, during, and after the event:2. CASC-JC is divided into divisions according to problem and system characteristics. There are fivecompetition divisions in which the systems are explicitly ranked, and one demonstration division inwhich systems can demonstrate their abilities without being formally ranked.SystemDivisionsEntrantBliksem 1.12TBAHans de NivelleMax-Planck-Institut f�rInformatikDCTP 0.1MIX SAT EPRGernot Stenz (Reinhold Letz)TU M�nchenE 0.6MIXCASC-17CASCE 0.62MIX UEQ EPRStephan SchulzTU M�nchenEP 0.62MIX*Stephan SchulzTU M�nchenE-SETHEO csp01MIX SAT FOFEPRGernot Stenz(Reinhold Letz, Stephan Schulz)TU M�nchenGandalf c-2.3MIX UEQ EPRTanel TammetTallinn TechnicalUniversityGandalfFOF c-2.3FOFTanel TammetTallinn TechnicalUniversityGandalfSat 1.0SATCASC-17CASCGandalfSat 1.1SATTanel TammetTallinn TechnicalUniversityMUSCADET 2.3FOFDominique PastreUniversit� Ren� Descartes 3.2-2.0MIX* UEQSAT FOF EPRWilliam McCune(Larry Wos, Bob Veroff)Argonne NationalLaboratoryPizEAndSATO 0.1EPRGeoff Sutcliffe(Stephan Schulz)University of MiamiSCOTT 6MIX* UEQSAT FOF EPRJohn Slaney(Kahlil Hodgson)Australian NationalUniversityVampire 1.0FOFCASC-17CASCVampire CASC-JCMIX* SATFOF EPRAlexandre Riazanov(Andrei Voronkov)University of ManchesterVampire 2.0MIX*Alexandre Riazanov(Andrei Voronkov)University of ManchesterWaldmeister 600UEQCASC-17CASCWaldmeister 600UEQThomas Hillenbrand(Bernd Loechner, Andreas Jaeger,Arnim Buch)Max-Planck-Institut f�rInformatik (Universit�tMIX* indicates participation in the MIX division Proof class. See Section˚2.1 for details.Table 1: The CASC-JC Entrants

Proceedings of the IJCAR ATP System CompetitionPage 32.1. Competition Divisions• The MIX division: Mixed CNF Really-Non-Propositional TheoremsMixed means Horn and non-Horn problems, with or without equality, but not unit equalityproblems (see the UEQ Division below). Really-Non-Propositional means with an infinite Herbranduniverse. The MIX Division has five problem categories:• The HNE category: Horn with No Equality• The HEQ category: Horn with some (but not pure) Equality• The NNE category: Non-Horn with No Equality• The NEQ category: Non-Horn with some (but not pure) Equality• The PEQ category: Pure EqualityThe MIX division has two classes: The Assurance class: Ranked according to the number of assurances of the existence of a proof(the only class used up to CASC-17).• The Proof class: Ranked according to the number of acceptable proof objects produced.• The UEQ division: Unit Equality CNF Really-Non-Propositional Theorems• The SAT division: Mixed CNF Really-Non-Propositional Non-theoremsThe SAT Division has two problem categories:• The SNE category: SAT with No Equality• The SEQ category: SAT with Equality• The FOF division: Mixed FOF Non-Propositional TheoremsThe FOF Division has two categories:• The FNE category: FOF with No Equality• The FEQ category: FOF with Equality The division: CNF Non-propositional Theorems and Non-theorems, with a finite HerbrandUniverse.The EPR Division has two problem categories:• The EPT category: Effectively Propositional Theorems (unsatisfiable clauses)• The EPS category: Effectively Propositional non-theorems (Satisfiable clauses)Section 3.2.1 explains what problems are eligible for use in each division and category.Entry into the competition divisions is subject to the following rules:• ATP systems can be entered at only the division level. ATP systems can be entered into more than one division. A system that is not entered into adivision is assumed to perform worse than the entered systems, for that type of problem. The ATP systems have to run on a single locally provided standard UNIX workstation (the generalhardware - see Section˚3.1). ATP systems that cannot run on the general hardware can be enteredinto the demonstration division (see Section 2.2).2.2. Demonstration DivisionATP systems that cannot run on the general hardware, or cannot be entered into the competitiondivisions for any other reason, can be entered into the demonstration division. Demonstration divisionsystems can run on the general hardware, or the hardware can be supplied by the entrant. The entryspecifies which competition divisions’ problems are to be used. The results are presented along withthe competition divisions’ results, but may not be comparable with those results.

Proceedings of the IJCAR ATP System CompetitionPage 43. 3.1. Hardware and SoftwareFor CASC-JC, the general hardware is 28 SUN UltraSparc IIi workstations, each having:• 440MHz UltraSparc-II CPU• 256MB memory• SunOS 5.8 operating system3.2. Problems3.2.1. Problem SelectionThe problems are from the TPTP Problem Library. For CASC-JC, the TPTP version is v2.4.0.The TPTP version used for the competition is not released until after the system installation deadline,so that some problems have not been previously seen by the entrants.The problems have to meet certain criteria to be eligible for selection:• The TPTP uses system performance data to classify problems as one of [SS01]:• Easy: Solvable by all state-of-the-art ATP systems• Difficult: Solvable by some state-of-the-art ATP systems• Unsolved: Solvable by no ATP systems• Open: Theorem-hood unknownDifficult problems with a rating in the range 0.21 to 0.99 are eligible. The TPTP distinguishes versions of problems as one of standard, incomplete, augmented, especial,or biased. All except biased problems are eligible.The problems used are randomly selected from the eligible problems at the start of the competition,based on a seed supplied by the competition panel. The selection is contrained so that no division or category contains an excessive number of verysimilar problems. The selection is biased to ensure that up to 50% of the problems in each category are unseen. (Thepercentage is dependent on how many new problems are eligible in the category. It also is limitedby the "similar problems" constraint.)3.2.2. Number of ProblemsThe minimal numbers of problems that have to be used in each division and category, to ensuresufficient confidence in the competition results, are determined from the numbers of eligible problemsin each division and category [GS96] (the competition organizers have to ensure that there is sufficientCPU time available to run the ATP systems on this minimal number of problems). The minimalnumbers of problems is used in determining the CPU time limit imposed on each solution attempt.A lower bound on the total number of problems that is used is determined from the number ofworkstations available, the time allocated to the competition, the number of ATP systems to be run onthe general hardware over all the divisions, and the CPU time limit, according to the followingrelationship:Number of workstations * Time allocatedNumber of problems =--------------------------------------------------Number of ATP systems * CPU time limitIt is a lower bound on the total number of problems because it assumes that every system uses all ofthe CPU time limit for each problem. Since some solution attempts succeed before the CPU time limitis reached, more problems can actually be used. The actual numbers used in each division andcategory is determined according to the judgement of the competition organizers.

Proceedings of the IJCAR ATP System CompetitionPage 53.2.3. Problem PreparationIt is necessary to ensure that no system receives an advantage or disadvantage due to the specificpresentation of the problems in the TPTP. To this end the tptp2X utility, distributed with the TPTP, isused to:• replace all predicate and function symbols by meaningless symbols• randomly reorder the clauses and literals in CNF problems• randomly reorder the formulae in FOF problems• randomly reverse the unit equalities in UEQ problems• remove equality axioms that are not needed by some of the ATP systems• add equality axioms that are needed by some of the ATP systems output the problems in the formats required by the ATP systems. (The clause type information, oneof axiom, hypothesis, or conjecture, may be included in the final output of each formula.)Further, to prevent systems from recognizing problems from their file names, symbolic links are madeto the selected problems, using names of the form for the symbolic links, with running from 001 to the number of problems in the respective division or category. The problems arespecified to the ATP systems using the symbolic link names.In the demonstration division the same problems are used as for the competition divisions, with thesame tptp2X transformations applied. However, the original file names are retained.3.3. Time Limits and TimingIn the competition divisions, CPU and wall clock time limits are imposed on each solution attempt. Aminimal CPU time limit of 180 seconds is used. The maximal CPU time limit is determined using therelationship used for determining the number of problems, with the minimal number of problems asthe "Number of problems". The CPU time limit is chosen as a reasonable value within the rangeallowed. The wall clock time limit is imposed in addition to the CPU time limit, to prevent very highmemory usage that causes swapping. The wall clock time limit is double the CPU time limit.The timing is done by the UNIX command, which returns times in units of 0.1 second. Ifan ATP system cannot solve a problem, the runtime is set to the CPU time limit.In the demonstration division, each entrant can choose to use either a CPU or a wall clock time limit,whose value is the CPU time limit of the competition divisions.4. Performance EvaluationIn the MIX division Proof class, the systems are ranked according to the number of problems solvedwith a proof output. In the MIX division Assurance class and all other divisions, the systems areranked according to the numbers of problems solved (a "yes" output).. If there is a tie according tothese rankings, then the tied systems are ranked according to their average CPU times over problemssolved. If any division is won by the system that won that division in the previous CASC, then nowinner is announced in that division. Otherwise winners are announced in each division (two classwinners in the MIX division), and prizes are awarded.If only one ATP system registers for a particular competition division, no winner can be announced forthat division, but the results for the system are still presented.At some time after the competition, all high ranking systems in each division are tested over the entireTPTP. This testing provides a final check for soundness, and any system found to be unsound isretrospectively disqualified. At some time after the competition, the proof objects from the winner ofthe MIX Proof class are checked by the panel. If any of the proof objects are unacceptable, i.e., theyare significantly worse than the samples provided, then that system is retrospectively disqualified fromthe Proof class.

Proceedings of the IJCAR ATP System CompetitionPage 65. Entry Requirements and ProceduresTo be entered into CASC, systems have to be registered using the CASC system registration form bythe registration deadline. No registrations are accepted after the registration deadline. For each systementered, a person has to be nominated to handle all issues (including execution difficulties) arisingbefore and during the competition. The nominated entrant must formally register for CASC, using theconference registration form. However, it is not necessary for entrants to physically attend thecompetition.Entering many similar versions of the same system is deprecated. Entrants may be required to limit thenumber of system versions that they enter. The division winners from the previous CASC areautomatically be entered into their divisions, to provide benchmarks against which progress can bejudged. After the competition all systems’ source code is made publically available on the CASCWWW site.It is assumed that each entrant has read all the WWW pages related to the competition, and hascomplied with the competition rules. Non-compliance with the rules could lead to disqualification. A"catch-all" rule is used to deal with any unforseen circumstances: No cheating is allowed. The panel isallowed to disqualify entrants due to unfairness and to adjust the competition rules in case of misuse.5.1. System Description and Proof ObjectsA system description has to be provided for each ATP system entered. The system description must fitonto a single A4 page, using 12pt times font. The schema has the following sections: Architecture. This section introduces the ATP system, and describes the calculus, inference rules,and search control used. Implementation. This section describes the implementation of the ATP system, including theprogramming language used, important internal data structures, and any special code libraries used. Expected competition performance. This section makes predictions about the performance of theATP system in each of the divisions and categories the system is competing in. Any tuning of thesystem for the TPTP problems must be clearly described.• References.The system description has to be emailed to the competition organizers before the system descriptiondeadline. The system descriptions, along with information regarding the competition design andprocedures, form the proceedings for the competition.In the MIX division, the system that outputs the most acceptable proof objects (maximally one perproblem solved) to is the winner of the Proof class. Entrants who wish to be eligible forwinning the Proof class have to email representative samples of their proof objects to the competitionorganizers before the proof objects deadline. The competition panel decides whether or not eachsystem’s proof objects are acceptable.5.2. System PropertiesThe precomputation and storage of any information for individual TPTP problems for usage during thecompetition is contrary to the spirit of the competition, and is not allowed. The precomputation andstorage of information that is reasonably likely to be useful in some future application is permitted. Forevery problem solved, the system’s solution process has to be reproducible by running the systemagain. With the exception of the MIX division Proof class, the ATP systems are not required to outputsolutions (proofs or models). However, systems that do output solutions to are highlighted inthe presentation of results.Entrants have to ensure that their systems execute in the competition environment, according to thechecks listed below. Entrants are advised to perform these checks well in advance of the installationperiod. This gives the competition organizers time to help resolve any difficulties encountered.The ATP systems have to be executable by a single command line, using an absolute path to theexecutable that may not be in the current directory. The command line arguments are the absolute path

Proceedings of the IJCAR ATP System CompetitionPage 7name for a symbolic link as the problem file name, the time limit (if required by the entrant), andentrant specified system switches (the same for all problems). No shell features, such as input oroutput redirection, may be used in the command line. No assumptions may be made about the formatof the problem file name.• Check: The ATP system can be run by an absolute path to the executable. For example:prompt> pwdprompt> which MyATPSystemprompt> /home/tptp/bin/MyATPSystem /home/tptp/TPTP/Problems/GRP/GRP001-1.pProof found in 147 seconds. Check: The ATP system accepts an absolute path name for a symbolic link as the problem filename. For example:prompt> cd /home/tptp/tmpprompt> ln -s /home/tptp/TPTP/Problems/GRP/GRP001-1.p CCC001-1.pprompt> cd /home/tptpprompt> /home/tptp/bin/MyATPSystem /home/tptp/tmp/CCC001-1.pProof found in 147 seconds. Check: The ATP system makes no assumptions about the format of the problem file name. Forexample:prompt> cp /home/tptp/TPTP/Problems/PUZ/PUZ031-1.p _foo-Blahprompt> /home/tptp/bin/MyATPSystem _foo-BlahProof found in 147 seconds.The ATP systems that run on the general hardware have to be interruptable by a signal, sothat the CPU time limit can be imposed on each solution attempt, and interruptable by a signal, so that the wall clock time limit can be imposed on each solution attempt. The default action onreceiving these signals is to exit (thus complying with the time limit, as required), but systems maycatch the signals and exit of their own accord. Both approaches are acceptable for the competition. If asystem runs past a time limit this is noticed in the timing data, and the system is considered to have notsolved that problem. Check: The ATP system’s CPU time can be limited using the program. Forexample:prompt> which TimeLimitedRunTimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 10sTimeLimitedRun: WC time limit is 20sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------CPU time limit exceeded Check: The ATP system’s wall clock time can be limited using the program.For example:TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 20sTimeLimitedRun: WC time limit is 10sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------Alarm clock

Proceedings of the IJCAR ATP System CompetitionPage 8When terminating of their own accord, the ATP systems have to output a distinguished string(specified by the entrant) to stdout indicating the result, one of: A solution exists (for CNF problems, the clause set is unsatisfiable, for FOF problems, theconjecture is a theorem) No solution exists (for CNF problems, the clause set is satisfiable, for FOF problems, the conjectureis a non-theorem)• No conclusion reachedWhen outputing proofs for MIX division’s Proof class, the start and end of the proof must be identifiedby distinguished strings (specified by the entrant). Check: The system outputs a distinguished string when terminating of its own accord. For example,here the entrant has specified that the distinguished string Proof found indicates that a solutionexists. If appropriate, similar checks should be made for the cases where no solution exists andwhere no conclusion is reached.TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------Proof found in 147 seconds. Check: The system outputs distinguished strings at the start and end of its proof object. Forexample, here the entrant has specified that the distinguished strings and identify the start and end of the proof.TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------Proof found in 147 seconds.START OF PROOF ... acceptable proof here ...END OF PROOFThe CPU time taken by the ATP systems on the general hardware must be measurable by the UNIX/bin/time command.• Check: The CPU time taken by a CPU limited run can be measured by . For example:PSystem˚ /home/tptp/tmp/CCC001-1.pTimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------Proof found in 147 seconds. real 3:04.2 user 2:19.3 sys 7.6If an ATP system terminates of its own accord, it may not leave any temporary or other output files. Ifan ATP system is terminated by a or , it may not leave any temporary or other outputfiles anywhere other than in /tmp.Multiple copies of the ATP systems have to be executable concurrently on different machines but inthe same (NFS cross mounted) directory. It is therefore necessary to avoid producing temporary files

Proceedings of the IJCAR ATP System CompetitionPage 9that do not have unique names, with respect to the machines and other processes. An adequate solutionis a file name including the host machine name and the process id.For practical reasons excessive output from the ATP systems is not allowed. A limit, dependent on thedisk space available, is imposed on the amount of and output that can be produced.The limit is at least 10KB per problem (averaged over all problems so that it is possible to producesome long proofs). Check: No temporary or other files are left if the system terminates of its own accord, and notemporary or other files are left anywhere other than in if the system is terminated by a or . Check in the current directory, the ATP system’s directory, the directorywhere the problem’s symbolic link is located, and the directory where the actual problem file islocated.prompt> pwdTimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 13526TimeLimitedRun: ----------------------------------------------------------Proof found in 147 seconds.prompt> ls /home/tptp ... no temporary or other files left here ...prompt> ls /home/tptp/bin ... no temporary or other files left here ...prompt> ls /home/tptp/tmp ... no temporary or other files left here ...prompt> ls /home/tptp/TPTP/Problems/PUZ ... no temporary or other files left here ...prompt> ls /tmp ... no temporary or other files left here by decent systems ...• Check: Multiple concurrent executions do not clash. For example:TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 5827TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: ----------------------------------------------------------TimeLimitedRun: /home/tptp/bin/MyATPSystemTimeLimitedRun: CPU time limit is 200sTimeLimitedRun: WC time limit is 400sTimeLimitedRun: PID is 5829TimeLimitedRun: ----------------------------------------------------------Proof found in 147 seconds.Proof found in 147 seconds. real 3:04.2 user 2:19.3 sys 7.6 real 3:04.2 user 2:19.3 sys 7.65.3. System InstallationAccess to the general hardware (or equivalent) is available from the general hardware access deadline.Entrants have to install their systems on the general hardware, and ensure that their systems execute onthe general hardware according to the required system properties.

Proceedings of the IJCAR ATP System CompetitionPage 10For systems entered in the competition divisions, entrants have to deliver an installation package to thecompetition organizers by the installation deadline. The installation package must be a filecontaining the system source code, any other files required for installation, and a file withinstructions for installation. The installation procedure may require changing path variables, invoking or something similar, etc, but nothing unreasonably complicated. All system binaries must becreated in the installation process; they cannot be delivered as part of the installation package. Thesystem is reinstalled onto the general hardware by the competition organizers, following theinstructions in the file. Installation failures before the installation deadline are passed back tothe entrant. After the installation deadline access to the general hardware is denied, and no furtherchanges or late systems are accepted (i.e., deliver your installation package before the installationdeadline so if the installation fails you have a chance to fix it!). If you are in doubt about yourinstallation package or procedure, please email the competition organizers.After the installation deadline the organizers test the ATP systems, first to check that the systemsexecute correctly (according to the checks described in Section˚5.2), and secondly to test forsoundness. For the soundness testing, non-theorems (satisfiable variants of the eligible problems, e.g.,without the conjecture clause, and satisfiable problems selected from the TPTP) are submitted to thesystems participating in the MIX, UEQ, FOF, and EPR divisions, and theorems (selected from theTPTP) are submitted to the systems participating in the SAT and EPR divisions. Finding a proof of anon-theorem or a disproof of a theorem indicates unsoundness. If an ATP system fails the soundnesstesting it is disqualified. The soundness testing has a secondary aim of eliminating the possibility of anATP system simply delaying for some amount of time and then claiming to have found a solution.Further soundness testing is performed after the competition, as described in Section˚4.In the demonstration division the systems are installed on the respective hardware by the entrants, andno soundness testing has to be performed.5.4. System ExecutionExecution of the ATP systems on the general hardware is controlled by a script, provided by thecompetition organizers. The jobs are queued onto the workstations so that each workstation is runningone job at a time. All attempts at the Nth problems in all the divisions and categories are started beforeany attempts at the (N+1)th problems.During the competition a script parses the systems’ outputs. If an ATP system’s success string isfound then the timing information from the command is extracted. The CPU time taken,or the CPU time limit if no solution was found, is recorded. This data is used to generate an HTMLfile, and a WWW browser is used to display the results.The execution of the demonstration division systems is supervised by their entrants.6. The ATP SystemsThese system descriptions were written by the entrants.6.1. Bliksem 1.12H. de NivelleMax-Planck-Institut f�r Informatiknivelle@mpi-sb.mpg.de6.1.1. ArchitectureBliksem is a theorem prover implementing resolution and paramodulation. It implements manydifferent orderings, including many orders that define decision procedures. The automatic selection ofstrategies is poor. A special feature of Bliksem is that it is able to output totally specified proofs. Afterprocessing, these proofs can be checked by Coq.

Proceedings of the IJCAR ATP System CompetitionPage 116.1.2. ImplementationBliksem is written in portable C. High priority has been given to portability. Bliksem has beencompiled succcessfully using cc, gcc, and djpcc. We plan to rewrite Bliksem, but at this moment weare not certain about the direction in which Bliksem should develop. Bliksem is available from:6.1.3. Expected Competition PerformanceBliksem did not change significantly in the last 1.5 years. But the competition has changed, and theother systems as well. We will see ...6.2. DCTP 0.1R. Letz, G. StenzInstitut f�r Informatik, Technische Universit�t M�nchen, Germany6.2.1. ArchitectureDCTP 0.1 [LS01] is an automated theorem prover for first order clause logic. It is an implementationof the disconnection calculus described in [Bil96]. The disconnection calculus is a proof confluent andinherently cut-free tableau calculus with a weak connectedness condition. Initially, an initial activepath is selected through the input clause set, which is then expanded by repeated application of thesingle inference rule, the linking rule: Two clauses that are linked via the active path are unified andappended to the bottom of the active path. The new path containing the linked literals is closed, Theremaining new paths are solved in the same manner, until no open path remains in the tableau, inwhich case the input set is considered proven, or no further links can be applied, then a model for theinput set can be derived from the open path. The concept of branch closure is different from most othertableau calculi. A branch is considered closed iff it is ground closed, i.e. it contains a pair ofcontradicting ground literals when all variables on the branch are instantiated to the same new constantsymbol.The inherently depth-first proof search is guided by a literal selection based on literal instantiatednessand a heavily parameterized link selection. The pruning mechanisms indispensable for a proofconfluent calculus mostly rely on different forms variant deletion and unit based strategies.Additionally the calculus has been augmented by relevancy based backtracking.The current version has no builtin equality treatment, that is, equality problems must be augmented bythe full set of equality axioms to preserve completeness. Currently a version of orderedparamodulation, different from the proposals in Billon’s paper, is being integrated into DCTP, but willnot be ready for the competition.6.2.2. ImplementationDCTP has been implemented in the Bigloo dialect of the Scheme language. Major emphasis has beenplaced on memory preserving techniques, as a proof confluent calculus otherwise easily gobbles up allavailable resources. All parts of the tableau no longer needed are immediately discarded. DCTP uses akind of weak term sharing via bound variables to prevent excessive replication of terms duringunification.Expected Competition Performance6.2.3. Expected Competition PerformanceAs DCTP is a very new system and little experience could be gathered on the effects of the existingguidance heuristics, generally DCTP is not expected to perform on par with the current state of the artsystems. Slightly better performance might possibly be expected in the new EPR division.

Proceedings of the IJCAR ATP System CompetitionPage 126.3. E 0.6S. SchulzInstitut f�r Informatik, Technische Universit�t M�nchenschulz@informatik.tu-muenchen.de6.3.1. ArchitectureE 0.6 [Sch99] is a purely equational theorem prover. The calculus used by E combines superposition(with selection of negative literals) and rewriting. For the special case that only unit clauses arepresent, it degenerates into unfailing completion. For the Horn case E can simulate various positiveunit strategies. No special rules for non-equational literals have been implemented, i.e., resolution issimulated via paramodulation and equality resolution.Proof search in E is controlled by a literal selection strategy and an evaluation heuristic. A variety ofselection strategies (including e.g., no selection, or select all negative literals) is available. Evaluationheuristics can be constructed on the fly by combining various parameterized primitive evaluationfunctions. A simple automatic mode can select strategy, term ordering, and heuristic based on simpleproblem characteristics.New features since last year include a wider variety of literal selection strategies, and an improvedautomatic mode that now also switches between two different Knuth-Bendix orderings. A proofchecker is now available as well.6.3.2. ImplementationE is implemented in ANSI C, using the GNU C compiler. The most unique feature of theimplementation is the maximally shared term representation. This includes parallel rewriting for allinstances of a particular subterm. A second important feature is the use of perfect discrimination treeswith age and size constraints for rewriting and unit-subsumption.The program has been successfully installed under SunOS 4.3.x, Solaris 2.x, HP-UX B 10.20, andvarious versions of Linux. Sources are available freely from:6.4. E 0.62 and EP 0.62S. SchulzInstitut f�r Informatik, Technische Universit�t M�nchenschulz@informatik.tu-muenchen.de6.4.1. ArchitectureE˚0.62 [Sch01] is a purely equational theorem prover. The calculus used by E combines superposition(with selection of negative literals) and rewriting. No special rules for non-equational literals havebeen implemented, i.e. resolution is simulated via paramodulation and equality resolution. Newadditions to the calculus since E˚0.6 include AC redundancy elimination and AC simplification fordynamically recognized associative and commutative equational theories, as well as simulated clausesplitting (inspired by Vampire).E is based on the DISCOUNT-loop variant of the given-clause algorithm, i.e. a strict separation ofactive and passive facts. Proof search in E is primarily controlled by a literal selection strategy, aclause evaluation heuristic, and a simplification ordering. The prover supports a large number ofpreprogrammed literal selection strategies, many of which are only experimental. Clause evaluationheuristics can be constructed on the fly by combining various parameterized primitive evaluationfunctions, or can be selected from a set of predefined heuristics. Supported term orderings are severalparameterized instances of Knuth-Bendix-Ordering (KBO) and Lexicographic Path Ordering (LPO).An automatic mode can select literal selection strategy, term ordering (different versions of KBO andLPO), and search heuristic based on simple problem characteristics.EP˚0.62 is just a combination of E˚0.62 in full verbose mode and a proof generation tool. Proof objectgeneration is handled by complex postprocessing of the full search protocol.

Proceedings of the IJCAR ATP System CompetitionPage 136.4.2. ImplementationE is implemented in ANSI C, using the GNU C compiler. The most unique feature of theimplementation is the maximally shared term representation. This includes parallel rewriting for allinstances of a particular subterm. A second important feature is the use of perfect discrimination treeswith age and size constraints for rewriting and unit-subsumption.The program has been successfully installed under SunOS˚4.3.x, Solaris˚2.x, HP-UX˚B˚10.20, andvarious versions of Linux. Sources of the latest released version and a current snapshot are availablefreely from:EP˚0.62 is a simple Bourne shell script calling E and the postprocessor in a pipeline.6.4.3. Expected Competition PerformanceIn the last year, E won the MIX category of CASC and came in fourth in the UEQ division. Webelieve that E will again be among the strongest provers in the MIX category, in particular due to itsgood performance for Horn problems. We also hope to improve in the UEQ category, although weprobably will not nearly reach the performance of Waldmeister.EP˚0.62 will be hampered by the fact that it has to reconstruct proofs in a post-processing step thattypically usually uses at least the same amount of time as the proof search itself. This is particularlygrave because E is able to find a relatively large number of proofs late in the proof search.E’s auto mode is optimized for performance on the TPTP 2.3.0. The optimization is based on a fairlylarge number of test runs and consists of the selection of one of about 50 different strategies for eachproblem.6.5. E-SETHEO csp01R. Letz, S. Schulz, G. StenzInstitut f�r Informatik, Technische Universit�t M�nchen6.5.1. ArchitectureE-SETHEO is a compositional theorem prover for formulae in first order clause logic, combining thesystems E [Sch99] and SETHEO [MI+97]. It incorporates different calculi and proof procedures likesuperposition, model elimination and semantic trees (the DPLL procedure). Furthermore, the systemcontains transformation techniques which may split the formula into independent subparts or whichmay perform a ground instantiation. Finally, advanced methods for controlling and optimizing thecombination of the subsystems are applied. E-SETHEO additionally includes the program Flotter[WGR96] as a preprocessing module for transforming non-clausal formulae to clausal form.Since version 99csp of E-SETHEO, the different strategies are run sequentially, one after the other,depending on the allocation of resources to the different strategies, so-called schedules, which havebeen computed from experimental data using machine learning techniques as described in [SW99].Schedule selection depends on syntactic characteristics of the input formula. E-SETHEO csp01incorporates the disconnection prover DCTP [LS01] as a new strategy as well as a new version of theE prover.6.5.2. ImplementationAccording to the diversity of the contained systems, the modules of E-SETHEO are implemented indifferent programming languages like C, Prolog, Scheme, and Shell tools.The program runs under Solaris 2.6. Sources are available freely.6.5.3. Expected Competition PerformanceWe expect E-SETHEO to perform well in all categories it participates in.

Proceedings of the IJCAR ATP System CompetitionPage 146.6. Gandalf and GandalfFOF c-2.3T. TammetTallinn Technical University, Estoniatammet@cc.ttu.ee6.6.1. ArchitectureGandalf version "c" stands for the Gandalf for classical logic. Special versions for intuitionistic logicand type theory exist but are not covered here.Gandalf is a reolsution prover which implements a number of different basic strategies: binary orderedresolution for several orderings, versions of set-of-support resolution, binary unit resolution,hyperresolution. Enhancements are used for cutting off literals and combining different strategies, inparticular forward and backward reasoning, into one run. Equality is handled by orderedparamodulation and demodulation.The basic idea of the automatic mode in Gandalf is time-slicing: Gandalf selects a set of differentsearch strategies, allocates time to these and finally runs the strategies one after another. Themotivation is the following: since it is very hard to determine a suitable strategy by some heuristicprocedure, it pays off to try a number of possibly suitable strategies. The selection of strategies and thepercentage of time they receive is in a some what ad hoc way based on the characteristics of theproblem: percentage of Horn and almost-Horn clauses, the number of clauses, percentage of clauseswhere literals can be ordered using term and variable depths.GandalfFOF c-2.3 is a pipeline consisting of Otter [McC94], which converts the problem to CNF, andGandalf c-2.3.Some relevant publications are: [Tam97, Tam98, TS98]6.6.2. ImplementationGandalf is implemented in Scheme, using the scm interpreter developed by A. Jaffer and the Scheme-to-C compiler Hobbit developed by T. Tammet for the scm system.6.6.3. Expected Competition PerformanceGandalf is likely to do well in the non-Horn-with-equality subclass of problems. It is likely to havemediocre performance in the general mixed class, and poor performance in the pure equality class.6.7. GandalfSat 1.0T. TammetTallinn Technical University, Estoniatammet@cc.ttu.ee6.7.1. ArchitectureGandalfSat is a special version of the Gandalf theorem prover, optimised for satisifiability checking.Essentially it contains the same code as Gandalf, but uses different default search strategies to Gandalf.Ordinary Gandalf is a resolution prover which implements a number of different basic strategies:binary ordered resolution for several orderings, versions of set-of-support resolution, binary unitresolution, hyperresolution. Enhancements are used for cutting off literals and combining differentstrategies, in particular forward and backward reasoning, into one run. Equality is handled by orderedparamodulation and demodulation.GandalfSat uses time-slicing similarly to ordinary Gandalf. It attempts hyperresolution, orderedresolution based on [FL+93] results, and two kinds of finite model building algorithms (Falcon-likeand MACE-like) for attempting to show satisfiability.Some relevant publications are: [FL+93, Tam97, TS98].

Proceedings of the IJCAR ATP System CompetitionPage 156.7.2. ImplementationGandalf is implemented in Scheme, using the scm interpreter developed by A. Jaffer and the Scheme-to-C compiler Hobbit developed by T. Tammet for the scm system.6.8. GandalfSat 1.1T. TammetTallinn Technical University, Estoniatammet@cc.ttu.ee6.8.1. ArchitectureGandalfSat is a special version of the Gandalf theorem prover, optimised for satisifiability checking.Essentially it contains the same code as Gandalf, but uses different default search strategies to Gandalf.Ordinary Gandalf is a resolution prover which implements a number of different basic strategies:binary ordered resolution for several orderings, versions of set-of-support resolution, binary unitresolution, hyperresolution. Enhancements are used for cutting off literals and combining differentstrategies, in particular forward and backward reasoning, into one run. Equality is handled by orderedparamodulation and demodulation.GandalfSat uses time-slicing similarly to ordinary Gandalf. It attempts hyperresolution, orderedresolution based on [FL+93] results, and two kinds of finite model building algorithms (Falcon-likeand MACE-like) for attempting to show satisfiability.Some relevant publications are: [FL+93, Tam97, TS98].6.8.2. ImplementationGandalf is implemented in Scheme, using the scm interpreter developed by A. Jaffer and the Scheme-to-C compiler Hobbit developed by T. Tammet for the scm system.6.8.3. Expected Competition PerformanceWe expect it to be among the better provers for satisfiability checking.6.9. MUSCADET v2.3D. PastreUniversit� Ren� Descartes (Paris 5), France6.9.1. ArchitectureThe MUSCADET theorem prover is a knowledge-based system. It is based on Natural Deduction,following the terminology of [Ble71] and [Pas78], and uses methods which resembles those used byhumans. It is composed of an inference engine, which interprets and executes rules, and of one orseveral bases of facts, which are the internal representation of "theorems to be proved". Rules areeither universal and put into the system, or built by the system itself by metarules from data(definitions and lemmas). Rules may add new hypotheses, modify the conclusion, create objects, splittheorems into two or more subtheorems or build new rules which are local for a (sub-)theorem.There are specific strategies for existential, universal, conjonctive or disjunctive hypotheses andconclusions. Functional symbols may be used, but an automatic creation of intermediate objects allowsdeep subformulae to be flattened and treated as if the concepts were defined by predicate symbols. Thesuccessive steps of a proof may be forward deduction (deduce new hypotheses from old ones),backward deduction (replace the conclusion by a new one) or refutation (only if the conclusion is anegation).The system is also able to work with second order statements. It may also receive knowledge andknow-how for a specific domain from a human user; see [Pas89] and [Pas93]. These two possibilitiesare not used while working with the TPTP Library.

Proceedings of the IJCAR ATP System CompetitionPage 166.9.2. ImplementationMUSCADET 2 [Pas01] is implemented in SWI-Prolog. Rules are written as declarative Prologclauses. Metarules are written as sets of Prolog clauses, more or less declarative. The inference engineincludes the Prolog interpreter and some procedural Prolog clauses. MUSCADET 2.3 can be obtainedfrom:6.9.3. Expected Competition PerformanceThe best performances of MUSCADET will be for problems manipulating many concepts in which allstatements (conjectures, definitions, axioms) are expressed in a manner similar to the practice ofhumans, especially of mathematicians. It will have poor performances for problems using fewconcepts but large and deep formulas leading to many splittings.6.10. Otter-MACE 3.2-2.0W. McCuneArgonne National Laboratory, USAmccune@mcs.anl.gov6.10.1. ArchitectureOtter 3.2 [McC94, McC00b, MW97] and MACE 2.0 [McC01, McC00a] are introduced in this section.It describes the calculus, inference rules, and search control used. Both programs apply to statementsin first-order (unsorted) logic with equality. The two programs are independent and work bycompletely different methods. (In practice, the programs are complementary.) Otter is based onresolution and paramodulation applied to clauses; an Otter search uses the ‘‘given clause algorithm’’and typically involves a large database of clauses; subsumption and demodulation play an importantrole. Roughly speaking, MACE works as follows. For a given domain size, an equivalent propositionalproblem is constructed and a Davis-Putnam-Loveland-Logeman decision procedure is applied. MACEtypically cannot handle clauses with many variables or deeply nested terms.6.10.2. ImplementationThe programs are written in C and accept the same input files. Otter uses shared data structures forclauses and terms, and it uses indexing for resolution, paramodulation, forward and backwardsubsumption, forward and backward demodulation, and unit conflict. MACE is much simpler thanOtter; its Davis-Putnam-Loveland-Logeman procedure uses a counting algorithm to do the unitresolutions, and forward subsumption is not applied.6.10.3. Expected Competition PerformanceOtter’s original automatic mode, which reflects no tuning to the TPTP problems, will be used. Otter isespecially ineffective on non-Horn problems, so it is not expected to do well on the NNE or NEQcategories. Otter’s performance in the other categories should be acceptable. MACE won the SATdivision at the 1999 CASC and should do well on the SAT problems this year.Acknowledgments: Ross Overbeek, Larry Wos, Bob Veroff, and Rusty Lusk contributed to thedevelopment of Otter. MACE was motivated by previous work of John Slaney, Mark Stickel, andHantao Zhang.6.11. PizEAndSATO 0.1G. Sutcliffe1, S. Schulz21University of Miami, USA, 2Technische Universit�t M�nchengeoff@cs.miami.edu, schulz@informatik.tu-muenchen.de6.11.1. ArchitecturePizEAndSATO is a system for CNF first order problems with a finite Herbrand universe. It isimplemented by combining the ground-instance generating program with the propositional proverSATO.

Proceedings of the IJCAR ATP System CompetitionPage 17PizE is currently a very simple program. It systematically enumerates all ground instances of a clauseset with a finite Herbrand universe. The program is not yet very much optimized. There are only twotechniques implemented to cut down on the number of instances generated. First, PizE will split clauseinput clauses that can be partitioned into variable-disjoint subsets. Secondly, it performs forward unitsubsumption and forward unit resolution on the generated ground instances to simplify the formulaand to reduce the amount of memory used.SATO [ZS00], is a highly optimized implementation of the Davis-Putnam-Loveland-Logemannprocedure. SATO is well known and has been sucessfully applied in a variety of challengingpropositional domains.PizE and SATO are combined with a shell script called And.6.11.2. ImplementationPizE is implemented in ANSI C. It is based on the E [Sch01] libraries, shares a large amount of codewith E, and will be bundled with future releases of E. Since E is optimized for the first order case,clause representation in PizE is far from optimal for propositional clauses. SATO is implemented in C.It implements its own highly efficient data structures and algorithms.6.11.3. Expected Competition PerformanceWe expect a reasonable performance in the EPR division. Testing indicates that the only problems thathave very many clauses instances are beyond PizEAndSATO’s reach, because PizE runs out ofmemory.6.12. SCOTT 6K. Hodgson, J. SlaneyAutomated Reasoning Project, Australian National University{kahlil, jks}@arp.anu.edu.au6.12.1. ArchitectureSCOTT (Semantically Constrained OTTER) [HS99] is an extension of OTTER [McC94] and uses thesame inference rules and overall proof search structure. This extension incorporates FINDER [Sla94](a finite model generator) as a subsystem of OTTER in order to determine consistent subsets of theclause space. These consistent subsets are used to guide the proof search by increasing the likelihoodthat certain necessary inferences are made. (This can be seen to loosely generalize the set of supportstrategy). Not all consistent subsets are created equal, with different collections providing differentlevels of guidance, and so a number of strategies for determining which collections provide the bestguidance have been developed. These incorporate theoretical estimates of the guidance provided andthe corresponding cost incurred, enabling us to manage the trade-off much more effectively than inprevious versions of SCOTT.6.12.2. ImplementationSCOTT is written in C. It uses the existing program OTTER to perform the proof search andadditional code to determine which clauses should be chosen for inference. This additional code callsthe existing program FINDER in order to witness the consistency of particular sets of clauses. Thesystem may be obtained from:6.12.3. Expected Competition PerformanceIn principle SCOTT should perform at least as well as OTTER across all parts of the MIX and UEQdivisions, if only because it has OTTER as a subroutine. However, searching for models and testingclauses against them can be costly, and so SCOTT may perform poorly if the time-limit is too severe.Preliminary results show that, SCOTT-6 out performs SCOTT-5, so we expect an improvement on theperformance in CASC-17. Overall, we expect good performance in comparison with cognate systemsthat employ relatively naive guidance.

Proceedings of the IJCAR ATP System CompetitionPage 186.13. Vampire 1.0A. Riazanov, A. VoronkovComputer Science Department, The University of Manchester{riazanoa,voronkov}@cs.man.ac.uk6.13.1. ArchitectureVampire 1.0 is an automatic theorem prover for first-order classical logic. It implements the calculi ofordered binary resolution, hyperresolution and superposition for handling equality. The splitting rule issimulated by introducing new predicate symbols. A number of standard redundancy criteria andsimplification techniques is used for pruning the search space: subsumption, tautology deletion,subsumption resolution and rewriting by ordered unit equalities. The only term ordering used inVampire at the moment is a special version of the Knuth-Bendix ordering which allows efficientapproximation algorithms for solving ordering constraints. The competition version will exploit anumber of simple preprocessing techniques, such as elimination of simple predicate and functiondefinitions. A number of efficient indexing techniques is used to implement all major operations onsets of terms and clauses, such as an improved version of code trees [Vor95] for forward subsumptionand a combination of path indexing [Sti89] and database joins for backward subsumption.6.13.2. ImplementationVampire 1.0 is implemented in C++ and can be compiled by 2.91 or newer versions of gcc. Thebinaries for Solaris and Linux are available from the authors, for details see:6.14. Vampire 2.0 and Vampire CASC-JCA. Riazanov, A. VoronkovComputer Science Department, The University of Manchester{riazanoa,voronkov}@cs.man.ac.uk6.14.1. ArchitectureVampire 2.0 is an automatic theorem prover for first-order classical logic. It implements the calculi ofordered binary resolution, hyperresolution, and superposition for handling equality. The splitting ruleis simulated by introducing new predicate symbols. A number of standard redundancy criteria andsimplification techniques are used for pruning the search space: subsumption, tautology deletion,subsumption resolution and rewriting by ordered unit equalities. The only term ordering used inVampire at the moment is a special version of the Knuth-Bendix ordering which allows efficientapproximation algorithms for solving ordering constraints. A number of efficient indexing techniquesare used to implement all major operations on sets of terms and clauses, such as an improved version[RV00] of code trees [Vor95] for forward subsumption, and a combination of path indexing [Sti89]and database joins for backward subsumption.Compared to Vampire 1.0 that participated in the previous competition, this version has many moreliteral selection functions, more flexible splitting without backtracking and improved memorymanagement. The automatic mode of Vampire 2.0 is primitive, it recognises only very simple syntacticproperties of the input problem, like the presence of equality or non-Horn clauses. In the preprocessingstage it exploits a number of primitive techniques, such as elimination of simple predicate and functiondefinitions.VampireCASC-JC is a version based on Vampire 2.0, specialized to win the competition. To adjust thestrategy it estimates the problem by checking some syntactic properties, such as presence ofmultiliteral, non-Horn and ground clauses, equations and nonequational literals. Additionally weconsider such quantitative characteristics as the number of axioms, literals, small and large terms.

Proceedings of the IJCAR ATP System CompetitionPage 196.14.2. ImplementationVampire 2.0 is implemented in C++ and can be compiled by 2.91 or newer versions of gcc. Thebinaries for Solaris and Linux are available from the authors, for details see:6.14.3. Expected Competition PerformanceWe expect VampireCASC-JC to perform much better than Vampire 2.0.6.15. Waldmeister 600T. Hillenbrand, A. Jaeger, B. L�chner, and A. BuchFB Informatik, Universit�t Kaiserslautern6.15.1. ArchitectureWaldmeister 600 [HJL99] is an implementation of unfailing Knuth-Bendix completion [BDP89]. Thesystem architecture is built on a stringent distinction of active facts (selected rewrite rules) and passivefacts (critical pairs): Firstly, only the active facts induce the normalization relation. Secondly, thepassive facts are normalized not permanently, but on generation only. The saturation cycle isparameterized by a reduction ordering and a heuristic assessment of passive facts. The controlparameters are chosen according to the algebraic structure given in the problem specification [HJL99].Recent developments include the integration of the kernel strategy [HL00] as well as extensionstowards ordered completion, but are still in progress.6.15.2. ImplementationThe system is implemented in ANSI-C and runs under SunOS, Solaris and Linux. Refined perfectdiscrimination trees are employed to index the active facts, whereas the passive facts are stored in acompressed representation. The hypotheses are blown up to sets of rewrite successors and sometimespredecessors. A step-by-step proof object is constructed at run-time. Waldmeister can be found on theWeb at:6.16. Waldmeister 601T. Hillenbrand1, B. L�chner2, A. Jaeger, and A. Buch1Max-Planck-Institut f�r Informatik Saarbr�cken, 2Universit�t Kaiserslautern6.16.1. ArchitectureWaldmeister is a system for unit equational deduction. Its theoretical basis is unfailing completion inthe sense of [BDP89] with refinements towards ordered completion. The prover saturates the inputaxiomatization in a repeated cycle that works on a set of active resp. passive facts. The selection of thereduction ordering and the heuristical guidance of the proof search are described in [HJL99].Since last year’s version, stronger redundancy criteria have been integrated, including groundjoinability tests with ordering constraints on variables [AHL00]. In several problem domains thistechnique is helpful especially for harder proof tasks. Some restructuring of the prover is on the way toalso include an implementation of confluence trees with full ordering constraints [AL01]; but furtherwork is necessary to have them speed up the proof search.6.16.2. ImplementationThe prover is coded in ANSI-C and available for SunOS, Solaris and Linux. The set of active facts isrepresented by perfect discrimination trees. Stimulated by the evaluation of indexing techniquesreported on in [NH+01], the implementation of these has somewhat been improved. The storage ofpassive facts, and the treatment of hypotheses have remained unchanged. The Waldmeister Web pageis located at:

Proceedings of the IJCAR ATP System CompetitionPage 206.16.3. Expected Competition PerformanceOnce again, the Waldmeister system being that powerful already, we hope to improve over last year’sversion in some problem domains.7. The CADE-JC ATP System Competition is the sixth large scale competition for 1st order ATPsystems. The organizers believe that CASC-JC fulfills its main motivations: stimulation of research,motivation for improving implementations, evaluation of relative capabilities of ATP systems, andproviding an exciting event. The design changes for CASC-JC, particularly the introduction of theMIX Proof class, and the use of unseen problems, are expected to provide extra interest and furthercontribute to the evaluation of the systems.For the entrants, their research groups, and their systems, there is substantial publicity both within andoutside the ATP community. The significant efforts that have gone into developing the ATP systemsreceive public recognition; publications, which adequately present theoretical work, have not been ableto expose such practical efforts appropriately. The competition provides an overview of whichresearchers and research groups have decent, running, fully automatic ATP systems.8. Appendix: Motivations for Design Changes8.1. Discontinuance of the SEM DivisionAlthough the SEM division was well motivated, and at CASC-16 many entrants expressed an interestand desire for such a division, at CASC-17 no systems were especially tuned to the chosen applicationdomain of set theory. Therefore:• The SEM division has not been continued.8.2. Addition of the EPR DivisionThere are many CNF problems, often from ’real world’ applications, that have a finite HerbrandUniverse. These problems can be converted to propositional problems, by generating all groundinstances of the clauses and assigning a proposition to each unique ground atom. Such problems aredecidable, and may be tackled using 1st order techniques, or by conversion to propositional form andusing propositional techniques. Some approaches are capable of deciding such problems, while otherscan only determine that the clause set is unsatisfiable, and others can only determine that the clause setis satisfiable. It would be interesting to evaluate and compare the 1st order and propositionalapproaches. The addition of propositional systems to CASC would also contribute to making CASC astimulating event. Therefore:• CASC-JC has an EPR division, using problems with a finite Herbrand Universe.• The EPR division has two categories:• The EPT category: Effectively Propositional Theorems (unsatisfiable clauses)• The EPS category: Effectively Propositional non-theorems (Satisfiable clauses)8.3. Two Classes in the MIX DivisionATP systems have three main types of successful output:• A logical solution: For theorems, proofs in which each formula is either an input formula, or deduced (followingthe semantics of the logic) from the input formulae and other deduced formulae.• For non-theorems, models.• A meta-solution, that proves that there is a logical solution. Refutations are meta-solutions.• An assurance ("yes") that there is a logical solution.For theorems, logical solutions and meta-solutions are collectively called proof objects.

Proceedings of the IJCAR ATP System CompetitionPage 21There is evidence that for some applications of ATP there is a need for the production of logical ormeta-solutions, and that the output must be produced as part of the system run, i.e., the production ofthe solution cannot be deferred to a later run of the system. The need for output as part of the firstsystem run appears to come mainly from applications whose problems are CNF theorems that wouldfall into the MIX division, i.e., there is a demand for the production of proof objects.Current systems’ proof objects vary in format and level of detail. For CNF theorems, many systemsoutput at least a refutation, and the ATP community is experienced in examining these. For this type ofproblem, it therefore seems possible to say whether or not a system’s proof objects are acceptable. ForFOF theorems, most decent current systems convert the problem to CNF and work with the CNF. Theoutput, although acceptable wrt the CNF, may not be meaningful in terms of the original FOFproblem. For non-theorems, finite models can be easily presented, while for non-finite models thesituation is less clear.Therefore, CASC-JC ensures the appropriate recognition of the production of acceptable proof objects:• The MIX division has two classes: The class: Ranked according to the number of assurances of the existence of a proof(the only class used up to CASC-17).• The Proof class: Ranked according to the number of acceptable proof objects output. For the Proof class, only acceptable proof objects count towards winning. Entrants who wish to beeligible for winning the Proof class must supply representative samples of their proof objects beforethe competition. The competition panel decides whether or not a system’s proof objects areacceptable. The proof objects from the winner of the Proof class are checked by the panel. If any of the proofobjects are unacceptable, i.e., they are significantly worse than the samples provided, then thatsystem is retrospectively disqualified from the Proof class.8.4. Two categories in the SAT divisionVarious ATP systems and techniques have been observed to be particularly well suited to problemswith certain syntactic characteristics. Due to this specialization, empirical evaluation of ATP systemsmust be done in the context of problems that are reasonably homogeneous with respect to the systems.This motivates the syntactically defined divisions and categories of CASC. Evaluation of ATP systemswithin such divisions and categories makes it possible to say which systems work well for what typesof problems. This identifies specialist capabilities of ATP systems, while general capabilities can beinferred from the separate division and category capabilities.Recent analysis of ATP systems’ performances on problems in the SAT division has shown that thereis specialization between problems with equality and problems without equality. It is thereforeappropriate to separate these two types of problems in the SAT division, so that the specialistcapabilities can be observed.Therefore:• The SAT divsion has two categories:• The SNE category: SAT with no Equality• The SEQ category: SAT with Equality8.5. Non-availability of the TPTP version usedOver the last few CASCs there has been an increase in the extent to which systems have been tuned tothe TPTP problems that have been likely to be eligible for use. This is problematic, as these sets ofproblems have been small in some categories/divisions, and thus tuning has become close toprecomputation and storage of information for individual TPTP problems.Various mechanisms have been proposed to limit the extent of the tuning for CASC, e.g., a limit on thenumber of strategies from which a system may select, based on problem characteristics. The mostdirect approach, one that corresponds directly to ensuring that "work done using the TPTP should alsobe useful in a broader context" (as discussed at the CASC panel at CADE-17), is to include unseen

Proceedings of the IJCAR ATP System CompetitionPage 22problems in CASC. Previously this was not possible, because the CASC organizers did not have theresources to independently evaluate the difficulty, and hence eligibility, of new problems. Rather theyrelied on performance data kindly submitted by developers. That in turn made it necessary to make theproblems available in a TPTP release well in advance of CASC, and hence also available for tuning.This situation has now changed, as thanks to the Australian government the organizers now havealmost dedicated use of a new 4 CPU SUN, so that new problems can be evaluated privately, withoutmaking the problems publically available.Therefore:• CASC-JC will use TPTP v2.4.0, or a patch thereof. The TPTP version used for the competition is not released until after the system installationdeadline, so that some problems have not been previously seen by the entrants. The selection mechanism is biased to ensure that up to 50% of the problems in each category areunseen. (The percentage is dependent on how many new problems are eligible in the category. It isalso limited by the mechanism that prevents having an excessive number of very similar problemsin any category.)This change means that it is disadvantagous to tune excessively to previously available TPTPproblems. Rather, systems that are fundamentally strong, and whose strategies are useful beyondpreviously used test problems, should succeed. Currently there are over 1600 problems prepared forTPTP v2.4.0 that are not in TPTP v2.3.0. We hope that many more will be contributed before TPTPv2.4.0 is finalized. (But note, because of the random selection of problems in CASC and themechanism for avoiding many similar problems, it is impossible to bias the competition by submittinglarge numbers of problems that are solved by only some particular system.)8.6. Eligibility of Non-standard ProblemsThe TPTP distinguishes versions of problems as one of standard, incomplete, augmented, especial, orbiased. Previously, only standard and especial problems were eligible for use in CASC. Incompleteand augmented problems were excluded, as there was a perceived danger that the modifications thatmake the problems incomplete or augmented were made with a particular ATP system in mind, i.e.,the problems were considered to be potentially biased. Recent discussions have led to the conclusionthat the modifications would generally be effective for all ATP systems, and that the problems aretherefore not biased. Therefore:• All except biased problems are eligible.8.7. Changes to required System PropertiesThe ATP systems entered into CASC are run in various ways by the competition organizers, firstly toensure that they have the required properties, and of course subsequently in the competition itself. Inthese runs problems with various strange names are used, and it is necessary that the ATP systems arerobust to these. Therefore:• No assumptions may be made about the format of the problem file name.In the competition divisions a wall clock time limit is imposed in addition to the CPU time limit, toprevent very high memory usage that causes swapping. The wall clock time limit is double the CPUtime limit, and is imposed by sending a SIGALRM when the wall clock time limit is reached.Therefore: The ATP systems that run on the general hardware have to be interruptable by a SIGALRM signal,so that the wall clock time limit can be imposed on each solution attempt.In the MIX division, the system that outputs the most acceptable proof objects (maximally one perproblem solved) to is the winner of the Proof class. It is necessary that the proofs be easilyidentifiable, so that their acceptability can be verified. Therefore: When outputing proofs for the MIX division proof class, the start and end of the proof must beidentified by distinguished strings (specified by the entrant).

Proceedings of the IJCAR ATP System CompetitionPage 23Execution of the ATP systems on the general hardware is controlled by a script. The jobs arequeued onto the workstations so that each workstation is running one job at a time. This means thatmultiple copies of the ATP systems have to be executable concurrently on different machines but inthe same (NFS cross mounted) directory. Previously the competition organizers have had to modifymany of the ATP systems to make this possible. Now the responsibility has been transferred to theentrants. Multiple copies of the ATP systems have to be executable concurrently on different machines but inthe same (NFS cross mounted) directory.9. ReferencesAHL00Avenhaus J., Hillenbrand T., L�chner B. (2000), On Using Ground Joinable Equations inEquational Theorem Proving, Baumgartner P., Zhang H., Proceedings of the 3rdInternational Workshop on First Order Theorem Proving (St Andrews, Scotland), pp.33—43.AL01Avenhaus J., L�chner B. (2001), System Description: CCE: Testing Ground Joinability,Gore R., Leitsch A., Nipkow T., Proceedings of the International Joint Conference onAutomated Reasoning (Siena, Italy), Lecture Notes in Artificial Intelligence, Springer-Verlag.BDP89Bachmair L., Dershowitz N., Plaisted D.A. (1989), Completion Without Failure, Ait-KaciH., Nivat M., Resolution of Equations in Algebraic Structures, pp.1-30, Academic Press.Bil96Billon J-P. (1996), The Disconnection Method: A Confluent Integration of Unification inthe Analytic Framework, Miglioli P., Moscato U., Mundici D., Ornaghi M., Proceedings ofTABLEAUX’96: the 5th Workshop on Theorem Proving with Analytic Tableaux and Related (Palermo, Italy), pp.110-126, Lecture Notes in Artificial Intelligence 1071,Ble71Bledsoe W.W. (1971), Splitting and Reduction Heuristics in Automatic TheoremProving, Artificial Intelligence 2, pp.55-77.FL+93Ferm�ller C., Leitsch A., Tammet T., Zamov N. (1993), Resolution Methods for theDecision Problem, Lecture Notes in Computer Science 679, Springer-Verlag.GS96Greiner M., Schramm M. (1996), A Probablistic Stopping Criterion for the Evaluation of, I9638, Institut f�r Informatik, Technische Universit�t M�nchen, M�nchen,Germany.HJL99Hillenbrand T., Jaeger A., L�chner B. (1999), Waldmeister - Improvements inPerformance and Ease of Use, Ganzinger H., <EM>Proceedings of the 16th InternationalConference on Automated Deduction (Trento, Italy), pp.232-236, Lecture Notes in ArtificialIntelligence 1632, Springer-Verlag.HL00Hillenbrand T., L�chner B. (2000), Shorter Fixed Point Combinators with Waldmeisterand the Kernel Strategy, AAR Newsletter 46.HS99Hodgson K., Slaney J.K. (1999), Semantic Guidance with SCOTT, Technical Report TR-ARP-01-99, Automated Reasoning Project, Australian National University, Canberra,Australia.LS01Letz R., Stenz G. (2001), System Description: DCTP - A Disconnection CalculusTheorem Prover, Gore R., Leitsch A., Nipkow T., Proceedings of the International JointConference on Automated Reasoning (Siena, Italy), Lecture Notes in Artificial Intelligence,MW97McCune W.W., Wos L. (1997), Otter: The CADE-13 Competition Incarnations, Journalof Automated Reasoning 18(2), pp.211-220.McC94McCune W.W. (1994), Otter 3.0 Reference Manual and Guide, Technical Report ANL-94/6, Argonne National Laboratory, Argonne, USA.McC00aMcCune W.W. (2000), MACE: Models and Counterexamples

Proceedings of the IJCAR ATP System CompetitionPage 24McC00bM c C u n e W . W . ( 2 0 0 0 ) , O t t e r : A n A u t o m a t e d D e d u c t i o n S y s t e m McC01McCune W.W. (2001), MACE 2.0 Reference Manual and Guide, ANL/MCS-TM-249,Argonne National Laboratory, Argonne, USA.MI+97Moser M., Ibens O., Letz R., Steinbach J., Goller C., Schumann J., Mayr K. (1997),SETHEO and E-SETHEO: The CADE-13 Systems, Journal of Automated Reasoning18(2), pp.237-246.NH+01Nieuwenhuis R., Hillenbrand T., Riazanov A., Voronkov A. (2001), On the Evaluation ofIndexing Techniques for Theorem Proving, Gore R., Leitsch A., Nipkow T., of the International Joint Conference on Automated Reasoning (Siena, Italy), Lecture Notesin Artificial Intelligence, Springer-Verlag.Pas78Pastre D. (1978), Automatic Theorem Proving in Set Theory, Artificial Intelligence 10,pp.1-27.Pas89Pastre D. (1989), M U S C A D E T : A n A u t o m a t i c T h e o r e m P r o v i n g S y s t e m u s i n g Knowledge and Metaknowledge in Mathematics, Artificial Intelligence 38, pp.257-318.Pas93Pastre D. (1993), Automated Theorem Proving in Mathematics, Annals of Mathematicsand Artificial Intelligence 8, pp.425-447.Pas01P a s t r e D . ( 2 0 0 1 ) , M U S C A D E T v e r s i o n 2 . 3 : U s e r ’ s M a n u a l ,.RV00Riazanov A., Voronkov A. (2000), Partiallly Adaptive Code Trees, Ojeda-Aciego M., deGuzman I., Brewka G., Pereira L., Proceedings of the 7th European Workshop on Logics inArtificial Inteligence (Malaga, Spain), pp.209-223, Lecture Notes in Artificial Intelligence1919, Springer-Verlag.Sch99S c h u l z S . ( 1 9 9 9 ) , System Abstract: E 0.3, Ganzinger H., P r o c e e d i n g s o f t h e 1 6 t h International Conference on Automated Deduction (Trento, Italy), pp.297-301, Lecture Notesin Artificial Intelligence 1632, Springer-Verlag.Sch01Schulz S. (2001), System Abstract: E 0.61, Gore R., Leitsch A., Nipkow T., Proceedings ofthe International Joint Conference on Automated Reasoning (Siena, Italy), Lecture Notes inArtificial Intelligence, Springer-Verlag.Sla94Slaney J.K. (1994), F i n i t e D o m a i n E n u m e r a t o r , S y s t e m D e s c r i p t i o n , B u n d y A . , Proceedings of the 12th International Conference on Automated Deduction (Nancy, France),pp.764-768, Lecture Notes in Artificial Intelligence 814, Springer-Verlag.SW99Stenz G., Wolf A. (1999), E-SETHEO: Design, Configuration and Use of a ParallelAutomated Theorem Prover, Foo N., Proceedings of AI’99: The 12th Australian JointConference on Artificial Intelligence (Sydney, Australia), pp.231-243, Lecture Notes inArtificial Intelligence 1747, Springer-Verlag.Sti89Stickel M.E. (1989), The Path Indexing Method for Indexing Terms, Technical Note 473,SRI International, Menlo Park, USA.SS97aSutcliffe G., Suttner C.B. (1997), Special Issue: The CADE-13 ATP System Competition,Journal of Automated Reasoning 18(2).SS98aSutcliffe G., Suttner C.B. (1998), The CADE-14 ATP System Competition, TechnicalReport 98/01, Department of Computer Science, James Cook University, Townsville,Australia.SS98bSutcliffe G., Suttner C.B. (1998), Proceedings of the CADE-15 ATP System Competition,Lindau, Germany.SS98cSutcliffe G., Suttner C.B. (1998), The TPTP Problem Library: CNF Release v1.2.1,Journal of Automated Reasoning 21(2), pp.177-203.SS99Sutcliffe G., Suttner C.B. (1999), The CADE-15 ATP System Competition, Journal ofAutomated Reasoning 23(1), pp.1-23.

Proceedings of the IJCAR ATP System CompetitionPage 25Sut99Sutcliffe G. (1999), Proceedings of the CADE-16 ATP System Competition, Trento, Italy.Sut00aSutcliffe G. (2000), The CADE-16 ATP System Competition, Journal of AutomatedReasoning 24(3), pp.371-396.Sut00bSutcliffe G. (2000), Proceedings of the CADE-17 ATP System Competition, Pittsburgh,USA.Sut01Sutcliffe G. (To appear), The CADE-17 ATP System Competition, Journal of AutomatedReasoning.SS01Sutcliffe G., Suttner C.B. (To appear), Evaluating General Purpose Automated TheoremProving Systems, Artificial Intelligence.SS97bSuttner C.B., Sutcliffe G. (1997), The Design of the CADE-13 ATP System Competition,Journal of Automated Reasoning 18(2), pp.139-162.SS98dSuttner C.B., Sutcliffe G. (1998), The CADE-14 ATP System Competition, Journal ofAutomated Reasoning 21(1), pp.99-134.Tam97Tammet T. (1997), Gandalf, Journal of Automated Reasoning 18(2), pp.199-204.Tam98Tammet T. (1998), Towards Efficient ATPProgress, Kirchner C., Kirchner H., Proceedingsof the 15th International Conference on Automated Deduction (Lindau, Germany), pp.427-440, Lecture Notes in Artificial Intelligence 1421, Springer-Verlag.TS98Tammet T., Smith J. (1998), Optimised Encodings of Fragments of Type Theory in FirstOrder Logic, Journal of Logic and Computation 8(6), pp.713-744.Vor95Voronkov A. (1995), The Anatomy of Vampire, Journal of Automated Reasoning 15(2),pp.237-265.WGR96Weidenbach C., Gaede B., Rock G. (1996), SPASS and FLOTTER, McRobbie M., SlaneyJ.K., Proceedings of the 13th International Conference on Automated Deduction (NewBrunswick, USA), pp.141-145, Lecture Notes in Artificial Intelligence 1104, Springer-Verlag.ZS00Zhang H., Stickel M. (2000), Implementing the Davis-Putnam Method, Journal ofAutomated Reasoning 24(1/2), pp.277-296.