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1 Overview
The Interoperable Knowledge Representation for Intelligence Support (IKRIS) project explored methods to practically represent knowledge that is relevant to intelligence analysis tasks in a form that enhances automated support for analysts and to enable interoperability of knowledge representation (KR) technology developed by multiple organizations for multiple DTO
 and Intelligence Community (IC) programs. This document describes the approach used to evaluate the knowledge representation standards, protocols, and technologies developed within the IKRIS project and the results obtained. These evaluations were informal in nature, with the overall goal of assessing the degree to which IKRIS standards, protocols, and technologies address requirements identified through sample analysis tasks.  This document discusses the goals of evaluation, and summarizes the evaluation approach implemented, and then presents a summary of results followed by detailed results in attached appendices. 
2 Evaluation Process
The IKRIS technical working groups had independent goals and distinct outcomes so an evaluation spanning all the IKRIS results would have been difficult to prepare and of limited value. Instead, separate evaluations were conducted to assess the results of the Interoperability and Context working groups.  The Scenarios working group result, ISIT, was not completed in time to perform a meaningful evaluation.  The evaluation processes for the Interoperability and Context working groups are discussed below with results presented in the following sections.  
2.1 Interoperability 

The IKRIS effort defined an interoperable knowledge representation language (IKL) and a collection of translators between IKL and various target representation languages.  Evaluation of these results were designed to assess the degree to which IKL is capable of representing the necessary artifacts of interest in intelligence analysis (key entities, relationships, scenarios, events, locations, time periods, etc.) and the ability to reliably translate between IKL and the representation languages used by reasoning systems.  Towards that end, three systems from the Novel Intelligence from Massive Data (NIMD) program were used as part of the evaluation effort:

· Noöscape from the Cycorp team.
· Slate from the RPI/Booz-Allen team.

· Knowledge Associates for Novel Intelligence (KANI) from the Stanford/IBM/Battelle team.

Each of these systems had previously represented significant portions of Frank Hughes’ Case Study #4 for demonstration purposes. As a result, each project could identify the artifacts it found necessary to represent in order to support automated reasoning.  Representation of those artifacts, in turn, is deemed sufficient for determining whether IKL is suitably representative for intelligence analysis tasks.

Interoperability was evaluated via a multi-step evaluation process that includes sequentially more robust evaluations of the representation language and the translators developed to transform between IKL and the representation languages used by Noöscape, Slate, and KANI.

2.1.1 The Round-Trip Test

In the first test, a knowledge base (Г) in one of the test systems were translated into IKL, then back into the original representation language to create a new knowledge base (Г*).  The entailments of both Г and Г* were compared and the translation deemed successful if they matched. That is, Г and Г* need not be syntactically identical for the translation to be successful, as long as the system under evaluation provides the same functionality with either knowledge base.  
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Figure 1. The Round-Trip Test 

These tests were performed for each of three knowledge representation languages:


Common Logic (CL) used in KANI

Multi-Sorted Logic (MSL) used in Slate

CycL used in the Cyc knowledge base and the Noöscape system 
2.1.2 The System-System Test

Once at least two systems and associated translators passed the round-trip test, they could be used to conduct a more robust evaluation of IKL and associated translators.  In the system-system test, a knowledge base (ГA) in System A was translated into IKL and then into the representation language used in System B to create a new knowledge base, ГA*B (where A*B indicates the knowledge base has been translated through IKL from System A to System B).  ГA*B was then used in System B to demonstrate resident functionality using the translated knowledge (as supported by System B).  Though systems A and B may not provide similar functionality, the goal of these tests was to show that System B can use knowledge generated in System A towards some useful means. 
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Figure 2. The System-System Test 
These tests were performed for three system-system pairs as part of the process to prepare information for the IKRIS Capstone Demonstration:


KANI ( Noöscape


Noöscape ( Slate
Slate ( KANI
2.1.3 The Multi-System Test

The final evaluation step demonstrates significant strides towards the overall goal of the IKRIS effort. A dataset and tasking drawn from Frank Hughes’ Case Study 4 was developed for which no single knowledge base and reasoning system possessed the necessary capability, capacity and/or aptitude to solve the problem alone. The solution to the tasking then entailed the application of multiple reasoning systems and the exchange of knowledge bases among said systems via IKL-based automatic translation.  This test was conducted as part of the process resulting in the IKRIS Capstone Demonstration and its completion is demonstrated therein.
2.2 Contexts 
The Context Working Group produced a context logic, the IKRIS Context Logic (ICL), and an associated context reasoner.  Evaluation of those products was limited to demonstrations of the effectiveness of the reasoner over a series of test problems.   Two test problems were chosen to demonstrate basic capabilities of the reasoner, along with three others selected from the same Sign of the Crescent case study used in other IKRIS evaluation and demonstration activities.
· Prolog Proof - Prove a particular statement in a Prolog theory.

· Schoolboy Puzzle - Solve a Lewis Carroll puzzle involving facts about a set of schoolboys

· Pakes Meeting - Prove that Pakes was not on board the Holland Queen when he should have been.

· Faris Origin - Recognize that documents disagree about Faris’ birthplace.

· Afeef Alias - Detect that credit card applicant “Chad” is actually an alias for taxi driver “Afeef”.
3 Evaluation Results
The following sections summarize the results of the evaluations described above. Due to the length of the detailed evaluation descriptions and outputs, however, the results are not presented in their entirety in this section.  References to the appendices in which each of the test results can be found are provided.
3.1 Interoperability 

3.1.1 The Round Trip Test
The round trip evaluation tests demonstrate the translation of sets of knowledge represented in different knowledge representation languages into IKL and then back into the source language. Each of the tests discussed in Section 2.1.1 was completed successfully, with the final representations shown to be functionally equivalent to the originals. These results illustrate that for these examples, IKL was adequately expressive to represent the knowledge content and the individual translators preserved that content through both steps of the translation process.  Full results of these tests are presented in the following appendices:  
· Appendix A contains the results of the round-trip test for Common Logic (CL)

· Appendix B contains the results of the round-trip test for CycL

· Appendix C contains the results of the round-trip test for MSL

In both the cases of CL and CycL (as well as Snark-KIF, though that was not formally evaluated) the results of the round-trip translation are syntactically identical to the originals, up to whitespace.  This is an important validation of IKL, as no previous interchange language (including ISO CL) was capable of carrying the full expressiveness of CycL, since it uses a notion of contextualization at the level of logical sentences.
The MSL/Slate translation passed the test, but the process brought to light issues involving metalogical primitives used by Slate to capture (for a variety of purposes) argument structure.  This information is easy to account for in IKL, using the same mechanism (reified propositions) that is used to account for contextualized knowledge in the other translation, and was added to the Slate translation to support the Capstone Demo.  However, it was clear to all participants that capturing this kind of metalogical information, such as argument structure, provenance, security and privacy, etc., is an open research area upon which we touched only the tip of the iceberg.  IKL seems easily up to the task, the research effort would be similar to that of the Scenarios working group effort: Finding a consensus ontology or vocabulary for metalogical primitives.  
3.1.2 The System-System Test
The system-system evaluation tests demonstrate the translation of sets of knowledge represented in different knowledge representation languages into IKL and then into the representation language of another system. Each of the tests discussed in Section 2.1.2 was successful as the final representations are shown to be functionally equivalent to the originals. Again, these results illustrate that for these examples, IKL was adequately expressive to represent the knowledge content and the individual translators preserved that content through both steps of the translation process.  Full results of these tests are presented in the following appendices:  

· Appendix D contains the results of the KANI/KIF ( Noöscape/CycL translation

· Appendix E contains the results of the Noöscape/CycL ( Slate/MSL translation

· Appendix F contains the results of the Slate/MSL ( KANI/KIF translation

The KANI ( Noöscape translation did not prove to be a particularly challenging translation, CL (ISO Common Logic) is the language IKL is based on and thus is itself IKL, and as it turns out CycL is an IKL dialect so translation is trivial.  Thus the translation was straightforward and the translated knowledge-bases were identical.

A more illuminating translation challenge would have been to use ISIT (the scenarios inter-theory) to test the ability to use IKL as a medium to carry inter-ontology translations.  We did make an attempt to address this but ran out of time and resources – a natural follow-on effort to IKRIS would be one to continue the ISIT work and experiment with and evaluate more robust and detailed translations.
The Noöscape ( Slate translation challenge allowed us to exercise the initial ideas (discussed in the round trip section) of translation metalogical information such as argument structure.  The differences between CycL and MSL also were significant enough to make this translation quite meaningful and the results showed IKL to be well suited to the task.  The translated knowledge-based was fully usable by Slate and in the demonstration we showed that it was able to add its own internal knowledge and capabilities to what it received from Noöscape, which is more than a mere translation evaluation but a demonstration of the value of interoperability itself.
The Slate ( KANI translation had a similar challenge; after the round trip tests revealed the need to represent argument structure in Slate, the group realized that KANI was also, in a sense, representing argument structure in the User Interface being used for the Capstone Demo.  Thus, this task ended up being a test of the ability to translate the knowledge (logical sentences) in MSL into CL as well as the critical fact that a particular sentence was a result, or conclusion, of a mechanical reasoning process that needed to be presented to the user.  This critical ability of IKL to manage metalogical information that can impact user interaction is planned to be a key part of further research in the ARIVA program, to be carried out in collaboration between PNNL and RPI.
3.1.3 The Multi-System Test
The IKRIS Capstone Demonstration uses IKL and associated translators to productively combine the capabilities and knowledge of the Noöscape, Slate, and KANI systems. Through this demonstration the analyst builds hypotheses based on available knowledge, and then uses the reasoning capabilities and the additional knowledge distributed across the set of systems to refine, refute, and pose alternative hypotheses. 
The Capstone Demonstration is an important evaluation of how IKRIS technology is to be used in research and operational settings.  It demonstrated three research prototypes (KANI, Noöscape, and Slate) communicating knowledge (as logical sentences in IKL) to solve a problem using their combined knowledge and capabilities that none of the systems (or, indeed, any pair of the systems) could have solved by itself.

The demonstration required passing knowledge between all pairs of systems (thus, two-way translation was required for each pair), and revealed a number of the issues discussed above, including exchange of temporal information, event structures (addressed by ISIT but left for future work), exchange of contextualized knowledge (which we successfully addressed), and exchange of metalogical information concerning argument structure and other user-interaction knowledge (which we addressed only for the limited setting of the demo, and plan to address further in follow-on research).
The basic choreography of the demonstration involves a user sitting at the KANI system investigating Case Study IV, and trying to ascertain whether the series of phone calls between the five suspects are about a meeting or something else.  The analyst decides to test a hypothesis she has made by using the abductive capabilities of Noöscape to find a way to disprove that the event is not a meeting.  Noöscape is able to find an abductive argument, basically that one of the potential attendees can’t attend.  The analyst then asks Slate to find a possible way to disprove that, which it is able to do.  This “counter model” is merely informative, by definition any abductive proof can be disproved, and helps the analyst understand the different possibilities.  In this sense, the systems act like a argumentation partner or “sounding board” for the analysts hypotheses.  In addition to this combination of capabilities between the systems, the demonstration also shows how diverse knowledge sources can be combined effectively, as the final conclusion of the exercise (to suspect the event is a coordinated bombing attack) requires combining and reasoning from information in multiple systems. 
Figure 3 depicts the evolution of knowledge during the demonstration as presented in the KANI Shared Reasoning display. Careful examination of the figure shows how knowledge and reasoning results of the three systems has been integrated in the analyst’s process of addressing the problem. This depiction of the distributed processes and the coordinated sharing of knowledge and capabilities are accomplished by productive translations between the various knowledge representations of the respective systems.

[image: image3]
Figure 3. Integrated representation of the knowledge evolution during the IKRIS Capstone demonstration.
3.2 Context Working Group Evaluation Results
As discussed in Section 2.2, the Context Working Group evaluated its results through demonstration of ICL and the context reasoner against five test problems.  The first two problems, a Prolog theory proof and the Lewis Carroll Schoolboy Puzzle, demonstrate the basic capabilities of the reasoner and representation language.  Three additional problems, taken from Frank Hughes’ Sign of the Crescent case study demonstrate the applicability of the reasoner to problems of interest to the Intelligence Community.  Like the Interoperability demonstrations, the results of these evaluation activities are quite lengthy and are therefore presented in separate appendices:

· Appendix G contains the results of the Prolog theory example

· Appendix H contains the results of the Lewis Carroll Schoolboy Puzzle

· Appendix I illustrates the use of the context reasoner to provide that Pakes was not on board the Holland Queen when he should have been

· Appendix J illustrates the context reasoner’s ability to recognize that some documents disagree about Faris’ birthplace
· Appendix K illustrates the context reasoner’s ability to detect that credit card application “Chad” is actually an alias for taxi driver “Afeef.”

4 Summary
This document describes the approach used to evaluate the knowledge representation standards, protocols, and technologies developed within the IKRIS project and the results obtained.  While these evaluations were informal in nature, they demonstrate as discussed in the sections above and the appendices that follow, the overall goal of assessing the degree to which IKRIS protocols and technologies address requirements identified through sample analysis tasks was completed.   The Interoperability goals of supporting the exchange of encoded knowledge among sample knowledge-based systems were demonstrated through the combination of round-trip and system-system tests.  Using three systems from the NIMD program, a multi-system demonstration was also completed as documented in the Capstone Demonstration provided separate from this document.  The goals of the Context working group, specifically the use of the context logic and reasoner for addressing problems of interest to the Intelligence Community were also demonstrated.  In total, these results show that the IKRIS protocols and translation technologies function as planned for the sample problems addressed.
Appendix A --  Round Trip Evaluation for KANI/CL
Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Round Trip Title:

Pakes and the Holland Queen (ICL -> IKL -> ICL)

2 Case Study Description

Detect that Pakes was acting suspiciously by being seen at a meeting when he was legally obligated to remain on board his ship in a different city.

3 Initial Knowledge Base

(specs cxfor c0)

(specs cxmeet c0)

(specs cxcrew c0)

(specs cxsched c0)

(specs c1 cxfor)

(specs c1 cxmeet)

(specs c1 cxcrew)

(specs c1 cxsched)

(specs c1 c0)

(forall (?cxsp ?ti)

  (if


(specs ?cxsp c0)


(ist ?cxsp (holds (is-port-of boston usa) ?ti)))) (forall (?cxsp ?ti ?person ?ship ?place)

  (if


(specs ?cxsp c0)


(ist ?cxsp


(or (not (holds (is-on-board ?person ?ship) ?ti))


(not (holds (is-at ?ship ?place) ?ti))


(holds (is-at ?person ?place) ?ti))))) (forall (?cxsp ?ti ?ship ?place ?country)

  (if


(specs ?cxsp c0)


(ist ?cxsp


(or (not (holds (is-at ?ship ?place) ?ti))


(not (holds (is-port-of ?place ?country) ?ti))


(holds (is-at ?ship ?country) ?ti))))) (forall (?cxsp ?ti ?person ?ship ?country)

  (if


(specs ?cxsp c0)


(ist ?cxsp


(or (not (holds (is-crew ?person ?ship) ?ti))


(not (holds (is-at ?ship ?country) ?ti))


(not (holds (is-foreigner ?person ?country) ?ti))


(holds (belongs-on-board ?person ?ship) ?ti))))) (forall (?cxsp ?ti ?person ?ship)

  (if


(specs ?cxsp c0)


(ist ?cxsp


(or (not (holds (belongs-on-board ?person ?ship) ?ti))


(holds (is-on-board ?person ?ship) ?ti)


(holds (is-suspect ?person) ?ti))))) (forall (?cxsp ?t1 ?t2 ?ind)

  (if


(specs ?cxsp c0)


(ist ?cxsp


(not (and (time-ii-in ?t1 ?t2)


  (holds (is-at ?ind boston) ?t2)


  (holds (is-at ?ind atlanta) ?t1)))))) (ist cxcrew (holds (is-crew pakes holland-queen) hq-moor-time)) (ist cxfor (holds (is-foreigner pakes usa) hq-moor-time)) (ist cxmeet (holds (is-at pakes atlanta) atl-meeting-time)) (ist cxsched (holds (is-at holland-queen boston) hq-moor-time)) (time-ii-in atl-meeting-time hq-moor-time)

4 Representative Entailments (from initial knowledge base)

(exists (?ti) (ist c1 (holds (is-suspect pakes) ?ti)))

5 KB -> IKL Translation Record

The translator was silent.

6 IKL Representation

(specs cxfor c0)

(specs cxmeet c0)

(specs cxcrew c0)

(specs cxsched c0)

(specs c1 cxfor)

(specs c1 cxmeet)

(specs c1 cxcrew)

(specs c1 cxsched)

(specs c1 c0)

(forall (?cxsp ?ti) (if (specs ?cxsp c0) (ist ?cxsp (that (holds (that ((?ti is-port-of) (?ti boston) (?ti usa))) ?ti)))))

(forall (?cxsp ?ti ?person ?ship ?place) (if (specs ?cxsp c0) (ist ?cxsp (that (or (not (holds (that ((?ti is-on-board) ?person ?ship)) ?ti)) (not (holds (that ((?ti is-at) ?ship ?place)) ?ti)) (holds (that ((?ti is-at) ?person ?place)) ?ti))))))

(forall (?cxsp ?ti ?ship ?place ?country) (if (specs ?cxsp c0) (ist ?cxsp (that (or (not (holds (that ((?ti is-at) ?ship ?place)) ?ti)) (not (holds (that ((?ti is-port-of) ?place ?country)) ?ti)) (holds (that ((?ti is-at) ?ship ?country)) ?ti))))))

(forall (?cxsp ?ti ?person ?ship ?country) (if (specs ?cxsp c0) (ist ?cxsp (that (or (not (holds (that ((?ti is-crew) ?person ?ship)) ?ti)) (not (holds (that ((?ti is-at) ?ship ?country)) ?ti)) (not (holds (that ((?ti is-foreigner) ?person ?country)) ?ti)) (holds (that ((?ti belongs-on-board) ?person ?ship)) ?ti))))))

(forall (?cxsp ?ti ?person ?ship) (if (specs ?cxsp c0) (ist ?cxsp (that (or (not (holds (that ((?ti belongs-on-board) ?person ?ship)) ?ti)) (holds (that ((?ti is-on-board) ?person ?ship)) ?ti) (holds (that ((?ti is-suspect) ?person)) ?ti))))))

(forall (?cxsp ?t1 ?t2 ?ind) (if (specs ?cxsp c0) (ist ?cxsp (that (not (and ((?cxsp time-ii-in) ?t1 ?t2) (holds (that ((?t2 is-at) ?ind (?t2 boston))) ?t2) (holds (that ((?t1 is-at) ?ind (?t1 atlanta))) ?t1))))))) (ist cxcrew (that (holds (that (((cxcrew hq-moor-time) is-crew) ((cxcrew

hq-moor-time) pakes) ((cxcrew hq-moor-time) holland-queen))) (cxcrew hq-moor-time))))

(ist cxfor (that (holds (that (((cxfor hq-moor-time) is-foreigner) ((cxfor hq-moor-time) pakes) ((cxfor hq-moor-time) usa))) (cxfor hq-moor-time))))

(ist cxmeet (that (holds (that (((cxmeet atl-meeting-time) is-at) ((cxmeet atl-meeting-time) pakes) ((cxmeet atl-meeting-time) atlanta))) (cxmeet atl-meeting-time))))

(ist cxsched (that (holds (that (((cxsched hq-moor-time) is-at) ((cxsched hq-moor-time) holland-queen) ((cxsched hq-moor-time) boston))) (cxsched hq-moor-time))))

(time-ii-in atl-meeting-time hq-moor-time)

7 IKL -> KB Translation Record

The translator was silent.

8 Resulting Knowledge Base

(specs cxfor c0)

(specs cxmeet c0)

(specs cxcrew c0)

(specs cxsched c0)

(specs c1 cxfor)

(specs c1 cxmeet)

(specs c1 cxcrew)

(specs c1 cxsched)

(specs c1 c0)

(forall (?cxsp ?ti) (if (specs ?cxsp c0) (ist ?cxsp (holds (is-port-of boston usa) ?ti)))) (forall (?cxsp ?ti ?person ?ship ?place) (if (specs ?cxsp c0) (ist ?cxsp (or (not (holds (is-on-board ?person ?ship) ?ti)) (not (holds (is-at ?ship ?place) ?ti)) (holds (is-at ?person ?place) ?ti)))))

(forall (?cxsp ?ti ?ship ?place ?country) (if (specs ?cxsp c0) (ist ?cxsp (or (not (holds (is-at ?ship ?place) ?ti)) (not (holds (is-port-of ?place ?country) ?ti)) (holds (is-at ?ship ?country) ?ti)))))

(forall (?cxsp ?ti ?person ?ship ?country) (if (specs ?cxsp c0) (ist ?cxsp (or (not (holds (is-crew ?person ?ship) ?ti)) (not (holds (is-at ?ship ?country) ?ti)) (not (holds (is-foreigner ?person ?country) ?ti)) (holds (belongs-on-board ?person ?ship) ?ti)))))

(forall (?cxsp ?ti ?person ?ship) (if (specs ?cxsp c0) (ist ?cxsp (or (not (holds (belongs-on-board ?person ?ship) ?ti)) (holds (is-on-board ?person ?ship) ?ti) (holds (is-suspect ?person) ?ti)))))

(forall (?cxsp ?t1 ?t2 ?ind) (if (specs ?cxsp c0) (ist ?cxsp (not (and (time-ii-in ?t1 ?t2) (holds (is-at ?ind boston) ?t2) (holds (is-at ?ind atlanta) ?t1))))))

(ist cxcrew (holds (is-crew pakes holland-queen) hq-moor-time))

(ist cxfor (holds (is-foreigner pakes usa) hq-moor-time))

(ist cxmeet (holds (is-at pakes atlanta) atl-meeting-time))

(ist cxsched (holds (is-at holland-queen boston) hq-moor-time))

(time-ii-in atl-meeting-time hq-moor-time)

9 Representative Entailments (from translated knowledge base)

(exists (?ti) (ist c1 (holds (is-suspect pakes) ?ti)))

10 Comparison of before/after entailments illustrating their equality

The before and after versions of the entire KB are identical up to white space, so they naturally have the same entailments.

11 Discussion
Everything worked as expected.
Appendix B --  Round Trip Evaluation for CycL

Provided by:  Chris Deaton, Cycorp, Inc.
1 Round Trip Title:  Faris Hassan's Identity (CycL -> IKL -> CycL)

2 Case Study Description
Detect the existence of an individual with contradictory documents.

3 Initial Knowledge Base
; Working context:

;
#$Faris-DemoMt

; New constants, created in that context:

;
#$FarisHassan

;
#$differentCountries

;
#$bornIn

;
#$FH-BirthRecordMt

;
#$FH-PassportMt

;
#$FH-CommonMt

(#$isa #$FH-BirthRecordMt #$Microtheory) (#$genlMt #$FH-BirthRecordMt #$Faris-DemoMt) (#$isa #$FH-PassportMt #$Microtheory) (#$genlMt #$FH-PassportMt #$Faris-DemoMt) (#$isa #$FarisHassan #$Person)

(#$isa #$differentCountries #$SymmetricBinaryPredicate) (#$arg1Isa #$differentCountries #$Country) (#$arg2Isa #$differentCountries #$Country) (#$isa #$bornIn #$BinaryPredicate) (#$arg1Isa #$bornIn #$Person) (#$arg2Isa #$bornIn #$Country)

(#$ist #$FH-PassportMt (#$bornIn #$FarisHassan #$France)) (#$ist #$FH-BirthRecordMt (#$bornIn #$FarisHassan #$Kuwait))

(#$differentCountries #$France #$Kuwait)

(#$implies


(#$and


(#$bornIn ?person ?country-1)


(#$bornIn ?person ?country-2)


(#$differentCountries ?country-1 ?country-2))


(#$isa ?person #$LikelySuspect))

(#$isa #$FH-CommonMt #$Microtheory)

(#$genlMt #$FH-CommonMt #$FH-PassportMt) (#$genlMt #$FH-CommonMt #$FH-BirthRecordMt)

4 Representative Entailments (from initial knowledge base)
(#$ist #$FH-CommonMt


(#$thereExists ?person (#$isa ?person #$LikelySuspect)))

5 KB -> IKL Translation Record
The translator was silent.

6 IKL Representation
(cycl:isa cycl:FH-BirthRecordMt cycl:Microtheory)

(specs cycl:FH-BirthRecordMt cycl:Faris-DemoMt)

(cycl:isa cycl:FH-PassportMt cycl:Microtheory)

(specs cycl:FH-PassportMt cycl:Faris-DemoMt)

(cycl:isa cycl:FarisHassan cycl:Person)

(cycl:isa cycl:differentCountries cycl:SymmetricBinaryPredicate)

(cycl:arg1Isa cycl:differentCountries cycl:Country)

(cycl:arg2Isa cycl:differentCountries cycl:Country)

(cycl:isa cycl:bornIn cycl:BinaryPredicate)

(cycl:arg1Isa cycl:bornIn cycl:Person)

(cycl:arg2Isa cycl:bornIn cycl:Country)

(ist cycl:FH-PassportMt (cycl:bornIn cycl:FarisHassan cycl:France))

(ist cycl:FH-BirthRecordMt (cycl:bornIn cycl:FarisHassan cycl:Kuwait))

(cycl:differentCountries cycl:France cycl:Kuwait)

(if (and (cycl:bornIn ?person ?country-1)

(cycl:bornIn ?person ?country-2)

(cycl:differentCountries ?country-1 ?country-2))

(cycl:isa ?person cycl:LikelySuspect))

(cycl:isa cycl:FH-CommonMt cycl:Microtheory)

(specs cycl:FH-CommonMt cycl:FH-PassportMt)

(specs cycl:FH-CommonMt cycl:FH-BirthRecordMt)

7 IKL -> KB Translation Record
The translator was silent.

8 Resulting Knowledge Base

(#$isa #$FH-BirthRecordMt #$Microtheory)

(#$genlMt #$FH-BirthRecordMt #$Faris-DemoMt)

(#$isa #$FH-PassportMt #$Microtheory)

(#$genlMt #$FH-PassportMt #$Faris-DemoMt)

(#$isa #$FarisHassan #$Person)

(#$isa #$differentCountries #$SymmetricBinaryPredicate)

(#$arg1Isa #$differentCountries #$Country)

(#$arg2Isa #$differentCountries #$Country)

(#$isa #$bornIn #$BinaryPredicate)

(#$arg1Isa #$bornIn #$Person)

(#$arg2Isa #$bornIn #$Country)

(#$ist #$FH-PassportMt (#$bornIn #$FarisHassan #$France))

(#$ist #$FH-BirthRecordMt (#$bornIn #$FarisHassan #$Kuwait))

(#$differentCountries #$France #$Kuwait) (#$implies (#$and (#$bornIn ?person ?country-1) (#$bornIn ?person ?country-2)

(#$differentCountries ?country-1 ?country-2))

(#$isa ?person #$LikelySuspect))

(#$isa #$FH-CommonMt #$Microtheory)

(#$genlMt #$FH-CommonMt #$FH-PassportMt)

(#$genlMt #$FH-CommonMt #$FH-BirthRecordMt)

9 Representative Entailments (from translated knowledge base)
(#$ist #$FH-CommonMt


(#$thereExists ?person (#$isa ?person #$LikelySuspect)))

10 Comparison of before/after entailments illustrating their equality

The before and after versions of the entire KB are identical up to white space, so they naturally have the same entailments.

11 Discussion
Everything worked as expected.

Appendix C --  Round Trip Evaluation for Slate
Provided by:  Selmer Bringsjord, Rensselaer Polytechnic Institute
1 Round Trip Title:  Sign of the Crescent, Chart H (Slate -> IKL -> Slate)

2 Case Study Description
Case Study 4 - Sign of the Crescent is a training case study developed by Profs. Francis J. Hughes and David A. Schum of the Joint Military Intelligence College and George Mason University, respectively. Its purpose is to train analysts in evidence marshaling and argument construction. In this demonstration an excerpt (Chart H) of the provided solution to Case Study 4 has been constructed in Slate.

The information contained in the argument is exported to Common Logic, a proper subset of IKL.

3 Initial Knowledge Base
English representation of evidence gathered from intelligence reports (from the Case Study):

P132 The Empire State Vending Services [ESVS] installs and services vending machines at the New York Stock Exchange [NYSE].

P134 A man named Mark Davis is employed by the ESVS to install and service vending machines.

P136 Mark Davis has a vendor’s ID that allows him access to the NYSE.

P139 Mark Davis used a forged birth certificate to obtain a Social Security card and a New York driver’s license in 1999.

P141 The name Mark Davis is an alias used by a Saudi national named Hamid Alwan who received explosives training in Sudan and Afghanistan.

P145 A man named Bagwant Dhaliwal is employed at ESVS.

P147 Bagwant Dhaliwal is an alias for a Pakistani named Sahim Albakri.

P149 Sahim Albakri fought with the Taliban from 1990-1992.

P152 Sahim Albakri shares an apartment with Hamid Alwan.

Native Slate representation of evidence gathered from intelligence reports:

(Slate-Database:Superclass-Database

 Slate-Database::Growth-Factor

 2

 Slate-Database::Internal-Storage-Length

 50

 Slate-Database:Name

 "Chart H"

 Slate-Database::Items

 ((Slate-Database:Proposition-Obj

   Slate-Database:Id

   0

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (4)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P132"

   Slate-Database:Short-Name

   "P132"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "ESVS installs and services vending machines at the NYSE"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (20 0 32 32)

   Slate-Database:Data

   (O-Performs-At Esvs Install-And-Service-Vending-Machines Nyse))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   1

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (4)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P134"

   Slate-Database:Short-Name

   "P134"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "ESVS employs a man named Mark Davis to install and 

   service vending machines"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (86 0 32 32)

   Slate-Database:Data

   (Employs

 Esvs

 (Person-Named Markdavis)

 Install-And-Service-Vending-Machines))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   2

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (4)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P136"

   Slate-Database:Short-Name

   "P136"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Mark Davis has a vendor ID allowing access to the NYSE"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (152 0 32 32)

   Slate-Database:Data

   (Exists

 (X)

 (&

  (Has (Person-Named Markdavis) X)

  (& (Vendorid X) (Allows-Access X Nyse)))))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   3

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (18 4)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P138"

   Slate-Database:Short-Name

   "P138"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Mark Davis installs and services vending machines at the NYSE"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (87 96 32 32)

   Slate-Database:Data

   (P-Performs-At

 (Person-Named Markdavis)

 Install-And-Service-Vending-Machines

 Nyse))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   4

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (64.25 54.0 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (0 1 2)

   Slate-Database:Conclusion

   3

   Slate-Database::Status

   Nil)

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   5

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (8)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P139"

   Slate-Database:Short-Name

   "P139"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Mark Davis used a forged birth certificate to obtain 

   a social security and a New York driver's license in 1999"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (219 0 32 32)

   Slate-Database:Data

   (Exists

 (I)

 (&

  (Has (Person-Named Markdavis) I)

  (& (Vendorid I) (Falsely-Justified I)))))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   6

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (8)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P141"

   Slate-Database:Short-Name

   "P141"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "The name Mark Davis is an alias used by a Saudi national named 

   Hamid Alwan who received explosives training 

   [in Sudan and Afghanistan]"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (288 0 32 32)

   Slate-Database:Data

   (&

 (Alias Hamidalwan Markdavis)

 (Has (Person-Named Hamidalwan) Explosives-Training)))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   7

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (18 8)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P143"

   Slate-Database:Short-Name

   "P143"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Hamid Alwan [alias Mark Davis] used false informstion to 

   obtain a NYSE vendor's ID"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (255 94 32 32)

   Slate-Database:Data

   (Exists

 (I)

 (&

  (Has (Person-Named Hamidalwan) I)

  (&

   (Alias Hamidalwan Markdavis)

   (& (Vendorid I) (Falsely-Justified I))))))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   8

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (234.0 51.0 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (6 5)

   Slate-Database:Conclusion

   7

   Slate-Database::Status

   Nil)

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   9

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (13)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P145"

   Slate-Database:Short-Name

   "P145"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "A man named Bagwant Dhaliwal is employed at ESVS"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (355 0 32 32)

   Slate-Database:Data

   (Exists (A) (Employs Esvs (Person-Named Bagwantdhaliwal) A)))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   10

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (13)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P147"

   Slate-Database:Short-Name

   "P147"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Bagwant Dhaliwal is an alias used by a Pakistani named 

   Sahim Albakri"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (423 0 32 32)

   Slate-Database:Data

   (Alias Bagwantdhaliwal Sahimalbakri))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   11

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (13)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P149"

   Slate-Database:Short-Name

   "P149"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Sahim Albakri fought with the Taliban in 1990-1992"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (491 0 32 32)

   Slate-Database:Data

   (Fought-With (Person-Named Sahimalbakri) Taliban))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   12

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (16 13)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P151"

   Slate-Database:Short-Name

   "P151"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Sahim Albakri belongs to a terrorist organization in the USA"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (422 91 32 32)

   Slate-Database:Data

   (Exists

 (A)

 (&

  (Terrorist-Organization A)

  (Belongs-To (Person-Named Sahimalbakri) A))))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   13

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (402.75 53.25 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (9 10 11)

   Slate-Database:Conclusion

   12

   Slate-Database::Status

   Nil)

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   14

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (16)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P152"

   Slate-Database:Short-Name

   "P152"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Sahim Albakri shares an apartment with Hamid Alwan"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (492 92 32 32)

   Slate-Database:Data

   (Lives-With (Person-Named Sahimalbakri) 

   (Person-Named Hamidalwan)))

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   15

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (20 16)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P154"

   Slate-Database:Short-Name

   "P154"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Sahim Albakri collaborates with Hamid Alwan in 

   terrorist activities"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (458 180 32 32)

   Slate-Database:Data

   (Collaborates-On

 (Person-Named Sahimalbakri)

 (Person-Named Hamidalwan)

 Terrorist-Activities))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   16

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (438.0 140.0 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (12 14)

   Slate-Database:Conclusion

   15

   Slate-Database::Status

   Nil)

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   17

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (20 18)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P144"

   Slate-Database:Short-Name

   "P144"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Hamid Alwan has access to the NYSE"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (175 178 32 32)

   Slate-Database:Data

   (Has-Access (Person-Named Hamidalwan) Nyse))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   18

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (154.0 140.0 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (7 3)

   Slate-Database:Conclusion

   17

   Slate-Database::Status

   Nil)

  (Slate-Database:Proposition-Obj

   Slate-Database:Id

   19

   Slate-Database:Creation-Method

   "Created by User"

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   (20)

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   "P128"

   Slate-Database:Short-Name

   "P128"

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   "Terrorists [operating in the New York City] area have 

   access to the New York Stock Exchange [NYSE]"

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (322 262 32 32)

   Slate-Database:Data

   (Exists (P) (& (Terrorist P) (Has-Access P Nyse))))

  (Slate-Database:Argument-Obj

   Slate-Database:Id

   20

   Slate-Database:Creation-Method

   Nil

   Slate-Database:Creation-Parameters

   Nil

   Slate-Database:Copies

   Nil

   Slate-Database:Linked-Arguments

   Nil

   Slate-Database:Parent

   :Root

   Slate-Database:Label

   ""

   Slate-Database:Short-Name

   ""

   Slate-Database:Believed-P

   Nil

   Slate-Database:Long-Name

   ""

   Slate-Database:Short-Description

   ""

   Slate-Database:User-Received-P

   Nil

   Slate-Database:Long-Description

   ""

   Slate-Database:Suggested-Geometry

   (300.0 221.33333 74.0 20.0)

   Slate-Database::Deduction-Mode

   Nil

   Slate-Database:Rule

   "trust me"

   Slate-Database:Premises

   (15 17)

   Slate-Database:Conclusion

   19

   Slate-Database::Status

   Nil)

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil

  Nil)

 Slate-Database::Insertion-List

 Nil

 Slate-Database::Current-Rightmost

 21

 Slate-Database:Signature

 #S(Slate-Logic:Signature :Sorts (Name

    Thing

    Action

    Person

    Building

    Organization)

  :Functions ((Person-Named Person Name))

  :Objects ((Hamidalwan Name)

   (Sahimalbakri Name)

   (Bagwantdhaliwal Name)

   (Markdavis Name)

   (Explosives-Training Thing)

   (Terrorist-Activities Action)

   (Install-And-Service-Vending-Machines

    Action)

   (Taliban Organization)

   (Esvs Organization)

   (Nyse Building))

  :Predicates ((P-Performs-At

    Person

    Action

    Building)

   (O-Performs-At

    Organization

    Action

    Building)

   (Employs

    Organization

    Person

    Action)

   (Has Person Thing)

   (Has-Access Person Building)

   (Allows-Access Thing Building)

   (Vendorid Thing)

   (Id Thing)

   (Alias Name Name)

   (Fought-With

    Person

    Organization)

   (Belongs-To Person Organization)

   (Terrorist-Organization

    Organization)

   (Lives-With Person Person)

   (Collaborates-On

    Person

    Person

    Action)

   (Terrorist Person)

   (Falsely-Justified Thing)))

 Slate-Database:Tacit-Information

 ((Forall

   (P)

   (<->

 (Terrorist P)

 (V

  (Exists (Q) (Collaborates-On P Q Terrorist-Activities))

  (V

   (Exists (R) (Collaborates-On R P Terrorist-Activities))

   (Exists (B) (P-Performs-At P Terrorist-Activities B))))))

  (Forall

   (P Q)

   (->

 (&

  (Lives-With P Q)

  (V

   (Exists (B) (P-Performs-At P Terrorist-Activities B))

   (Exists (O) (& (Belongs-To P O) (Terrorist-Organization O)))))

 (Collaborates-On P Q Terrorist-Activities)))

  (Forall (P O) (-> (Fought-With P O) (Belongs-To P O)))

  (Terrorist-Organization Taliban)

  (Forall

   (P B)

   (-> (Exists (A) (P-Performs-At P A B)) (Has-Access P B)))

  (Forall (A B) (-> (Alias A B) (= (Person-Named A) (Person-Named B))))

  (Forall

   (A B C D E)

   (->

 (&

  (Has A B)

  (&

   (Vendorid B)

   (&

 (Allows-Access B C)

 (& (O-Performs-At D E C) (Employs D A E)))))

 (P-Performs-At A E C))))

 Slate-Database:Translation-Table

 (Hash-Table

  Slate-Database::Test

  Equalp

  Slate-Database::Key-Vals

  (("exists" (Slate-Database::Existential-Printer))

   ("forall" (Slate-Database::Universal-Printer))

   ("<->"

 ("~A if and only if ~A"

  "Either the following are either both true, or both false: ~A, ~A"))

   ("=" ("~a is ~a"))

   ("&" (Slate-Database:Conjunction-Printer))

   ("->" ("If ~A, then ~A"))

   ("V" (Slate-Database:Disjunction-Printer))

   ("~"

 ("It's not true that '~A'"

  "It's not the case that '~A'"

  "It's false that '~A'")))))

4 Representative Entailments (from initial knowledge base)
A number of sentences are derived from sentences in the evidence. The argument structure is given in Figure 1. The derived sentences are:

P138 Mark Davis installs and services vending machines at NYSE (from [P132,P124,P136]).

P143 Hamid Alwan (alias Mark Davis) used false information to obtain a NYSE vendor’s ID (from [P139,P141]).

P151 Sahim Albakri belongs to a terrorist organization in the USA (from [P145,P147,P149]).

P144 Hamid Alwan has access to the NYSE (from [P138,P143]).

P154 Sahim Albakri collaborates with Hamid Alwan in terrorist activities (from [P151,P152]).

P128 Terrorists operating in the NYC area have access to the NYSE (from [P144,P154]).

[image: image4.emf]
Figure 1: A partial solution to Case Study 4, in Slate.

5 KB IKL Translation Record
The translator was silent.

6 IKL Representation

(sig (object (nyse building)))

(sig (object (esvs organization)))

(sig (object (taliban organization)))

(sig (object (install-and-service-vending-machines action)))

(sig (object (terrorist-activities action)))

(sig (object (explosives-training thing)))

(sig (object (markdavis name)))

(sig (object (bagwantdhaliwal name)))

(sig (object (sahimalbakri name)))

(sig (object (hamidalwan name)))

(sig (functor (person-named person name)))

(sig (predicate (falsely-justified thing)))

(sig (predicate (terrorist person)))

(sig (predicate (collaborates-on person person action)))

(sig (predicate (lives-with person person)))

(sig (predicate (terrorist-organization organization)))

(sig (predicate (belongs-to person organization)))

(sig (predicate (fought-with person organization)))

(sig (predicate (alias name name)))

(sig (predicate (id thing)))

(sig (predicate (vendorid thing)))

(sig (predicate (allows-access thing building)))

(sig (predicate (has-access person building)))

(sig (predicate (has person thing)))

(sig (predicate (employs organization person action)))

(sig (predicate (o-performs-at organization action building)))

(sig (predicate (p-performs-at person action building)))

(sig (sort organization))

(sig (sort building))

(sig (sort person))

(sig (sort action))

(sig (sort thing))

(sig (sort name))

(workspace

 (o-performs-at esvs install-and-service-vending-machines nyse))

(workspace

 (employs

  esvs

  (person-named markdavis)

  install-and-service-vending-machines))

(workspace

 (exists

  (x)

  (and (has (person-named markdavis) x)

 (and (vendorid x) (allows-access x nyse)))))

(workspace

 (p-performs-at

  (person-named markdavis)

  install-and-service-vending-machines

  nyse))

(workspace

 (exists

  (i)

  (and (has (person-named markdavis) i)

 (and (vendorid i) (falsely-justified i)))))

(workspace

 (and (alias hamidalwan markdavis)

   (has (person-named hamidalwan) explosives-training)))

(workspace

 (exists

  (i)

  (and (has (person-named hamidalwan) i)

 (and (alias hamidalwan markdavis)

   (and (vendorid i) (falsely-justified i))))))

(workspace (exists (a) (employs esvs (person-named bagwantdhaliwal) a)))

(workspace (alias bagwantdhaliwal sahimalbakri))

(workspace (fought-with (person-named sahimalbakri) taliban))

(workspace

 (exists

  (a)

  (and (terrorist-organization a)

 (belongs-to (person-named sahimalbakri) a))))

(workspace

 (lives-with (person-named sahimalbakri) (person-named hamidalwan)))

(workspace

 (collaborates-on

  (person-named sahimalbakri)

  (person-named hamidalwan)

  terrorist-activities))

(workspace (has-access (person-named hamidalwan) nyse))

(workspace (exists (p) (and (terrorist p) (has-access p nyse))))

(tacit

 (forall

  (p)

  (iff

   (terrorist p)

   (or (exists (q) (collaborates-on p q terrorist-activities))

 (or (exists (r) (collaborates-on r p terrorist-activities))

  (exists (b) (p-performs-at p terrorist-activities b)))))))

(tacit

 (forall

  (p q)

  (if (and (lives-with p q)

  (or (exists (b) (p-performs-at p terrorist-activities b))

   (exists

 (o)

 (and (belongs-to p o) (terrorist-organization o)))))

   (collaborates-on p q terrorist-activities))))

(tacit (forall (p o) (if (fought-with p o) (belongs-to p o))))

(tacit (terrorist-organization taliban))

(tacit

 (forall

  (p b)

  (if (exists (a) (p-performs-at p a b)) (has-access p b))))

(tacit

 (forall (a b) (if (alias a b) (= (person-named a) (person-named b)))))

(tacit

 (forall

  (a b c d e)

  (if (and (has a b)

  (and (vendorid b)

 (and (allows-access b c)

   (and (o-performs-at d e c) (employs d a e)))))

   (p-performs-at a e c))))

7 IKL KB Translation Record
The translator was silent.

8 Resulting Knowledge Base
The resulting knowledge base contains all the sentences in the entire argument, but the structure of the argument has been stripped. Figure 2 depicts the argument structure after translation. 
[image: image5.emf]
Figure 2: The Slate workspace after loading the Common Logic representation of Chart H.

9 Representative Entailments (from translated knowledge base)
The argument structure has been stripped during the translation, and the argument structure was manually rebuilt in Slate. Because the argument can be rebuilt in Slate, the communicated knowledge has the same entailments.
10 Comparison of before/after entailments illustrating their equality
After the argument structure was rebuilt in Slate, it was mechanically checked using Slate’s integrated machine reasoning capability. The final conclusion still follows from the premises, and each individual inference is still valid. 

11 Discussion
The Chart H translation is one of the first translations to a Common Logic/IKL language, and in completing the translation mechanisms a number of translation strategies were adopted for carrying meta information relevant to Slate, such as a logic signature (essentially a list of relations meaningful to Slate).
In this early stage of translation, no argument structure was carried through the translation, and so had to be rebuilt by hand. This provided strong motivation to the Slate team, and other members of the IKRIS project, to develop methods for including this information during translation.  
Appendix D --  Inter-Language Translation: KANI/KIF ( Noöscape/CycL
Provided by:  Alan Chappell, PNNL and Chris Welty, IBM
1 Case Study Description
This test starts with a segment of Case Study 4: Sign of the Cresent represented in KIF in the KANI system. The represented knowledge contains both basic facts from the case study documents, and some hypotheses built by a notional analyst. This knowledge describes the basic outlines of the case study including the main players, their locations, and a phone call between them. The hypotheses describe a coordinated event, specify it as a meeting, and place it at a location.
2 Initial Knowledge Base
;;H1: World Facts 

(ist kani:World_Facts 
  (forall (?number1 ?number2 ?text ?person1 ?person2) 
    (=> (and (kani:PhoneCall ?number1 ?number2 ?text) (kani:ownerOf ?person1 ?number1)    

             (kani:ownerOf ?person2 ?number2)) 
        (kani:PhoneCall ?person1 ?person2 ?text))))

(ist kani:World_Facts 
  (forall (?p1 ?p2 ?text) 
    (=> (kani:PhoneCall ?p1 ?p2 ?text)
        (kani:Contact ?p1 ?p2 'phone call' ?text))))

(ist kani:World_Facts 
  (forall (?person ?object) 
    (=> (and (kani:ownerOf ?person ?object) (kani:Facility ?object)) 
        (kani:hasOffice ?person ?object))))

(ist kani:World_Facts 
  (forall (?person ?object) 
    (=> (kani:ownerOf ?person ?object) (kani:has ?person ?object))))

(ist kani:World_Facts 
  (forall (?person ?place) (=> (kani:residesIn ?person ?place) (kani:at ?person ?place))))

(ist kani:World_Facts (kani:City kani:Charlottesville_VA))

(ist kani:World_Facts (kani:City kani:Springfield_VA))

(ist kani:World_Facts (kani:City kani:New_York_NY))

(ist kani:World_Facts (kani:City kani:NYC))

(ist kani:World_Facts (= kani:NYC kani:New_York_NY))

(ist kani:World_Facts (kani:City kani:Boston_MA))

(ist kani:World_Facts (kani:Facility kani:Boston_Harbor))

(ist kani:World_Facts (kani:subPlace kani:Boston_Harbor kani:Boston_MA))

;;H1.1: CS4 Source 

(specs kani:CS4_Source kani:World_Facts)

(ist kani:CS4_Source (kani:Person kani:Abdul_Ramazi))

(ist kani:CS4_Source (kani:Person kani:Muhammed_bin_Harazi))

(ist kani:CS4_Source (kani:Person kani:Faysal_Goba))

(ist kani:CS4_Source (kani:Person kani:Ziad_al_Shibh))

(ist kani:CS4_Source (= kani:Ziad_al_Shibh kani:Faysal_Goba))

(ist kani:CS4_Source (kani:Person kani:Mukhtar_Galab))

(ist kani:CS4_Source (kani:Person kani:Bagwant_Dhaliwal))

(ist kani:CS4_Source (kani:Person kani:Hans_Pakes))

(ist kani:CS4_Source (kani:PhoneCall '703-659-2317' '804-759-6302' 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:PhoneCall '703-659-2317' '804-774-8920' 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:PhoneCall '703-659-2317' '718-352-8479' 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:PhoneCall '703-659-2317' '011207670734' 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:PhoneNumber '703-659-2317'))

(ist kani:CS4_Source (kani:PhoneNumber '804-759-6302'))

(ist kani:CS4_Source (kani:PhoneNumber '804-774-8920'))

(ist kani:CS4_Source (kani:PhoneNumber '718-352-8479'))

(ist kani:CS4_Source (kani:PhoneNumber '011207670734'))

(ist kani:CS4_Source (kani:ownerOf kani:Abdul_Ramazi '703-659-2317'))

(ist kani:CS4_Source (kani:ownerOf kani:Faysal_Goba '804-759-6302'))

(ist kani:CS4_Source (kani:ownerOf kani:Mukhtar_Galab '804-774-8920'))

(ist kani:CS4_Source (kani:ownerOf kani:Bagwant_Dhaliwal '718-352-8479'))

(ist kani:CS4_Source (kani:ownerOf kani:Hans_Pakes '011207670734'))

(ist kani:CS4_Source (kani:Facility kani:Select_Gourmet_Foods))

(ist kani:CS4_Source (kani:Facility kani:Springfield_Mall))

(ist kani:CS4_Source (kani:ownerOf kani:Abdul_Ramazi kani:Select_Gourmet_Foods))

(ist kani:CS4_Source (kani:subPlace kani:Select_Gourmet_Foods kani:Springfield_Mall))

(ist kani:CS4_Source (kani:subPlace kani:Springfield_Mall kani:Springfield_VA))

(ist kani:CS4_Source (kani:Vehicle kani:Holland_Queen))

(ist kani:CS4_Source (kani:at kani:Holland_Queen kani:Boston_Harbor))

(ist kani:CS4_Source (kani:residesIn kani:Abdul_Ramazi kani:Springfield_VA))

(ist kani:CS4_Source (kani:residesIn kani:Mukhtar_Galab kani:Charlottesville_VA))

(ist kani:CS4_Source (kani:residesIn kani:Bagwant_Dhaliwal kani:NYC))

;;H1.1.1: Persons of Interest

(specs kani:Persons_of_Interest kani:CS4_Source)

(ist kani:Persons_of_Interest (kani:Organization kani:Persons_of_Interest))

(ist kani:Persons_of_Interest (kani:memberOf kani:Abdul_Ramazi kani:Persons_of_Interest))

(ist kani:Persons_of_Interest (kani:memberOf kani:Faysal_Goba kani:Persons_of_Interest))

(ist kani:Persons_of_Interest (kani:memberOf kani:Mukhtar_Galab kani:Persons_of_Interest))

(ist kani:Persons_of_Interest (kani:memberOf kani:Bagwant_Dhaliwal kani:Persons_of_Interest))

(ist kani:Persons_of_Interest (kani:memberOf kani:Hans_Pakes kani:Persons_of_Interest))

;;H1.1.1: Coordinated Event

(specs kani:Coordinated_Event kani:Persons_of_Interest)

(hypothesis kani:Coordinated_Event)

(ist kani:Coordinated_Event (kani:CoordinatedEvent kani:coordinated_event))

(ist kani:Coordinated_Event (kani:hasParticipantSet kani:coordinated_event kani:attendees))

(ist kani:Coordinated_Event (kani:isMember kani:Abdul_Ramazi kani:attendees))

(ist kani:Coordinated_Event (kani:isMember kani:Mukhtar_Galab kani:attendees))

(ist kani:Coordinated_Event (kani:isMember kani:Faysal_Goba kani:attendees))

(ist kani:Coordinated_Event (kani:isMember kani:Bagwant_Dhaliwal kani:attendees))

(ist kani:Coordinated_Event (kani:isMember kani:Hans_Pakes kani:attendees))

;;H1.1.1.1: Event is a Meeting

(specs kani:Event_is_a_Meeting kani:Coordinated_Event)

(hypothesis kani:Event_is_a_Meeting)

(ist kani:Event_is_a_Meeting (kani:Meeting kani:coordinated_event))

;;H1.1.1.1.1: Meeting Located at SGF

(specs kani:Meeting_Located_at_SGF kani:Event_is_a_Meeting)

(hypothesis kani:Meeting_Located_at_SGF)

(ist kani:Meeting_Located_at_SGF (kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods))

3 Representative Entailments (from initial knowledge base)
(ist kani:CS4_Source (kani:Contact kani:Abdul_Ramazi kani:Mukhtar_Galab 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:Contact kani:Abdul_Ramazi kani:Faysal_Goba 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:Contact kani:Abdul_Ramazi kani:Bagwant_Dhaliwal 'I\'ll be in my office at 9am on April 30. Please be on time.'))

(ist kani:CS4_Source (kani:Contact kani:Abdul_Ramazi kani:Hans_Pakes 'I\'ll be in my office at 9am on April 30. Please be on time.'))
4 IKL Representation

(ist kani:World_Facts (that (forall (?number1 ?number2 ?text ?person1 ?person2) (if (and ((kani:World_Facts kani:PhoneCall) ?number1 ?number2 ?text) ((kani:World_Facts kani:ownerOf) ?person1 ?number1) ((kani:World_Facts kani:ownerOf) ?person2 ?number2)) ((kani:World_Facts kani:PhoneCall) ?person1 ?person2 ?text)))))

(ist kani:World_Facts (that (forall (?p1 ?p2 ?text) (if ((kani:World_Facts kani:PhoneCall) ?p1 ?p2 ?text) ((kani:World_Facts kani:Contact) ?p1 ?p2 'phone call' ?text)))))

(ist kani:World_Facts (that (forall (?person ?object) (if (and ((kani:World_Facts kani:ownerOf) ?person ?object) ((kani:World_Facts kani:Facility) ?object)) ((kani:World_Facts kani:hasOffice) ?person ?object)))))

(ist kani:World_Facts (that (forall (?person ?object) (if ((kani:World_Facts kani:ownerOf) ?person ?object) ((kani:World_Facts kani:has) ?person ?object)))))

(ist kani:World_Facts (that (forall (?person ?place) (if ((kani:World_Facts kani:residesIn) ?person ?place) ((kani:World_Facts kani:at) ?person ?place)))))

(ist kani:World_Facts (that ((kani:World_Facts kani:City) (kani:World_Facts kani:Charlottesville_VA))))

(ist kani:World_Facts (that ((kani:World_Facts kani:City) (kani:World_Facts kani:Springfield_VA))))

(ist kani:World_Facts (that ((kani:World_Facts kani:City) (kani:World_Facts kani:New_York_NY))))

(ist kani:World_Facts (that ((kani:World_Facts kani:City) (kani:World_Facts kani:NYC))))

(ist kani:World_Facts (that (= (kani:World_Facts kani:NYC) (kani:World_Facts kani:New_York_NY))))

(ist kani:World_Facts (that ((kani:World_Facts kani:City) (kani:World_Facts kani:Boston_MA))))

(ist kani:World_Facts (that ((kani:World_Facts kani:Facility) (kani:World_Facts kani:Boston_Harbor))))

(ist kani:World_Facts (that ((kani:World_Facts kani:subPlace) (kani:World_Facts kani:Boston_Harbor) (kani:World_Facts kani:Boston_MA))))

(specs kani:CS4_Source kani:World_Facts)

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Abdul_Ramazi))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Muhammed_bin_Harazi))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Faysal_Goba))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Ziad_al_Shibh))))

(ist kani:CS4_Source (that (= (kani:CS4_Source kani:Ziad_al_Shibh) (kani:CS4_Source kani:Faysal_Goba))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Mukhtar_Galab))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Bagwant_Dhaliwal))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Person) (kani:CS4_Source kani:Hans_Pakes))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneCall) '703-659-2317' '804-759-6302' 'I\'ll be in my office at 9am on April 30. Please be on time.')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneCall) '703-659-2317' '804-774-8920' 'I\'ll be in my office at 9am on April 30. Please be on time.')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneCall) '703-659-2317' '718-352-8479' 'I\'ll be in my office at 9am on April 30. Please be on time.')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneCall) '703-659-2317' '011207670734' 'I\'ll be in my office at 9am on April 30. Please be on time.')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneNumber) '703-659-2317')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneNumber) '804-759-6302')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneNumber) '804-774-8920')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneNumber) '718-352-8479')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:PhoneNumber) '011207670734')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Abdul_Ramazi) '703-659-2317')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Faysal_Goba) '804-759-6302')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Mukhtar_Galab) '804-774-8920')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Bagwant_Dhaliwal) '718-352-8479')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Hans_Pakes) '011207670734')))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Facility) (kani:CS4_Source kani:Select_Gourmet_Foods))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Facility) (kani:CS4_Source kani:Springfield_Mall))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:ownerOf) (kani:CS4_Source kani:Abdul_Ramazi) (kani:CS4_Source kani:Select_Gourmet_Foods))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:subPlace) (kani:CS4_Source kani:Select_Gourmet_Foods) (kani:CS4_Source kani:Springfield_Mall))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:subPlace) (kani:CS4_Source kani:Springfield_Mall) (kani:CS4_Source kani:Springfield_VA))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:Vehicle) (kani:CS4_Source kani:Holland_Queen))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:at) (kani:CS4_Source kani:Holland_Queen) (kani:CS4_Source kani:Boston_Harbor))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:residesIn) (kani:CS4_Source kani:Abdul_Ramazi) (kani:CS4_Source kani:Springfield_VA))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:residesIn) (kani:CS4_Source kani:Mukhtar_Galab) (kani:CS4_Source kani:Charlottesville_VA))))

(ist kani:CS4_Source (that ((kani:CS4_Source kani:residesIn) (kani:CS4_Source kani:Bagwant_Dhaliwal) (kani:CS4_Source kani:NYC))))

(specs kani:Persons_of_Interest kani:CS4_Source)

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:Organization) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:memberOf) (kani:Persons_of_Interest kani:Abdul_Ramazi) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:memberOf) (kani:Persons_of_Interest kani:Faysal_Goba) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:memberOf) (kani:Persons_of_Interest kani:Mukhtar_Galab) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:memberOf) (kani:Persons_of_Interest kani:Bagwant_Dhaliwal) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(ist kani:Persons_of_Interest (that ((kani:Persons_of_Interest kani:memberOf) (kani:Persons_of_Interest kani:Hans_Pakes) (kani:Persons_of_Interest kani:Persons_of_Interest))))

(specs kani:Coordinated_Event kani:Persons_of_Interest)

(hypothesis kani:Coordinated_Event)

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:CoordinatedEvent) (kani:Coordinated_Event kani:coordinated_event))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:hasParticipantSet) (kani:Coordinated_Event kani:coordinated_event) (kani:Coordinated_Event kani:attendees))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:isMember) (kani:Coordinated_Event kani:Abdul_Ramazi) (kani:Coordinated_Event kani:attendees))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:isMember) (kani:Coordinated_Event kani:Mukhtar_Galab) (kani:Coordinated_Event kani:attendees))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:isMember) (kani:Coordinated_Event kani:Faysal_Goba) (kani:Coordinated_Event kani:attendees))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:isMember) (kani:Coordinated_Event kani:Bagwant_Dhaliwal) (kani:Coordinated_Event kani:attendees))))

(ist kani:Coordinated_Event (that ((kani:Coordinated_Event kani:isMember) (kani:Coordinated_Event kani:Hans_Pakes) (kani:Coordinated_Event kani:attendees))))

(specs kani:Event_is_a_Meeting kani:Coordinated_Event)

(hypothesis kani:Event_is_a_Meeting)

(ist kani:Event_is_a_Meeting (that ((kani:Event_is_a_Meeting kani:Meeting) (kani:Event_is_a_Meeting kani:coordinated_event))))

(specs kani:Meeting_Located_at_SGF kani:Event_is_a_Meeting)

(hypothesis kani:Meeting_Located_at_SGF)

(ist kani:Meeting_Located_at_SGF (that ((kani:Meeting_Located_at_SGF kani:hasPlace) (kani:Meeting_Located_at_SGF kani:coordinated_event) (kani:Meeting_Located_at_SGF kani:Select_Gourmet_Foods))))
5 Final Knowledge Based After Translation
(#$kani:version "p1k6f")

(#$ist #$kani:World_Facts (#$forAll ?number1 (#$forAll ?number2 (#$forAll ?text (#$forAll ?person1 (#$forAll ?person2 (#$implies (#$and (#$kani:PhoneCall ?number1 ?number2 ?text) (#$kani:ownerOf ?person1 ?number1) (#$kani:ownerOf ?person2 ?number2)) (#$kani:PhoneCall ?person1 ?person2 ?text))))))))

(#$ist #$kani:World_Facts (#$forAll ?p1 (#$forAll ?p2 (#$forAll ?text (#$implies (#$kani:PhoneCall ?p1 ?p2 ?text) (#$kani:Contact ?p1 ?p2 "phone call" ?text))))))

(#$ist #$kani:World_Facts (#$forAll ?person (#$forAll ?object (#$implies (#$and (#$kani:ownerOf ?person ?object) (#$kani:Facility ?object)) (#$kani:hasOffice ?person ?object)))))

(#$ist #$kani:World_Facts (#$forAll ?person (#$forAll ?object (#$implies (#$kani:ownerOf ?person ?object) (#$kani:has ?person ?object)))))

(#$ist #$kani:World_Facts (#$forAll ?person (#$forAll ?place (#$implies (#$kani:residesIn ?person ?place) (#$kani:at ?person ?place)))))

(#$ist #$kani:World_Facts (#$kani:City #$kani:Charlottesville_VA))

(#$ist #$kani:World_Facts (#$kani:City #$kani:Springfield_VA))

(#$ist #$kani:World_Facts (#$kani:City #$kani:New #$kani:York_NY))

(#$ist #$kani:World_Facts (#$kani:City #$kani:NYC))

(#$ist #$kani:World_Facts (#$equals #$kani:NYC #$kani:New_York_NY))

(#$ist #$kani:World_Facts (#$kani:City #$kani:Boston_MA))

(#$ist #$kani:World_Facts (#$kani:Facility #$kani:Boston_Harbor))

(#$ist #$kani:World_Facts (#$kani:subPlace #$kani:Boston_Harbor #$kani:Boston_MA))

(#$genlMt #$kani:CS4_Source #$kani:World_Facts)

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Abdul_Ramazi))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Muhammed_bin_Harazi))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Faysal_Goba))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Ziad_al_Shibh))

(#$ist #$kani:CS4_Source (#$equals #$kani:Ziad_al_Shibh #$kani:Faysal_Goba))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Mukhtar_Galab))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Bagwant_Dhaliwal))

(#$ist #$kani:CS4_Source (#$kani:Person #$kani:Hans_Pakes))

(#$ist #$kani:CS4_Source (#$kani:PhoneCall "703-659-2317" "804-759-6302" "I'll be in my office at 9am on April 30. Please be on time."))

(#$ist #$kani:CS4_Source (#$kani:PhoneCall "703-659-2317" "804-774-8920" "I'll be in my office at 9am on April 30. Please be on time."))

(#$ist #$kani:CS4_Source (#$kani:PhoneCall "703-659-2317" "718-352-8479" "I'll be in my office at 9am on April 30. Please be on time."))

(#$ist #$kani:CS4_Source (#$kani:PhoneCall "703-659-2317" "011207670734" "I'll be in my office at 9am on April 30. Please be on time."))

(#$ist #$kani:CS4_Source (#$kani:PhoneNumber "703-659-2317"))

(#$ist #$kani:CS4_Source (#$kani:PhoneNumber "804-759-6302"))

(#$ist #$kani:CS4_Source (#$kani:PhoneNumber "804-774-8920"))

(#$ist #$kani:CS4_Source (#$kani:PhoneNumber "718-352-8479"))

(#$ist #$kani:CS4_Source (#$kani:PhoneNumber "011207670734"))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Abdul_Ramazi "703-659-2317"))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Faysal_Goba "804-759-6302"))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Mukhtar_Galab "804-774-8920"))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Bagwant_Dhaliwal "718-352-8479"))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Hans_Pakes "011207670734"))

(#$ist #$kani:CS4_Source (#$kani:Facility #$kani:Select_Gourmet_Foods))

(#$ist #$kani:CS4_Source (#$kani:Facility #$kani:Springfield_Mall))

(#$ist #$kani:CS4_Source (#$kani:ownerOf #$kani:Abdul_Ramazi #$kani:Select_Gourmet_Foods))

(#$ist #$kani:CS4_Source (#$kani:subPlace #$kani:Select_Gourmet_Foods #$kani:Springfield_Mall))

(#$ist #$kani:CS4_Source (#$kani:subPlace #$kani:Springfield_Mall #$kani:Springfield_VA))

(#$ist #$kani:CS4_Source (#$kani:Vehicle #$kani:Holland_Queen))

(#$ist #$kani:CS4_Source (#$kani:at #$kani:Holland_Queen #$kani:Boston_Harbor))

(#$ist #$kani:CS4_Source (#$kani:residesIn #$kani:Abdul_Ramazi #$kani:Springfield_VA))

(#$ist #$kani:CS4_Source (#$kani:residesIn #$kani:Mukhtar_Galab #$kani:Charlottesville_VA))

(#$ist #$kani:CS4_Source (#$kani:residesIn #$kani:Bagwant_Dhaliwal #$kani:NYC))

(#$genlMt #$kani:Persons_of_Interest #$kani:CS4_Source)

(#$ist #$kani:Persons_of_Interest (#$kani:Organization #$kani:Persons_of_Interest))

(#$ist #$kani:Persons_of_Interest (#$kani:memberOf #$kani:Abdul_Ramazi #$kani:Persons_of_Interest))

(#$ist #$kani:Persons_of_Interest (#$kani:memberOf #$kani:Faysal_Goba #$kani:Persons_of_Interest))

(#$ist #$kani:Persons_of_Interest (#$kani:memberOf #$kani:Mukhtar_Galab #$kani:Persons_of_Interest))

(#$ist #$kani:Persons_of_Interest (#$kani:memberOf #$kani:Bagwant_Dhaliwal #$kani:Persons_of_Interest))

(#$ist #$kani:Persons_of_Interest (#$kani:memberOf #$kani:Hans_Pakes #$kani:Persons_of_Interest))

(#$genlMt #$kani:Coordinated_Event #$kani:Persons_of_Interest)

(#$kani:hypothesis #$kani:Coordinated_Event)

(#$ist #$kani:Coordinated_Event (#$kani:CoordinatedEvent #$kani:coordinated_event))

(#$ist #$kani:Coordinated_Event (#$kani:hasParticipantSet #$kani:coordinated_event #$kani:attendees))

(#$ist #$kani:Coordinated_Event (#$kani:isMember #$kani:Abdul_Ramazi #$kani:attendees))

(#$ist #$kani:Coordinated_Event (#$kani:isMember #$kani:Mukhtar_Galab #$kani:attendees))

(#$ist #$kani:Coordinated_Event (#$kani:isMember #$kani:Faysal_Goba #$kani:attendees))

(#$ist #$kani:Coordinated_Event (#$kani:isMember #$kani:Bagwant_Dhaliwal #$kani:attendees))

(#$ist #$kani:Coordinated_Event (#$kani:isMember #$kani:Hans_Pakes #$kani:attendees))

(#$genlMt #$kani:Event_is_a_Meeting #$kani:Coordinated_Event)

(#$kani:hypothesis #$kani:Event_is_a_Meeting)

(#$ist #$kani:Event_is_a_Meeting (#$kani:Meeting #$kani:coordinated_event))

(#$genlMt #$kani:Meeting_Located_at_SGF #$kani:Event_is_a_Meeting)

(#$kani:hypothesis #$kani:Meeting_Located_at_SGF)

(#$ist #$kani:Meeting_Located_at_SGF (#$kani:hasPlace #$kani:coordinated_event #$kani:Select_Gourmet_Foods))
6 Comparison of before/after entailments illustrating their equality
(#$ist #$kani:CS4_Source (#$kani:Contact #$kani:Abdul_Ramazi #$kani:Mukhtar_Galab “I'll be in my office at 9am on April 30. Please be on time.”))

(#$ist #$kani:CS4_Source (#$kani:Contact #$kani:Abdul_Ramazi #$kani:Faysal_Goba “I'll be in my office at 9am on April 30. Please be on time.”))

(#$ist #$kani:CS4_Source (#$kani:Contact #$kani:Abdul_Ramazi #$kani:Bagwant_Dhaliwal “I'll be in my office at 9am on April 30. Please be on time.”))

(#$ist #$kani:CS4_Source (#$kani:Contact #$kani:Abdul_Ramazi #$kani:Hans_Pakes “I'll be in my office at 9am on April 30. Please be on time.”))
7 Discussion
In the Capstone Demo, this translation communicates a set of knowledge and a set of dependant hypotheses from KANI to Noöscape. Noöscape is then able to merge this knowledge with information is its own knowledge base and perform productive and appropriate reasoning over the composite knowledge. As such, the transfer of knowledge using the IKRIS translators was successful.  

In this test, as with the others, we chose knowledge from existing KBs in KANI and Noöscape based on axiomatizations of Case Study IV, that would be used in the Capstone demo.  The knowledge chosen for the demonstration was motivated mainly by the desire to present a concise and easy to explain example, and as a result did not prove a very sophisticated test of the translation capabilities between the KANI system based on CL and the Noöscape system based on CycL.  
Appendix E --  Inter-Language Translation: Noöscape ( Slate
Provided by:  Selmer Bringsjord, Rensselaer Polytechnic Institute
1 Case Study Description
Case Study 4 - Sign of the Crescent is a training case study developed by Profs. Francis J. Hughes and David A. Schum of the Joint Military Intelligence College and George Mason University, respectively. Its purpose is to train analysts in evidence marshaling and argument construction.
2 Initial Knowledge Base
The IKL file is a list of sentences, each of which is surrounded in a context using the ist operator. The surrounding contexts are used to encode the an argument structure among the sentences.

The original argument structure is a valid deductive argument that can be mechanically checked (provided relevant axioms). Its premises consist of common sense information, geographic data and intelligence reports, and, most significantly, an abductive premise, or hypothetical, that a certain coordinated event of interest is a meeting. Its conclusion is that that Hans Pakes cannot attend said meeting as he cannot leave a ship in Boston Harbor due to a lack

of necessary paperwork.
3 Representative Entailments (from initial knowledge base)
The overall argument structure, shown in Figure 1, is comprised of smaller inferences. Each of these is deductively valid, and the base level premises are all reasonable, either because they are common knowledge, or common sense, or are extracted from the intelligence reports given in Case Study 4. The only exception is the base level premise which is abductively generated (In Figure 1 this is a green hexagon.)
[image: image6.emf]
Figure 1: The Cycorp argument in Slate.
4 IKL Representation
Throughout the Capstone Demo, the ist operator has been used to describe the structure of information in the context of its originating system. The sentences in the argument are placed in contexts built using cycl:PremiseForArgInMtFn, ConclusionForArgInMtFn, cycl:AbductivePremiseForArgInMtFn which denote that a sentence is the premise, conclusion, or an abductive premise of some smaller portion of the argument. The IKL file provided by Cycorp is given in Appendix A.

5 IKL-> KB Translation Record, Resulting Knowledge Base
Figure 1 shows the result of opening the IKL file using Slate. There is a clear argument structure comprised of individual inferences, and the abductive premise in the argument structure is distinguished from the other, normal, premises.
In the Capstone Demo, Slate’s user examines this argument producing a counterexample and this counterexample is later sent to other systems via an IKL translation (documented in its own one-way evaluation). The argument itself is not again translated into IKL.
6 Comparison of before/after entailments illustrating their equality

Each individual inference can be validated using machine reasoning systems integrated with Slate. This process is partially illustrated in the accompanying video (available at URL in title). These were the only significant entailments of the original knowledge base, and are all reserved. In the Capstone Demo, Slate’s user performs other manipulations, but these are not considered entailments, and are not recorded in this document.

7 Discussion
In the Capstone Demo, this translation is the first argument structure passed between systems. The methods used to tag the argument structures were developed anew for the Capstone Demo, and are already stable enough, as this translation shows, to be used for conveying relatively complex argument structures.

A k6a-n4a.ikl

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

165

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(not

(kani:hasParticipant kani:coordinated_event kani:Hans_Pakes))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

165

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleHeadMt)

(that

(forall

(?EVENT-2)

(forall

(?TRANSPORTEE)

(forall

(?EVENT-2-LOCATION)

(forall

(?LOCATION)

(forall

(?TRANS)

(forall

(?DISEMBARK)

(forall

(?EVENT-1)

(not

(and

(cycl:socialParticipants ?EVENT-2 ?TRANSPORTEE)

(kani:hasPlace ?EVENT-2 ?EVENT-2-LOCATION)

(cycl:spatiallyDisjoint ?EVENT-2-LOCATION ?LOCATION)

(cycl:objectFoundInLocation ?TRANS ?LOCATION)

(cycl:disembarkingFromTransporter-Type ?TRANS ?DISEMBARK)

(cycl:transporter ?EVENT-1 ?TRANS)

(cycl:transportees ?EVENT-1 ?TRANSPORTEE)

(cycl:incapableOfRoleInSitType

?TRANSPORTEE

cycl:doneBy

?DISEMBARK))))))))))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

165

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:genlPreds kani:hasParticipant cycl:socialParticipants)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

165

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transportees

cycl:HollandQueen-TransportationEvent-SOC

kani:Hans_Pakes)

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

164

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transportees

cycl:HollandQueen-TransportationEvent-SOC

kani:Hans_Pakes)

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

164

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:transportees

cycl:HollandQueen-TransportationEvent-SOC

kani:Hans_Pakes)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

164

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

163

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

163

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

162

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

162

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

162

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

161

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

161

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

117

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

117

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

117

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

111

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

111

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

111

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

110

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

110

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

109

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:incapableOfRoleInSitType

kani:Hans_Pakes

cycl:doneBy

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

109

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:TransportationMt)

(that

(forall

(?PERSON)

(forall

(??TRANS)

(forall

(?DISEMBARK)

(if

(and

(cycl:isa ?PERSON cycl:PersonWithoutAVisa)

(cycl:disembarkingFromTransporter-Type ??TRANS ?DISEMBARK))

(cycl:incapableOfRoleInSitType

?PERSON

cycl:doneBy

?DISEMBARK)))))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

109

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:isa kani:Hans_Pakes cycl:PersonWithoutAVisa)

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

108

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(cycl:isa kani:Hans_Pakes cycl:PersonWithoutAVisa)

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen)))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

108

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

108

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (cycl:isa kani:Hans_Pakes cycl:PersonWithoutAVisa)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

107

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (cycl:isa kani:Hans_Pakes cycl:PersonWithoutAVisa)))

(ist

(cycl:AbductivePremiseForArgInMtFn

(cycl:CycUniqueProofFn

107

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (cycl:isa kani:Hans_Pakes cycl:PersonWithoutAVisa)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

106

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

106

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleHeadMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

38

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

38

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

38

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

36

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

36

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

35

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Springfield__VA)

(cycl:spatiallyDisjoint

kani:Springfield__VA

kani:Boston_Harbor))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

35

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

35

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (kani:hasPlace kani:coordinated_event kani:Springfield__VA)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

34

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (kani:hasPlace kani:coordinated_event kani:Springfield__VA)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

34

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleHeadMt)

(that

(forall

(?X)

(forall

(?LOCATION)

(forall

(?EVENT)

(if

(and

(cycl:isa ?X cycl:SingleSiteOrganization)

(cycl:objectFoundInLocation ?X ?LOCATION)

(kani:hasPlace ?EVENT ?X))

(kani:hasPlace ?EVENT ?LOCATION)))))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

34

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

32

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

32

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)

(cycl:isa

kani:Select_Gourmet_Foods

cycl:SingleSiteOrganization))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

32

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

31

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(and

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)

(cycl:isa

kani:Select_Gourmet_Foods

cycl:SingleSiteOrganization))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

31

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

31

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

30

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

30

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(kani:hasPlace kani:coordinated_event kani:Select_Gourmet_Foods)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

23

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

23

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

22

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Select_Gourmet_Foods

kani:Springfield__VA)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

22

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SOCReport-FBI-20030401-ReportContent)

(that

(cycl:residenceOfOrganization

kani:Select_Gourmet_Foods

kani:Springfield__VA)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

22

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:genlPreds

cycl:residenceOfOrganization

cycl:objectFoundInLocation)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

12

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

12

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

11

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

11

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa kani:Select_Gourmet_Foods cycl:SingleSiteOrganization)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

5

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

5

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleHeadMt)

(that

(cycl:disembarkingFromTransporter-Type

kani:Holland_Queen

(cycl:DisembarkFromFn kani:Holland_Queen))))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

4

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:spatiallyDisjoint kani:Springfield__VA kani:Boston_Harbor)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

4

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:UnitedStatesGeographyMt)

(that

(cycl:spatiallyDisjoint kani:Boston_Harbor kani:Springfield__VA)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

4

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:isa cycl:spatiallyDisjoint cycl:SymmetricBinaryPredicate)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

2

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

2

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleHeadMt)

(that

(cycl:objectFoundInLocation

kani:Holland_Queen

kani:Boston_Harbor)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

1

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

1

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SOCReport-FBI-20030426a-ReportContent)

(that

(cycl:transporter

cycl:HollandQueen-TransportationEvent-SOC

kani:Holland_Queen)))

(ist

(cycl:ConclusionForArgInMtFn

(cycl:CycUniqueProofFn

0

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that

(cycl:transportees

cycl:HollandQueen-TransportationEvent-SOC

kani:Hans_Pakes)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

0

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SOCReport-CIA-20030427-ReportContent)

(that

(cycl:crewMember

cycl:HollandQueen-TransportationEvent-SOC

kani:Hans_Pakes)))

(ist

(cycl:PremiseForArgInMtFn

(cycl:CycUniqueProofFn

0

’f7ce4a40-2719-11db-8000-000ea663fab7’)

cycl:SignOfTheCrescentSpindleCollectorMt)

(that (cycl:genlPreds cycl:crewMember cycl:transportees)))

Appendix F --  Inter-Language Translatios: Slate ( KANI-CL

Provided by:  Alan Chappell, PNNL and Chris Welty, IBM
1 Case Study Description
A deductive argument has been built in Slate stating showing that given the known locations of a group of participants, a particular event can not be a meeting because the participants are not in the same place. This argument is communicated back to KANI for integration with the evolving knowledge base.
2 Initial Knowledge Base
Slate begins with the accumulated information from KANI and Noöscape.
3 Representative Entailments (from initial knowledge base)
Using Slate, the arugment is created, so this is the key entailment of the knowledge base.  Slate needs to communicate this back to KANI, which uses a different style an mechanism for representing argument structure (as contexts).  Thus there are no formal entailments in this test, just an adequate representation of the argument structure.
4 IKL Representation
(ist

(cyc:ConclusionForArgInMtFn

(cyc:CycUniqueProofFn 0 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (not (kani:Meeting kani:coordinated_event)))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 0 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (slate:hasLocation kani:coordinated_event kani:Springfield_VA))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 0 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (slate:hasLocation kani:coordinated_event kani:NYC))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 0 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (forall (x) (forall (y) (forall (z) (if (and (kani:Meeting z) (slate:hasLocation z x) (slate:hasLocation z y)) (= y x))))))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 0 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (not (= kani:Springfield_VA kani:NYC)))

)

(ist

(cyc:ConclusionForArgInMtFn

(cyc:CycUniqueProofFn 1 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (slate:hasLocation kani:coordinated_event kani:Springfield_VA))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 1 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:residesIn kani:Abdul_Ramazi kani:Springfield_VA))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 1 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:hasParticipantSet kani:coordinated_event kani:attendees))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 1 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:isMember kani:Abdul_Ramazi kani:attendees))

)

(ist

(cyc:ConclusionForArgInMtFn

(cyc:CycUniqueProofFn 5 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (slate:hasLocation kani:coordinated_event kani:NYC))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 5 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:residesIn kani:Bagwant_Dhaliwal kani:NYC))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 5 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:hasParticipantSet kani:coordinated_event kani:attendees))

)

(ist

(cyc:PremiseForArgInMtFn

(cyc:CycUniqueProofFn 5 SlateArgumentInferenceID)

SlateKnowledgeAndWorkspace)(that (kani:isMember kani:Bagwant_Dhaliwal kani:attendees))

)

5 Final Knowledge Based After Translation

(ist (cyc:ConclusionForArgInMtFn (cyc:CycUniqueProofFn 0 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (not (kani:Meeting kani:coordinated_event)))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 0 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (slate:hasLocation kani:coordinated_event kani:Springfield_VA))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 0 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (slate:hasLocation kani:coordinated_event kani:NYC))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 0 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (forall (x) (forall (y) (forall (z) (=> (and (kani:Meeting z) (slate:hasLocation z x) (slate:hasLocation z y)) (= y x))))))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 0 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (not (= kani:Springfield_VA kani:NYC)))

(ist (cyc:ConclusionForArgInMtFn (cyc:CycUniqueProofFn 1 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (slate:hasLocation kani:coordinated_event kani:Springfield_VA))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 1 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:residesIn kani:Abdul_Ramazi kani:Springfield_VA))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 1 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:hasParticipantSet kani:coordinated_event kani:attendees))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 1 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:isMember kani:Abdul_Ramazi kani:attendees))

(ist (cyc:ConclusionForArgInMtFn (cyc:CycUniqueProofFn 5 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (slate:hasLocation kani:coordinated_event kani:NYC))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 5 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:residesIn kani:Bagwant_Dhaliwal kani:NYC))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 5 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:hasParticipantSet kani:coordinated_event kani:attendees))

(ist (cyc:PremiseForArgInMtFn (cyc:CycUniqueProofFn 5 SlateArgumentInferenceID) SlateKnowledgeAndWorkspace) (kani:isMember kani:Bagwant_Dhaliwal kani:attendees))
6 Comparison of before/after entailments illustrating their equality
The argument structure was successfully communicated using translation of metalogical predicates from Slate into hypothesis nodes in KANI.  These are not formal entailments, but evidence of the successful translation.
7 Discussion
In the Capstone Demo, this translation communicates a deductive argument from Slate to KANI. The argument is successfully integrated into the KANI knowledge base so the system-to-system translation is successful.
Appendix G --  Context Reasoner Evaluation: Prolog Proof

Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Case Study Title:  Prolog Proof

2 Case Study Description
Prove a particular statement in a Prolog theory.

3 Parameters
Maximum number of literals in a newly-generated clause = 4

Maximum steps when using built-in context reasoning = 100,000

Maximum steps when not using built-in context reasoning = 500,000

4 Initial Knowledge Base
; ----Facts 

(s0 (h+ d (i+ c0 t0)))

(q0 (h+ e (i+ c0 t0)) (h+ d (i+ c0 t0)))

(n0 (h+ d (i+ c0 t0)) (h+ e (i+ c0 t0)))

(m0 (h+ e (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ a (i+ c0 t0)))

(s0 (h+ b (i+ c0 t0)))

(q0 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)))

(n0 (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0)))

(m0 (h+ e (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ e (i+ c0 t0)))

(r0 (h+ b (i+ c0 t0)))

(p0 (h+ b (i+ c0 t0)) (h+ d (i+ c0 t0)))

(n0 (h+ e (i+ c0 t0)) (h+ b (i+ c0 t0)))

(m0 (h+ a (i+ c0 t0)) (h+ ?x (i+ c0 t0)) (h+ a (i+ c0 t0)))

(r0 (h+ e (i+ c0 t0)))

(p0 (h+ b (i+ c0 t0)) (h+ ?x (i+ c0 t0)))

(n0 (h+ a (i+ c0 t0)) (h+ b (i+ c0 t0)))

(m0 (h+ c (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ a (i+ c0 t0)))

(q0 (h+ ?x (i+ c0 t0)) (h+ d (i+ c0 t0)))

(p0 (h+ c (i+ c0 t0)) (h+ b (i+ c0 t0)))

(m0 (h+ ?x (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ ?y (i+ c0 t0)))

(l0 (h+ a (i+ c0 t0)))

(q0 (h+ b (i+ c0 t0)) (h+ e (i+ c0 t0)))

(p0 (h+ b (i+ c0 t0)) (h+ c (i+ c0 t0)))

(m0 (h+ a (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)))

(l0 (h+ c (i+ c0 t0)))

(q0 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)))

(n0 (h+ d (i+ c0 t0)) (h+ c (i+ c0 t0)))

(m0 (h+ e (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ c (i+ c0 t0)))

(k0 (h+ e (i+ c0 t0)))

(q0 (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0)))

(n0 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)))

(m0 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ e (i+ c0 t0)))

(k0 (h+ b (i+ c0 t0)))

(q0 (h+ d (i+ c0 t0)) (h+ c (i+ c0 t0)))

(n0 (h+ c (i+ c0 t0)) (h+ d (i+ c0 t0)))

(m0 (h+ d (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ c (i+ c0 t0)))

(q0 (h+ a (i+ c0 t0)) (h+ b (i+ c0 t0)))

(n0 (h+ b (i+ c0 t0)) (h+ a (i+ c0 t0)))

(m0 (h+ b (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)))

; ----Rules 

(or (k1 (h+ ?i (i+ c0 t0))) (not (n0 (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (l1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (l1 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (p0 (h+ ?e (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (r0 (h+ ?f (i+ (conj c0) t0)))) (not (m0 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (l1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (k1 (h+ ?a (i+ (conj c0) t0)))) (not (l0 (h+ ?b (i+ (conj c0) t0)))) (not (l1 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m1 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m0 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m1 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (m0 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (m1 (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (p0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (r0 (h+ ?g (i+ (conj c0) t0)))))

(or (m1 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (l0 (h+ b (i+ (conj c0) t0)))))

(or (m1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (s0 (h+ ?e (i+ (conj c0) t0)))) (not (r0 (h+ ?e (i+ (conj c0) t0)))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (m1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (n0 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (l1 (h+ c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m1 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (k0 (h+ ?j (i+ (conj c0) t0)))) (not (n0 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (m1 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))))

(or (m1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (m1 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (m0 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (m1 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (l0 (h+ ?d (i+ (conj c0) t0)))) (not (m0 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m1 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m1 (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (m1 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (m1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (s0 (h+ ?f (i+ (conj c0) t0)))) (not (q0 (h+ ?g (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (m1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (m1 (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (r0 (h+ c (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))) (not (q0 (h+ ?b (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (p0 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m1 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (l0 (h+ c (i+ (conj c0) t0)))))

(or (m1 (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (l0 (h+ ?i (i+ (conj c0) t0)))) (not (k0 (h+ ?j (i+ (conj c0) t0)))))

(or (m1 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (s0 (h+ e (i+ (conj c0) t0)))))

(or (m1 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (l0 (h+ a (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))))

(or (m1 (h+ ?f (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m0 (h+ a (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (m1 (h+ ?g (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (m1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (m0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (m1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (l0 (h+ ?a (i+ (conj c0) t0)))) (not (l0 (h+ ?b (i+ (conj c0) t0)))) (not (p0 (h+ ?b (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (m1 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (q0 (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (l1 (h+ a (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (m1 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (l0 (h+ ?j (i+ (conj c0) t0)))) (not (k0 (h+ ?j (i+ (conj c0) t0)))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (m1 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (p0 (h+ ?h (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (s0 (h+ ?h (i+ (conj c0) t0)))))

(or (m1 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))))

(or (m1 (h+ c (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))) (not (m0 (h+ a (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (r0 (h+ ?g (i+ (conj c0) t0)))) (not (k0 (h+ e (i+ (conj c0) t0)))))

(or (m1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (s0 (h+ ?f (i+ (conj c0) t0)))))

(or (m1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (m1 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (m1 (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (k1 (h+ a (i+ (conj c0) t0)))) (not (k1 (h+ ?b (i+ (conj c0) t0)))) (not (q0 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (m1 (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r0 (h+ ?i (i+ (conj c0) t0)))) (not (l0 (h+ ?j (i+ (conj c0) t0)))))

(or (n1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m0 (h+ b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (n1 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (p0 (h+ ?j (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (l0 (h+ ?i (i+ (conj c0) t0)))) (not (r0 (h+ ?h (i+ (conj c0) t0)))))

(or (n1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (n0 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (q0 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (n1 (h+ ?e (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (m0 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (n1 (h+ ?c (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (m0 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (k1 (h+ ?c (i+ (conj c0) t0)))))

(or (n1 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (s0 (h+ b (i+ (conj c0) t0)))) (not (m1 (h+ b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (n1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (k0 (h+ ?h (i+ (conj c0) t0)))) (not (q0 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (n1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (k1 (h+ ?g (i+ (conj c0) t0)))) (not (p0 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (n1 (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (p0 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (p0 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (n1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (q0 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (n1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (m1 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (k0 (h+ ?b (i+ (conj c0) t0)))))

(or (n1 (h+ ?i (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (p0 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (r0 (h+ ?i (i+ (conj c0) t0)))) (not (l1 (h+ ?j (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (n1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (m0 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (m0 (h+ ?h (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (n1 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (n1 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (l0 (h+ c (i+ (conj c0) t0)))))

(or (n1 (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (s0 (h+ b (i+ (conj c0) t0)))) (not (l0 (h+ ?d (i+ (conj c0) t0)))) (not (p0 (h+ b (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (n1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m1 (h+ c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (m0 (h+ b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (n1 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (n1 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (k1 (h+ ?i (i+ (conj c0) t0)))) (not (s0 (h+ ?i (i+ (conj c0) t0)))) (not (p0 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (n1 (h+ a (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (p0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (p0 (h+ a (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (n1 (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (l0 (h+ ?g (i+ (conj c0) t0)))) (not (l1 (h+ ?g (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (n1 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (n1 (h+ d (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (p0 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (n1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (r0 (h+ b (i+ (conj c0) t0)))))

(or (n1 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (l0 (h+ a (i+ (conj c0) t0)))) (not (r0 (h+ a (i+ (conj c0) t0)))))

(or (n1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (r0 (h+ ?d (i+ (conj c0) t0)))))

(or (n1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (l1 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (n0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (n1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (n1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (q0 (h+ b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (m1 (h+ d (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (k0 (h+ b (i+ (conj c0) t0)))))

(or (n1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (k0 (h+ ?g (i+ (conj c0) t0)))) (not (s0 (h+ ?g (i+ (conj c0) t0)))))

(or (n1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (m0 (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (n1 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (p1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (n0 (h+ d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (k0 (h+ ?e (i+ (conj c0) t0)))))

(or (p1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (m0 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l0 (h+ ?a (i+ (conj c0) t0)))))

(or (p1 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (l1 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (p0 (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (n0 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (p1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (p1 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (p1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (k0 (h+ ?d (i+ (conj c0) t0)))))

(or (p1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p1 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (p0 (h+ a (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (p1 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (l0 (h+ ?j (i+ (conj c0) t0)))) (not (p1 (h+ ?i (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (s0 (h+ b (i+ (conj c0) t0)))))

(or (p1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (s0 (h+ ?g (i+ (conj c0) t0)))) (not (s0 (h+ ?f (i+ (conj c0) t0)))))

(or (p1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (n0 (h+ e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (k0 (h+ b (i+ (conj c0) t0)))) (not (k0 (h+ ?d (i+ (conj c0) t0)))) (not (k1 (h+ ?e (i+ (conj c0) t0)))))

(or (p1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (r0 (h+ ?b (i+ (conj c0) t0)))))

(or (p1 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (p0 (h+ b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p1 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (p1 (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))))

(or (p1 (h+ c (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (m0 (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (p1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (p0 (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (m0 (h+ e (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (k0 (h+ e (i+ (conj c0) t0)))) (not (k1 (h+ ?a (i+ (conj c0) t0)))) (not (l0 (h+ c (i+ (conj c0) t0)))))

(or (p1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (l0 (h+ ?i (i+ (conj c0) t0)))) (not (n1 (h+ ?h (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (p1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m1 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (l0 (h+ ?f (i+ (conj c0) t0)))))

(or (p1 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (p1 (h+ ?j (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p1 (h+ ?f (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m1 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (k0 (h+ ?g (i+ (conj c0) t0)))))

(or (p1 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (m0 (h+ b (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l1 (h+ ?d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (p1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p1 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (l0 (h+ ?i (i+ (conj c0) t0)))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (p1 (h+ a (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (r0 (h+ b (i+ (conj c0) t0)))) (not (p1 (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p1 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (l0 (h+ a (i+ (conj c0) t0)))))

(or (p1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (s0 (h+ ?h (i+ (conj c0) t0)))) (not (n1 (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (r0 (h+ d (i+ (conj c0) t0)))) (not (n0 (h+ c (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (p1 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))) (not (k0 (h+ e (i+ (conj c0) t0)))))

(or (p1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (k1 (h+ ?f (i+ (conj c0) t0)))) (not (n1 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (q1 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (n0 (h+ ?b (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (q1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (q1 (h+ b (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (s0 (h+ e (i+ (conj c0) t0)))) (not (k0 (h+ b (i+ (conj c0) t0)))) (not (l0 (h+ c (i+ (conj c0) t0)))))

(or (q1 (h+ ?f (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (p0 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (q1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (n1 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (m1 (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (q1 (h+ ?e (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (q1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (s0 (h+ ?a (i+ (conj c0) t0)))))

(or (q1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (s0 (h+ ?h (i+ (conj c0) t0)))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (q1 (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (k0 (h+ ?g (i+ (conj c0) t0)))) (not (l0 (h+ ?e (i+ (conj c0) t0)))) (not (q1 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (q1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (n0 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (q1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (k1 (h+ ?b (i+ (conj c0) t0)))) (not (q0 (h+ ?b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (p1 (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (q1 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (k0 (h+ ?j (i+ (conj c0) t0)))) (not (l0 (h+ ?a (i+ (conj c0) t0)))))

(or (q1 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (l0 (h+ ?e (i+ (conj c0) t0)))) (not (r0 (h+ ?g (i+ (conj c0) t0)))) (not (p0 (h+ ?h (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (q1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (s0 (h+ ?c (i+ (conj c0) t0)))) (not (p0 (h+ ?d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (q1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (s0 (h+ ?b (i+ (conj c0) t0)))))

(or (q1 (h+ e (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (m0 (h+ ?a (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (m0 (h+ e (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (q1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (p0 (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (p1 (h+ ?h (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (q0 (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (p0 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (k1 (h+ ?e (i+ (conj c0) t0)))))

(or (q1 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m0 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (q1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (m0 (h+ c (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (m1 (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (q1 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (k1 (h+ ?a (i+ (conj c0) t0)))) (not (s0 (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r0 (h+ ?j (i+ (conj c0) t0)))) (not (m1 (h+ ?h (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (q1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (m0 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (k0 (h+ ?g (i+ (conj c0) t0)))))

(or (q1 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (l0 (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (r0 (h+ ?e (i+ (conj c0) t0)))))

(or (q1 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (k0 (h+ e (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))))

(or (q1 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p0 (h+ b (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (s0 (h+ b (i+ (conj c0) t0)))) (not (n1 (h+ ?d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (q1 (h+ ?b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (s0 (h+ ?b (i+ (conj c0) t0)))) (not (s0 (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (r0 (h+ b (i+ (conj c0) t0)))))

(or (q1 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (q1 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m0 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (q1 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (m0 (h+ c (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (r0 (h+ ?f (i+ (conj c0) t0)))))

(or (r1 (h+ ?d (i+ c0 t0))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))) (not (q1 (h+ d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (s1 (h+ ?i (i+ c0 t0))) (not (p0 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (s1 (h+ ?f (i+ c0 t0))) (not (q0 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (s1 (h+ ?h (i+ (conj c0) t0)))))

(or (k2 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (m1 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (k1 (h+ ?f (i+ (conj c0) t0)))) (not (k2 (h+ ?f (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (k2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (n1 (h+ e (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (m1 (h+ ?b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (q1 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (k2 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (q1 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (k2 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (l1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (l2 (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (s1 (h+ ?d (i+ (conj c0) t0)))) (not (n0 (h+ e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (l2 (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (l2 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (l2 (h+ c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (l1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (l2 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (p0 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (s1 (h+ ?b (i+ (conj c0) t0)))) (not (m0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (l2 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m0 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (m1 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (p0 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (m2 (h+ ?f (i+ c0 t0))) (not (s0 (h+ ?f (i+ (conj c0) t0)))) (not (l1 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (m2 (h+ b (i+ c0 t0))) (not (k1 (h+ b (i+ (conj c0) t0)))))

(or (n2 (h+ ?a (i+ c0 t0))) (not (p1 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (n2 (h+ a (i+ c0 t0))) (not (m1 (h+ b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (k1 (h+ c (i+ (conj c0) t0)))) (not (n1 (h+ e (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (q1 (h+ c (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (n2 (h+ c (i+ c0 t0))) (not (l1 (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (k0 (h+ b (i+ (conj c0) t0)))))

(or (n2 (h+ e (i+ c0 t0))) (not (r1 (h+ b (i+ (conj c0) t0)))) (not (r0 (h+ e (i+ (conj c0) t0)))) (not (p1 (h+ b (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (p2 (h+ ?b (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (q1 (h+ ?b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p2 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (k1 (h+ ?a (i+ (conj c0) t0)))) (not (k0 (h+ ?a (i+ (conj c0) t0)))) (not (l2 (h+ a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (k2 (h+ ?j (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p2 (h+ c (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (l1 (h+ c (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (q1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (p2 (h+ b (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))) (not (n1 (h+ c (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (p0 (h+ b (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (k2 (h+ c (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p2 (h+ e (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (r0 (h+ e (i+ (conj c0) t0)))) (not (p1 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (p2 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (p1 (h+ ?c (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (l1 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (p2 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (p2 (h+ e (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (r1 (h+ d (i+ (conj c0) t0)))) (not (l1 (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (p2 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (m1 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (p2 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p2 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (r1 (h+ a (i+ (conj c0) t0)))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (p2 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (m1 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p2 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (k1 (h+ d (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))))

(or (p2 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (n1 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p0 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (p2 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (p2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (n1 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p2 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (q1 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p2 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (k1 (h+ ?j (i+ (conj c0) t0)))) (not (p2 (h+ e (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (p2 (h+ ?f (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (n1 (h+ e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (q1 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p2 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (l1 (h+ ?e (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (p2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q1 (h+ c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (s1 (h+ c (i+ (conj c0) t0)))) (not (s0 (h+ e (i+ (conj c0) t0)))) (not (p2 (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p2 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (k1 (h+ ?a (i+ (conj c0) t0)))))

(or (p2 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (m1 (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (p2 (h+ a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (p2 (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (p1 (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (p2 (h+ b (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (p1 (h+ ?g (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (n1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (q1 (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (p2 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (q1 (h+ ?f (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (k2 (h+ ?e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (p2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (p0 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (r1 (h+ ?c (i+ (conj c0) t0)))) (not (p2 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (p2 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (q1 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (p2 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p2 (h+ a (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (m1 (h+ a (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (p2 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (s1 (h+ ?g (i+ (conj c0) t0)))) (not (k1 (h+ ?g (i+ (conj c0) t0)))))

(or (p2 (h+ a (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (l1 (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (l2 (h+ e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (r1 (h+ e (i+ (conj c0) t0)))) (not (m1 (h+ d (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (p2 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (q1 (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p1 (h+ ?d (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (p2 (h+ ?c (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (n1 (h+ ?c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (p2 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (n1 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (p0 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p2 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (p1 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (p2 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r1 (h+ ?j (i+ (conj c0) t0)))) (not (r0 (h+ ?i (i+ (conj c0) t0)))))

(or (p2 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (n2 (h+ ?h (i+ (conj c0) t0)))) (not (k1 (h+ e (i+ (conj c0) t0)))))

(or (p2 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (l1 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p2 (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (m1 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (q2 (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (k0 (h+ ?f (i+ (conj c0) t0)))) (not (p1 (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (q2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (q0 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (n1 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (q2 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (k1 (h+ ?a (i+ (conj c0) t0)))) (not (n1 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (q2 (h+ d (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (q2 (h+ d (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (s1 (h+ c (i+ (conj c0) t0)))) (not (q0 (h+ e (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (q2 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (p1 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (q2 (h+ ?f (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (p1 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (n1 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (q2 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (q2 (h+ ?d (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (k1 (h+ ?e (i+ (conj c0) t0)))) (not (l0 (h+ c (i+ (conj c0) t0)))) (not (l2 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (q2 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (q1 (h+ ?c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (q2 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (n1 (h+ ?j (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (k1 (h+ ?i (i+ (conj c0) t0)))) (not (q2 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (q2 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (l1 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (q2 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (r1 (h+ ?d (i+ (conj c0) t0)))) (not (m0 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (k0 (h+ ?d (i+ (conj c0) t0)))) (not (q2 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (r2 (h+ ?g (i+ c0 t0))) (not (r1 (h+ ?g (i+ (conj c0) t0)))) (not (l0 (h+ ?g (i+ (conj c0) t0)))))

(or (s2 (h+ ?h (i+ c0 t0))) (not (q2 (h+ b (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (s1 (h+ b (i+ (conj c0) t0)))))

(or (s2 (h+ d (i+ c0 t0))) (not (s1 (h+ a (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))))

(or (s2 (h+ d (i+ c0 t0))) (not (r1 (h+ d (i+ (conj c0) t0)))) (not (s1 (h+ d (i+ (conj c0) t0)))))

(or (k3 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (s1 (h+ ?a (i+ (conj c0) t0)))) (not (p2 (h+ ?b (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (n0 (h+ ?j (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (k3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (s1 (h+ ?h (i+ (conj c0) t0)))) (not (q2 (h+ d (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (s2 (h+ ?i (i+ (conj c0) t0)))))

(or (k3 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (k2 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (k3 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (s2 (h+ e (i+ (conj c0) t0)))) (not (k2 (h+ c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (k3 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p2 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (m1 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (k3 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (l2 (h+ ?b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (k1 (h+ ?a (i+ (conj c0) t0)))))

(or (k3 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (k0 (h+ a (i+ (conj c0) t0)))) (not (r2 (h+ c (i+ (conj c0) t0)))))

(or (k3 (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (l1 (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (k3 (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (k3 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (p2 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (s1 (h+ ?g (i+ (conj c0) t0)))) (not (k3 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (k3 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p1 (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (m2 (h+ ?e (i+ (conj c0) t0)))) (not (m2 (h+ ?d (i+ (conj c0) t0)))))

(or (k3 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (k2 (h+ ?g (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (k3 (h+ ?h (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (k3 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (p1 (h+ a (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (r2 (h+ a (i+ (conj c0) t0)))) (not (l2 (h+ e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (k3 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (r2 (h+ a (i+ (conj c0) t0)))))

(or (k3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (p2 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (k3 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p2 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (k3 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (p0 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (k3 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (k3 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (k3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r2 (h+ c (i+ (conj c0) t0)))) (not (l1 (h+ b (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (k3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (m2 (h+ ?f (i+ (conj c0) t0)))) (not (l1 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (s2 (h+ ?e (i+ (conj c0) t0)))) (not (k3 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (k3 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (n2 (h+ ?d (i+ (conj c0) t0)))))

(or (k3 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (l0 (h+ ?c (i+ (conj c0) t0)))) (not (r2 (h+ e (i+ (conj c0) t0)))) (not (r0 (h+ e (i+ (conj c0) t0)))))

(or (k3 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m2 (h+ ?b (i+ (conj c0) t0)))))

(or (k3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r1 (h+ ?i (i+ (conj c0) t0)))) (not (p2 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (k3 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (r2 (h+ c (i+ (conj c0) t0)))))

(or (l3 (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (r0 (h+ ?g (i+ (conj c0) t0)))) (not (p2 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (l3 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (p1 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p2 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (l3 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (n2 (h+ ?c (i+ (conj c0) t0)))) (not (m2 (h+ b (i+ (conj c0) t0)))))

(or (l3 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (r2 (h+ ?b (i+ (conj c0) t0)))))

(or (l3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (n2 (h+ ?j (i+ (conj c0) t0)))) (not (l1 (h+ ?a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (l3 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (l3 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (s2 (h+ ?h (i+ (conj c0) t0)))) (not (l1 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (l3 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (k2 (h+ a (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (l3 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (k3 (h+ ?e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (l2 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (l3 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (k2 (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (l3 (h+ d (i+ c0 t0)) (h+ c (i+ c0 t0))) (not (s2 (h+ d (i+ (conj c0) t0)))) (not (k3 (h+ a (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (r0 (h+ b (i+ (conj c0) t0)))))

(or (m3 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (m0 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (l2 (h+ ?c (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))) (not (m0 (h+ ?j (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (s2 (h+ ?b (i+ (conj c0) t0)))))

(or (m3 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (k2 (h+ ?h (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (m3 (h+ ?g (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (n0 (h+ ?i (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (l2 (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (m3 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (s0 (h+ ?f (i+ (conj c0) t0)))) (not (s2 (h+ ?e (i+ (conj c0) t0)))) (not (r2 (h+ ?c (i+ (conj c0) t0)))))

(or (m3 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (n2 (h+ ?j (i+ (conj c0) t0)))) (not (m2 (h+ ?a (i+ (conj c0) t0)))) (not (m3 (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m3 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (q2 (h+ a (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (m3 (h+ c (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (l1 (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (m2 (h+ d (i+ (conj c0) t0)))) (not (q2 (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (m3 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (r2 (h+ ?h (i+ (conj c0) t0)))) (not (k2 (h+ c (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (m3 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (l2 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (n2 (h+ ?g (i+ (conj c0) t0)))))

(or (m3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (n2 (h+ ?e (i+ (conj c0) t0)))) (not (m2 (h+ ?f (i+ (conj c0) t0)))))

(or (m3 (h+ ?d (i+ c0 t0)) (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (n2 (h+ e (i+ (conj c0) t0)))) (not (p2 (h+ ?d (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (m3 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (r2 (h+ ?c (i+ (conj c0) t0)))) (not (k3 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (m3 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (n2 (h+ ?a (i+ (conj c0) t0)))))

(or (m3 (h+ ?j (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (s2 (h+ c (i+ (conj c0) t0)))) (not (q2 (h+ ?j (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (m3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (p2 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (m3 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (l2 (h+ a (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (n3 (h+ ?d (i+ c0 t0))) (not (p2 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (p3 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (q2 (h+ ?f (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (k2 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (p3 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (r2 (h+ ?a (i+ (conj c0) t0)))) (not (k3 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (p3 (h+ ?i (i+ c0 t0)) (h+ d (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (l3 (h+ b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (p2 (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (n3 (h+ ?i (i+ (conj c0) t0)))) (not (q2 (h+ ?i (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (p3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (n2 (h+ ?h (i+ (conj c0) t0)))))

(or (p3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (l1 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (l3 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p3 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p3 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (l2 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (p3 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (n2 (h+ ?a (i+ (conj c0) t0)))) (not (q2 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (s1 (h+ ?b (i+ (conj c0) t0)))))

(or (p3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (p2 (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (n3 (h+ ?i (i+ (conj c0) t0)))))

(or (p3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (k1 (h+ ?h (i+ (conj c0) t0)))) (not (n2 (h+ ?h (i+ (conj c0) t0)))))

(or (p3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (k1 (h+ ?e (i+ (conj c0) t0)))) (not (q2 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (p3 (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (m3 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (p2 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (p3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (k2 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (p3 (h+ b (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (k2 (h+ c (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (p3 (h+ e (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (m3 (h+ e (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (q2 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (q3 (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q2 (h+ ?i (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (n0 (h+ ?i (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (q3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (p2 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (q3 (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (q3 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (n1 (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (s2 (h+ ?b (i+ (conj c0) t0)))) (not (q3 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))))

(or (q3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r2 (h+ ?i (i+ (conj c0) t0)))) (not (s1 (h+ ?j (i+ (conj c0) t0)))) (not (l2 (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (q3 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (k1 (h+ ?g (i+ (conj c0) t0)))) (not (r2 (h+ d (i+ (conj c0) t0)))) (not (q3 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (r3 (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (s2 (h+ ?h (i+ (conj c0) t0)))) (not (l2 (h+ c (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (r3 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (l1 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (n1 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (r2 (h+ ?d (i+ (conj c0) t0)))))

(or (r3 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (p1 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (l2 (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (r3 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (r3 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m0 (h+ d (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (r3 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (r3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (s2 (h+ ?h (i+ (conj c0) t0)))))

(or (r3 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (l2 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (r3 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (r2 (h+ ?e (i+ (conj c0) t0)))))

(or (r3 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (p2 (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (r3 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (m2 (h+ ?i (i+ (conj c0) t0)))) (not (m3 (h+ ?j (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (r3 (h+ ?i (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (r3 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (k2 (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (q2 (h+ ?g (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (m2 (h+ b (i+ (conj c0) t0)))) (not (m3 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (r3 (h+ ?f (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (r0 (h+ ?f (i+ (conj c0) t0)))) (not (p2 (h+ b (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l2 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (r3 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p3 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (r3 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (r3 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (k2 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (r2 (h+ ?b (i+ (conj c0) t0)))) (not (r3 (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (s3 (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (q2 (h+ ?a (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (s2 (h+ ?i (i+ (conj c0) t0)))) (not (m0 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (k4 (h+ c (i+ c0 t0))) (not (n0 (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (q3 (h+ e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (n3 (h+ e (i+ (conj c0) t0)))))

(or (k4 (h+ ?e (i+ c0 t0))) (not (k3 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (n0 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (k4 (h+ ?e (i+ (conj c0) t0)))))

(or (k4 (h+ e (i+ c0 t0))) (not (q3 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (q1 (h+ a (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (r3 (h+ ?c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (l4 (h+ ?j (i+ c0 t0))) (not (p3 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (l4 (h+ ?h (i+ c0 t0))) (not (m0 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (l4 (h+ ?i (i+ (conj c0) t0)))))

(or (m4 (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (l2 (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (s3 (h+ a (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (m4 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (p3 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (m3 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (m4 (h+ ?c (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (n4 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (p3 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (n4 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (n4 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (k3 (h+ c (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))) (not (q1 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (n4 (h+ e (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (l3 (h+ b (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (p3 (h+ b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (n4 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (k4 (h+ ?i (i+ (conj c0) t0)))) (not (m3 (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (p4 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (r0 (h+ ?g (i+ (conj c0) t0)))) (not (r3 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (p4 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (q3 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (n3 (h+ ?d (i+ (conj c0) t0)))))

(or (p4 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (k3 (h+ ?b (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (p4 (h+ ?h (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r3 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (p4 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p4 (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (l4 (h+ ?d (i+ (conj c0) t0)))) (not (n0 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p4 (h+ ?f (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p4 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (m3 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (p4 (h+ ?a (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (p4 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (p3 (h+ ?j (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

(or (p4 (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (k3 (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (n4 (h+ ?f (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (p1 (h+ ?h (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))))

(or (p4 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q3 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (n4 (h+ ?e (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (l3 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))))

(or (p4 (h+ c (i+ c0 t0)) (h+ c (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (n3 (h+ a (i+ (conj c0) t0)))) (not (m3 (h+ ?b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))))

(or (q4 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (k3 (h+ ?d (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (q2 (h+ ?e (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (m3 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (q4 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (r1 (h+ ?i (i+ (conj c0) t0)))) (not (l4 (h+ ?j (i+ (conj c0) t0)))) (not (q4 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))))

(or (q4 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (k3 (h+ c (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l1 (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (r4 (h+ ?g (i+ c0 t0))) (not (n3 (h+ ?g (i+ (conj c0) t0)))) (not (q3 (h+ ?h (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (p0 (h+ ?j (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (s4 (h+ ?a (i+ c0 t0))) (not (p3 (h+ ?b (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (l1 (h+ ?a (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (k5 (h+ ?e (i+ c0 t0))) (not (s4 (h+ ?f (i+ (conj c0) t0)))) (not (r3 (h+ ?g (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (k5 (h+ b (i+ c0 t0))) (not (s4 (h+ e (i+ (conj c0) t0)))) (not (n1 (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))))

(or (l5 (h+ ?h (i+ c0 t0))) (not (q4 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))) (not (k1 (h+ ?h (i+ (conj c0) t0)))))

(or (m5 (h+ ?d (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (r0 (h+ ?d (i+ (conj c0) t0)))) (not (p4 (h+ ?d (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (m5 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (k4 (h+ ?c (i+ (conj c0) t0)))))

(or (m5 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (s4 (h+ ?b (i+ (conj c0) t0)))) (not (m4 (h+ e (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (m5 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (s4 (h+ ?a (i+ (conj c0) t0)))) (not (r0 (h+ ?j (i+ (conj c0) t0)))))

(or (n5 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q4 (h+ ?d (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (n4 (h+ ?b (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))) (not (p4 (h+ ?f (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))) (not (n5 (h+ ?f (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (n5 (h+ ?j (i+ c0 t0)) (h+ ?j (i+ c0 t0))) (not (m0 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (n5 (h+ ?a (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (n5 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (n4 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (n5 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0))) (not (p0 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (m4 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (k5 (h+ d (i+ (conj c0) t0)))))

(or (n5 (h+ d (i+ c0 t0)) (h+ d (i+ c0 t0))) (not (p4 (h+ c (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))))

(or (n5 (h+ b (i+ c0 t0)) (h+ e (i+ c0 t0))) (not (r3 (h+ d (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ c (i+ (conj c0) t0)))) (not (n4 (h+ b (i+ (conj c0) t0)) (h+ e (i+ (conj c0) t0)))))

(or (n5 (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (q4 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (n5 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (r4 (h+ ?b (i+ (conj c0) t0)))))

(or (n5 (h+ ?a (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (s1 (h+ ?a (i+ (conj c0) t0)))) (not (k4 (h+ ?a (i+ (conj c0) t0)))))

(or (n5 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (p4 (h+ ?i (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (s1 (h+ ?h (i+ (conj c0) t0)))) (not (p4 (h+ b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)) (h+ ?j (i+ (conj c0) t0)))))

(or (n5 (h+ d (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (k3 (h+ d (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ a (i+ (conj c0) t0)))) (not (n4 (h+ ?g (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))))

(or (p5 (h+ ?e (i+ c0 t0)) (h+ ?e (i+ c0 t0)) (h+ ?f (i+ c0 t0))) (not (s4 (h+ ?f (i+ (conj c0) t0)))) (not (l2 (h+ ?e (i+ (conj c0) t0)) (h+ ?e (i+ (conj c0) t0)))))

(or (p5 (h+ ?b (i+ c0 t0)) (h+ ?c (i+ c0 t0)) (h+ ?c (i+ c0 t0))) (not (l2 (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)))) (not (p5 (h+ ?b (i+ (conj c0) t0)) (h+ ?d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)))) (not (m4 (h+ ?d (i+ (conj c0) t0)) (h+ ?c (i+ (conj c0) t0)))))

(or (p5 (h+ ?i (i+ c0 t0)) (h+ ?j (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (q4 (h+ ?j (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (s1 (h+ ?i (i+ (conj c0) t0)))))

(or (p5 (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0)) (h+ b (i+ c0 t0))) (not (p4 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))) (not (k5 (h+ b (i+ (conj c0) t0)))))

(or (q5 (h+ ?j (i+ c0 t0)) (h+ ?a (i+ c0 t0))) (not (s4 (h+ ?j (i+ (conj c0) t0)))) (not (m2 (h+ ?a (i+ (conj c0) t0)))))

(or (q5 (h+ a (i+ c0 t0)) (h+ a (i+ c0 t0))) (not (r4 (h+ a (i+ (conj c0) t0)))))

(or (q5 (h+ ?i (i+ c0 t0)) (h+ ?i (i+ c0 t0))) (not (l4 (h+ ?i (i+ (conj c0) t0)))))

(or (q5 (h+ ?h (i+ c0 t0)) (h+ ?h (i+ c0 t0))) (not (q4 (h+ ?h (i+ (conj c0) t0)) (h+ ?h (i+ (conj c0) t0)))))

(or (q5 (h+ ?g (i+ c0 t0)) (h+ ?g (i+ c0 t0))) (not (m4 (h+ ?g (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))))

(or (r5 (h+ ?c (i+ c0 t0)) (h+ ?d (i+ c0 t0))) (not (s4 (h+ ?c (i+ (conj c0) t0)))) (not (k0 (h+ b (i+ (conj c0) t0)))) (not (n3 (h+ ?d (i+ (conj c0) t0)))))

(or (r5 (h+ ?b (i+ c0 t0)) (h+ ?b (i+ c0 t0))) (not (k4 (h+ ?b (i+ (conj c0) t0)))))

(or (s5 (h+ ?h (i+ c0 t0))) (not (l4 (h+ ?h (i+ (conj c0) t0)))) (not (r4 (h+ ?i (i+ (conj c0) t0)))))

(or (s5 (h+ ?e (i+ c0 t0))) (not (k4 (h+ ?e (i+ (conj c0) t0)))) (not (s3 (h+ ?e (i+ (conj c0) t0)) (h+ ?f (i+ (conj c0) t0)))) (not (l5 (h+ ?g (i+ (conj c0) t0)))) (not (s5 (h+ ?g (i+ (conj c0) t0)))))

; --------------------------------------------------------------------------

(cl:comment 'spec*' (specs c1 c0))

(cl:comment 'goal*' (not (s3 (h+ d (i+ c1 t0)) (h+ b (i+ c1 t0)))))

5 Additional axioms used when built-in context reasoning is disabled
;; conjugation is self-inverse

(= (conj (conj ?cx)) ?cx)

;; predicates are preserved when context is specialized

(cl:comment 'spec*' (impliedby (m0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m0 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (m1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m1 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n1 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p1 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q1 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p2 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q2 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (m3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p4 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p5 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)) (h+ ?a2 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q0 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n0 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (p0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (p0 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l1 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k2 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l2 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s3 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (m4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m4 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n4 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q4 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (m5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m5 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n5 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (q5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (q5 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r5 (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s0 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s0 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r0 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r0 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l0 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l0 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k0 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k0 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k1 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k1 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r1 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r1 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s1 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s1 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (m2 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (m2 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n2 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n2 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r2 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r2 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s2 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s2 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (n3 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (n3 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k4 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k4 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l4 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l4 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (r4 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (r4 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s4 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s4 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (k5 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (k5 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (l5 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (l5 (h+ ?a0 (i+ ?cx1 ?ti))))))

(cl:comment 'spec*' (impliedby (s5 (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (s5 (h+ ?a0 (i+ ?cx1 ?ti))))))

;; likewise when conjugated

(cl:comment 'spec*' (impliedby (m0 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (m1 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n1 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p1 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q1 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p2 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q2 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (m3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p4 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p5 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti)) (h+ ?a2 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q0 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n0 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (p0 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (p0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l1 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k2 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l2 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s3 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (m4 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n4 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q4 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (m5 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n5 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (q5 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (q5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r5 (h+ ?a0 (i+ (conj ?cx1) ?ti)) (h+ ?a1 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s0 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r0 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l0 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k0 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k1 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r1 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s1 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (m2 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (m2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n2 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r2 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s2 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (n3 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (n3 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k4 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l4 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (r4 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (r4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s4 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (k5 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (k5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (l5 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (l5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

(cl:comment 'spec*' (impliedby (s5 (h+ ?a0 (i+ (conj ?cx1) ?ti))) (and (specs ?cx2 ?cx1) (s5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))))

;; pos/neg literals with opposite contexts can cancel, modulo contra

(implies (and (m0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (m0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (m1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (m1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (n1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (p1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (q1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (p2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (q2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (k3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (m3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (m3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (p3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (r3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (p4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti)) (h+ ?a2 (i+ ?cx2 ?ti))) (not (p5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti)) (h+ ?a2 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (q0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (n0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (p0 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (p0 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l1 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (l1 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (k2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l2 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (l2 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (l3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (q3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s3 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (s3 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (m4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (m4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (n4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q4 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (q4 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (m5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (m5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (n5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (q5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (q5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r5 (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (not (r5 (h+ ?a0 (i+ (conj ?cx2) ?ti)) (h+ ?a1 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s0 (h+ ?a0 (i+ ?cx2 ?ti))) (not (s0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r0 (h+ ?a0 (i+ ?cx2 ?ti))) (not (r0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l0 (h+ ?a0 (i+ ?cx2 ?ti))) (not (l0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k0 (h+ ?a0 (i+ ?cx2 ?ti))) (not (k0 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k1 (h+ ?a0 (i+ ?cx2 ?ti))) (not (k1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r1 (h+ ?a0 (i+ ?cx2 ?ti))) (not (r1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s1 (h+ ?a0 (i+ ?cx2 ?ti))) (not (s1 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (m2 (h+ ?a0 (i+ ?cx2 ?ti))) (not (m2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n2 (h+ ?a0 (i+ ?cx2 ?ti))) (not (n2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r2 (h+ ?a0 (i+ ?cx2 ?ti))) (not (r2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s2 (h+ ?a0 (i+ ?cx2 ?ti))) (not (s2 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (n3 (h+ ?a0 (i+ ?cx2 ?ti))) (not (n3 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k4 (h+ ?a0 (i+ ?cx2 ?ti))) (not (k4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l4 (h+ ?a0 (i+ ?cx2 ?ti))) (not (l4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (r4 (h+ ?a0 (i+ ?cx2 ?ti))) (not (r4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s4 (h+ ?a0 (i+ ?cx2 ?ti))) (not (s4 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (k5 (h+ ?a0 (i+ ?cx2 ?ti))) (not (k5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (l5 (h+ ?a0 (i+ ?cx2 ?ti))) (not (l5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

(implies (and (s5 (h+ ?a0 (i+ ?cx2 ?ti))) (not (s5 (h+ ?a0 (i+ (conj ?cx2) ?ti))))) (contra ?cx2))

;; in a contra context, anything is true

(impliedby (m0 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (m1 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n1 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p1 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q1 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p2 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q2 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (m3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p4 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p5 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti)) (h+ ?a2 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q0 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n0 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (p0 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l1 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k2 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l2 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s3 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (m4 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n4 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q4 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (m5 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n5 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (q5 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r5 (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s0 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r0 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l0 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k0 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k1 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r1 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s1 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (m2 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n2 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r2 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s2 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (n3 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k4 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l4 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (r4 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s4 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (k5 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (l5 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

(impliedby (s5 (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

6 Lemmas provided to guide the proof
(cl:comment 'hint1*' (not (s3 (h+ d (i+ c0 t0)) (h+ b (i+ c0 t0)))))

(cl:comment 'hint2*' (not (contra c0)))

(cl:comment 'hint3*' (or (not (q2 (h+ ?a (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)) (h+ ?a (i+ (conj c0) t0)))) (not (s2 (h+ d (i+ (conj c0) t0)))) (not (m0 (h+ ?a (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0))))))

(cl:comment 'hint4*' (or (not (s2 (h+ d (i+ (conj c0) t0)))) (not (m0 (h+ d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l1 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0))))))

(cl:comment 'hint5*' (or (not (m0 (h+ d (i+ (conj c0) t0)) (h+ ?b (i+ (conj c0) t0)) (h+ b (i+ (conj c0) t0)))) (not (l1 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (s1 (h+ a (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0))))))

(cl:comment 'hint6*' (or (not (l1 (h+ d (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (s1 (h+ a (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0))))))

(cl:comment 'hint7*' (or (not (s1 (h+ a (i+ (conj c0) t0)))) (not (s0 (h+ d (i+ (conj c0) t0)))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0))))))

(cl:comment 'hint8*' (or (not (s0 (h+ d (i+ (conj c0) t0)))) (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (q0 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (s1 (h+ ?h1 (i+ (conj c0) t0))))))

(cl:comment 'hint9*' (or (not (n0 (h+ ?h (i+ (conj c0) t0)) (h+ d (i+ (conj c0) t0)))) (not (q0 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (s1 (h+ ?h1 (i+ (conj c0) t0))))))

(cl:comment 'hint10*' (or (not (q0 (h+ a (i+ (conj c0) t0)) (h+ ?g (i+ (conj c0) t0)))) (not (s1 (h+ ?h1 (i+ (conj c0) t0))))))

(cl:comment 'hint11*' (not (s1 (h+ ?h1 (i+ (conj c0) t0)))))

(cl:comment 'hint12*' (not (p0 (h+ ?i (i+ (conj c0) t0)) (h+ ?i (i+ (conj c0) t0)))))

7 Timing results
	Input
	Runs
	Succ
	S/R
	SuccessWork
	EstimatedWork

	builtin-12
	10
	10
	1.00
	21.20
	21.20

	builtin-11
	10
	10
	1.00
	48.80
	48.80

	builtin-10
	10
	10
	1.00
	94.00
	94.00

	builtin-09
	10
	10
	1.00
	204.10
	204.10

	builtin-08
	10
	10
	1.00
	312.90
	312.90

	builtin-07
	10
	10
	1.00
	2138.90
	2138.90

	builtin-06
	10
	10
	1.00
	561.70
	561.70

	builtin-05
	10
	10
	1.00
	721.30
	721.30

	builtin-04
	10
	10
	1.00
	928.90
	928.90

	builtin-03
	10
	10
	1.00
	2656.00
	2656.00

	builtin-02
	10
	10
	1.00
	3087.20
	3087.20

	builtin-01
	10
	10
	1.00
	12012.20
	12012.20

	builtin-00
	10
	10
	1.00
	2626.10
	2626.10

	schema-12
	10
	10
	1.00
	51775.00
	51775.00

	schema-11
	10
	8
	0.80
	85630.80
	210630.80

	schema-10
	10
	5
	0.50
	236816.00
	736816.00

	schema-09
	10
	10
	1.00
	199212.20
	199212.20

	schema-08
	10
	1
	0.10
	106586.00
	4606586.00

	schema-07
	10
	1
	0.10
	444595.00
	4944595.00

	schema-06
	10
	0
	0.00
	*
	oo

	schema-05
	10
	0
	0.00
	*
	oo

	schema-04
	10
	0
	0.00
	*
	oo

	schema-03
	10
	0
	0.00
	*
	oo

	schema-02
	10
	0
	0.00
	*
	oo

	schema-01
	10
	0
	0.00
	*
	oo

	schema-00
	10
	0
	0.00
	*
	oo


8 Discussion
The goal was to prove a particular abstract statement in a Prolog theory with finite deductive closure.

Some hand-generated proofs suggested the addition of 12 lemmas that could guide the prover.  The problem was then run 13 times, with a decreasing number of lemmas included (from 12 down to 0), and hence an increasing amount of work expected to complete a proof.  This loop was then repeated using axiom schemas in lieu of built-in context reasoning.

Column 1, "Input", identifies the mode (builtin/schema) and the number of lemmas provided (00-12).

Column 2, "Runs", is the number of repetitions using the same input.  (Repeated runs are not expected to generate identical results since the prover uses random selection.) In this experiment, each input used 10 runs.

Column 3, "Succ", is the number of those runs that were successful -- i.e., that completed a proof before exceeding the maximum number of steps.  Since a proof using the axiom schemas typically follows more false leads, and also requires more steps even in the trimmed proof, the maximum is set five times higher in that mode.

Column 4, "S/R", is simply the ratio of columns 3 and 2; it represents the fraction of runs that were successful.

Column 5, "SuccessWork", is a measure of the average amount of work done in the cases that succeeded.  If there were no successes at all for a given input, then this column contains "*".

Column 6, "EstimatedWork", is a measure of work that takes into account the failures as well as the successes.  The assumption is that if the prover were to give up after reaching the work limit, discard all generated results, and start over from the beginning, then it would eventually have behavior similar to what was seen in the successful runs.  The formula for this estimator is EstimatedWork = SuccessWork + Limit * (Runs - Succ) / Succ (or "oo", representing infinity, if the input had no successes at all).

Appendix H --  Context Reasoner Evaluation: Schoolboy Puzzle

Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Experiment Title:  Schoolboy Puzzle

2 Case Study Description
Solve a Lewis Carroll puzzle involving facts about a set of schoolboys.

3 Parameters
Maximum number of literals in a newly-generated clause = 4 
Maximum steps when using built-in context reasoning = 100,000 
Maximum steps when not using built-in context reasoning = 500,000

4 Initial Knowledge Base
(or (not (all (h+ ?x (i+ (conj c0) ?ti)))) (some (h+ ?x (i+ c0 ?ti)))) (or (not (some (h+ e (i+ (conj c0) ?ti)))) (all (h+ e (i+ c0 ?ti))) (not (all (h+ m (i+ (conj c0) ?ti))))) (or (not (some (h+ s (i+ (conj c0) ?ti)))) (not (some (h+ i (i+ (conj c0) ?ti)))) (some (h+ w (i+ c0 ?ti)))) (or (not (all (h+ g (i+ (conj c0) ?ti)))) (not (all (h+ o (i+ (conj c0) ?ti))))) (or (not (some (h+ m (i+ (conj c0) ?ti)))) (all (h+ m (i+ c0 ?ti))) (some (h+ i (i+ c0 ?ti)))) (or (not (some (h+ g (i+ (conj c0) ?ti)))) (some (h+ s (i+ c0 ?ti))) (not (all (h+ w (i+ (conj c0) ?ti))))) (or (all (h+ s (i+ c0 ?ti))) (all (h+ i (i+ c0 ?ti))) (some (h+ g (i+ c0 ?ti)))) (or (all (h+ m (i+ c0 ?ti))) (not (some (h+ w (i+ (conj c0) ?ti)))) (not (some (h+ s (i+ (conj c0) ?ti))))) (or (all (h+ g (i+ c0 ?ti))) (all (h+ w (i+ c0 ?ti))) (not (some (h+ i (i+ (conj c0) ?ti))))) (or (not (all (h+ e (i+ (conj c0) ?ti)))) (all (h+ s (i+ c0 ?ti))) (not (some (h+ g (i+ (conj c0) ?ti))))) (or (not (some (h+ e (i+ (conj c0) ?ti)))) (not (some (h+ m (i+ (conj c0) ?ti)))) (not (all (h+ i (i+ (conj c0) ?ti))))) (or (all (h+ m (i+ c0 ?ti))) (all (h+ o (i+ c0 ?ti))) (some (h+ s (i+ c0 ?ti)))) (some (h+ e (i+ (conj c0) today))) (not (all (h+ s (i+ c0 today)))) (some (h+ m (i+ (conj c0) today)))

5 Additional axioms used when built-in context reasoning is disabled
; conjugation is self-inverse (= (conj (conj ?cx)) ?cx)

; pos/neg literals with opposite contexts can cancel, modulo contra (implies (and (all (h+ ?a0 (i+ ?cx ?ti))) (not (all (h+ ?a0 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (some (h+ ?a0 (i+ ?cx ?ti))) (not (some (h+ ?a0 (i+ (conj ?cx) ?ti))))) (contra ?cx))

; in a contra context, anything is true

(impliedby (all (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (some (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

6 Lemmas provided to guide the proof
(or (all (h+ i (i+ c0 today))) (some (h+ g (i+ c0 today)))) (or (not (some (h+ w (i+ (conj c0) ?ti1)))) (not (some (h+ s (i+ (conj c0) ?ti1)))) (not (some (h+ e (i+ (conj c0) ?ti1)))) (all (h+ e (i+ c0 ?ti1)))) (or (not (some (h+ m (i+ (conj c0) today)))) (not (all (h+ i (i+ (conj c0) today))))) (or (all (h+ e (i+ c0 today))) (not (all (h+ m (i+ (conj c0) today))))) (or (all (h+ m (i+ c0 today))) (some (h+ i (i+ c0 today)))) (or (all (h+ w (i+ c0 ?ti1))) (not (some (h+ i (i+ (conj c0) ?ti1)))) (not (all (h+ o (i+ (conj c0) ?ti1))))) (or (all (h+ s (i+ c0 ?ti1))) (not (some (h+ g (i+ (conj c0) ?ti1)))) (not (some (h+ e (i+ (conj c0) ?ti1)))) (not (all (h+ m (i+ (conj c0) ?ti1))))) (or (not (all (h+ m (i+ (conj c0) today)))) (all (h+ s (i+ c0 today))) (not (some (h+ g (i+ (conj c0) today))))) (or (not (some (h+ w (i+ (conj c0) today)))) (not (some (h+ s (i+ (conj c0) today)))) (all (h+ e (i+ c0 today)))) (or (all (h+ i (i+ c0 ?ti1))) (some (h+ g (i+ c0 ?ti1))) (some (h+ s (i+ c0 ?ti1)))) (or (some (h+ s (i+ c0 ?ti1))) (not (all (h+ w (i+ (conj c0) ?ti1)))) (not (all (h+ g (i+ (conj c0) ?ti1))))) (not (all (h+ i (i+ (conj c0) today)))) (or (not (all (h+ m (i+ (conj c0) today)))) (not (some (h+ g (i+ (conj c0) today))))) (or (not (some (h+ i (i+ (conj c0) ?ti2)))) (not (all (h+ o (i+ (conj c0) ?ti2)))) (some (h+ s (i+ c0 ?ti2))) (not (all (h+ g (i+ (conj c0) ?ti2))))) (or (not (all (h+ o (i+ (conj c0) today)))) (some (h+ s (i+ c0 today))) (not (all (h+ g (i+ (conj c0) today)))) (all (h+ m (i+ c0 today)))) (some (h+ g (i+ c0 today))) (or (all (h+ s (i+ c0 today))) (not (some (h+ e (i+ (conj c0) today)))) (not (all (h+ m (i+ (conj c0) today))))) (or (some (h+ s (i+ c0 today))) (not (all (h+ g (i+ (conj c0) today)))) (all (h+ m (i+ c0 today)))) (or (all (h+ s (i+ c0 today))) (not (all (h+ m (i+ (conj c0) today))))) (or (not (all (h+ g (i+ (conj c0) today)))) (all (h+ m (i+ c0 today))) (not (some (h+ w (i+ (conj c0) today))))) (or (not (some (h+ g (i+ (conj c0) today)))) (not (all (h+ g (i+ (conj c0) today)))) (not (some (h+ w (i+ (conj c0) today))))) (or (some (h+ s (i+ c0 ?ti1))) (not (all (h+ w (i+ (conj c0) ?ti1)))) (all (h+ i (i+ c0 ?ti1)))) (or (some (h+ i (i+ c0 today))) (not (some (h+ g (i+ (conj c0) today))))) (or (not (some (h+ s (i+ (conj c0) today)))) (all (h+ e (i+ c0 today))) (not (all (h+ w (i+ (conj c0) today))))) (or (not (all (h+ g (i+ (conj c0) today)))) (not (some (h+ w (i+ (conj c0) today))))) (or (not (some (h+ i (i+ (conj c0) ?ti)))) (not (all (h+ o (i+ (conj c0) ?ti)))) (not (some (h+ g (i+ (conj c0) ?ti)))) (some (h+ s (i+ c0 ?ti)))) (or (not (all (h+ w (i+ (conj c0) today)))) (all (h+ i (i+ c0 today))) (all (h+ e (i+ c0 today)))) (or (not (all (h+ o (i+ (conj c0) today)))) (not (some (h+ g (i+ (conj c0) today)))) (some (h+ s (i+ c0 today))) (all (h+ m (i+ c0 today)))) (or (not (some (h+ g (i+ (conj c0) today)))) (some (h+ s (i+ c0 today))) (all (h+ m (i+ c0 today)))) (or (all (h+ i (i+ c0 today))) (all (h+ e (i+ c0 today))) (all (h+ g (i+ c0 today))) (not (some (h+ i (i+ (conj c0) today))))) (or (all (h+ e (i+ c0 today))) (all (h+ g (i+ c0 today))) (not (some (h+ i (i+ (conj c0) today))))) (or (all (h+ s (i+ c0 today))) (not (some (h+ g (i+ (conj c0) today)))) (all (h+ g (i+ c0 today))) (not (some (h+ i (i+ (conj c0) today))))) (or (not (some (h+ w (i+ (conj c0) today)))) (all (h+ s (i+ c0 today))) (not (some (h+ g (i+ (conj c0) today)))) (not (some (h+ i (i+ (conj c0) today))))) (or (not (some (h+ w (i+ (conj c0) today)))) (all (h+ s (i+ c0 today))) (not (some (h+ i (i+ (conj c0) today))))) (or (some (h+ s (i+ c0 today))) (all (h+ m (i+ c0 today)))) (or (not (some (h+ w (i+ (conj c0) today)))) (not (some (h+ i (i+ (conj c0) today))))) (not (all (h+ m (i+ (conj c0) today)))) (or (all (h+ m (i+ c0 today))) (not (some (h+ i (i+ (conj c0) today)))) (some (h+ w (i+ c0 today)))) (some (h+ i (i+ c0 today))) (or (not (some (h+ i (i+ (conj c0) today)))) (some (h+ w (i+ c0 today)))) (not (some (h+ i (i+ (conj c0) today))))

7 Timing results
	Input
	Runs
	Succ
	S/R
	SuccessWork
	EstimatedWork

	builtin-41
	10
	10
	1.00
	716.40
	716.40

	builtin-40
	10
	10
	1.00
	752.10
	752.10

	builtin-39
	10
	10
	1.00
	2190.70
	2190.70

	builtin-38
	10
	10
	1.00
	2085.80
	2085.80

	builtin-37
	10
	10
	1.00
	4341.80
	4341.80

	builtin-36
	10
	10
	1.00
	12187.60
	12187.60

	builtin-35
	10
	10
	1.00
	8328.30
	8328.30

	builtin-34
	10
	10
	1.00
	8288.40
	8288.40

	builtin-33
	10
	10
	1.00
	13372.30
	13372.30

	builtin-32
	10
	10
	1.00
	11355.00
	11355.00

	builtin-31
	10
	10
	1.00
	10866.60
	10866.60

	builtin-30
	10
	10
	1.00
	12791.80
	12791.80

	builtin-29
	10
	10
	1.00
	12325.30
	12325.30

	builtin-28
	10
	10
	1.00
	10575.40
	10575.40

	builtin-27
	10
	10
	1.00
	9334.40
	9334.40

	builtin-26
	10
	10
	1.00
	5944.60
	5944.60

	builtin-25
	10
	10
	1.00
	15971.60
	15971.60

	builtin-24
	10
	10
	1.00
	7594.60
	7594.60

	builtin-23
	10
	10
	1.00
	9551.90
	9551.90

	builtin-22
	10
	10
	1.00
	7287.70
	7287.70

	builtin-21
	10
	10
	1.00
	13814.00
	13814.00

	builtin-20
	10
	10
	1.00
	24348.30
	24348.30

	builtin-19
	10
	10
	1.00
	8685.90
	8685.90

	builtin-18
	10
	9
	0.90
	14921.10
	26032.21

	builtin-17
	10
	10
	1.00
	18147.90
	18147.90

	builtin-16
	10
	10
	1.00
	25416.40
	25416.40

	builtin-15
	10
	8
	0.80
	30395.90
	55395.90

	builtin-14
	10
	8
	0.80
	29361.00
	54361.00

	builtin-13
	10
	10
	1.00
	43858.10
	43858.10

	builtin-12
	10
	7
	0.70
	42867.10
	85724.24

	builtin-11
	10
	8
	0.80
	31803.20
	56803.20

	builtin-10
	10
	9
	0.90
	35876.30
	46987.41

	builtin-09
	10
	7
	0.70
	61623.10
	104480.24

	builtin-08
	10
	6
	0.60
	63245.80
	129912.47

	builtin-07
	10
	9
	0.90
	51495.70
	62606.81

	builtin-06
	10
	5
	0.50
	24753.60
	124753.60

	builtin-05
	10
	3
	0.30
	63808.70
	297142.03

	builtin-04
	10
	7
	0.70
	47950.40
	90807.54

	builtin-03
	10
	4
	0.40
	59858.50
	209858.50

	builtin-02
	10
	3
	0.30
	36211.00
	269544.33

	builtin-01
	10
	8
	0.80
	17848.50
	42848.50

	builtin-00
	10
	3
	0.30
	41948.30
	275281.63

	schema-41
	10
	10
	1.00
	3352.10
	3352.10

	schema-40
	10
	10
	1.00
	6992.60
	6992.60

	schema-39
	10
	9
	0.90
	21675.20
	77230.76

	schema-38
	10
	9
	0.90
	45135.90
	100691.46

	schema-37
	10
	7
	0.70
	75557.30
	289843.01

	schema-36
	10
	8
	0.80
	94798.40
	219798.40

	schema-35
	10
	9
	0.90
	23133.40
	78688.96

	schema-34
	10
	7
	0.70
	42219.90
	256505.61

	schema-33
	10
	7
	0.70
	43617.10
	257902.81

	schema-32
	10
	9
	0.90
	12855.40
	68410.96

	schema-31
	10
	10
	1.00
	36952.40
	36952.40

	schema-30
	10
	5
	0.50
	36666.80
	536666.80

	schema-29
	10
	5
	0.50
	32983.20
	532983.20

	schema-28
	10
	5
	0.50
	95291.80
	595291.80

	schema-27
	10
	6
	0.60
	66965.20
	400298.53

	schema-26
	10
	5
	0.50
	57606.20
	557606.20

	schema-25
	10
	9
	0.90
	52734.80
	108290.36

	schema-24
	10
	9
	0.90
	81628.90
	137184.46

	schema-23
	10
	6
	0.60
	47956.20
	381289.53

	schema-22
	10
	10
	1.00
	79676.40
	79676.40

	schema-21
	10
	9
	0.90
	66508.40
	122063.96

	schema-20
	10
	10
	1.00
	77553.90
	77553.90

	schema-19
	10
	6
	0.60
	72384.20
	405717.53

	schema-18
	10
	7
	0.70
	50995.40
	265281.11

	schema-17
	10
	7
	0.70
	106001.70
	320287.41

	schema-16
	10
	2
	0.20
	182797.50
	2182797.50

	schema-15
	10
	3
	0.30
	31177.70
	1197844.37

	schema-14
	10
	1
	0.10
	19687.00
	4519687.00

	schema-13
	10
	5
	0.50
	124627.00
	624627.00

	schema-12
	10
	3
	0.30
	198385.30
	1365051.97

	schema-11
	10
	4
	0.40
	219718.50
	969718.50

	schema-10
	10
	3
	0.30
	259022.00
	1425688.67

	schema-09
	10
	4
	0.40
	261228.20
	1011228.20

	schema-08
	10
	7
	0.70
	150564.40
	364850.11

	schema-07
	10
	6
	0.60
	201278.80
	534612.13

	schema-06
	10
	2
	0.20
	295184.00
	2295184.00

	schema-05
	10
	5
	0.50
	130824.40
	630824.40

	schema-04
	10
	5
	0.50
	196985.60
	696985.60

	schema-03
	10
	6
	0.60
	159030.30
	492363.63

	schema-02
	10
	6
	0.60
	225875.00
	559208.33

	schema-01
	10
	4
	0.40
	258827.00
	1008827.00

	schema-00
	10
	3
	0.30
	52546.00
	1219212.67


8 Discussion
The goal was to find which subset of schoolboys was exhibiting its stereotypical behavior based on previous observations of the class.  The puzzle comes from Lewis Carroll's Symbolic Logic.

Some hand-generated proofs suggested the addition of 41 lemmas that could guide the prover.  The problem was then run 42 times, with a decreasing number of lemmas included (from 41 down to 0), and hence an increasing amount of work expected to complete a proof.  This loop was then repeated using axiom schemas in lieu of built-in context reasoning.

Column 1, "Input", identifies the mode (builtin/schema) and the number of lemmas provided (00-41).

Column 2, "Runs", is the number of repetitions using the same input.  (Repeated runs are not expected to generate identical results since the prover uses random selection.) In this experiment, each input used 10 runs.

Column 3, "Succ", is the number of those runs that were successful -- i.e., that completed a proof before exceeding the maximum number of steps.  Since a proof using the axiom schemas typically follows more false leads, and also requires more steps even in the trimmed proof, the maximum is set five times higher in that mode.

Column 4, "S/R", is simply the ratio of columns 3 and 2; it represents the fraction of runs that were successful.

Column 5, "SuccessWork", is a measure of the average amount of work done in the cases that succeeded.  If there were no successes at all for a given input, then this column contains "*".

Column 6, "EstimatedWork", is a measure of work that takes into account the failures as well as the successes.  The assumption is that if the prover were to give up after reaching the work limit, discard all generated results, and start over from the beginning, then it would eventually have behavior similar to what was seen in the successful runs.  The formula for this estimator is EstimatedWork = SuccessWork + Limit * (Runs - Succ) / Succ (or "oo", representing infinity, if the input had no successes at all).

Appendix I --  Context Reasoner Evaluation: Pakes Meeting
Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Experiment Title: Pakes Meeting

2 Case Study Description
Prove that Pakes was not on board the Holland Queen when he should have been.

3 Parameters
Maximum number of literals in a newly-generated clause = 4

Maximum steps when using built-in context reasoning = 100,000

Maximum steps when not using built-in context reasoning = 500,000

4 Initial Knowledge Base
(specs cxfor c0)

(specs cxmeet c0)

(specs cxcrew c0)

(specs cxsched c0)

(specs c1 cxfor)

(specs c1 cxmeet)

(specs c1 cxcrew)

(specs c1 cxsched)

(specs c1 c0)

(implies

 (specs ?cxsp c0)

 (is-port-of (h+ boston (i+ ?cxsp ?ti)) (h+ usa (i+ ?cxsp ?ti)))) (implies  (specs ?cxsp c0)  (or (not (is-on-board (h+ ?person (i+ (conj ?cxsp) ?ti)) (h+ ?ship (i+ (conj ?cxsp) ?ti))))


(not (is-at (h+ ?ship (i+ (conj ?cxsp) ?ti)) (h+ ?place (i+ (conj ?cxsp) ?ti))))


(is-at (h+ ?person (i+ ?cxsp ?ti)) (h+ ?place (i+ ?cxsp ?ti))))) (implies  (specs ?cxsp c0)  (or (not (is-at (h+ ?ship (i+ (conj ?cxsp) ?ti)) (h+ ?place (i+ (conj ?cxsp) ?ti))))


(not (is-port-of (h+ ?place (i+ (conj ?cxsp) ?ti)) (h+ ?country (i+ (conj ?cxsp) ?ti))))


(is-at (h+ ?ship (i+ ?cxsp ?ti)) (h+ ?country (i+ ?cxsp ?ti))))) (implies  (specs ?cxsp c0)  (or (not (is-crew (h+ ?person (i+ (conj ?cxsp) ?ti)) (h+ ?ship (i+ (conj ?cxsp) ?ti))))


(not (is-at (h+ ?ship (i+ (conj ?cxsp) ?ti)) (h+ ?country (i+ (conj ?cxsp) ?ti))))


(not (is-foreigner (h+ ?person (i+ (conj ?cxsp) ?ti)) (h+ ?country (i+ (conj ?cxsp) ?ti))))


(belongs-on-board (h+ ?person (i+ ?cxsp ?ti)) (h+ ?ship (i+ ?cxsp ?ti))))) (implies  (specs ?cxsp c0)  (or (not (belongs-on-board (h+ ?person (i+ (conj ?cxsp) ?ti)) (h+ ?ship (i+ (conj ?cxsp) ?ti))))


(is-on-board (h+ ?person (i+ ?cxsp ?ti)) (h+ ?ship (i+ ?cxsp ?ti)))


(is-suspect (h+ ?person (i+ ?cxsp ?ti))))) (implies  (specs ?cxsp c0)  (not (and (time-ii-in ?t1 ?t2)


(is-at (h+ ?ind (i+ (conj ?cxsp) ?t2)) (h+ boston (i+ (conj ?cxsp) ?t2)))


(is-at (h+ ?ind (i+ (conj ?cxsp) ?t1)) (h+ atlanta (i+ (conj ?cxsp) ?t1)))))) (is-crew (h+ pakes (i+ cxcrew hq-moor-time)) (h+ holland-queen (i+ cxcrew hq-moor-time))) (is-foreigner (h+ pakes (i+ cxfor hq-moor-time)) (h+ usa (i+ cxfor hq-moor-time))) (is-at (h+ pakes (i+ cxmeet atl-meeting-time)) (h+ atlanta (i+ cxmeet atl-meeting-time))) (is-at (h+ holland-queen (i+ cxsched hq-moor-time)) (h+ boston (i+ cxsched hq-moor-time))) (time-ii-in atl-meeting-time hq-moor-time) (not (is-suspect (h+ pakes (i+ c1 ?ti))))

5 Additional axioms used when built-in context reasoning is disabled
; conjugation is self-inverse.

(= (conj (conj ?cx)) ?cx)

; predicates are preserved when context is specialized.

(impliedby (is-port-of (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-port-of (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (is-on-board (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-on-board (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (is-at (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-at (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (is-crew (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-crew (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (is-foreigner (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-foreigner (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (belongs-on-board (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (belongs-on-board (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (is-suspect (h+ ?a0 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (is-suspect (h+ ?a0 (i+ ?cx1 ?ti)))))

; pos/neg literals with opposite contexts can cancel, modulo contra.

(implies (and (is-port-of (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (is-port-of (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (is-on-board (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (is-on-board (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (is-at (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (is-at (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (is-crew (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (is-crew (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (is-foreigner (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (is-foreigner (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (belongs-on-board (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (belongs-on-board (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (is-suspect (h+ ?a0 (i+ ?cx ?ti))) (not (is-suspect (h+ ?a0 (i+ (conj ?cx) ?ti))))) (contra ?cx))

; in a contra context, anything is true.

(impliedby (is-port-of (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (is-on-board (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (is-at (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (is-crew (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (is-foreigner (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (belongs-on-board (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (is-suspect (h+ ?a0 (i+ ?cx ?ti))) (contra ?cx))

6 Lemmas provided to guide the proof
(not (contra c1))

(is-port-of (h+ boston (i+ c1 ?ti)) (h+ usa (i+ c1 ?ti))) (or (not (is-on-board (h+ ?person (i+ (conj c1) ?ti)) (h+ ?ship (i+ (conj c1) ?ti)))) (not (is-at (h+ ?ship (i+ (conj c1) ?ti)) (h+ ?place (i+ (conj c1) ?ti)))) (is-at (h+ ?person (i+ c1 ?ti)) (h+ ?place (i+ c1 ?ti)))) (or (not (is-at (h+ ?ship (i+ (conj c1) ?ti)) (h+ ?place (i+ (conj c1) ?ti)))) (not (is-port-of (h+ ?place (i+ (conj c1) ?ti)) (h+ ?country (i+ (conj c1) ?ti)))) (is-at (h+ ?ship (i+ c1 ?ti)) (h+ ?country (i+ c1 ?ti)))) (or (not (is-crew (h+ ?person (i+ (conj c1) ?ti)) (h+ ?ship (i+ (conj c1) ?ti)))) (not (is-at (h+ ?ship (i+ (conj c1) ?ti)) (h+ ?country (i+ (conj c1) ?ti)))) (not (is-foreigner (h+ ?person (i+ (conj c1) ?ti)) (h+ ?country (i+ (conj c1) ?ti)))) (belongs-on-board (h+ ?person (i+ c1 ?ti)) (h+ ?ship (i+ c1 ?ti)))) (or (not (belongs-on-board (h+ ?person (i+ (conj c1) ?ti)) (h+ ?ship (i+ (conj c1) ?ti)))) (is-on-board (h+ ?person (i+ c1 ?ti)) (h+ ?ship (i+ c1 ?ti))) (is-suspect (h+ ?person (i+ c1 ?ti)))) (or (not (time-ii-in ?t1 ?t2)) (not (is-at (h+ ?ind (i+ (conj c1) ?t2)) (h+ boston (i+ (conj c1) ?t2)))) (not (is-at (h+ ?ind (i+ (conj c1) ?t1)) (h+ atlanta (i+ (conj c1) ?t1))))) (is-crew (h+ pakes (i+ c1 hq-moor-time)) (h+ holland-queen (i+ c1 hq-moor-time))) (is-foreigner (h+ pakes (i+ c1 hq-moor-time)) (h+ usa (i+ c1 hq-moor-time))) (is-at (h+ pakes (i+ c1 atl-meeting-time)) (h+ atlanta (i+ c1 atl-meeting-time))) (is-at (h+ holland-queen (i+ c1 hq-moor-time)) (h+ boston (i+ c1 hq-moor-time))) (or (not (is-at (h+ ?ship (i+ (conj c1) ?ti1)) (h+ boston (i+ (conj c1) ?ti1)))) (is-at (h+ ?ship (i+ c1 ?ti1)) (h+ usa (i+ c1 ?ti1)))) (or (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ ?country (i+ (conj c1) hq-moor-time)))) (not (is-foreigner (h+ pakes (i+ (conj c1) hq-moor-time)) (h+ ?country (i+ (conj c1) hq-moor-time)))) (belongs-on-board (h+ pakes (i+ c1 hq-moor-time)) (h+ holland-queen (i+ c1 hq-moor-time)))) (or (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ usa (i+ (conj c1) hq-moor-time)))) (belongs-on-board (h+ pakes (i+ c1 hq-moor-time)) (h+ holland-queen (i+ c1 hq-moor-time)))) (or (not (is-at (h+ ?ind (i+ (conj c1) hq-moor-time)) (h+ boston (i+ (conj c1) hq-moor-time)))) (not (is-at (h+ ?ind (i+ (conj c1) atl-meeting-time)) (h+ atlanta (i+ (conj c1) atl-meeting-time))))) (or (not (belongs-on-board (h+ pakes (i+ (conj c1) ?ti1)) (h+ ?ship (i+ (conj c1) ?ti1)))) (is-on-board (h+ pakes (i+ c1 ?ti1)) (h+ ?ship (i+ c1 ?ti1)))) (not (is-at (h+ pakes (i+ (conj c1) hq-moor-time)) (h+ boston (i+ (conj c1) hq-moor-time)))) (or (is-on-board (h+ pakes (i+ c1 hq-moor-time)) (h+ holland-queen (i+ c1 hq-moor-time))) (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ usa (i+ (conj c1) hq-moor-time))))) (or (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ usa (i+ (conj c1) hq-moor-time)))) (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ ?place (i+ (conj c1) hq-moor-time)))) (is-at (h+ pakes (i+ c1 hq-moor-time)) (h+ ?place (i+ c1 hq-moor-time)))) (or (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ ?place (i+ (conj c1) hq-moor-time)))) (is-at (h+ pakes (i+ c1 hq-moor-time)) (h+ ?place (i+ c1 hq-moor-time))) (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ boston (i+ (conj c1) hq-moor-time))))) (or (is-at (h+ pakes (i+ c1 hq-moor-time)) (h+ boston (i+ c1 hq-moor-time))) (not (is-at (h+ holland-queen (i+ (conj c1) hq-moor-time)) (h+ boston (i+ (conj c1) hq-moor-time))))) (is-at (h+ pakes (i+ c1 hq-moor-time)) (h+ boston (i+ c1 hq-moor-time))) (contra c1)

7 Timing results
	Input
	Runs
	Succ
	S/R
	SuccessWork
	EstimatedWork

	builtin-23
	10
	10
	1.00
	30.50
	30.50

	builtin-22
	10
	8
	0.80
	2115.62
	27115.62

	builtin-21
	10
	9
	0.90
	20513.60
	31624.71

	builtin-20
	10
	8
	0.80
	5089.50
	30089.50

	builtin-19
	10
	8
	0.80
	24183.00
	49183.00

	builtin-18
	10
	8
	0.80
	20079.80
	45079.80

	builtin-17
	10
	8
	0.80
	48087.60
	73087.60

	builtin-16
	10
	9
	0.90
	18430.70
	29541.81

	builtin-15
	10
	9
	0.90
	16422.20
	27533.31

	builtin-14
	10
	10
	1.00
	21284.20
	21284.20

	builtin-13
	10
	10
	1.00
	11716.40
	11716.40

	builtin-12
	10
	10
	1.00
	14680.80
	14680.80

	builtin-11
	10
	8
	0.80
	20899.80
	45899.80

	builtin-10
	10
	5
	0.50
	26600.20
	126600.20

	builtin-09
	10
	9
	0.90
	19872.60
	30983.71

	builtin-08
	10
	2
	0.20
	28609.50
	428609.50

	builtin-07
	10
	1
	0.10
	5690.00
	905690.00

	builtin-06
	10
	1
	0.10
	57361.00
	957361.00

	builtin-05
	10
	1
	0.10
	17225.00
	917225.00

	builtin-04
	10
	1
	0.10
	81571.00
	981571.00

	builtin-03
	10
	1
	0.10
	3547.00
	903547.00

	builtin-02
	10
	2
	0.20
	21597.50
	421597.50

	builtin-01
	10
	4
	0.40
	25688.80
	175688.80

	builtin-00
	10
	1
	0.10
	22721.00
	922721.00

	schema-23
	10
	10
	1.00
	1006.40
	1006.40

	schema-22
	10
	5
	0.50
	50916.40
	550916.40

	schema-21
	10
	0
	0.00
	*
	oo

	schema-20
	10
	2
	0.20
	153130.00
	2153130.00

	schema-19
	10
	0
	0.00
	*
	oo

	schema-18
	10
	0
	0.00
	*
	oo

	schema-17
	10
	0
	0.00
	*
	oo

	schema-16
	10
	0
	0.00
	*
	oo

	schema-15
	10
	0
	0.00
	*
	oo

	schema-14
	10
	0
	0.00
	*
	oo

	schema-13
	10
	0
	0.00
	*
	oo

	schema-12
	10
	0
	0.00
	*
	oo

	schema-11
	10
	0
	0.00
	*
	oo

	schema-10
	10
	0
	0.00
	*
	oo

	schema-09
	10
	0
	0.00
	*
	oo

	schema-08
	10
	0
	0.00
	*
	oo

	schema-07
	10
	0
	0.00
	*
	oo

	schema-06
	10
	0
	0.00
	*
	oo

	schema-05
	10
	0
	0.00
	*
	oo

	schema-04
	10
	0
	0.00
	*
	oo

	schema-03
	10
	0
	0.00
	*
	oo

	schema-02
	10
	0
	0.00
	*
	oo

	schema-01
	10
	0
	0.00
	*
	oo

	schema-00
	10
	0
	0.00
	*
	oo


8 Discussion
The goal was to prove that Pakes, a non-citizen who was a crew member of a ship, violated the law by leaving the ship while it was docked at a US port.

Some hand-generated proofs suggested the addition of 23 lemmas that could guide the prover.  The problem was then run 24 times, with a decreasing number of lemmas included (from 23 down to 0), and hence an increasing amount of work expected to complete a proof.  This loop was then repeated using axiom schemas in lieu of built-in context reasoning.

Column 1, "Input", identifies the mode (builtin/schema) and the number of lemmas provided (00-23).

Column 2, "Runs", is the number of repetitions using the same input.  (Repeated runs are not expected to generate identical results since the prover uses random selection.) In this experiment, each input used 10 runs.

Column 3, "Succ", is the number of those runs that were successful -- i.e., that completed a proof before exceeding the maximum number of steps.  Since a proof using the axiom schemas typically follows more false leads, and also requires more steps even in the trimmed proof, the maximum is set five times higher in that mode.

Column 4, "S/R", is simply the ratio of columns 3 and 2; it represents the fraction of runs that were successful.

Column 5, "SuccessWork", is a measure of the average amount of work done in the cases that succeeded.  If there were no successes at all for a given input, then this column contains "*".

Column 6, "EstimatedWork", is a measure of work that takes into account the failures as well as the successes.  The assumption is that if the prover were to give up after reaching the work limit, discard all generated results, and start over from the beginning, then it would eventually have behavior similar to what was seen in the successful runs.  The formula for this estimator is EstimatedWork = SuccessWork + Limit * (Runs - Succ) / Succ (or "oo", representing infinity, if the input had no successes at all).

Appendix J --  Context Reasoner Evaluation: Faris Origin
Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Experiment Title:  Faris Origin

2 Case Study Description
Recognize that facts expressed in the case study documents disagree about Faris' birthplace.

3 Parameters
Maximum number of literals in a newly-generated clause = 4

Maximum steps when using built-in context reasoning = 100,000

Maximum steps when not using built-in context reasoning = 500,000

4 Initial Knowledge Base
(forall (?tisp) (birth-country (h+ faris-hassan (i+ c-passport-1 ?tisp)) (h+ france (i+ c-passport-1 ?tisp)))) (forall (?tisp) (birth-country (h+ faris-hassan (i+ c-birth-record-1 ?tisp)) (h+ kuwait (i+ c-birth-record-1 ?tisp)))) (forall (?cxsp ?tisp) (implies (specs ?cxsp c0) (neq (h+ france (i+ ?cxsp ?tisp)) (h+ kuwait (i+ ?cxsp ?tisp))))) (forall (?country-2 ?person ?cxsp ?tisp ?country-1) (implies (specs ?cxsp c0) (not (and (birth-country (h+ ?person (i+ (conj ?cxsp) ?tisp)) (h+ ?country-1 (i+ (conj ?cxsp) ?tisp))) (birth-country (h+ ?person (i+ (conj ?cxsp) ?tisp)) (h+ ?country-2 (i+ (conj ?cxsp) ?tisp))) (neq (h+ ?country-1 (i+ (conj ?cxsp) ?tisp)) (h+ ?country-2 (i+ (conj ?cxsp) ?tisp))))))) (specs c-passport-1 c0) (specs c-birth-record-1 c0) (specs qc c-passport-1) (specs qc c-birth-record-1) (specs qc c0) (not (exists (?cx) (and (specs ?cx c-passport-1) (specs ?cx c-birth-record-1) (contra ?cx))))

5 Additional axioms used when built-in context reasoning is disabled
 ; conjugation is self-inverse (= (conj (conj ?cx)) ?cx)

; predicates are preserved when context is specialized.

(impliedby (birth-country (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (birth-country (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti))))) (impliedby (neq (h+ ?a0 (i+ ?cx2 ?ti)) (h+ ?a1 (i+ ?cx2 ?ti))) (and (specs ?cx2 ?cx1) (neq (h+ ?a0 (i+ ?cx1 ?ti)) (h+ ?a1 (i+ ?cx1 ?ti)))))

; pos/neg literals with opposite contexts can cancel, modulo contra (implies (and (birth-country (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (birth-country (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx)) (implies (and (neq (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (not (neq (h+ ?a0 (i+ (conj ?cx) ?ti)) (h+ ?a1 (i+ (conj ?cx) ?ti))))) (contra ?cx))

; in a contra context, anything is true

(impliedby (birth-country (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx)) (impliedby (neq (h+ ?a0 (i+ ?cx ?ti)) (h+ ?a1 (i+ ?cx ?ti))) (contra ?cx))

6 Lemmas provided to guide the proof
(or (not (specs qc c-birth-record-1)) (not (contra qc))) (not (contra qc)) (or (birth-country (h+ faris-hassan (i+ ?cx2 ?ti)) (h+ france (i+ ?cx2 ?ti))) (not (specs ?cx2 c-passport-1))) (birth-country (h+ faris-hassan (i+ qc ?ti)) (h+ france (i+ qc ?ti))) (or (birth-country (h+ faris-hassan (i+ ?cx2 ?ti)) (h+ kuwait (i+ ?cx2 ?ti))) (not (specs ?cx2 c-birth-record-1))) (birth-country (h+ faris-hassan (i+ qc ?ti)) (h+ kuwait (i+ qc ?ti))) (or (not (specs qc c-birth-record-1)) (not (contra qc))) (or (not (birth-country (h+ ?person (i+ (conj qc) ?tisp)) (h+ ?country-1 (i+ (conj qc) ?tisp)))) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp)) (h+ ?country-2 (i+ (conj qc) ?tisp)))) (not (neq (h+ ?country-1 (i+ (conj qc) ?tisp)) (h+ ?country-2 (i+ (conj qc) ?tisp))))) (neq (h+ france (i+ qc ?tisp)) (h+ kuwait (i+ qc ?tisp))) (or (not (specs qc c0)) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp1)) (h+ france (i+ (conj qc) ?tisp1)))) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp1)) (h+ kuwait (i+ (conj qc) ?tisp1))))) (or (neq (h+ france (i+ (conj qc) ?ti)) (h+ kuwait (i+ (conj qc) ?ti))) (contra qc)) (or (not (birth-country (h+ ?person (i+ (conj qc) ?tisp1)) (h+ france (i+ (conj qc) ?tisp1)))) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp1)) (h+ kuwait (i+ (conj qc) ?tisp1))))) (or (contra qc) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp)) (h+ france (i+ (conj qc) ?tisp)))) (not (birth-country (h+ ?person (i+ (conj qc) ?tisp)) (h+ kuwait (i+ (conj qc) ?tisp))))) (birth-country (h+ faris-hassan (i+ qc ?tisp)) (h+ france (i+ qc ?tisp))) (or (birth-country (h+ faris-hassan (i+ (conj qc) ?ti1)) (h+ kuwait (i+ (conj qc) ?ti1))) (contra qc)) (not (birth-country (h+ faris-hassan (i+ (conj qc) ?tisp1)) (h+ kuwait (i+ (conj qc) ?tisp1)))) (or (birth-country (h+ faris-hassan (i+ (conj qc) ?ti1)) (h+ france (i+ (conj qc) ?ti1))) (contra qc)) (birth-country (h+ faris-hassan (i+ qc ?tisp)) (h+ kuwait (i+ qc ?tisp))) (or (contra qc) (not (birth-country (h+ faris-hassan (i+ (conj qc) ?tisp)) (h+ france (i+ (conj qc) ?tisp))))) (contra qc)

7 Timing results
	Input
	Runs
	Succ
	S/R
	SuccessWork
	EstimatedWork

	builtin-20
	10
	10
	1.00
	23.30
	23.30

	builtin-19
	10
	10
	1.00
	19.00
	19.00

	builtin-18
	10
	10
	1.00
	21.50
	21.50

	builtin-17
	10
	10
	1.00
	50.00
	50.00

	builtin-16
	10
	10
	1.00
	47.00
	47.00

	builtin-15
	10
	10
	1.00
	54.30
	54.30

	builtin-14
	10
	10
	1.00
	50.50
	50.50

	builtin-13
	10
	10
	1.00
	55.10
	55.10

	builtin-12
	10
	10
	1.00
	67.10
	67.10

	builtin-11
	10
	10
	1.00
	105.60
	105.60

	builtin-10
	10
	10
	1.00
	66.10
	66.10

	builtin-09
	10
	10
	1.00
	83.20
	83.20

	builtin-08
	10
	10
	1.00
	115.90
	115.90

	builtin-07
	10
	10
	1.00
	166.70
	166.70

	builtin-06
	10
	10
	1.00
	119.10
	119.10

	builtin-05
	10
	10
	1.00
	183.90
	183.90

	builtin-04
	10
	10
	1.00
	177.40
	177.40

	builtin-03
	10
	10
	1.00
	173.30
	173.30

	builtin-02
	10
	10
	1.00
	111.90
	111.90

	builtin-01
	10
	10
	1.00
	96.70
	96.70

	builtin-00
	10
	10
	1.00
	108.90
	108.90

	schema-20
	10
	10
	1.00
	468.10
	468.10

	schema-19
	10
	10
	1.00
	877.20
	877.20

	schema-18
	10
	10
	1.00
	919.10
	919.10

	schema-17
	10
	10
	1.00
	1780.90
	1780.90

	schema-16
	10
	9
	0.90
	28281.70
	83837.26

	schema-15
	10
	10
	1.00
	45360.20
	45360.20

	schema-14
	10
	9
	0.90
	32436.80
	87992.36

	schema-13
	10
	9
	0.90
	5464.80
	61020.36

	schema-12
	10
	8
	0.80
	44790.90
	169790.90

	schema-11
	10
	7
	0.70
	32343.30
	246629.01

	schema-10
	10
	6
	0.60
	40168.50
	373501.83

	schema-09
	10
	1
	0.10
	1533.00
	4501533.00

	schema-08
	10
	6
	0.60
	125386.30
	458719.63

	schema-07
	10
	1
	0.10
	252328.00
	4752328.00

	schema-06
	10
	3
	0.30
	175777.00
	1342443.67

	schema-05
	10
	2
	0.20
	52438.50
	2052438.50

	schema-04
	10
	2
	0.20
	23455.50
	2023455.50

	schema-03
	10
	0
	0.00
	*
	oo

	schema-02
	10
	1
	0.10
	1967.00
	4501967.00

	schema-01
	10
	1
	0.10
	194109.00
	4694109.00

	schema-00
	10
	0
	0.00
	*
	oo


8 Discussion
The goal was to prove that two contexts -- one claiming a birthplace of France and the other Kuwait -- could not both be correct.

Some hand-generated proofs suggested the addition of 20 lemmas that could guide the prover.  The problem was then run 21 times, with a decreasing number of lemmas included (from 20 down to 0), and hence an increasing amount of work expected to complete a proof.  This loop was then repeated using axiom schemas in lieu of built-in context reasoning.

Column 1, "Input", identifies the mode (builtin/schema) and the number of lemmas provided (00-20).

Column 2, "Runs", is the number of repetitions using the same input.  (Repeated runs are not expected to generate identical results since the prover uses random selection.) In this experiment, each input used 10 runs.

Column 3, "Succ", is the number of those runs that were successful -- i.e., that completed a proof before exceeding the maximum number of steps.  Since a proof using the axiom schemas typically follows more false leads, and also requires more steps even in the trimmed proof, the maximum is set five times higher in that mode.

Column 4, "S/R", is simply the ratio of columns 3 and 2; it represents the fraction of runs that were successful.

Column 5, "SuccessWork", is a measure of the average amount of work done in the cases that succeeded.  If there were no successes at all for a given input, then this column contains "*".

Column 6, "EstimatedWork", is a measure of work that takes into account the failures as well as the successes.  The assumption is that if the prover were to give up after reaching the work limit, discard all generated results, and start over from the beginning, then it would eventually have behavior similar to what was seen in the successful runs.  The formula for this estimator is EstimatedWork = SuccessWork + Limit * (Runs - Succ) / Succ (or "oo", representing infinity, if the input had no successes at all).

Appendix K --  Context Reasoner Evaluation: Afeef Alias
Provided by:  Selene Makarios, Knowledge Systems Laboratory, Stanford University
1 Experiment Title: Afeef Alias

2 Case Study Description
Detect that credit card applicant "Chad" is actually an alias for taxi driver "Afeef".

3 Parameters
Maximum number of literals in a newly-generated clause = 4

Maximum steps when using built-in context reasoning = 100,000

Maximum steps when not using built-in context reasoning = 500,000

4 Initial Knowledge Base
(or (not (specs ?CXSP c0)) (not (ssn (h+ ?PERSON1 (i+ (conj ?CXSP) ?TI)) (h+ ?NUM (i+ (conj ?CXSP) ?TI)))) (not (ssn (h+ ?PERSON2 (i+ (conj ?CXSP) ?TJ)) (h+ ?NUM (i+ (conj ?CXSP) ?TJ)))) (= (h+ ?PERSON1 (i+ ?CXSP ?TK)) (h+ ?PERSON2 (i+ ?CXSP ?TK)))) (or (not (specs ?CXSP c0)) (not (drives (h+ ?PERSON (i+ (conj ?CXSP) ?TI)) (h+ ?TAXI (i+ (conj ?CXSP) ?TI)))) (not (has-certificate (h+ ?TAXI (i+ (conj ?CXSP) ?TI)) (h+ ?CERT (i+ (conj ?CXSP) ?TI)))) (not (name (h+ ?CERT (i+ (conj ?CXSP) ?TI)) (h+ ?NAME (i+ (conj ?CXSP) ?TI)))) (name (h+ ?PERSON (i+ ?CXSP ?TI)) (h+ ?NAME (i+ ?CXSP ?TI)))) (has-certificate (h+ taxi-16556 (i+ cx-taxi april-13)) (h+ sk-cert (i+ cx-taxi april-13))) (name (h+ sk-cert (i+ cx-taxi april-13)) (h+ afeef (i+ cx-taxi april-13))) (drives (h+ emp-3814 (i+ cx-taxi ?TISP)) (h+ taxi-16556 (i+ cx-taxi ?TISP))) (ssn (h+ emp-3814 (i+ cx-taxi ?TISP)) (h+ ssn-217-00-8414 (i+ cx-taxi ?TISP))) (name (h+ sk-applicant (i+ cx-credit january-13)) (h+ chad (i+ cx-credit january-13))) (ssn (h+ sk-applicant (i+ cx-credit january-13)) (h+ ssn-217-00-8414 (i+ cx-credit january-13))) (specs cx-taxi c0) (specs cx-credit c0) (specs cx-common cx-taxi) (specs cx-common cx-credit) (specs cx-common c0) (or (not (name (h+ ?PERSON (i+ cx-common ?TI)) (h+ afeef (i+ cx-common ?TI)))) (not (name (h+ ?PERSON (i+ cx-common ?TJ)) (h+ chad (i+ cx-common ?TJ)))))

5 Additional axioms used when built-in context reasoning is disabled
; conjugation is self-inverse (= (conj (conj ?CX)) ?CX)

; predicates are preserved when context is specialized.

(or (= (h+ ?A0 (i+ ?CX2 ?TI)) (h+ ?A1 (i+ ?CX2 ?TI))) (not (specs ?CX2 ?CX1)) (not (= (h+ ?A0 (i+ ?CX1 ?TI)) (h+ ?A1 (i+ ?CX1 ?TI))))) (or (ssn (h+ ?A0 (i+ ?CX2 ?TI)) (h+ ?A1 (i+ ?CX2 ?TI))) (not (specs ?CX2 ?CX1)) (not (ssn (h+ ?A0 (i+ ?CX1 ?TI)) (h+ ?A1 (i+ ?CX1 ?TI))))) (or (drives (h+ ?A0 (i+ ?CX2 ?TI)) (h+ ?A1 (i+ ?CX2 ?TI))) (not (specs ?CX2 ?CX1)) (not (drives (h+ ?A0 (i+ ?CX1 ?TI)) (h+ ?A1 (i+ ?CX1 ?TI))))) (or (has-certificate (h+ ?A0 (i+ ?CX2 ?TI)) (h+ ?A1 (i+ ?CX2 ?TI))) (not (specs ?CX2 ?CX1)) (not (has-certificate (h+ ?A0 (i+ ?CX1 ?TI)) (h+ ?A1 (i+ ?CX1 ?TI))))) (or (name (h+ ?A0 (i+ ?CX2 ?TI)) (h+ ?A1 (i+ ?CX2 ?TI))) (not (specs ?CX2 ?CX1)) (not (name (h+ ?A0 (i+ ?CX1 ?TI)) (h+ ?A1 (i+ ?CX1 ?TI)))))

; pos/neg literals with opposite contexts can cancel, modulo contra (or (not (= (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI)))) (= (h+ ?A0 (i+ (conj ?CX) ?TI)) (h+ ?A1 (i+ (conj ?CX) ?TI))) (contra ?CX)) (or (not (ssn (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI)))) (ssn (h+ ?A0 (i+ (conj ?CX) ?TI)) (h+ ?A1 (i+ (conj ?CX) ?TI))) (contra ?CX)) (or (not (drives (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI)))) (drives (h+ ?A0 (i+ (conj ?CX) ?TI)) (h+ ?A1 (i+ (conj ?CX) ?TI))) (contra ?CX)) (or (not (has-certificate (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI)))) (has-certificate (h+ ?A0 (i+ (conj ?CX) ?TI)) (h+ ?A1 (i+ (conj ?CX) ?TI))) (contra ?CX)) (or (not (name (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI)))) (name (h+ ?A0 (i+ (conj ?CX) ?TI)) (h+ ?A1 (i+ (conj ?CX) ?TI))) (contra ?CX))

; in a contra context, anything is true

(or (= (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI))) (not (contra ?CX))) (or (ssn (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI))) (not (contra ?CX))) (or (drives (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI))) (not (contra ?CX))) (or (has-certificate (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI))) (not (contra ?CX))) (or (name (h+ ?A0 (i+ ?CX ?TI)) (h+ ?A1 (i+ ?CX ?TI))) (not (contra ?CX)))

6 Lemmas provided to guide the proof
(or (not (drives (h+ ?PERSON (i+ (conj cx-common) ?TI)) (h+ ?TAXI (i+ (conj cx-common) ?TI)))) (not (has-certificate (h+ ?TAXI (i+ (conj cx-common) ?TI)) (h+ ?CERT (i+ (conj cx-common) ?TI)))) (not (name (h+ ?CERT (i+ (conj cx-common) ?TI)) (h+ ?NAME (i+ (conj cx-common) ?TI)))) (name (h+ ?PERSON (i+ cx-common ?TI)) (h+ ?NAME (i+ cx-common ?TI)))) (or (has-certificate (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (has-certificate (h+ ?A0 (i+ cx-taxi ?TI)) (h+ ?A1 (i+ cx-taxi ?TI))))) (has-certificate (h+ taxi-16556 (i+ cx-common april-13)) (h+ sk-cert (i+ cx-common april-13))) (or (name (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (name (h+ ?A0 (i+ cx-taxi ?TI)) (h+ ?A1 (i+ cx-taxi ?TI))))) (name (h+ sk-cert (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13))) (or (drives (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (drives (h+ ?A0 (i+ cx-taxi ?TI)) (h+ ?A1 (i+ cx-taxi ?TI))))) (drives (h+ emp-3814 (i+ cx-common ?TI)) (h+ taxi-16556 (i+ cx-common ?TI))) (or (ssn (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (ssn (h+ ?A0 (i+ cx-taxi ?TI)) (h+ ?A1 (i+ cx-taxi ?TI))))) (ssn (h+ emp-3814 (i+ cx-common ?TI)) (h+ ssn-217-00-8414 (i+ cx-common ?TI))) (or (name (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (name (h+ ?A0 (i+ cx-credit ?TI)) (h+ ?A1 (i+ cx-credit ?TI))))) (name (h+ sk-applicant (i+ cx-common january-13)) (h+ chad (i+ cx-common january-13))) (or (ssn (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI))) (not (ssn (h+ ?A0 (i+ cx-credit ?TI)) (h+ ?A1 (i+ cx-credit ?TI))))) (ssn (h+ sk-applicant (i+ cx-common january-13)) (h+ ssn-217-00-8414 (i+ cx-common january-13))) (not (name (h+ sk-applicant (i+ cx-common ?TI)) (h+ afeef (i+ cx-common ?TI)))) (not (contra cx-common)) (or (not (name (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI)))) (name (h+ ?A0 (i+ (conj cx-common) ?TI)) (h+ ?A1 (i+ (conj cx-common) ?TI)))) (or (not (ssn (h+ ?PERSON1 (i+ (conj cx-common) ?TI)) (h+ ?NUM (i+ (conj cx-common) ?TI)))) (not (ssn (h+ ?PERSON2 (i+ (conj cx-common) ?TJ)) (h+ ?NUM (i+ (conj cx-common) ?TJ)))) (= (h+ ?PERSON1 (i+ cx-common ?TK)) (h+ ?PERSON2 (i+ cx-common ?TK)))) (or (not (specs cx-taxi c0)) (not (has-certificate (h+ taxi-16556 (i+ (conj cx-taxi) ?TI)) (h+ ?CERT (i+ (conj cx-taxi) ?TI)))) (not (name (h+ ?CERT (i+ (conj cx-taxi) ?TI)) (h+ ?NAME (i+ (conj cx-taxi) ?TI)))) (name (h+ emp-3814 (i+ cx-taxi ?TI)) (h+ ?NAME (i+ cx-taxi ?TI)))) (name (h+ sk-cert (i+ (conj cx-common) april-13)) (h+ afeef (i+ (conj cx-common) april-13))) (or (not (specs cx-taxi c0)) (not (name (h+ sk-cert (i+ (conj cx-taxi) april-13)) (h+ ?NAME (i+ (conj cx-taxi) april-13)))) (name (h+ emp-3814 (i+ cx-taxi april-13)) (h+ ?NAME (i+ cx-taxi april-13)))) (or (not (drives (h+ ?PERSON (i+ (conj cx-common) april-13)) (h+ ?TAXI (i+ (conj cx-common) april-13)))) (not (has-certificate (h+ ?TAXI (i+ (conj cx-common) april-13)) (h+ sk-cert (i+ (conj cx-common) april-13)))) (name (h+ ?PERSON (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13)))) (or (not (specs cx-taxi c0)) (name (h+ emp-3814 (i+ cx-taxi april-13)) (h+ afeef (i+ cx-taxi april-13)))) (or (not (ssn (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI)))) (ssn (h+ ?A0 (i+ (conj cx-common) ?TI)) (h+ ?A1 (i+ (conj cx-common) ?TI)))) (name (h+ emp-3814 (i+ cx-taxi april-13)) (h+ afeef (i+ cx-taxi april-13))) (or (not (ssn (h+ ?PERSON2 (i+ (conj cx-common) ?TJ)) (h+ ?A1 (i+ (conj cx-common) ?TJ)))) (= (h+ ?A0 (i+ cx-common ?TK)) (h+ ?PERSON2 (i+ cx-common ?TK))) (not (ssn (h+ ?A0 (i+ cx-common ?TI1)) (h+ ?A1 (i+ cx-common ?TI1))))) (or (not (ssn (h+ ?PERSON1 (i+ (conj cx-taxi) ?TI)) (h+ ?NUM (i+ (conj cx-taxi) ?TI)))) (not (ssn (h+ ?PERSON2 (i+ (conj cx-taxi) ?TJ)) (h+ ?NUM (i+ (conj cx-taxi) ?TJ)))) (= (h+ ?PERSON1 (i+ cx-taxi ?TK)) (h+ ?PERSON2 (i+ cx-taxi ?TK)))) (or (= (h+ ?A0 (i+ cx-common ?TK)) (h+ ?A2 (i+ cx-common ?TK))) (not (ssn (h+ ?A0 (i+ cx-common ?TI1)) (h+ ?A3 (i+ cx-common ?TI1)))) (not (ssn (h+ ?A2 (i+ cx-common ?TI)) (h+ ?A3 (i+ cx-common ?TI))))) (or (not (ssn (h+ ?PERSON2 (i+ (conj cx-taxi) ?TJ)) (h+ ssn-217-00-8414 (i+ (conj cx-taxi) ?TJ)))) (= (h+ emp-3814 (i+ cx-taxi ?TK)) (h+ ?PERSON2 (i+ cx-taxi ?TK)))) (or (= (h+ emp-3814 (i+ cx-common ?TK)) (h+ ?A2 (i+ cx-common ?TK))) (not (ssn (h+ ?A2 (i+ cx-common ?TI2)) (h+ ssn-217-00-8414 (i+ cx-common ?TI2))))) (or (not (ssn (h+ ?PERSON2 (i+ (conj cx-common) ?TJ)) (h+ ssn-217-00-8414 (i+ (conj cx-common) ?TJ)))) (= (h+ emp-3814 (i+ cx-taxi ?TK)) (h+ ?PERSON2 (i+ cx-taxi ?TK)))) (= (h+ emp-3814 (i+ cx-common ?TK)) (h+ sk-applicant (i+ cx-common ?TK))) (or (not (ssn (h+ ?PERSON2 (i+ (conj cx-common) ?TJ)) (h+ ssn-217-00-8414 (i+ (conj cx-common) ?TJ)))) (= (h+ emp-3814 (i+ cx-common ?TK)) (h+ ?PERSON2 (i+ cx-common ?TK)))) (or (not (drives (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI)))) (drives (h+ ?A0 (i+ (conj cx-common) ?TI)) (h+ ?A1 (i+ (conj cx-common) ?TI)))) (ssn (h+ sk-applicant (i+ cx-common january-13)) (h+ ssn-217-00-8414 (i+ cx-common january-13))) (or (not (has-certificate (h+ ?A1 (i+ (conj cx-common) april-13)) (h+ sk-cert (i+ (conj cx-common) april-13)))) (name (h+ ?A0 (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13))) (not (drives (h+ ?A0 (i+ cx-common april-13)) (h+ ?A1 (i+ cx-common april-13))))) (= (h+ emp-3814 (i+ cx-common ?TK)) (h+ sk-applicant (i+ cx-common ?TK))) (or (not (has-certificate (h+ taxi-16556 (i+ (conj cx-common) april-13)) (h+ sk-cert (i+ (conj cx-common) april-13)))) (name (h+ emp-3814 (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13)))) (name (h+ sk-applicant (i+ cx-common january-13)) (h+ chad (i+ cx-common january-13))) (or (not (has-certificate (h+ ?A0 (i+ cx-common ?TI)) (h+ ?A1 (i+ cx-common ?TI)))) (has-certificate (h+ ?A0 (i+ (conj cx-common) ?TI)) (h+ ?A1 (i+ (conj cx-common) ?TI)))) (name (h+ emp-3814 (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13))) (has-certificate (h+ taxi-16556 (i+ (conj cx-common) april-13)) (h+ sk-cert (i+ (conj cx-common) april-13))) (name (h+ sk-applicant (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13))) (name (h+ emp-3814 (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13))) (not (name (h+ sk-applicant (i+ cx-common ?TJ)) (h+ chad (i+ cx-common ?TJ)))) (name (h+ sk-applicant (i+ cx-common april-13)) (h+ afeef (i+ cx-common april-13)))

7 Timing results
	Input
	Runs
	Succ
	S/R
	SuccessWork
	EstimatedWork

	builtin-45
	25
	25
	1.00
	103.64
	103.64

	builtin-44
	25
	25
	1.00
	188.20
	188.20

	builtin-43
	25
	22
	0.88
	6663.27
	20299.63

	builtin-42
	10
	10
	1.00
	6409.70
	6409.70

	builtin-41
	10
	8
	0.80
	8987.62
	33987.62

	builtin-40
	10
	9
	0.90
	3129.11
	14240.22

	builtin-39
	10
	8
	0.80
	2828.50
	27828.50

	builtin-38
	10
	9
	0.90
	4700.56
	15811.67

	builtin-37
	10
	7
	0.70
	1459.57
	44316.71

	builtin-36
	10
	10
	1.00
	2702.90
	2702.90

	builtin-35
	10
	6
	0.60
	3308.50
	69975.17

	builtin-34
	10
	6
	0.60
	3097.83
	69764.50

	builtin-33
	10
	6
	0.60
	14406.50
	81073.17

	builtin-32
	10
	4
	0.40
	26269.20
	176269.20

	builtin-31
	10
	8
	0.80
	5836.38
	30836.38

	builtin-30
	10
	5
	0.50
	5976.20
	105976.20

	builtin-29
	10
	4
	0.40
	30274.80
	180274.80

	builtin-28
	10
	4
	0.40
	10983.00
	160983.00

	builtin-27
	10
	3
	0.30
	12597.30
	245930.63

	builtin-26
	10
	6
	0.60
	6517.17
	73183.84

	builtin-25
	10
	3
	0.30
	49296.00
	282629.33

	builtin-24
	10
	8
	0.80
	17998.00
	42998.00

	builtin-23
	10
	5
	0.50
	29720.00
	129720.00

	builtin-22
	10
	8
	0.80
	23838.00
	48838.00

	builtin-21
	10
	8
	0.80
	33310.00
	58310.00

	builtin-20
	10
	6
	0.60
	9865.83
	76532.50

	builtin-19
	10
	8
	0.80
	34703.20
	59703.20

	builtin-18
	10
	6
	0.60
	18669.70
	85336.37

	builtin-17
	10
	10
	1.00
	20739.80
	20739.80

	builtin-16
	10
	8
	0.80
	39019.90
	64019.90

	builtin-15
	10
	6
	0.60
	32996.70
	99663.37

	builtin-14
	10
	2
	0.20
	4335.00
	404335.00

	builtin-13
	10
	5
	0.50
	23515.60
	123515.60

	builtin-12
	10
	5
	0.50
	17329.00
	117329.00

	builtin-11
	10
	3
	0.30
	31138.70
	264472.03

	builtin-10
	10
	7
	0.70
	25381.10
	68238.24

	builtin-09
	10
	4
	0.40
	22816.50
	172816.50

	builtin-08
	10
	3
	0.30
	17227.30
	250560.63

	builtin-07
	10
	7
	0.70
	35244.30
	78101.44

	builtin-06
	10
	4
	0.40
	46684.50
	196684.50

	builtin-05
	10
	10
	1.00
	9996.30
	9996.30

	builtin-04
	10
	10
	1.00
	5073.30
	5073.30

	builtin-03
	10
	10
	1.00
	3282.60
	3282.60

	builtin-02
	10
	10
	1.00
	5006.40
	5006.40

	builtin-01
	10
	10
	1.00
	5100.40
	5100.40

	builtin-00
	10
	10
	1.00
	6869.00
	6869.00

	schema-45
	25
	25
	1.00
	279.44
	279.44

	schema-44
	25
	24
	0.96
	22404.80
	43238.13

	schema-43
	10
	9
	0.90
	88449.30
	144004.86

	schema-42
	10
	7
	0.70
	9981.14
	224266.85

	schema-41
	21
	7
	0.33
	41775.90
	1041775.90

	schema-40
	10
	1
	0.10
	156771.00
	4656771.00

	schema-39
	10
	0
	0.00
	*
	oo

	schema-38
	10
	2
	0.20
	168762.00
	2168762.00

	schema-37
	10
	1
	0.10
	129040.00
	4629040.00

	schema-36
	10
	1
	0.10
	36142.00
	4536142.00

	schema-35
	10
	1
	0.10
	8635.00
	4508635.00

	schema-34
	10
	1
	0.10
	26242.00
	4526242.00

	schema-33
	10
	0
	0.00
	*
	oo

	schema-32
	10
	0
	0.00
	*
	oo

	schema-31
	10
	3
	0.30
	16877.30
	1183543.97

	schema-30
	10
	0
	0.00
	*
	oo

	schema-29
	10
	0
	0.00
	*
	oo

	schema-28
	10
	0
	0.00
	*
	oo

	schema-27
	10
	0
	0.00
	*
	oo

	schema-26
	10
	0
	0.00
	*
	oo

	schema-25
	10
	0
	0.00
	*
	oo

	schema-24
	10
	0
	0.00
	*
	oo

	schema-23
	10
	0
	0.00
	*
	oo

	schema-22
	10
	0
	0.00
	*
	oo

	schema-21
	10
	0
	0.00
	*
	oo

	schema-20
	10
	0
	0.00
	*
	oo

	schema-19
	10
	0
	0.00
	*
	oo

	schema-18
	10
	0
	0.00
	*
	oo

	schema-17
	10
	0
	0.00
	*
	oo

	schema-16
	10
	0
	0.00
	*
	oo

	schema-15
	10
	0
	0.00
	*
	oo

	schema-14
	10
	0
	0.00
	*
	oo

	schema-13
	10
	0
	0.00
	*
	oo

	schema-12
	10
	0
	0.00
	*
	oo

	schema-11
	10
	0
	0.00
	*
	oo

	schema-10
	10
	0
	0.00
	*
	oo

	schema-09
	10
	0
	0.00
	*
	oo

	schema-08
	10
	0
	0.00
	*
	oo

	schema-07
	10
	0
	0.00
	*
	oo

	schema-06
	10
	0
	0.00
	*
	oo

	schema-05
	10
	0
	0.00
	*
	oo

	schema-04
	10
	0
	0.00
	*
	oo

	schema-03
	10
	0
	0.00
	*
	oo

	schema-02
	10
	0
	0.00
	*
	oo

	schema-01
	10
	0
	0.00
	*
	oo

	schema-00
	10
	0
	0.00
	*
	oo


8 Discussion
The goal was to prove that a single person was using more than one name (Afeef the taxi driver and Chad the credit card applicant).

Some hand-generated proofs suggested the addition of 45 lemmas that could guide the prover.  The problem was then run 46 times, with a decreasing number of lemmas included (from 45 down to 0), and hence an increasing amount of work expected to complete a proof.  This loop was then repeated using axiom schemas in lieu of built-in context reasoning.

Column 1, "Input", identifies the mode (builtin/schema) and the number of lemmas provided (00-45).

Column 2, "Runs", is the number of repetitions using the same input.  (Repeated runs are not expected to generate identical results since the prover uses random selection.) Some of the early tests did 25 runs, but then a pragmatic decision was made to limit it to 10 for each input.

Column 3, "Succ", is the number of those runs that were successful -- i.e., that completed a proof before exceeding the maximum number of steps.  Since a proof using the axiom schemas typically follows more false leads, and also requires more steps even in the trimmed proof, the maximum is set five times higher in that mode.

Column 4, "S/R", is simply the ratio of columns 3 and 2; it represents the fraction of runs that were successful.

Column 5, "SuccessWork", is a measure of the average amount of work done in the cases that succeeded.  If there were no successes at all for a given input, then this column contains "*".

Column 6, "EstimatedWork", is a measure of work that takes into account the failures as well as the successes.  The assumption is that if the prover were to give up after reaching the work limit, discard all generated results, and start over from the beginning, then it would eventually have behavior similar to what was seen in the successful runs.  The formula for this estimator is EstimatedWork = SuccessWork + Limit * (Runs - Succ) / Succ (or "oo", representing infinity, if the input had no successes at all).

�  DTO: Disruptive Technology Office
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