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[bookmark: _Ref450815739][bookmark: _Toc461716355]Scope and Purpose
This document is a case study that describes a plan for the qualification of a tool, named Check-It, that verifies the analysis performed by an unqualified model checker, Kind 2 [1] [2]. Check-It is an instantiation of the Logical Framework with Side Conditions [3] (LFSC) proof certificate checker framework. This qualification package follows the guidance provided in DO-178C: Software Considerations in Airborne Systems and Equipment [4], DO-330: Software Tool Qualification Considerations [5], and DO-333: Formal Methods Supplement to DO-178C and DO-178A [6].
[bookmark: _GoBack]This case study builds upon the work by Darren Cofer and Steven Miller entitled Formal Methods Case Studies for DO-333 [7]. In it, each class of formal methods is used to satisfy DO-178C Software Life Cycle Process objectives following the guidance provided in the DO-333. These case studies are focused on a single avionics system, the Dual Flight Guidance System. The Tool Qualification Plan presented here focuses on the use of model checking (by Kind 2) to perform verification activities associated with the design of the Flight Guidance System’s mode logic. This case study takes this approach a step further and outlines an approach in which the outputs of the model checker are verified by an independent tool. This tool, Check-It, checks the proof certificates emitted by Kind, thus satisfying the objectives from DO-178C Table A-4. This document provides a detailed Tool Qualification Plan (TQP) that identifies the relevant objectives necessary to achieve a Tool Qualification Level (TQL) 5 qualification and provides evidence to satisfy them.
Section 2 gives an overview of the verification process of the Kind 2 and Check-It tool and describes how they are used in Software Life Cycle processes. Section 3 establishes the need for tool qualification, identifies the DO-178C objectives the tool is used to satisfy and provides a comprehensive list of tool qualification objectives required for qualification of Check-It. Section 4 provides an explanation of each objective and how it is satisfied. Section 5 provides references to the cited literature. Finally, several appendices detail technical information related to the qualification activities.
[bookmark: _Ref423419027][bookmark: _Ref423419497]

[bookmark: _Ref430345655][bookmark: _Toc461716356]Overview
As discussed in Section 1, in the Software Life Cycle processes of the Dual Flight Guidance System case study, verification objectives related to the design of the FGS mode logic software are demonstrated through model checking. The software design, a combination of the Low-level requirements (LLRs) and software architecture, is specified as a Lustre model and high-level software requirements (HLRs) are specified as safety properties annotated within the Lustre model. 
Lustre models can be verified by using model checking. The Kind 2 [2] tool can verify that a given Lustre model (in this case, the LLRs and software architecture) satisfies given formal properties (in this case, the HLRs). For each property, Kind 2 provides one of the following results: valid, invalid or unknown. If the analysis provides the result of valid, then the model is shown to satisfy the given properties and the stated verification objectives are achieved. This analysis can be used to satisfy objectives from DO-178C Table A.4.
An alternative is to instrument Kind 2 to emit a set of proof certificates that contain a description of why the proven properties are valid. This allows for an independent review of the model checker’s results and a more rigorous basis for trust in them. In this case study, the Kind 2 model checker has been instrumented to emit two proof certificates. The first the Proof Certificate (PC) captures the essence of why the property is valid. The second, the Front-End Certificate (FEC), provides assurance that internal translations of Kind 2 did not modify the semantics of the original model. The result is a process that involves an unqualified tool, Kind 2 that accepts the artifact of interest, verifies it, and produces results that are then checked by a qualified tool, Check-It. This process is shown in Figure 1.
[image: ]
[bookmark: _Ref423419479]Figure 1- Verification Process Overview
[bookmark: _Ref423419031]The contents and technical aspects of the Proof Certificate (PC) and the Front-End Certificate (FEC) are described in Section 2.1.
The formal proof objects contained in the two certificates are verified to be correct by Check-It. Check-It is an instantiation of the Logical Framework with Side Conditions [3] (LFSC) proof-checking framework. The configuration of LFSC that instantiates Check-It is discussed further in Section 4.1.2.1. If the certificates are successfully checked, the certification objectives identified in Table 1 of Section 3 are claimed. Essentially, Check-It verifies the correctness of the analysis performed by Kind 2. 

The Check-It tool will be the focus of this qualification effort. It is used to check the outputs of an unqualified tool, Kind 2, thereby replacing the processes that would be satisfied by Kind 2, should it be qualified. The approach of using a qualified tool to check the results of an unqualified tool is not unprecedented. FAQ D.7 of DO-330 discusses guidelines for such verification approaches and this plan addresses its concerns in Section 3.5.
[bookmark: _Ref446427242][bookmark: _Toc461716357]Proof Certificates
The proof certificates produced by Kind 2 demonstrate that, when the properties of a given model are proven valid, that result can be trusted. The emitted proof certificates contain two sub-proofs: the first (PC) guarantees that the properties are valid in the internal representations used by Kind 2 and the second (FEC) provides assurance that the original Lustre specification was correctly translated into the internal representations used by Kind 2. Proving both certificates valid demonstrates that the processes employed by Kind 2 came to a trustworthy conclusion. These proofs are independently and automatically checkable by Check-It, which is the object of this qualification effort.
[bookmark: _Ref447791770][bookmark: _Toc461716358]Proof Certificate of the HLRs (PC)
Proofs of Kind 2 are expressed in the LFSC proof language. They are represented in a formal language and contain the deductive steps used to establish the validity of the properties contained with a model analyzed by Kind 2. In a process similar to type checking, these proofs can be efficiently checked to ensure that the proof contains valid deductive steps.
The proof certificate (PC) emitted by Kind 2 is created in a multi-step process. First, Kind 2 must extract the fundamental reason why the properties are valid for the system under scrutiny. This is referred to as the intermediate certificate. In Kind 2, the validity of a property can be explained by a k-inductive invariant. An invariant is a formula which is valid in all reachable states of the system; it is inductive when preserved by any transition (independently of the initial states); and more generally k-inductive when it is preserved by transition chains of length k. In our case, this intermediate certificate takes the form of an invariant, accompanied by a specific value of k that implies the original properties.
[bookmark: _Ref447531660]Given a k-inductive invariant P, a proof of safety for a system is simply a proof that the claimed invariant is indeed k-inductive. This amounts to proving three sub-goals: 
1. For some constant k, P is true in all k-1 transitions from the initial states. (the base step)
2. Starting from an arbitrary state, if P is true in every state reachable in k-1 transitions, then it is also true in every state reachable in k transitions. (the induction step)
3. P implies the original properties of interest.
The LFSC proof certificate (PC) contains proofs of subgoals (1), (2) and (3) above. It also contains a proof that the validity of these three subgoals guarantees that the properties are invariant in the translated system.
In the interest of making this approach efficient and scalable, we must take great care to generate proofs of a reasonable size, i.e. for which proof checking is reasonably fast. For this, the intermediate certificate serves the purpose of being a relatively simple object which can be transformed before producing the final proof. In the case of Kind 2, this transformation consists in reducing and simplifying the certificate as much as possible. 
Lustre models involve operators, constants and functions that belong to different theories (such as linear integer arithmetic, equality, etc.). Kind 2 internally constructs proofs for the temporal aspect of the reasoning steps (i.e. invariant properties) but makes use of proofs for simpler facts of these particular theories in order to construct a high-level global proof. These sub-proofs are provided by the SMT solver CVC4 [8] [9] and effectively constitute proofs for sub-goals (1), (2) and (3) above.
The LFSC proof certificate (PC) contains the proofs of these sub-goals, as well as a proof that the validity of these three sub-goals guarantees the properties are invariant in the translated system. It makes use of a collection of underlying theories formally described in a set of signature files (discussed further in Section 4.1.2.1). In particular one of these files specifies k-inductive reasoning as an admitted proof rule. This means that the principle of k-induction [10] is trusted, as it has been for decades as demonstrated in the literature [11] [12].
[bookmark: _Ref448134468][bookmark: _Toc461716359]Front-End Certificate (FEC)
The certificates discussed in the previous section are produced for Kind 2's internal representation of the input system and properties. Although the translation to this internal representation from the Lustre input is fairly direct, Kind 2 preliminarily applies a number of optimizations and simplifications to the input, such as slicing, constant propagation, and so on. As a consequence, a careful certification process needs to argue that these optimizations and translations are correct.
The second proof produced by Kind 2, the Front-End Certificate (FEC), is a formal proof of weak observational equivalence between two internal representations obtained independently from the same Lustre model input. The input is passed through the front-end processing phases of Kind 2 and also through the front-end of JKind [13], a Lustre model checker inspired by Kind but developed independently in Java at Rockwell Collins. This process is shown below in Figure 2.
[image: F:\google_drive\lucas.wagner@rockwellcollins.com\projects\nasa-fmtq\year2\CheckIt Qualification Kit\resources\kind2 and jkind.png]
[bookmark: _Ref461625480]Figure 2 - Construction of the FEC
The FEC formally guarantees that two sufficiently different systems agree on their translation of Lustre. This is achieved by proving that these systems behave the same way when we look at them through the lens of their respective properties, i.e. their properties remain equivalent. It is worth mentioning that this process is verifying; that is, it must be checked for each and every run of the Kind 2 model checking analysis.
This is proven by Kind 2 using k-induction reasoning, from which a certificate is constructed as described in Section 2.1.1. The proof of the front-end certificate is a proof of invariance by k-induction just as before but on a different model that observes the equivalence of JKind and Kind 2. The same process used to check the PC is applied to generate and check the resulting LFSC proof contained within the FEC.
[bookmark: _Toc461716360]Global Safety Arguments
The signature files mentioned in Section 4.1.2.1 also contain a proof rule to stitch together the PC and the FEC. The rule formally articulates the fact that proving an invariant of a translated version of a Lustre system and proving that there exists another translation which is weak-observationally equivalent is sufficient to guarantee that the properties are valid on the original Lustre system. Of course, these rules have to be trusted, and they assume that the two independent translations cannot both perform an identical incorrect transformation. However, they summarize the entire proof in a single statement which facilitates human review.
[bookmark: _Ref430345765][bookmark: _Ref430353381][bookmark: _Toc461716361]Tool Usage in the Software Life Cycle Processes
In the Dual Flight Guidance System software development process model checking is used to perform verification activities associated with the outputs of the software design process. The creation of a Lustre model (LLRs), annotating it with properties (the HLRs), analyzing the model using Kind 2, and verifying the analysis results using Check-It can be used to achieve DO-178C software verification objectives.
The following sections address the DO-178C objectives the tool is used to satisfy, determine the Tool Qualification Level (TQL), identify the relevant Tool Qualification Objectives, and address the guidance provided for the situation in which a qualified tool is used to check the results of an unqualified tool.
[bookmark: _Toc461716362]Life Cycle Data Items
Kind 2 and Check-It are used to satisfy verification objectives from DO-178C. Specifically, these tools are used to demonstrate that the Design Description (the LLRs and software architecture) were correctly developed from the High-Level Requirements. The Design Description is a Lustre model. The High-Level Requirements are formalized properties that are verified against the Lustre model via model checking analysis. Check-It verifies and validates the model-checking result, thereby establishing that its results are trustworthy.
[bookmark: _Ref446330173][bookmark: _Toc461716363]DO-178C Objectives Satisfied
Using the Kind 2 and Check-It tools as described in Figure 1 from Section 2, objectives from DO-178C Table A.4 can be claimed. Table 1 below identifies the objectives that are satisfied through the use of the qualified tool, Check-It, on the end result of the analysis performed by Kind 2.
	Objective
	Description
	Discussion
	Notes

	A.4-1
	Low-level requirements comply with high-level requirements.
	Section 3.2.1
	Partially claimed because formal methods cannot be used to justify the existence of derived requirements.

	A.4-2
	Low-level requirements are accurate and consistent.
	Section 3.2.2
	

	A.4-3
	Low-level requirements are compatible with target computer
	
	Unaddressed by the tool being qualified.

	A.4-4
	Low-level requirements are verifiable.
	Section 3.2.3
	

	A.4-5
	Low-level requirements conform to standards.
	Section 3.2.4
	Partially claimed because standards enforced by Lustre are a subset of overall standards.

	A.4-6
	Low-level requirements are traceable to high-level requirements.
	Section 3.2.5
	Partially claimed because the objective requires bi-directional traceability.

	A.4-7
	Algorithms are accurate.
	Section 3.2.6
	

	A.4-8
	Software architecture is compatible with high-level requirements.
	Section 3.2.7
	

	A.4-9
	Software architecture is consistent.
	Section 3.2.8
	

	A.4-10
	Software architecture is compatible with the target computer
	
	Unaddressed by the tool being qualified.

	A.4-11
	Software architecture is verifiable.
	Section 3.2.9
	

	A.4-12
	Software architecture conforms to standards.
	Section 3.2.10
	Partially claimed because standards enforced by Lustre are a subset of overall standards.

	A.4-13
	Software partitioning integrity is confirmed.
	
	Unaddressed by the tool being qualified.


[bookmark: _Ref423353741][bookmark: _Ref423354539][bookmark: _Ref446575741]Table 1 - DO-178C Objectives claimed through the use of Kind 2 and qualification of Check-It
The ‘Objective’ in Table 1 identifies the DO-178C objective that the row is addressing. The next column provides a description of the objective under consideration. The ‘Discussion’column identifies the section of this document that fully discusses the rationale for why the Check-It tool satisfies the objective. The last column captures any notable information related to the objective.
When using formal methods, the guidance and objectives of DO-178C are modified by DO-333, the Formal Methods Supplement. Each objective is discussed in Sections 3.2.1 - 3.2.10. Each section captures the relevant DO-333 guidance and rationale for how Kind 2 and Check-It satisfies it.
[bookmark: _Ref446508338][bookmark: _Ref446597900][bookmark: _Toc461716364][bookmark: _Ref446331011]Objective A.4-1: LLRs comply with HLRs
DO-333 Section FM.6.3.2.a: If the high-level requirements and low-level requirements are formally modeled, then formal analysis can be used to show compliance. Formal methods cannot show that derived requirements and the reason for their existence are correctly defined; this should be achieved by review.
Compliance of the LLRs to the HLRs is satisfied by capturing the LLRs and software architecture as a Lustre model, annotating the model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate. 
This objective also requires that any derived requirements be identified and justified. Manual reviews must be used to justify the existence of any derived requirements and cannot be achieved using formal methods.  Therefore, this objective is partially satisfied through the use of formal methods. 
[bookmark: _Ref446508455][bookmark: _Toc461716365]Objective A.4-2: LLRs are accurate and consistent
DO-333 Section FM.6.3.2.b: If the low-level requirements are expressed in a formal notation, then they will be precise and unambiguous. The formal model of low-level requirements can be checked for consistency (absence of conflicts) and may enable accuracy checks to be carried out using formal analysis.
The Lustre modeling language has a formal semantics. Thus, modeling the LLRs and software architecture in the Lustre language establishes that each requirement is unambiguous (accurate). The consistency of the LLRs (absence of conflicts) is demonstrated by the fact that a valid Lustre representation of the entire set of LLRs could not be realized if there were conflicts among any subset of them. 
[bookmark: _Ref446508493][bookmark: _Toc461716366]Objective A.4-4: LLRs are verifiable
DO-333 Section FM.6.3.2.d: Being able to express a low-level requirement in a formal notation defined in the Software Verification Plan is evidence of verifiability.
[bookmark: _Ref446508527]Capturing the LLRs and software architecture as a Lustre model, annotating this model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate demonstrates the verifiability of the LLRs.
[bookmark: _Ref446676512][bookmark: _Toc461716367]Objective A.4-5: LLRs conform to standards
DO-333 Section FM.6.3.2.e: Low-level requirements expressed in a formal notation can be checked for conformance to standards by using formal analysis.
This case study does not have established Software Design Standards. This objective could be claimed through the use of this tool to the extent that the Lustre modeling language enforces the Software Design Standards. For example, the Software Design Standards may not permit the use of recursion. Lustre/Kind 2 do not permit the use of recursion, thus by capturing the LLRs and software properties as a Lustre model, annotating this model with properties representing the HLRs, performing the analysis with Kind 2, and checking the resultant proof-certificate, it is demonstrated that there is no recursion.
Other standards, such as those that restrict the use of certain mathematical operators, or restrict the depth of function calls, could be determined by statically analyzing the Lustre, but are not enforced simply by representing the LLRs in Lustre.
[bookmark: _Ref446512854][bookmark: _Toc461716368]Objective A.4-6: LLRs are traceable to HLRs
DO-333 Section FM.6.3.2.f: If formal methods are used to meet the objective of FM.6.3.2.a, this can provide evidence in support of traceability.
Capturing the LLRs and software architecture as a Lustre model, annotating this model with formal properties representing the HLRs, performing analysis with Kind 2, and checking the resultant proof-certificate demonstrates that each HLR is traceable to the set of LLRs represented by the Lustre model.  However, demonstrating that each LLR can be traced to HLRs (the reverese direction) is not claimed through the use of the tool, and thus must be established through some other method.
[bookmark: _Ref446575940][bookmark: _Toc461716369]Objective A.4-7: Algorithms are accurate
DO-333 Section FM.6.3.2.g: If low-level requirements are formally modeled, then they can be checked for accuracy and behavior by using formal analysis.
Capturing the LLRs and software architecture as a Lustre model, annotating this model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate demonstrates that algorithms employed in the LLRs (for example, verifying agreement amongst two or more state machines) are correct.
[bookmark: _Ref446580854][bookmark: _Toc461716370]Objective A.4-8: Software architecture is compatible with HLRs
DO-333 Section FM.6.3.3.a: If the high-level requirements and software architecture are formally modeled, then formal analysis can be used to show compatibility.
Capturing the LLRs and software architecture as a Lustre model, annotating this model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate demonstrates that the aspects of the software architecture captured by the Lustre model are compatible with the HLRs.
[bookmark: _Ref446580875][bookmark: _Toc461716371]Objective A.4-9: Software architecture is consistent
DO-333 Section FM.6.3.3.b: If the software architecture is expressed in a formal notation, then it will be precise and unambiguous. Data and control flow between components can be checked for correct relationships using formal analysis. 
Capturing the LLRs and software architecture as a Lustre model, annotating this model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate demonstrates that the aspects of the software architecture captured by the Lustre model are consistent. 
[bookmark: _Ref446580928][bookmark: _Toc461716372]Objective A.4-11: Software architecture is verifiable
DO-333 Section FM.6.3.3.d: Being able to express the software architecture in the formal notation as defined in the Software Verification Plan is evidence of verifiability.
Capturing the LLRs as a Lustre model, annotating this model with formal properties representing the HLRs, performing model checking analysis with Kind 2, and checking the resultant proof-certificate demonstrates that the software architecture is verifiable.
[bookmark: _Ref446580956][bookmark: _Toc461716373]Objective A.4-12: Software architecture conforms to standards
DO-333 Section FM.6.3.3.e: Software architecture expressed in a formal notation can be checked for conformance to standards by using formal analysis.
This case study does not have established Software Design Standards. This objective could be claimed through the use of this tool to the extent that the Lustre modeling language enforces the Software Design Standards. For example, if the Software Design Standards restrict the usage of software types to only those types that are representable in the Lustre language, then this is automatically enforced by capturing the architecture in Lustre.
[bookmark: _Ref447633635][bookmark: _Toc461716374]Tool Qualification Level (TQL) Identification
According to DO-178C Section 12.2.1, qualification of a tool is necessary when it is used to eliminate, reduce, or automate DO-178C processes without the outputs of the tool being verified. Check-It is used to obtain credit for the objectives in Table 1 in the verification of the FGS mode logic of the Dual Flight Guidance System. The outputs of the Kind 2 analysis, a set of proof certificates, are checked using the Check-It proof checking tool. According to the guidance in DO-330 FAQ D.7, this process is acceptable if the Check-It tool is qualified.
According to DO-178C, Section 12.2.2, identification of the Tool Qualification Level (TQL) is established by determining the impact of the tool on the software development process. The first step of this process is determining the Tool Criteria. The Check-It tool is used to verify and validate proof-certificates produced by the Kind 2 model checking analysis. In this context it:
· Cannot insert an error into the airborne software.
· Could fail to detect an error in the airborne software.
· Is not used to justify the elimination or reduction of:
· Verification processes other than those claimed in Table 1.
· Development processes that could have an impact on the airborne software.
Therefore, Check-It is designated as a Criteria 3 tool. DO-178C Table 12-1 outlines the appropriate Tool Qualification Level (TQL) for a given tool criteria and applicable software level (Level A being most critical to Level D being least critical). Check-It is identified as a Criteria 3 tool, and therefore (regardless of the applicable software level) it must be qualified as a TQL-5 tool.
[bookmark: _Toc461716375]Applicable Tool Qualification Objectives
Annex A from DO-330 provides a set of tables that summarize the tool qualification objectives necessary to qualify a tool. Given the classification of TQL-5 for Check-It, Table 2 below identifies the objectives necessary to satisfy a TQL-5 tool qualification effort.
	DO-330 Table
	Objectives

	T-0 Tool Operational Processes (D0-330 p. 66)
	1,2,3,5,6,7

	T-8 Tool Configuration Management Process (DO-330 p. 74)
	1,4

	T-9 Tool Qualify Assurance Process (DO-330 p. 75)
	2,5

	T-10 Tool Qualification Liaison Process (DO-330 p. 76)
	1,2,3,4


[bookmark: _Ref423355885][bookmark: _Ref423355890]Table 2- DO-330 Objectives for TQL-5 Tools
[bookmark: _Ref443399114][bookmark: _Toc461716376][bookmark: _Ref427054086]Addressing FAQ D.7
DO-330, FAQ D.7 provides additional information on the use of a qualified tool (Check-It) to check the results of an unqualified tool (Kind 2). This FAQ identifies factors that should be considered to prevent the possibility of errors in both the unqualified tool and the qualified tool. It identifies two situations:
· The unqualified tool injects an error into the software and the qualified tool fails to detect it.
· The unqualified tool produces erroneous or incomplete outputs and the qualified tool fails to detect it.
For the tools discussed in this qualification, the first situation is not applicable because both tools under consideration are used strictly for verification. The latter situation, however, is a concern that must be addressed. Section 3.5.1 discusses the various outputs Kind 2 might produce and how Check-It handles each. Sections 3.5.2 - 3.5.5 addresses the concerns raised by FAQ D.7.
[bookmark: _Ref450739308][bookmark: _Toc461716377]Interaction between Tools
Check-It is designed to check proof certificates emitted by Kind 2. In its expected operational use, it will check the correctness of proof certificates emitted when Kind 2 proves that the model representing the LLRs satisfies the HLRs. Given this, when Kind 2 analyzes a given Lustre file there are three possible outcomes:
1. Kind 2 fails to produce a PC.
2. Kind 2 produces a PC but does not produce an FEC.
3. Kind 2 produces a Proof Certificate (PC) and Front-End Certificate (FEC).
These three potential outcomes will drive different output from Kind 2, and thus, different input to Check-It. Each outcome and its significance to the certification process are discussed below in Sections 3.5.1.1 - 3.5.1.3.
[bookmark: _Ref450658774]Outcome #1
This outcome occurs when Kind 2 is unable to produce the PC. It can occur for three reasons:
1. The Lustre model input contains some error that prevents Kind 2 from analyzing it. This includes syntax errors, type errors, or invalid models (such as those containing nonlinear arithmetic).
2. The second reason is that the input is valid, but Kind 2 fails due to some malfunction.
3. The third reason is that one or more properties are unable to be proven valid.
When Kind 2 produces no output, Check-It obviously cannot analyze it. This scenario is illustrated in Figure 3.
[image: ]
[bookmark: _Ref451858316]Figure 3 - Outcome #1 (Kind 2 does not emit a PC)
[bookmark: _Ref450740286]Outcome #2
If the input to Kind 2 is a model in which all properties are valid, but the tool is unable to demonstrate observational equivalent it will emit a PC but no FEC. This could occur if:
1. The input model is not accepted by JKind (Kind 2 and JKind have different grammars)
2. A bug in Kind2 or JKind causes it to crash and not emit a First Order Logic model.
3. Observational equivalence is unable to be proven.
If the FEC is absent then the correctness of the PC is irrelevant; we cannot be sure that the PC was obtained from the correct model due to the absent FEC. This qualification performs tests to ensure that absent FECs are identified.
This scenario is illustrated in Figure 4.
[image: ]
[bookmark: _Ref451858389]Figure 4 - Outcome #2 (Kind 2 does not produce the FEC)
[bookmark: _Ref450659485]Outcome #3
If the input to Kind 2 is a model in which all properties are proven and the tool is able to demonstrate observational equivalence it will emit both the PC and FEC. In this scenario Check-It will either: 
· Identify that either the PC or FEC is incorrect.
· Identify both the PC and FEC to be correct.
In the first case, no certification credit is claimed because either the PC or FEC is invalid. In the second case, certification credit is claimed because both certificates are found to be valid. This qualification performs testing to ensure that correct and incorrect PCs and FECs are identified correctly by the tool.
This scenario is illustrated in Figure 1 of Section 2.
[bookmark: _Ref450739384][bookmark: _Toc461716378]Coverage of Verification Objectives that Apply to the Unqualified Tool’s Output
It is important that the Tool Operational Requirements for the qualified tool are consistent with the objectives claimed in the Plan for Software Aspects of Certification as required by Table T-0. The DO-178C objectives claimed from using the Check-It tool are presented in Table 1 and rationale for claiming each objective is provided in Sections 3.2.1 - 3.2.10.
In addition to proving properties, Kind 2 emits the FEC as described in Section 2.1.2. This certificate represents a check of equivalence between the internal model that Kind 2 uses for analysis and the internal model that a Java implementation of the same model checking algorithms, JKind, produces. The FEC represents a check of observational equivalence between those two models, thus demonstrating that the proof was derived from the correct model. This process is shown in Figure 5.
[image: ]
[bookmark: _Ref447531803]Figure 5 - Generating the Front-End Certificate
This process demonstrates via independent development efforts (Kind 2 developed by the University of Iowa, JKind by Rockwell Collins) developed using dissimilar programming languages (Kind 2 is developed in OCaml, JKind in Java) that Kind 2 yields a valid and accurate First Order Logic model for analysis. Via this check of observational equivalence, the user can be assured that the Proof Certificate (PC) is developed from the original Lustre model.
[bookmark: _Toc461716379]Operating Conditions of the Qualified Tool
The purpose of this section is to address situations where the unqualified tool can produce output that the qualified tool cannot correctly process. As discussed in Section 3.5.1, Kind 2 will only output proof certificates for supported features, thus it is not possible for the Check-It tool to verify a proof certificate that was derived from an unsupported feature; the certificate will not exist. Further, the Tool Operational Requirements clearly identify the input format that is supported, and not supported, by Check-It.
[bookmark: _Toc461716380]Common Cause Avoidance
In this approach, Kind 2 uses model checking to verify properties against a given Lustre model and emits a proof certificate that shows why the property is true. Check-It then verifies that this proof certificate is a valid proof; this means that the steps used by Kind 2 to establish the proof are constructed with correct applications of the inference rules. The use of model checking and proof checking in the unqualified, and qualified tool respectively, is a dissimilar technical approach which is identified in FAQ D.7 as one acceptable way of demonstrating common cause avoidance.
[bookmark: _Ref450739392][bookmark: _Toc461716381]Protection between Tools
The Kind 2 tool performs its analysis and produces its results (the proof certificates) first, followed by a separate analysis of those proof certicates by Check-It. The operations are sequential and thus there is no runtime interference between the tools.

[bookmark: _Ref426631469][bookmark: _Ref430345777][bookmark: _Toc461716382]Tool Qualification Objectives (TQOs)
This section of the document addresses the relevant TQL-5 objectives and describes the activities necessary to meet each for the Check-It proof checking tool. Each subsection addresses a particular table from DO-330 Annex A.
[bookmark: _Ref443381182][bookmark: _Toc461716383]Table T-0 Tool Operational Processes
Table T-0 of DO-330 addresses the Tool Operational Processes. The objectives in this table establish the operational processes of the tool. The relevant objectives are shown below.
	 Objective
	Description
	DO-330 Section
	Discussion 

	T-0.1
	Tool qualification need is established.
	4.1
	4.1.1

	T-0.2
	Tool Operational Requirements (TORs) are defined.
	5.1.1a
	4.1.2

	T-0.3
	Tool Executable Object Code is installed in the tool operational environment
	5.3.1a
	4.1.3

	T-0.5
	Tool operation complies with the Tool Operational Requirements
	6.2.1.b
	4.1.4

	T-0.6
	Tool Operational Requirements are sufficient and correct
	6.2.1.aa
	4.1.5

	T-0.7
	Software life cycle process needs are met by the tool
	6.2.1.bb
	4.1.6


[bookmark: _Ref443382032]Table 3 - TQL-5 relevant objectives from T-0
[bookmark: _Ref443381408][bookmark: _Toc461716384]Objective T-0.1 – Determining the Tool Qualification Need
This objective is satisfied in previous sections of this document. Section 2 provides an overview of the tool to be qualified, and how it is used to satisfy Software Life Cycle Processes. Section 3.2 identifies the DO-178C objectives satisfied by the use of the tool, and Section 3.3 identifies the appropriate Tool Qualification Level for this qualification.
Tool Qualification Data: The information in this section provides evidence to satisfy the Tool Qualification Data item 10.1.1, Tool-specific information in the Plan for Software Aspects of Certification (PSAC).
[bookmark: _Ref443381413][bookmark: _Ref443381420][bookmark: _Toc461716385]Objective T-0.2 – Definition of the Tool Operational Requirements (TORs)
This objective requires the applicant to define the Tool Operational Requirements. This includes:
· Description of the context of the tool use, including interfaces with other tools.
· Description of the tool operational environment.
· Description of input files, including format, language definition, etc.
· Description of output files, including format and contents.
· Requirements for all tool functions and technical features used to satisfy the software lifecycle processes.
· User information, such as a user manual and installation guide.
· Description of the operational use of the tool (including selection options, parameters values, command line, etc.)
Sections 4.1.2.1 - 4.1.2.6 discuss the aspects necessary to satisfy this objective.
Tool Qualification Data: The information in this section, and subsections, provides evidence to satisfy Tool Qualification Data item 10.3.1, the Tool Operational Requirements.
[bookmark: _Ref446662698]Tool Background Information
Check-It is an instantiation of the Logical Framework with Side Conditions (LFSC) proof-checking tool. LFSC accepts proof signature files that define the logic represented in a proof certificate. Check-It is simply an instantiation of proof-signature files useful for describing proofs obtained through the use of satisfiability solvers (SAT), satisfiability modulo theory solvers (SMT), and k-induction algorithms. The list of proof-signature files necessary to execute Check-It are:
· sat.plf
· smt.plf
· th_base.plf
· th_int.plf
· th_real.plf
· kind.plf
Check-It accepts proof certificates defined by the logic in these files. It is designed specifically to check the Proof Certificate and Front-End Certificate emitted by Kind 2. Figure 6 illustrates the architecture of the Check-It tool.
[image: ]
[bookmark: _Ref446590848]Figure 6 - Architecture of the Check-It tool
[bookmark: _Ref457205861]Tool Usage Context and Interface
Check-It is used specifically to check the proof-certificates emitted by Kind 2 as discussed in Section 2 and illustrated in Figure 1. 
Operational Use of the Tool
Check-It is executed by executing LFSC, with the proper signature files, by using the script shown in Table 6 in Section 4.1.3.1. This script invokes LFSC with the proper flags.
Tool Operational Environment
Check-It (along with Kind 2) operates on the Linux Ubuntu Operating System, version 16.04.2 for 64-bit machines.
Tool Inputs and Outputs
Figure 6 illustrates the architecture of the Check-It tool. The inputs to the tool are the proof certificates (the PC and FEC) that are composed of proof rules defined by the signature files identified in Section 4.1.2.1 and the base proof rules supported by the LFSC tool. An example of such a file is shown in Appendix D.
The tool only outputs to the standard output device whether the PC and FEC are present and correct. Thus, Check-It will output one of the following messages for a given input:
· Success 000: [PC: valid, FEC: valid]
· Error 001: [PC: valid, FEC: invalid]
· Error 002: [PC: invalid, FEC: present]
· Error 003: [PC: valid, FEC: absent]
· Error 004: [PC: invalid, FEC: absent]
· Error 005: [PC: absent, FEC: valid]
· Error 006: [PC: absent, FEC: invalid]
· Error 007: [PC: absent, FEC: absent]
· Error 099: (Unexpected input)
· Error 100: [PC: absent, FEC: absent] (File not found)
Codes 000 – 007 define the behaviors when expected input is provided. Code 099 represents a mal-formed proof certificate. Code 100 represents when a non-existent filename is provided to the tool.
[bookmark: _Ref450740437]Tool Operational Requirements
A full list of the Tool Operational Requirements (TORs) can be found in Appendix B.
[bookmark: _Ref443381433][bookmark: _Toc461716386]Objective T-0.3 – Installation of the Tool Executable Object Code
Identification of the specific versions of the tool and its dependencies, instructions of how to install the tool and a record of actually installing the tool are required to meet this TQO.
Tool Qualification Data: The information in this section, and the following subsections, provides the necessary evidence to satisfy Tool Qualification Data item 10.2.4, Tool Executable Object Code, and Tool Qualification Data item 10.3.2, the Tool Installation Report.
[bookmark: _Ref448144611]Identifying the Tool Executable Object Code
As described in Section 4.1.2.1, Check-It is simply an instantiation of the Logical Framework with Side Conditions (LFSC) with a predetermined set of signature files that describe the proof language it accepts. The tool executable object code is the LFSC proof checking tool.
	Tool Name
	Version

	LFSC
	1.0


[bookmark: _Ref424803449]Table 4 - Tool Executable Object Code
The signature files that define the language accepted by LFSC are configuration data items. The configuration data items for Check-It are:
	Tool Name
	Version

	th_base.plf
	1.0

	th_int.plf
	1.0

	th_real.plf
	1.0

	sat.plf
	1.0

	smt.plf
	1.0

	kind.plf
	1.0


[bookmark: _Ref446662986]Table 5 - Tool Configuration Data Items
Check-It is simply a script that calls LFSC with the correct arguments and invokes the signature files identified in Table 5. The contents of this script are:
	#!/bin/sh

DIR="$(dirname "$(readlink -f "$0")")"
SIGDIR=$DIR/signatures

# Rules used by Check-it
#-----------------------
# sat.plf     : proof rules for the SAT solver
# smt.plf     : syntax and semantic of generic SMT
# th_base.plf : proof rules for equality over uninterpreted functions
# th_int.plf  : symbols (and rules) of linear integer arithmetic
# th_real.plf : symbols (and rules) of linear real arithmetic
# kind.plf    : proof rules for k-induction and safety

sigs="$SIGDIR/sat.plf \
      $SIGDIR/smt.plf \
      $SIGDIR/th_base.plf \
      $SIGDIR/th_int.plf \
      $SIGDIR/th_real.plf \
      $SIGDIR/kind.plf"

# Increase stack size to 8000 MB, change this value if necessary.
ulimit -s 8000000

#Check if there are no arguments.
if [ "$#" -eq "0" ]; then
    echo "CheckIt 1.0.0: No argument supplied"
    exit 99
fi

#Check if the provided argument is a file and if not, exit.
if [ ! -f $1 ]; then
	echo "Error 100: [PC: absent, FEC: absent] (File not found)"
	exit 100
fi

# Run the LFSC checker with the necessary signatures
result=$(eval $DIR/lfsc-checker $sigs $1)

# Count number of successful proofs
nbPC=$(grep -c "(check proof_inv)" $1)
nbFEC=$(grep -c "(check proof_safe)" $1)
nbsuccess=$(echo "$result" | grep -c "Check successful")
success=$?

if [ "$nbPC" = 1 ] && [ "$nbFEC" = 1 ]; then
  if [ "$nbsuccess" = 2 ]; then
    echo "Success 000: [PC: valid, FEC: valid]"
    exit 0
  elif [ "$nbsuccess" = 1 ]; then
    echo "Error 001: [PC: valid, FEC: invalid]"
    exit 1
  elif [ "$nbsuccess" = 0 ]; then
    echo "Error 002: [PC: invalid, FEC: present]"
    exit 2
  else
    echo "Error 099: (Unexpected input)"
    exit 99
  fi
elif [ "$nbPC" = 1 ] && [ "$nbFEC" = 0 ]; then
  if [ "$nbsuccess" = 1 ]; then
    echo "Error 003: [PC: valid, FEC: absent]"
    exit 3
  elif [ "$nbsuccess" = 0 ]; then
    echo "Error 004: [PC: invalid, FEC: absent]"
    exit 4
  else
    echo "Error 099: (Unexpected input)"
    exit 99
  fi
elif [ "$nbPC" = 0 ] && [ "$nbFEC" = 1 ]; then
  if [ "$nbsuccess" = 1 ]; then
    echo "Error 005: [PC: absent, FEC: valid]"
    exit 5
  elif [ "$nbsuccess" = 0 ]; then
    echo "Error 006: [PC: absent, FEC: invalid]"
    exit 6
  else
    echo "Error 099: (Unexpected input)"
    exit 99
  fi
else
  echo "Error 007: [PC: absent, FEC: absent]"
  exit 7
fi


[bookmark: _Ref448144594]Table 6 - Contents of the Check-It script
Tool Installation Report
Instructions for installing Check-It, and recording the installation results can be found in Appendix A. Installation is covered in subsection A.1 with a form for collecting installation results in subsection A.2.
[bookmark: _Ref443382257][bookmark: _Ref443382260][bookmark: _Ref443382266][bookmark: _Toc461716387]Objective T-0.5 – Tool Operation complies with Tool Operational Requirements
This objective is satisfied by developing and executing the Tool Operational Verification and Validation Test Cases, Review, and Analysis procedures. In this qualification, a combination of testing and peer reviews are used to establish the integrity of the Check-It tool.
Tool Qualification Data: This information in this section, and its subsections, provides evidence to satisfy Tool Qualification items 10.3.3, Tool Operational Verification and Validation Cases and Procedures, and 10.3.4, Tool Operational Verification and Validation Results.
Review Procedures
[bookmark: _Ref423433404]Check-It is an instantiation of the LFSC proof-checking framework with signature files that describe the proof rules that Check-It will accept (and that Kind 2 will emit). These rules will capture the proof inference rules that describe how the tool arrived at a proof. If a proof rule is incorrectly constructed, it is possible that it will incorrectly allow a certificate to be shown correct. This is the inherent weakness of the proof-checking approach, or more generally, any approach that uses an unqualified/qualified tool combination.
To mitigate this possibility a peer review was conducted to identify any trust issues for the proof rules used within Check-It. The results of these reviews are captured in Appendix C, and the information from those reviews was used to determine where additional testing and/or analyses should be focused to establish the integrity of Check-It.
[bookmark: _Ref458158173]Tool Operational Verification and Validation Test Cases (TOVVTC)
[bookmark: _Ref423433406][bookmark: _Ref450826264]The Tool Operational Verification and Validation Test Cases are designed to demonstrate that Check-It satisfies its Tool Operational Requirements. The testing package for this qualification is broken into the four categories described in Table 7.
	Test Purpose
	Testing Package Folder

	Demonstrate the tool can correctly identify the presence and validity of PC and FECs emitted from Kind 2.
	/lfsc

	Demonstrate that the tool can accept PCs and FECs emitted from Kind 2.
	/lustre

	Demonstrate that the tool satisfies its performance requirement.
	/performance

	Demonstrate that the tool accepts the proof rules defined in the signature files described in Section 4.1.2.1.
	/signatures


[bookmark: _Ref458158001]Table 7 - Breakdown of Testing Package
Each subfolder contains a readme file that gives a detailed explanation of what is accomplished by the tests within it.
Tool Operational Verification and Validation Test Procedures (TOVVTP)
A test procedure contains all of the information necessary to run a test case in the Tool Operational Environment (TOE). The tests procedures are highly automated for this qualification. Each folder contains a makefile that will exercise all of the tests in a given subfolder and capture the results conveniently so the user can efficiently determine whether or not the test run has succeeded. As described in Section 4.1.4.2, there are four different categories of tests used in this qualification package. The following sections elaborate on how each category of tests is executed and how results are interpreted.
[bookmark: _Ref458159469]Presence and Validity Test Procedures (/lfsc)
Tests within this folder demonstrate that the Check-It tool can identify the existence and validity of both the PCs and FECs. The individual subfolders address the various configurations possible for the PC and FECs. They are:
1. PC is absent, FEC is absent (/lfsc/absent_absent)
2. PC is absent, FEC is invalid (/lfsc/absent_invalid)
3. PC is absent, FEC is valid (/lfsc/absent_valid)
4. PC is invalid, FEC is absent (/lfsc/invalid_absent)
5. PC is invalid, FEC is present (/lfsc/invalid_present)
6. PC is valid, FEC is absent (/lfsc/valid_absent)
7. PC is valid, FEC is invalid (/lfsc/valid_invalid)
8. PC is valid, FEC is valid (/lfsc/valid_valid)
For all of the files within this folder and its subfolders the tool is exercised by executing the following command at the command line:
	checkit <filename.lfsc>



Compatibility with Kind 2 (/lustre)
Tests within this folder demonstrate that Check-It accepts certificates output from Kind 2. These tests are similar to the ones described in the previous section, but they exercise the two-tool arrangement (Kind 2, Check-It) from end-to-end. These tests are executed first by running Kind 2 on a given Lustre file by utilizing the following command:
	kind2 –proof true <filename.lus>


Utilizing this command will direct Kind 2 to emit the PC and FEC in a single file. This file is found in the subfolder <filename.lus>.out. The filename will be <filename.lus>.0.lfsc. The next step is to run Check-It on the files as described in the previous section. The make utility contained within this folder will automate the test run.
Performance (/performance)
Tests within this folder are large PCs and FECs that take considerable time for Check-It to process. These tests are exercised exactly the same as in Section 4.1.4.3.1, but the additional requirement is to capture the amount of time necessary to run them. This can be accomplished using the Linux “time” command. The make utility automates the execution of this test suite and the relevant time command so the user can just execute the suite and then observe the execution times.
Input Restriction Conformance and Proof Rule Adequacy (/signatures)
Tests within this folder exercise all of the proof rules contained in the signatures files that describe the logic Check-It analyzes. Each proof signature file has its own subfolder, and in many subfolders, each rule has its own subfolder. This structure can be quite complicated, but it is highly documented with each folder containing a descriptive readme.txt file.
Some folders (such as /signatures/sat.plf/satlem_simplify) contain run scripts used to exercise large numbers of tests. These scripts use a modified version of Check-It that does not look for the existence of the PC and FEC. The reason for this is that PC and FEC are Kind 2 specific constructs. Check-It searches for their existence and then uses the logic defined in the signature files to check their validity. Since the objective of this section of the testing suite is to exercise the proof rules individually, sometimes it is necessary to forgo checking for the presence and validity of the PC and FEC and just examine the proof file as it is. This is still exercising the same logic as the Check-It script described in Table 6.
[bookmark: _Ref423436604]Tool Operational Verification and Validation Results
Appendix E captures a list of all of the tests and the results from executing them. There were two noted discrepancies regarding the testing of TOR-1 and TOR-2. These discrepancies are discussed below:
Discussion: TOR-1 and TOR-2 are not satisfied at this time. The proof producing capability of CVC4 is still a work in progress at this time. It currently emits applications of the trust and trust_f rules for areas of logic that it has not yet implemented proof-certificates. For the Check-It tool and approach to be viable in a production system, this must be addressed.
[bookmark: _Ref443382272][bookmark: _Toc461716388]Objective T-0.6 – Tool Operational Requirements are sufficient and correct
This objective is satisfied by ensuring that the Tool Operational Requirements adequately address the tool’s usage context, the tool operational environment, the input accepted by the tool, the output produced by the tool, required tool functions, applicable user information, defining the tool’s operational use (command line options) and performance requirements for the tool.
The information that satisfies this objective can be found in the supporting information from Section 4.1.2, which discusses the definition of the Tool Operational Requirements. DO-330 Section 10.3.1 provides further guidance on the necessary aspects of the Tool Operational Requirements.
Tool Qualification Data: This information in this section, and its subsections, provides evidence to satisfy Tool Qualification items 10.3.4, Tool Operational Verification and Validation Results.
[bookmark: _Ref443382276][bookmark: _Toc461716389]Objective T-0.7 – Software Life Cycle Process needs are met by the tool.
[bookmark: _Ref423426456]This objective is satisfied by the review, analysis, and testing procedures. This is covered in detail in Section 4.1.4. Results from the review of the proof signature files can be found in Appendix C, while results from executing the tests cases can be found in Appendix E.
Tool Qualification Data: This information in this section, and its subsections, provides evidence to satisfy Tool Qualification items 10.3.3, Tool Operational Verification and Validation Cases and Procedures, and 10.3.4, Tool Operational Verification and Validation Results.


[bookmark: _Toc461716390]Table T-8 Tool Configuration Management Process
This table requires the applicant to demonstrate that configuration management processes are in place for archiving, retrieving, and releasing the tool are established. For a TQL-5 effort, Objectives 1 and 2 are applicable.
	Objective
	Description
	DO-330 Section

	T-8.1
	Configuration items are identified
	7.1.a

	T-8.4
	Archive, retrieval, and release are established
	7.1.g


Table 8 - TQL-5 Objectives from DO-330 Table T-8
Typically the qualification objectives from Table T-8 are tied to the internal version control mechanisms in place within the organization developing the airborne software. These objectives can easily be satisfied by citing the practices in use within one’s organization, and as such, are not addressed concretely here.
Tool Qualification Data: This is a case study, and as such, the Tool Qualification Data items produced by the activities of T-8 are not produced. They are:
· Tool Qualification Data item 10.1.11 – Tool Configuration Index
· Tool Qualification Data item 10.1.12 – Tool Problem Reports
· Tool Qualification Data item 10.1.13 – Tool Configuration Management Records
[bookmark: _Toc461716391]Table T-9 Tool Quality Assurance Process
This table requires the applicant to demonstrate that quality assurance processes were followed in the tool qualification effort. For a TQL-5 effort Objectives 2 and 5 are applicable.
	Objective
	Description
	DO-330 Section

	T-9.2
	Assurance is obtained that tool processes comply with approved plans.
	8.1.b

	T-9.5
	Tool conformity review is conducted
	8.1.d


Table 9 - TQL-5 Objectives from DO-330 Table T-9
Typically the qualification objectives from Table T-9 are tied to the internal quality assurance methods and processes in place within the organization developing the airborne software. These objectives can easily be satisfied by citing the practices in use within one’s organization, and as such, are not addressed concretely here.
Tool Qualification Data: This is a case study, and as such, the Tool Qualification Data items produced by the activities of T-9 are not produced. They are:
· Tool Qualification Data item 10.1.14 – Tool Quality Assurance Records
[bookmark: _Toc461716392]Table T-10 Tool Qualification Liaison Process
This table requires the applicant to demonstrate that the use of the tool in the Software Life Cycle Processes was communicated and discussed with the certification representatives, and agreed upon as an acceptable means of compliance, with additional problems identified and analyzed. As stated in DO-330, this process is not performed alone, but within the framework of the certification liaison process of the software. As a result, the objectives in this table seek to define how the tool fits within the broader software development processes, i.e. the avionics product for which the tool is used on. For a TQL-5 effort all objectives (1-4) are applicable.
	Objective
	Description
	DO-330 Section

	T-10.1
	Communication and understanding between the applicant and the certification authority is established.
	9.0

	T-10.2
	The means of compliance is proposed and agreement is obtained.
	9.0

	T-10.3
	Compliance substantiation is provided
	9.0

	T-10.4
	Impact of known problems on the Tool Operational Requirements is identified and analyzed.
	9.0


[bookmark: _Ref426463867]Table 10 - TQL-5 Objectives from DO-330 Table T-10
This case study is not a part of a larger avionics certification effort, as would be expected during an actual tool qualification. As such, the relevant artifacts (Plan for Software Aspects of Certification, Tool Configuration Index, etc.) are not available. Objectives from Table T-10 are typically satisfied by providing the Tool Qualification Plan, and the results from performing the qualification to the certification authority. Typically this is satisfied through formal peer reviews that confirm the acceptance by the certification authority.
To ensure that this Tool Qualification case study is accurate and consistent with the DO-330 guidance, it was reviewed with several Designated Engineering Representatives (DER). Feedback from these meetings was incorporated and is reflected in the content in this case study.
Tool Qualification Data: This is a case study, and as such, some of the items produced in an actual tool qualification are not reproduced here. The list of items to be identified are:
· Tool Qualification Data item 10.1.1 – Tool-information in PSAC
· Tool Qualification Data item 10.1.2 – Tool Qualification Plan
· Tool Qualification Data item 10.1.15 – Tool Accomplishment Summary
· Tool Qualification Data item 10.1.16 – Tool-specific information in Software Accomplishment Summary
· Tool Qualification Data item 10.1.17 – Tool-specific information in Software Life Cycle Environment Configuration Index
· Tool Qualification Data item 10.1.11 – Tool Configuration Index
Items 10.1.2, 10.1.16, 10.1.17, and 10.1.11 are not provided as part of this case study. 
Item 10.1.1 is addressed within section 4.1.1.
Item 10.1.15 is partially addressed by this entire document. Aspects of configuration management, quality assurance, and other concerns that are specific to the organization performing an actual tool qualification effort are omitted. Specifically, 10.1.15e, additional considerations, is addressed in Section 3.5, addresses the guidance provided on FAQ D.7, the use of a qualified tool to check the results of an unqualified tool, which is used in this qualification.
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[bookmark: _Ref423432694][bookmark: _Toc461716394]– Check-It Installation Instructions
[bookmark: _Ref450296824][bookmark: _Toc461716395]Installation
As discussed in Section 4.1.2.1, Check-It is simply an instantiation of the LFSC proof-checking framework with specific rules for reasoning about proofs obtained by the Kind 2 model checker. Prerequisites for installing Check-It include:
· The distribution tarball including LFSC, the proof signature files, and the Check-It script, retrieved from configuration management.
· Basic knowledge of how to navigate the filesystem and modify environment variables in a Linux terminal session.
To install Check-It one must:
1. Decompress and untar the distribution tarball.
2. Unpacking the tarball creates several files including:
a. Proof-emitting version of CVC4
b. Proof-emitting version of Kind 2 (not part of this qualification package)
c. JKind (not part of this qualification package)
d. LFSC
e. Proof signature files
i. th_base.plf
ii. th_int.plf
iii. th_real.plf
iv. sat.plf
v. smt.plf
vi. kind.plf
f. Check-It execution script
3. Copy the decompressed files into a given directory
4. Add the given directory to the user’s path.
[bookmark: _Ref447548120][bookmark: _Toc461716396]Verifying the Installation
To verify Check-It is successfully installed one must:
1. Close and re-open a terminal window. (For the PATH changes from installation step #4 to take place)
2. Execute the ‘checkit’ command from the terminal window. The output should be as follows:
CheckIt 1.0.0: No argument supplied


FORMAL METHODS TOOL QUALIFICATION
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[bookmark: _Ref450741629][bookmark: _Toc461716397]– Tool Operational Requirements

	Requirement ID
	Requirement Text
	Test Cases

	1
	The tool shall not accept the trust proof rule.
	*Note* No tests are performed as the current version of CVC4 uses trust certificates and we cannot demonstrate this requirement holds.

	2
	The tool shall not accept the trust_f proof rule.
	*Note* No tests are performed as the current version of CVC4 uses trust certificates and we cannot demonstrate this requirement holds.


	3
	The tool shall accept the arrow (function definition) rule.
	signatures/th_base/arrow/*

	4
	The tool shall accept the apply (function application) rule.
	signatures/th_base/apply/*

	5
	The tool shall accept the refl (reflexivity) proof rule.
	signatures/th_base.plf/refl/*

	6
	The tool shall accept the symm (symmetry) proof rule.
	signatures/th_base.plf/symm/*

	7
	The tool shall accept the tran (transitivity) proof rule.
	signatures/th_base.plf/trans/*

	8
	The tool shall accept the cong (congruence) proof rule.
	signatures/th_base.plf/cong/*

	9
	The tool shall accept the >_Int proof rule.
	signatures/th_int.plf/greater_than/*

	10
	The tool shall accept the >=_Int proof rule.
	signatures/th_int.plf/greater_than_equal/*

	11
	The tool shall accept the <_Int proof rule.
	signatures/th_int.plf/less_than/*

	12
	The tool shall accept the <=_Int proof rule.
	signatures/th_int.plf/less_than_equal/*

	13
	The tool shall accept the +_Int proof rule.
	signatures/th_int.plf/plus/*

	14
	The tool shall accept the -_Int proof rule.
	signatures/th_int.plf/minus/*

	15
	The tool shall accept the *_Int proof rule.
	signatures/th_int.plf/multiply/*

	16
	The tool shall accept the /_Int proof rule.
	signatures/th_int.plf/divide/*

	17
	The tool shall accept the u_Int (unary negation) proof rule.
	signatures/th_int.plf/unary_negation/*

	18
	The tool shall accept the >_Real proof rule.
	signatures/th_real.plf/greater_than/*

	19
	The tool shall accept the >=_Real proof rule.
	signatures/th_real.plf/greater_than_equal/*

	20
	The tool shall accept the <_Real proof rule.
	signatures/th_real.plf/less_than/*

	21
	The tool shall accept the <=_Real proof rule.
	signatures/th_real.plf/less_than_equal/*

	22
	The tool shall accept the +_Real proof rule.
	signatures/th_real.plf/plus/*

	23
	The tool shall accept the -_Real proof rule.
	signatures/th_real.plf/minus/*

	24
	The tool shall accept the *_Real proof rule.
	signatures/th_real.plf/multiply/*

	25
	The tool shall accept the /_Real proof rule.
	signatures/th_real.plf/divide/*

	26
	The tool shall accept the u_Real (unary negation) proof rule.
	signatures/th_real.plf/unary_negation/*

	27
	The tool shall accept the simplify_clause proof rule.
	signatures/sat.plf/simplify_clause/*

	28
	The tool shall accept the R proof rule.
	signatures/sat.plf/satlem_simplify/*

	29
	The tool shall accept the Q proof rule.
	signatures/sat.plf/satlem_simplify/*

	30
	The tool shall accept the clc proof rule.
	signatures/sat.plf/satlem_simplify/*

	31
	The tool shall accept the neg proof rule.
	signatures/sat.plf/satlem_simplify/*

	32
	The tool shall accept the cln proof rule.
	signatures/sat.plf/satlem_simplify/*

	33
	The tool shall accept the concat proof rule.
	signatures/sat.plf/simplify_clause/*

	34
	The tool shall accept the holds proof rule.
	signatures/sat.plf/satlem_simplify/*

	35
	The tool shall accept the pos proof rule.
	signatures/sat.plf/satlem_simplify/*

	36
	The tool shall accept the neg proof rule.
	signatures/sat.plf/satlem_simplify/*

	37
	The tool shall accept the satlem_simplify proof rule.
	signatures/sat.plf/satlem_simplify/*

	38
	The tool shall accept the satlem proof rule.
	signatures/sat.plf/satlem/*

	39
	The tool shall accept the not_not_intro proof rule.
	signatures/smt.plf/not_not_intro/*

	40
	The tool shall accept the not_not_elim proof rule.
	signatures/smt.plf/not_not_elim/*

	41
	The tool shall accept the or_elim_1 proof rule.
	signatures/smt.plf/or_elim_1/*

	42
	The tool shall accept the or_elim_2 proof rule.
	signatures/smt.plf/or_elim_2/*

	43
	The tool shall accept the not_or_elim proof rule.
	signatures/smt.plf/not_or_elim/*

	44
	The tool shall accept the and_elim_1 proof rule.
	signatures/smt.plf/and_elim_1/*

	45
	The tool shall accept the and_elim_2 proof rule.
	signatures/smt.plf/and_elim_2/*

	46
	The tool shall accept the not_and_elim proof rule.
	signatures/smt.plf/not_and_elim/*

	47
	The tool shall accept the impl_intro proof rule.
	signatures/smt.plf/impl_intro/*

	48
	The tool shall accept the impl_elim proof rule.
	signatures/smt.plf/impl_elim/*

	49
	The tool shall accept the not_impl_elim proof rule.
	signatures/smt.plf/not_impl_elim/*

	50
	The tool shall accept the iff_elim_1 proof rule.
	signatures/smt.plf/iff_elim_1/*

	51
	The tool shall accept the iff_elim_2 proof rule.
	signatures/smt.plf/iff_elim_2/*

	52
	The tool shall accept the not_iff_elim proof rule.
	signatures/smt.plf/not_iff_elim/*

	53
	The tool shall accept the xor_elim_1 proof rule.
	signatures/smt.plf/xor_elim_1/*

	54
	The tool shall accept the xor_elim_2 proof rule.
	signatures/smt.plf/xor_elim_2/*

	55
	The tool shall accept the not_xor_elim proof rule.
	signatures/smt.plf/not_xor_elim/*

	56
	The tool shall accept the ite_elim_1 proof rule.
	signatures/smt.plf/ite_elim_1/*

	57
	The tool shall accept the ite_elim_2 proof rule.
	signatures/smt.plf/ite_elim_2/*

	58
	The tool shall accept the ite_elim_3 proof rule.
	signatures/smt.plf/ite_elim_3/*

	59
	The tool shall accept the not_ite_elim_1 proof rule.
	signatures/smt.plf/not_ite_elim_1/*

	60
	The tool shall accept the not_ite_elim_2 proof rule.
	signatures/smt.plf/not_ite_elim_2/*

	61
	The tool shall accept the not_ite_elim_3 proof rule.
	signatures/smt.plf/not_ite_elim_2/*

	62
	The tool shall accept the ast proof rule.
	signatures/smt.plf/ast/*

	63
	The tool shall accept the asf proof rule.
	signatures/smt.plf/asf/*

	64
	The tool shall accept the invariant rule.
	signatures/kind.plf/invariant/*

	65
	The tool shall accept the weak_obs_eq rule.
	signatures/kind.plf/weak_obs_eq/*

	66
	The tool shall accept the obs_eq rule.
	signatures/kind.plf/obs_eq/*

	67
	The tool shall accept the safe rule.
	signatures/kind.plf/safe/*

	68
	The tool shall accept the inv+obs rule.
	signatures/kind.plf/inv+obs/*

	69
	The tool shall accept the base rule.
	signatures/kind.plf/base_and_step/test.base.*

	70
	The tool shall accept the step rule.
	signatures/kind.plf/base_and_step/test.step.*

	71
	The tool shall accept the invariant-implies rule.
	signatures/kind.plf/invariant-implies/*

	72
	The tool shall accept the kinduction rule.
	signatures/kind.plf/invariant/*

	73
	The tool shall identify when the proof certificate (PC) is absent.
	lfsc/absent_absent/*
lfsc/absent_invalid/*
lfsc/absent_valid/*

	74
	The tool shall identify when a proof certificate (PC) is present.
	lfsc/invalid_absent/*
lfsc/invalid_present/*
lfsc/valid_absent/*
lfsc/valid_invalid/*
lfsc/valid_valid/*

	75
	The tool shall identify when a front-end certificate (FEC) is absent.
	lfsc/absent_absent/*
lfsc/invalid_absent/*
lfsc/valid_absent/*

	76
	The tool shall identify when a front-end certificate (FEC) is present.
	lfsc/absent_invalid/*
lfsc/absent_valid/*
lfsc/invalid_present/*
lfsc/valid_invalid/*
lfsc/valid_valid/*

	77
	The tool shall identify when a proof certificate (PC) is invalid.
	lfsc/invalid_absent/*
lfsc/invalid_present/*

	78
	The tool shall identify when a proof certificate (PC) is valid.
	lfsc/valid_absent/*
lfsc/valid_invalid/*
lfsc/valid_valid/*

	79
	If the proof certificate (PC) is either valid or absent and the front-end certificate (FEC) is present, the tool shall identify whether the FEC is invalid.
	lfsc/valid_invalid/*
lfsc/absent_invalid/*

	80
	If the proof certificate (PC) is either valid or absent and the front-end certificate (FEC) is present, the tool shall identify whether the FEC is valid.
	lfsc/valid_valid/*
lfsc/absent_valid/*

	81
	The tool shall accept proof certificates emitted by Kind 2.
	lustre/*

	82
	The tool shall be able to check proof files that have a 100MB file size or smaller in 10 minutes or less.
	performance/*



[bookmark: _Ref450548027]
[bookmark: _Ref450741776][bookmark: _Toc461716398]– Review Procedures
As discussed in Section 4.1.2.1, Check-It is simply an instantiation of LFSC with several signature files that define the proof rules necessary for reasoning over certificates emitted by Kind 2. Each signature file was independently reviewed by an expert in formal reasoning to determine if there are potential trust issues that could result if a rule is used incorrectly. The results of these reviews are shown below:
	Declaration
	Description
	Potential Issues

	arrow
	sort constructor for function space ; (arrow t1 t2) represents t1 -> t2
	

	apply
	applies a function to an argument ; apply takes only one argument, so a function application such as f(x,y) is represented by (apply (apply f x) y)
	

	trust (rule)
	assumes that false is derivable. 
	UNSOUND. Should never occur in a proof, since it makes any formula derivable

	trust_f (rule)
	assumes that the given formula holds.
	UNSOUND. This rule must be used in a principled way since the given formula is trusted without justification. However, any uses must be backed up by an in-depth justification as to why logical soundness is preserved.

	refl (rule)
	reflexivity of equality; (x = x) holds
	

	symm (rule)
	symmetry of equality; if (x = y) holds then (y = x) holds
	

	trans (rule)
	transitivity of equality; if (x = y) holds and (y = z) holds then (x = z) holds
	

	cong (rule)
	congruence for equality ; ( if (f = g) holds and (x = y) holds then (f(x) = g(y)) holds
	


Table 11 –Review outputs of th_base.plf

	Declaration
	Description
	Potential Issues

	Int (sort)
	introduces Int, the integers
	

	arithpred_Int
	abbreviation for arithmetic relations (int -> int -> bool)
	

	>_Int
	greater than over integers
	

	>=_Int
	greater than or equal to over integers
	

	<_Int
	less than over integers
	

	<=_Int
	less than or equal to over integers
	

	arithterm_Int
	abbreviation for arithmetic operators (int -> int -> int)
	

	+_Int
	integer addition
	

	-_Int
	integer subtraction
	

	*_Int
	integer multiplication
	

	/_Int
	integer division
	

	a_int
	integer constant value
	Uses multiple precision arithmetic package for integers (mpz). This may imply that proofs can hold the result of calculations made in the m.p. arithmetic package, which means that the package implementation---which may be large---is considered to be part of the trusted base of the proof certificate checker. 

	u-_Int
	unary negation operation over integers
	


Table 12- Review outputs of th_int.plf



	Declaration
	Description
	Potential Failures

	Real (sort)
	introduces Real, the real numbers
	

	arithpred_Real
	abbreviation for arithmetic relations over reals (real -> real -> bool)
	

	>_Real
	greater than over reals
	

	>=_Real
	greater than or equals over reals
	

	<_Real
	less than over reals
	

	<=_Real
	less than or equal to over reals
	

	arithterm_Real
	abbreviation for arithmetic operations over reals (real -> real -> real)
	

	+_Real
	real addition
	

	-_Real
	real subtraction
	

	*_Real
	real multiplication
	

	/_Real
	real division
	

	a_real
	real constant value
	Uses multiple precision fractions (mpq). See comment for multiple precision integers in th_int.plf

	u-_Real
	unary negation operation on reals
	


Table 13 - Review of th_real.plf





	Declaration
	Description
	Potential Issues

	bool (type)
	type of booleans
	

	tt
	boolean literal (= true)
	

	ff
	boolean literal (= false)
	

	var (type)
	type of variables
	

	lit (type)
	type of literals
	

	pos
	create a positive literal from a variable
	

	neg
	create a negative literal from a variable
	

	clause (type)
	type of clauses (a list of literals)
	

	cln
	the empty clause
	

	clc
	cons a literal onto a clause
	

	concat
	concatenation of two clauses 
	

	clr
	clause with specified literal removed
	

	append (program)
	an implementation for appending two clauses
	

	simplify_clause (program)
	Simplifies clauses by normalizing the clause expressions to contain only clc and cln.
	This side condition checker is quite complex and should be tested thoroughly or formally analyzed.

	holds
	judgement for propositional refutation proofs
	

	R (rule)
	Resolution proof step
	

	Q (rule)
	Symmetric version of R
	

	satlem_simplify (rule)
	if clause c1 holds, and c1 simplifies to c2, and c2 implies c3, then c3 holds
	Depends on simplify_clause.

	satlem (rule)
	version of modus ponens: if c holds and c implies c2, then c2 holds
	


Table 14 - Review of sat.plf
	Declaration
	Description
	Potential Issues

	formula (type)
	type of first order logic formulas
	

	th_holds
	judgement for first order proof : th_holds (fm) signifies that formula "fm" has been proved
	

	true
	declares true as a formula
	

	false
	declares false as a formula
	

	not
	declares not as a unary operator on formulas
	

	and
	declares and as a binary operator on formulas
	

	or
	declares or as a binary operator on formulas
	

	impl
	declares impl (implication) as a binary operator on formulas
	

	iff
	declares iff (if and only if) as a binary operator on formulas
	

	xor
	declares xor as a binary operator on formulas
	

	ifte
	formula-level if-then-else operation (ifte : formula -> formula -> formula->formula)
	

	sort (type)
	sort supports the construction of well-typed terms
	

	term
	first order terms
	

	=
	mathematical equality
	

	ite
	if-then-else for terms
	

	let
	let expression
	

	flet
	formula-level let
	

	Bool (sort)
	sort of boolean terms
	

	p_app
	constructs a formula from a term of sort Bool
	

	atom
	bind a meta-variable with a formula
	

	decl_atom
	support for refutation proofs via exposing propositional structure
	

	clausify_form
	clausification support
	

	clausify_form_not
	clausification support
	

	clausify_false
	if false is derivable then the empty clause holds
	

	th_let_pf
	version of modus ponens specialized to refutation: if f holds, and whenever f holds the empty clause can be derived, then the empty clause can be derived 
	

	contra
	contradiction: if f holds and also f does not hold then false holds
	

	truth
	true is provable
	

	not_not_intro
	if f is derivable then not(not f) is derivable
	

	not_not_elim
	if (not(not f)) is derivable then f holds
	

	or_elim_1
	if not(f1) holds and (f1 or f2) holds then f2 holds
	

	or_elim_2
	if not(f2) holds and (f1 or f2) holds then f1 holds
	

	not_or_elim
	DeMorgan's rule (not distributes over or)
	

	and_elim_1
	if (f1 and f2) holds then f1 holds
	

	and_elim_2
	if (f1 and f2) holds then f2 holds
	

	not_and_elim
	DeMorgan's rule (not distributes over and)
	

	impl_intro
	if f2 holds whenever f1 holds then (f1 impl f2) holds (version of the Deduction Theorem)
	

	impl_elim
	if (f1 impl f2) holds then (not(f1) or f2) holds
	

	not_impl_elim
	if not (f1 implies f2) holds then (f1 and not (f2)) holds
	

	iff_elim_1
	if (f1 iff f2) holds then (not(f1) or f2) holds
	

	iff_elim_2
	if (f1 iff f2) holds then (f1 or not (f2)) holds
	

	not_iff_elim
	if (not (f1 iff f2)) holds then (f1 iff not (f2)) holds
	

	xor_elim_1
	if (f1 xor f2) holds then ((not f1) or (not f2)) holds
	

	xor_elim_2
	if (f1 xor f2) holds then (f1 or f2) holds
	

	not_xor_elim
	if (not (f1 xor f2)) holds then (f1 iff f2) holds
	

	ite_elim_1
	if (ifte a b c) holds then (not(a) or b) holds
	

	ite_elim_2
	if (ifte a b c) holds then(a or c) holds
	

	ite_elim_3
	if (ifte a b c) holds then (b or c) holds
	

	not_ite_elim_1
	if (not (if a then b else c)) holds then ((not a) or (not b)) holds
	

	not_ite_elim_2
	if (not (if a then b else c)) holds then (a or not (c)) holds
	

	not_ite_elim_3
	if (not (if a then b else c)) holds then (not (b) or not (c)) holds
	

	ast
	bind formula f to variable v, then if clause set C holds when f holds, conclude that adding neg(v) to C still holds
	

	asf
	bind formula f to variable v, then if clause set C holds when (not f) holds, conclude that adding pos(v) to C still holds
	


Table 15 - Review of smt.plf








	Declaration
	Description
	Potential Issues

	index (sort)
	sort abbreviation (index = Int)
	Unclear as to why indices should be allowed to be negative.

	ind
	abbreviation: constant index (an Int literal)
	

	rel
	abbreviation for relations over indexes (index -> index -> bool)
	

	set
	abbreviation for predicates on indices (index -> bool)
	

	invariant
	judgement for invariance of a property P over I,T
	

	weak_obs_eq
	judgement for observational equivalence between two systems (I,T,P) and (I',T',P')
	

	obs_eq (rule)
	defines obs. equivalence between two systems (I,T,P) and (I',T',P'). 
	

	safe
	judgement for safety of a system (I,T,P)
	

	inv+obs (rule)
	Rule for deriving the safety of a system (I,T,P)
	The rule makes a sub-check that (I,T,P) is weak_obs_eq to "another" system (I',T',P'). But there is no way inside the logic to show that (I,T,P) is "different" from (I',T',P'). Therefore, there should be an external check that (I',T',P') has been obtained by a different implementation (or process) from that used to obtain (I,T,P).

	unroll_from (program)
	Unroll the transition relation (T) k steps into a boolean formula. Used as a sub-routine in base_k 
	

	base_k (program)
	Unroll the transition relation (T) k steps from the initial states (I). Called only from base.
	

	base (program)
	Proves the base cases in k-induction. A side-condition checker for the kinduction rule.
	

	unroll_with (program)
	Subroutine called from step
	

	step (program)
	Proves the inductive step in the kinduction rule.
	

	invariant-implies (rule)
	Back-chaining support for proving invariant claims
	

	kinduction (rule)
	Specifies that if k-induction succeeds, then (I,T,P) is invariant. This rule is a prime component in proving safety.
	The soundness of this rule depends on the correctness of the step and base programs, which depend on other programs. Therefore, step and base, and the subroutines they call, must be analyzed for correctness.


Table 16 - Review of kind.plf
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	;;------------------------------------------------------------------
;; LFSC proof produced by kind2 v1.0.alpha1-181-gca4b796 and
;; CVC4 version 1.5-prerelease [git proofs c58b6f9f]
;; from original problem simple_int.lus
;;------------------------------------------------------------------

;; System generated by Kind 2

(declare main.usr.a (term (arrow Int Int)))
(declare main.usr.out (term (arrow Int Int)))
(declare main.res.init_flag (term (arrow Int Bool)))
(declare main.impl.usr.p1 (term (arrow Int Bool)))

(define P1
 (: (! _ mpz formula)
  (\ P1%1 (@ let29 (ind P1%1) (p_app (apply _ _ main.impl.usr.p1 let29))))))

(define T1
 (: (! _ mpz (! _ mpz formula))
  (\ T1%1
  (\ T1%2
  (@ let15 (ind T1%2) (@ let17 (apply _ _ main.usr.out let15) (@ let18 (apply _
  _ main.usr.a let15) (and (= Int let17 (+_Int let18 (a_int 1))) (and (iff
  (p_app (apply _ _ main.impl.usr.p1 let15)) (>_Int let17 let18)) (not (p_app
  (apply _ _ main.res.init_flag let15))))))))))))

(define I1
 (: (! _ mpz formula)
  (\ I1%1
  (@ let1 (ind I1%1) (@ let3 (apply _ _ main.usr.out let1) (@ let4 (apply _ _
  main.usr.a let1) (and (= Int let3 (+_Int let4 (a_int 1))) (and (iff (p_app
  (apply _ _ main.impl.usr.p1 let1)) (>_Int let3 let4)) (p_app (apply _ _
  main.res.init_flag let1))))))))))




;; System generated by JKind

(declare f1 (term (arrow Int Bool)))
(declare JKind.$a$ (term (arrow Int Int)))
(declare JKind.$out$ (term (arrow Int Int)))
(declare JKind.$p1$ (term (arrow Int Bool)))

(define P2
 (: (! _ mpz formula)
  (\ P2%1 (@ let31 (ind P2%1) (p_app (apply _ _ JKind.$p1$ let31))))))

(define T2
 (: (! _ mpz (! _ mpz formula))
  (\ T2%1
  (\ T2%2
  (@ let16 (ind T2%2) (@ let20 (apply _ _ JKind.$out$ let16) (@ let21 (apply _
  _ JKind.$a$ let16) (and (not (p_app (apply _ _ f1 let16))) (and (= Int let20
  (+_Int let21 (a_int 1))) (iff (p_app (apply _ _ JKind.$p1$ let16)) (>_Int
  let20 let21)))))))))))

(define I2
 (: (! _ mpz formula)
  (\ I2%1
  (@ let1 (ind I2%1) (@ let4 (apply _ _ JKind.$out$ let1) (@ let5 (apply _ _
  JKind.$a$ let1) (and (p_app (apply _ _ f1 let1)) (and (= Int let4 (+_Int let5
  (a_int 1))) (iff (p_app (apply _ _ JKind.$p1$ let1)) (>_Int let4 let5))))))))))




;; System generated for Observer

(define same_inputs
 (: (! _ mpz formula)
  (\ same_inputs%1
  (@ let62 (ind same_inputs%1) (= Int (apply _ _ main.usr.a let62) (apply _ _
  JKind.$a$ let62))))))

(define PO
 (: (! _ mpz formula)
  (\ PO%1
  (@ let56 (ind PO%1) (iff (p_app (apply _ _ main.impl.usr.p1 let56)) (p_app
  (apply _ _ JKind.$p1$ let56)))))))

(define TO
 (: (! _ mpz (! _ mpz formula))
  (\ TO%1
  (\ TO%2
  (@ let28 (ind TO%2) (@ let30 (apply _ _ main.usr.a let28) (@ let31 (apply _ _
  JKind.$a$ let28) (@ let33 (apply _ _ main.usr.out let28) (@ let34 (a_int 1)
  (@ let45 (apply _ _ JKind.$out$ let28) (and (= Int let30 let31) (and (and (=
  Int let33 (+_Int let30 let34)) (and (iff (p_app (apply _ _ main.impl.usr.p1
  let28)) (>_Int let33 let30)) (not (p_app (apply _ _ main.res.init_flag
  let28))))) (and (not (p_app (apply _ _ f1 let28))) (and (= Int let45 (+_Int
  let31 let34)) (iff (p_app (apply _ _ JKind.$p1$ let28)) (>_Int let45
  let31))))))))))))))))

(define IO
 (: (! _ mpz formula)
  (\ IO%1
  (@ let1 (ind IO%1) (@ let3 (apply _ _ main.usr.a let1) (@ let4 (apply _ _
  JKind.$a$ let1) (@ let6 (apply _ _ main.usr.out let1) (@ let7 (a_int 1) (@
  let16 (apply _ _ JKind.$out$ let1) (and (= Int let3 let4) (and (and (= Int
  let6 (+_Int let3 let7)) (and (iff (p_app (apply _ _ main.impl.usr.p1 let1))
  (>_Int let6 let3)) (p_app (apply _ _ main.res.init_flag let1)))) (and (p_app
  (apply _ _ f1 let1)) (and (= Int let16 (+_Int let4 let7)) (iff (p_app (apply
  _ _ JKind.$p1$ let1)) (>_Int let16 let4)))))))))))))))




;; k-Inductive invariant for Kind 2 system

(define PHI1
 (: (! _ mpz formula)
  (\ PHI1%1 (@ let1 (ind PHI1%1) (p_app (apply _ _ main.impl.usr.p1 let1))))))




;; Additional symbols

;; Proof of base case

(define base_proof_1
 (: (! A0 (th_holds (@ let1 (a_int 0) (@ let2 (apply _ _ main.usr.out let1) (@
          let3 (apply _ _ main.usr.a let1) (@ let7 (p_app (apply _ _
          main.impl.usr.p1 let1)) (and (and (= Int let2 (+_Int let3 (a_int 1)))
          (and (iff let7 (>_Int let2 let3)) (p_app (apply _ _
          main.res.init_flag let1)))) (not let7))))))) (holds cln))
  (\ A0
  (th_let_pf _ (trust_f (@ let15 (a_int 0) (@ let16 (p_app (apply _ _
  main.impl.usr.p1 let15)) (@ let18 (apply _ _ main.usr.a let15) (@ let19
  (a_int (~ 1)) (@ let20 (apply _ _ main.usr.out let15) (and (not let16) (and
  (= Int let18 (+_Int let19 let20)) (and (iff let16 (not (>=_Int (+_Int let18
  (*_Int let19 let20)) let15))) (p_app (apply _ _ main.res.init_flag
  let15))))))))))) (\ .PA299 (decl_atom (p_app (apply _ _ main.impl.usr.p1
  (a_int 0))) (\ .v2 (\ .a2 (decl_atom (p_app (apply _ _ main.res.init_flag
  (a_int 0))) (\ .v5 (\ .a5 (decl_atom (@ let34 (a_int 0) (= Int (apply _ _
  main.usr.a let34) (+_Int (a_int (~ 1)) (apply _ _ main.usr.out let34)))) (\
  .v3 (\ .a3 (decl_atom (@ let40 (a_int 0) (>=_Int (+_Int (apply _ _ main.usr.a
  let40) (*_Int (a_int (~ 1)) (apply _ _ main.usr.out let40))) let40)) (\ .v4
  (\ .a4 (satlem _ _ (ast _ _ _ .a2 (\ .l5 (clausify_false (contra _ .l5
  (and_elim_1 _ _ .PA299))))) (\ .pb4 (satlem _ _ (asf _ _ _ .a3 (\ .l6
  (clausify_false (contra _ (and_elim_1 _ _ (and_elim_2 _ _ .PA299)) .l6)))) (\
  .pb5 (satlem _ _ (asf _ _ _ .a4 (\ .l8 (asf _ _ _ .a2 (\ .l4 (clausify_false
  (contra _ .l8 (or_elim_1 _ _ .l4 (iff_elim_2 _ _ (and_elim_1 _ _ (and_elim_2
  _ _ (and_elim_2 _ _ .PA299))))))))))) (\ .pb6 (satlem _ _ (ast _ _ _ .a4 (\
  .l9 (ast _ _ _ .a3 (\ .l7 (clausify_false trust))))) (\ .lemc8
  (satlem_simplify _ _ _ (R _ _ .pb6 .pb4 .v2) (\.cl9 (satlem_simplify _ _ _ (Q
  _ _ (Q _ _ .lemc8 .cl9 .v4) .pb5 .v3) (\empty empty)))))))))))))))))))))))))))))

;; Additional symbols

;; Proof of inductive case

(define induction_proof_1
 (: (! A0 (th_holds (@ let3 (a_int 1) (@ let4 (apply _ _ main.usr.out let3) (@
          let5 (apply _ _ main.usr.a let3) (@ let8 (p_app (apply _ _
          main.impl.usr.p1 let3)) (and (and (p_app (apply _ _ main.impl.usr.p1
          (a_int 0))) (and (= Int let4 (+_Int let5 let3)) (and (iff let8 (>_Int
          let4 let5)) (not (p_app (apply _ _ main.res.init_flag let3)))))) (not
          let8))))))) (holds cln))
  (\ A0
  (th_let_pf _ (trust_f (@ let18 (a_int 1) (@ let19 (p_app (apply _ _
  main.impl.usr.p1 let18)) (@ let21 (a_int 0) (@ let23 (apply _ _ main.usr.a
  let18) (@ let24 (a_int (~ 1)) (@ let25 (apply _ _ main.usr.out let18) (and
  (not let19) (and (p_app (apply _ _ main.impl.usr.p1 let21)) (and (= Int let23
  (+_Int let24 let25)) (and (iff let19 (not (>=_Int (+_Int let23 (*_Int let24
  let25)) let21))) (not (p_app (apply _ _ main.res.init_flag
  let18)))))))))))))) (\ .PA307 (decl_atom (p_app (apply _ _ main.impl.usr.p1
  (a_int 1))) (\ .v2 (\ .a2 (decl_atom (p_app (apply _ _ main.res.init_flag
  (a_int 1))) (\ .v6 (\ .a6 (decl_atom (p_app (apply _ _ main.impl.usr.p1
  (a_int 0))) (\ .v3 (\ .a3 (decl_atom (@ let42 (a_int 1) (= Int (apply _ _
  main.usr.a let42) (+_Int (a_int (~ 1)) (apply _ _ main.usr.out let42)))) (\
  .v4 (\ .a4 (decl_atom (@ let48 (a_int 1) (>=_Int (+_Int (apply _ _ main.usr.a
  let48) (*_Int (a_int (~ 1)) (apply _ _ main.usr.out let48))) (a_int 0))) (\
  .v5 (\ .a5 (satlem _ _ (ast _ _ _ .a2 (\ .l5 (clausify_false (contra _ .l5
  (and_elim_1 _ _ .PA307))))) (\ .pb4 (satlem _ _ (asf _ _ _ .a4 (\ .l8
  (clausify_false (contra _ (and_elim_1 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  .PA307))) .l8)))) (\ .pb6 (satlem _ _ (asf _ _ _ .a5 (\ .l10 (asf _ _ _ .a2
  (\ .l4 (clausify_false (contra _ .l10 (or_elim_1 _ _ .l4 (iff_elim_2 _ _
  (and_elim_1 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  .PA307)))))))))))) (\ .pb7 (satlem _ _ (ast _ _ _ .a5 (\ .l11 (ast _ _ _ .a4
  (\ .l9 (clausify_false trust))))) (\ .lemc9 (satlem_simplify _ _ _ (R _ _
  .pb7 .pb4 .v2) (\.cl10 (satlem_simplify _ _ _ (Q _ _ (Q _ _ .lemc9 .cl10 .v5)
  .pb6 .v4) (\empty empty))))))))))))))))))))))))))))))))

;; Additional symbols

;; Proof of implication

(define implication_proof_1
 (: (! %%k mpz
    (! A0 (th_holds (@ let2 (p_app (apply _ _ main.impl.usr.p1 (ind %%k))) (not
          (impl let2 let2)))) (holds cln)))
  (\ %%k
  (\ A0
  (th_let_pf _ (trust_f (@ let7 (p_app (apply _ _ main.impl.usr.p1 (ind %%k)))
  (not (impl let7 let7)))) (\ .PA270 (decl_atom (p_app (apply _ _
  main.impl.usr.p1 (ind %%k))) (\ .v2 (\ .a2 (satlem _ _ (asf _ _ _ .a2 (\ .l4
  (clausify_false (contra _ (and_elim_1 _ _ (not_impl_elim _ _ .PA270)) .l4))))
  (\ .pb4 (satlem _ _ (ast _ _ _ .a2 (\ .l5 (clausify_false (contra _ .l5
  (and_elim_2 _ _ (not_impl_elim _ _ .PA270)))))) (\ .pb5 (satlem_simplify _ _
  _ (Q _ _ .pb5 .pb4 .v2) (\empty empty)))))))))))))))

;; Proof of invariance by 1-induction

(define proof_inv
 (: (invariant I1 T1 P1)
  (invariant-implies I1 T1 PHI1 P1 implication_proof_1 (kinduction 1 I1 T1 PHI1
  _ _ base_proof_1 induction_proof_1))))

(check proof_inv)

;;------------------------------------------------------------------
;; LFSC proof produced by kind2 v1.0.alpha1-181-gca4b796 and
;; CVC4 version 1.5-prerelease [git proofs c58b6f9f]
;; for frontend observational equivalence and safety
;; (depends on proof.lfsc)
;;------------------------------------------------------------------

;; k-Inductive invariant for observer system

(define PHIO
 (: (! _ mpz formula)
  (\ PHIO%1
  (@ let1 (ind PHIO%1) (iff (p_app (apply _ _ main.impl.usr.p1 let1)) (p_app
  (apply _ _ JKind.$p1$ let1)))))))




;; Additional symbols

;; Proof of base case

(define base_proof_2
 (: (! A0 (th_holds (@ let1 (a_int 0) (@ let2 (apply _ _ main.usr.a let1) (@
          let3 (apply _ _ JKind.$a$ let1) (@ let5 (apply _ _ main.usr.out let1)
          (@ let6 (a_int 1) (@ let9 (p_app (apply _ _ main.impl.usr.p1 let1))
          (@ let15 (apply _ _ JKind.$out$ let1) (@ let18 (p_app (apply _ _
          JKind.$p1$ let1)) (and (and (= Int let2 let3) (and (and (= Int let5
          (+_Int let2 let6)) (and (iff let9 (>_Int let5 let2)) (p_app (apply _
          _ main.res.init_flag let1)))) (and (p_app (apply _ _ f1 let1)) (and
          (= Int let15 (+_Int let3 let6)) (iff let18 (>_Int let15 let3))))))
          (not (iff let9 let18)))))))))))) (holds cln))
  (\ A0
  (th_let_pf _ (trust_f (@ let29 (a_int 0) (@ let30 (p_app (apply _ _
  main.impl.usr.p1 let29)) (@ let31 (p_app (apply _ _ JKind.$p1$ let29)) (@
  let34 (apply _ _ JKind.$a$ let29) (@ let35 (apply _ _ main.usr.a let29) (@
  let37 (a_int (~ 1)) (@ let38 (apply _ _ main.usr.out let29) (@ let48 (apply _
  _ JKind.$out$ let29) (and (not (iff let30 let31)) (and (= Int let34 let35)
  (and (= Int let35 (+_Int let37 let38)) (and (iff let30 (not (>=_Int (+_Int
  let35 (*_Int let37 let38)) let29))) (and (p_app (apply _ _ main.res.init_flag
  let29)) (and (p_app (apply _ _ f1 let29)) (and (= Int let34 (+_Int let37
  let48)) (iff let31 (not (>=_Int (+_Int let34 (*_Int let37 let48))
  let29))))))))))))))))))) (\ .PA419 (decl_atom (@ let57 (a_int 0) (= Int
  (apply _ _ main.usr.a let57) (+_Int (a_int (~ 1)) (apply _ _ main.usr.out
  let57)))) (\ .v5 (\ .a5 (decl_atom (@ let63 (a_int 0) (>=_Int (+_Int (apply _
  _ main.usr.a let63) (*_Int (a_int (~ 1)) (apply _ _ main.usr.out let63)))
  let63)) (\ .v6 (\ .a6 (decl_atom (@ let70 (a_int 0) (= Int (apply _ _
  JKind.$a$ let70) (+_Int (a_int (~ 1)) (apply _ _ JKind.$out$ let70)))) (\ .v9
  (\ .a9 (decl_atom (@ let76 (a_int 0) (>=_Int (+_Int (apply _ _ JKind.$a$
  let76) (*_Int (a_int (~ 1)) (apply _ _ JKind.$out$ let76))) let76)) (\ .v10
  (\ .a10 (decl_atom (p_app (apply _ _ main.impl.usr.p1 (a_int 0))) (\ .v2 (\
  .a2 (decl_atom (p_app (apply _ _ JKind.$p1$ (a_int 0))) (\ .v3 (\ .a3
  (decl_atom (p_app (apply _ _ f1 (a_int 0))) (\ .v8 (\ .a8 (decl_atom (p_app
  (apply _ _ main.res.init_flag (a_int 0))) (\ .v7 (\ .a7 (decl_atom (@ let91
  (a_int 0) (= Int (apply _ _ JKind.$a$ let91) (apply _ _ main.usr.a let91)))
  (\ .v4 (\ .a4 (satlem _ _ (ast _ _ _ .a3 (\ .l7 (ast _ _ _ .a2 (\ .l5
  (clausify_false (contra _ (or_elim_1 _ _ (not_not_intro _ .l5) (iff_elim_1 _
  _ (not_iff_elim _ _ (and_elim_1 _ _ .PA419)))) (not_not_intro _ .l7))))))) (\
  .pb4 (satlem _ _ (asf _ _ _ .a4 (\ .l8 (clausify_false (contra _ (and_elim_1
  _ _ (and_elim_2 _ _ .PA419)) .l8)))) (\ .pb6 (satlem _ _ (asf _ _ _ .a5 (\
  .l10 (clausify_false (contra _ (and_elim_1 _ _ (and_elim_2 _ _ (and_elim_2 _
  _ .PA419))) .l10)))) (\ .pb7 (satlem _ _ (asf _ _ _ .a2 (\ .l4 (asf _ _ _ .a6
  (\ .l12 (clausify_false (contra _ .l12 (or_elim_1 _ _ .l4 (iff_elim_2 _ _
  (and_elim_1 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  .PA419)))))))))))) (\ .pb9 (satlem _ _ (asf _ _ _ .a9 (\ .l18 (clausify_false
  (contra _ (and_elim_1 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ .PA419))))))) .l18)))) (\
  .pb12 (satlem _ _ (asf _ _ _ .a10 (\ .l20 (asf _ _ _ .a3 (\ .l6
  (clausify_false (contra _ .l20 (or_elim_1 _ _ .l6 (iff_elim_2 _ _ (and_elim_2
  _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ .PA419))))))))))))))) (\ .pb14 (satlem _ _
  (ast _ _ _ .a6 (\ .l13 (ast _ _ _ .a5 (\ .l11 (clausify_false trust))))) (\
  .lemc15 (satlem _ _ (ast _ _ _ .a10 (\ .l21 (ast _ _ _ .a9 (\ .l19 (ast _ _ _
  .a5 (\ .l11 (ast _ _ _ .a4 (\ .l9 (clausify_false trust))))))))) (\ .lemc16
  (satlem_simplify _ _ _ (Q _ _ .lemc15 .pb7 .v5) (\.cl17 (satlem_simplify _ _
  _ (R _ _ .pb9 .cl17 .v6) (\.cl18 (satlem_simplify _ _ _ (Q _ _ .pb4 .cl18
  .v2) (\.cl19 (satlem_simplify _ _ _ (R _ _ .pb14 .cl19 .v3) (\.cl20
  (satlem_simplify _ _ _ (Q _ _ (Q _ _ (Q _ _ (Q _ _ .lemc16 .cl20 .v10) .pb12
  .v9) .pb7 .v5) .pb6 .v4) (\empty
  empty))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

;; Additional symbols

;; Proof of inductive case

(define induction_proof_2
 (: (! A0 (th_holds (@ let1 (a_int 0) (@ let5 (a_int 1) (@ let6 (apply _ _
          main.usr.a let5) (@ let7 (apply _ _ JKind.$a$ let5) (@ let9 (apply _
          _ main.usr.out let5) (@ let12 (p_app (apply _ _ main.impl.usr.p1
          let5)) (@ let20 (apply _ _ JKind.$out$ let5) (@ let23 (p_app (apply _
          _ JKind.$p1$ let5)) (and (and (iff (p_app (apply _ _ main.impl.usr.p1
          let1)) (p_app (apply _ _ JKind.$p1$ let1))) (and (= Int let6 let7)
          (and (and (= Int let9 (+_Int let6 let5)) (and (iff let12 (>_Int let9
          let6)) (not (p_app (apply _ _ main.res.init_flag let5))))) (and (not
          (p_app (apply _ _ f1 let5))) (and (= Int let20 (+_Int let7 let5))
          (iff let23 (>_Int let20 let7))))))) (not (iff let12 let23))))))))))))
    (holds cln))
  (\ A0
  (th_let_pf _ (trust_f (@ let35 (a_int 1) (@ let36 (p_app (apply _ _
  main.impl.usr.p1 let35)) (@ let37 (p_app (apply _ _ JKind.$p1$ let35)) (@
  let40 (a_int 0) (@ let44 (apply _ _ JKind.$a$ let35) (@ let45 (apply _ _
  main.usr.a let35) (@ let47 (a_int (~ 1)) (@ let48 (apply _ _ main.usr.out
  let35) (@ let60 (apply _ _ JKind.$out$ let35) (and (not (iff let36 let37))
  (and (iff (p_app (apply _ _ main.impl.usr.p1 let40)) (p_app (apply _ _
  JKind.$p1$ let40))) (and (= Int let44 let45) (and (= Int let45 (+_Int let47
  let48)) (and (iff let36 (not (>=_Int (+_Int let45 (*_Int let47 let48))
  let40))) (and (not (p_app (apply _ _ main.res.init_flag let35))) (and (not
  (p_app (apply _ _ f1 let35))) (and (= Int let44 (+_Int let47 let60)) (iff
  let37 (not (>=_Int (+_Int let44 (*_Int let47 let60))
  let40))))))))))))))))))))) (\ .PA433 (decl_atom (@ let69 (a_int 1) (= Int
  (apply _ _ JKind.$a$ let69) (apply _ _ main.usr.a let69))) (\ .v6 (\ .a6
  (decl_atom (@ let73 (a_int 1) (= Int (apply _ _ main.usr.a let73) (+_Int
  (a_int (~ 1)) (apply _ _ main.usr.out let73)))) (\ .v7 (\ .a7 (decl_atom (@
  let79 (a_int 1) (>=_Int (+_Int (apply _ _ main.usr.a let79) (*_Int (a_int (~
  1)) (apply _ _ main.usr.out let79))) (a_int 0))) (\ .v8 (\ .a8 (decl_atom (@
  let87 (a_int 1) (= Int (apply _ _ JKind.$a$ let87) (+_Int (a_int (~ 1))
  (apply _ _ JKind.$out$ let87)))) (\ .v11 (\ .a11 (decl_atom (@ let93 (a_int
  1) (>=_Int (+_Int (apply _ _ JKind.$a$ let93) (*_Int (a_int (~ 1)) (apply _ _
  JKind.$out$ let93))) (a_int 0))) (\ .v12 (\ .a12 (decl_atom (p_app (apply _ _
  main.impl.usr.p1 (a_int 1))) (\ .v2 (\ .a2 (decl_atom (p_app (apply _ _
  JKind.$p1$ (a_int 1))) (\ .v3 (\ .a3 (decl_atom (p_app (apply _ _ f1 (a_int
  1))) (\ .v10 (\ .a10 (decl_atom (p_app (apply _ _ JKind.$p1$ (a_int 0))) (\
  .v5 (\ .a5 (decl_atom (p_app (apply _ _ main.res.init_flag (a_int 1))) (\ .v9
  (\ .a9 (decl_atom (p_app (apply _ _ main.impl.usr.p1 (a_int 0))) (\ .v4 (\
  .a4 (satlem _ _ (ast _ _ _ .a3 (\ .l7 (ast _ _ _ .a2 (\ .l5 (clausify_false
  (contra _ (or_elim_1 _ _ (not_not_intro _ .l5) (iff_elim_1 _ _ (not_iff_elim
  _ _ (and_elim_1 _ _ .PA433)))) (not_not_intro _ .l7))))))) (\ .pb4 (satlem _
  _ (asf _ _ _ .a6 (\ .l12 (clausify_false (contra _ (and_elim_1 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ .PA433))) .l12)))) (\ .pb8 (satlem _ _ (asf _
  _ _ .a7 (\ .l14 (clausify_false (contra _ (and_elim_1 _ _ (and_elim_2 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ .PA433)))) .l14)))) (\ .pb9 (satlem _ _ (asf
  _ _ _ .a2 (\ .l4 (asf _ _ _ .a8 (\ .l16 (clausify_false (contra _ .l16
  (or_elim_1 _ _ .l4 (iff_elim_2 _ _ (and_elim_1 _ _ (and_elim_2 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ .PA433))))))))))))) (\ .pb11
  (satlem _ _ (asf _ _ _ .a11 (\ .l22 (clausify_false (contra _ (and_elim_1 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _
  _ (and_elim_2 _ _ (and_elim_2 _ _ .PA433)))))))) .l22)))) (\ .pb14 (satlem _
  _ (asf _ _ _ .a12 (\ .l24 (asf _ _ _ .a3 (\ .l6 (clausify_false (contra _
  .l24 (or_elim_1 _ _ .l6 (iff_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _
  (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _ _ (and_elim_2 _
  _ (and_elim_2 _ _ .PA433)))))))))))))))) (\ .pb16 (satlem _ _ (ast _ _ _ .a8
  (\ .l17 (ast _ _ _ .a7 (\ .l15 (clausify_false trust))))) (\ .lemc17 (satlem
  _ _ (ast _ _ _ .a12 (\ .l25 (ast _ _ _ .a11 (\ .l23 (ast _ _ _ .a7 (\ .l15
  (ast _ _ _ .a6 (\ .l13 (clausify_false trust))))))))) (\ .lemc18
  (satlem_simplify _ _ _ (Q _ _ .lemc17 .pb9 .v7) (\.cl19 (satlem_simplify _ _
  _ (R _ _ .pb11 .cl19 .v8) (\.cl20 (satlem_simplify _ _ _ (Q _ _ .pb4 .cl20
  .v2) (\.cl21 (satlem_simplify _ _ _ (R _ _ .pb16 .cl21 .v3) (\.cl22
  (satlem_simplify _ _ _ (Q _ _ (Q _ _ (Q _ _ (Q _ _ .lemc18 .cl22 .v12) .pb14
  .v11) .pb9 .v7) .pb8 .v6) (\empty
  empty))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

;; Additional symbols

;; Proof of implication

(define implication_proof_2
 (: (! %%k mpz
    (! A0 (th_holds (@ let1 (ind %%k) (@ let4 (iff (p_app (apply _ _
          main.impl.usr.p1 let1)) (p_app (apply _ _ JKind.$p1$ let1))) (not
          (impl let4 let4))))) (holds cln)))
  (\ %%k
  (\ A0
  (th_let_pf _ (trust_f (@ let8 (ind %%k) (@ let11 (iff (p_app (apply _ _
  main.impl.usr.p1 let8)) (p_app (apply _ _ JKind.$p1$ let8))) (not (impl let11
  let11))))) (\ .PA357 (decl_atom (p_app (apply _ _ JKind.$p1$ (ind %%k))) (\
  .v3 (\ .a3 (decl_atom (p_app (apply _ _ main.impl.usr.p1 (ind %%k))) (\ .v2
  (\ .a2 (satlem _ _ (asf _ _ _ .a3 (\ .l6 (ast _ _ _ .a2 (\ .l5
  (clausify_false (contra _ (or_elim_1 _ _ (not_not_intro _ .l5) (iff_elim_1 _
  _ (and_elim_1 _ _ (not_impl_elim _ _ .PA357)))) .l6)))))) (\ .pb4 (satlem _ _
  (ast _ _ _ .a3 (\ .l7 (asf _ _ _ .a2 (\ .l4 (clausify_false (contra _
  (or_elim_1 _ _ .l4 (iff_elim_2 _ _ (and_elim_1 _ _ (not_impl_elim _ _
  .PA357)))) (not_not_intro _ .l7))))))) (\ .pb5 (satlem _ _ (ast _ _ _ .a3 (\
  .l7 (ast _ _ _ .a2 (\ .l5 (clausify_false (contra _ (or_elim_1 _ _
  (not_not_intro _ .l5) (iff_elim_1 _ _ (not_iff_elim _ _ (and_elim_2 _ _
  (not_impl_elim _ _ .PA357))))) (not_not_intro _ .l7))))))) (\ .pb6 (satlem _
  _ (asf _ _ _ .a3 (\ .l6 (asf _ _ _ .a2 (\ .l4 (clausify_false (contra _
  (not_not_elim _ (or_elim_1 _ _ .l4 (iff_elim_2 _ _ (not_iff_elim _ _
  (and_elim_2 _ _ (not_impl_elim _ _ .PA357)))))) .l6)))))) (\ .pb7
  (satlem_simplify _ _ _ (R _ _ .pb7 .pb5 .v3) (\.cl8 (satlem_simplify _ _ _ (Q
  _ _ .pb4 .cl8 .v2) (\.cl9 (satlem_simplify _ _ _ (Q _ _ (Q _ _ .pb6 .cl9 .v3)
  .cl8 .v2) (\empty empty))))))))))))))))))))))))))

;; Proof of invariance by 1-induction

(define proof_obs
 (: (invariant IO TO PO)
  (invariant-implies IO TO PHIO PO implication_proof_2 (kinduction 1 IO TO PHIO
  _ _ base_proof_2 induction_proof_2))))

;; Proof of observational equivalence

(define proof_obs_eq
 (: (weak_obs_eq I1 T1 P1 I2 T2 P2)
  (obs_eq I1 T1 P1 I2 T2 P2 same_inputs proof_obs)))

;; Final proof of safety

(define proof_safe
 (: (safe I1 T1 P1) (inv+obs I1 T1 P1 I2 T2 P2 proof_inv proof_obs_eq)))

(check proof_safe)


Example 1 – Example LFSC file
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[bookmark: _Ref459280963][bookmark: _Toc461716400]– Tool Operational Validation and Verification Results
	Test File
	Expected Result
	Actual Result
	Pass/Fail

	lfsc/absent_absent/car_1.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/car_6_e1_152_e1_391.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_1.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_2_e2_3183_e1_2644.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_3.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_4_e2_2799_e2_2251.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_8.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/DRAGON_8_e7_3752.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/durationThm_2_e7_145_e2_169.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/ex3_e8_381_e7_224.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/FIREFLY_8_e2_1711_e1_1489.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/FIREFLY_luke_1b.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_absent/FIREFLY_rt.lfsc
	Error 007
	Error 007
	Pass

	lfsc/absent_invalid/car_3.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/car_all_e8_856_e7_578.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/FIREFLY_9.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/metros_1.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/metros_1_e7_606.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/ticket3i_4.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/ticket3i_7_e8_2126_e7_78.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_invalid/ums.lus.lfsc
	Error 006
	Error 006
	Pass

	lfsc/absent_valid/car_3.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/car_all_e8_856_e7_578.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/FIREFLY_9.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/metros_1.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/metros_1_e7_606.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/ticket3i_4.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/ticket3i_7_e8_2126_e7_78.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/absent_valid/ums.lus.lfsc
	Error 005
	Error 005
	Pass

	lfsc/invalid_absent/DRAGON_4_e2_2799.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/DRAGON_7.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/ILLINOIS_a1.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/MESI_3.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/MESI_3_e1_2517_e8_2163.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/MESI_3_e2_819_e1_1145.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/MESI_3_e2_819_e4_1595.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/MESI_3_e2_819_e6_1459.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_absent/steam_boiler_no_arr1.lus.lfsc
	Error 004
	Error 004
	Pass

	lfsc/invalid_present/DRAGON_all2_e3_4612_e3_1543.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/DRAGON_all2_e3_4612_e5_3642.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_4_e3_3511.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_4_e3_3511_e2_1923.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_4_e3_3511_e3_422.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_4_e3_3511_e5_3248.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_1a_e2_284_e1_2924.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_1a_e2_284_e2_2755.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_2_e2_1375_e1_418.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_2_e7_1826_e8_126.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_3.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_3_e1_2217_e3_1200.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_luke_5.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/FIREFLY_u1.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/MESI_3_e3_2669.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/MESI_i4_e7_1017_e6_1132.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/steam_boiler_no_arr1.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/steam_boiler_no_arr1_e4_23904_e4_2384.lfsc
	Error 002
	Error 002
	Pass

	lfsc/invalid_present/steam_boiler_no_arr1_e4_23904_e4_2384.lus.lfsc
	Error 002
	Error 002
	Pass

	lfsc/valid_absent/car_2_e7_1027_e7_359.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/car_all_e3_1068_e4_275.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/car_all_e8_856.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ccp16.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ccp16.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/channel_str.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/channel_str.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/controlLaw.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_10.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_12.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_12_e2_1618.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_1_e2_1997_e7_3613_e2_3409.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_2_e1_2316.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_2_e1_2316.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_2_e2_3183_e2_3580.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_2_e2_4481.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_2_e7_25_e8_3171.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e1_4783.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e1_4783_e1_3755.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e1_4783_e2_158.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e1_4783_e3_511.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e3_3846.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_3_e3_5422_e2_3135.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_4_e2_2799_e3_1915.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_4_e3_1540_e1_5048.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_5.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_5_e1_1835.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_5_e2_3018_e2_936.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_8.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_8_e7_3752.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_9_e7_1843_e1_5434.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e1_4022_e1_1759.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e1_4022_e1_1759.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e1_4022_e2_267.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e1_4022_e3_3628.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e2_6104.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e2_6104_e1_6205.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e2_6104_e2_3308.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e2_6104_e3_2607.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e3_4821_e1_1318.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e3_4821_e2_1089.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e3_4821_e4_1791.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/DRAGON_all_e3_5957.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_2.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_4.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_8.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_8_e2_1711.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_8_e2_1711_e1_1489.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_8_e2_1711_e3_1753.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_9_e7_170_e3_3647.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e1_3233_e2_2392.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e1_3233_e3_2970.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e2_2086_e1_3235.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e2_2086_e2_2689.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e2_2086_e3_2542.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e2_2952.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_a3_e3_314_e2_2812.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_all_e1_1207_e2_3220.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_all_e2_2924_e1_768.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_luke_1a_e2_284_e2_2755.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_luke_1b_e3_671_e6_1974.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_luke_4.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/FIREFLY_luke_rt_e1_913_e2_3353.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ILLINOIS_3.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ILLINOIS_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ILLINOIS_r4a.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MESI_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MESI_i3_e1_447_e1_1292.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MESI_i4_e6_2175.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_1.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_1_e2_982_e7_492.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e1_1753.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e2_155.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e2_1599.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e2_1599_e8_1334.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e3_929.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e7_2910_e8_2590.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e8_101.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e8_926.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e8_926_e1_1065.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e8_926_e2_349.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_2_e8_926_e8_2138.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/MOESI_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/peterson_1.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/peterson_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/rtp_8.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/rtp_all.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/rtp_all_e7_2500.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_123.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_123_e7_837_e7_1262.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_123_e8_953.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_123_e8_953_e8_941.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_3_e8_1329_e8_320.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/SYNAPSE_6_e2_1439_e1_954.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ticket3i_5_e7_3307.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ticket3i_all_e1_2706_e7_1776.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ticket3i_all_e7_1837.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/ticket3i_all_e7_591.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_absent/triplexVoter_str.lus.lfsc
	Error 003
	Error 003
	Pass

	lfsc/valid_invalid/car_3_e8_33_e2_1010.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/car_4_e3_57_e4_1047.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/channel.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/channel_bounds.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/controlLaw.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/DRAGON_1_e1_5070.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/ex3_e7_655.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/ILLINOIS_4_e7_2651_e7_2847.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/metros_4_e2_968_e2_1166.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/rtp_9.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/stalmark_e7_27_e7_31.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/SYNAPSE_4_e8_974.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_invalid/ticket3i_6_e7_1096_e7_2688.lus.lfsc
	Error 001
	Error 001
	Pass

	lfsc/valid_valid/SYNAPSE_6_e8_1147_e2_1326.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_all.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_1_e7_1669.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_3_e7_1312_e8_1916.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_3_e8_1703.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_3_e8_1703_e8_2560.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_3_e8_1788.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_4_e7_1775_e7_3320.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_5.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_6.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_6_e7_1096_e7_2688.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_7.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_7_e2_2724_e7_524.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_7_e8_2126_e7_78.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_all.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_all_e2_1117_e7_553.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ticket3i_all_e3_557_e7_3464.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/traffic.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/tramway_e7_1834.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/tramway_e7_1834_e7_2363.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/tramway_e7_3304.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/two_counters.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ums.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/_6counters_e3_140_e8_149.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/_6counters_e8_371_e1_448.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/_6counters_e8_371_e2_80.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/_6counters_e8_371_e3_224.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/hysteresis_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/hysteresis_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/hysteresis_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/hysteresis_all.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ILLINOIS_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ILLINOIS_4_e7_2651_e7_2847.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ILLINOIS_5.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ILLINOIS_5_e7_692_e7_2865.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_1_e2_162_e7_1545.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_4_e7_1140_e7_433.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_all_e4_1147_e7_497.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MESI_i3_e1_447_e3_1180.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e1_846_e1_1317.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e1_846_e2_1394.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e1_846_e3_1060.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e1_846_e7_397.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e2_1102_e1_317.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e2_1102_e2_943.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e2_1102_e3_961.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e2_1102_e7_1163.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e2_627.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e7_1255_e7_12.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e7_606.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e8_725.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e8_725_e1_919.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e8_725_e2_1144.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_1_e8_725_e3_556.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_2_e1_1116_e2_617.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_2_e2_704_e2_13.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_3_e3_1275_e2_454.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_3_e3_1275_e3_640.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_4_e2_968_e2_1166.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_4_e2_968_e3_931.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_4_e3_1091_e2_1317.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/metros_4_e3_1091_e3_522.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/microwave01.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/microwave02.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/microwave15.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/microwave16.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MOESI_1_e3_1884_e7_1875.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MOESI_2_e3_929_e8_1167.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/MOESI_2_e8_926_e3_1758.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/peterson_1_e7_4234.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/peterson_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/peterson_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/peterson_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/PRODUCER_CONSUMER_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/PRODUCER_CONSUMER_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/PRODUCER_CONSUMER_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/PRODUCER_CONSUMER_all.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/production_cell_e7_207_e8_241.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/production_cell_e8_6.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/production_cell_e8_792.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/readwrit.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/relatedCounters_small.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_10.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_10_e7_106_e7_2564.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_5.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_5_e7_3972.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_6.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_7.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/rtp_9.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e7_223_e7_213.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e7_223_e8_329.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e7_496.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e8_449.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e8_449_e7_353.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e8_449_e8_517.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed2_e8_750.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e7_207.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e7_207_e7_538.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e7_207_e8_507.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e7_492.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e8_649.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/speed_e8_649_e7_709.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/stalmark.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/stalmark_e7_27.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/stalmark_e7_27_e7_31.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/stalmark_e7_76.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2_e1_17214_e5_18600.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2_e3_514_e4_11150.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2_e6_3003_e4_15091.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2_e7_12307.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/steam_boiler_no_arr2_e8_21449_e5_18210.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_2_e8_1118_e7_1043.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_2_e8_1118_e8_1177.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_2_e8_656.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_3_e7_425.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_3_e8_1708.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_4_e8_420_e8_1525.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_4_e8_974.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_6.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/SYNAPSE_6_e3_1666_e5_1558.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_1_e7_184_e3_299.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_2_e7_1027_e1_1047.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_2_e8_491_e7_826.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e2_695.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e2_777.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e7_626.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e8_33.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e8_33_e2_1010.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_3_e8_33_e7_220.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e3_57_e4_1047.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e3_57_e6_784.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e7_592.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e7_592_e7_265.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e8_118.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_4_e8_118_e7_178.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e2_142.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e2_142_e7_209.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e3_1068_e4_275.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e7_188_e7_743.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e8_856_e2_585.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/car_all_e8_856_e7_578.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/cd.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_10_e1_998.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_10_e2_2785_e3_1744.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_10_e2_402.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_10_e3_144_e5_2046.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e1_14612_e1_268_e7_501.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e1_14612_e2_2653_e7_4370.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e1_3184_e7_1888.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e1_5070.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e2_1997.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_1_e3_11891_e7_4569_e4_4881.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_5_e1_1835.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_5_e2_3018_e2_936.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_6.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_6_e7_5046_e7_3623.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_7.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_7_e2_2872_e2_5844.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_7_e2_2872_e3_2640.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_7_e7_3157_e2_2082.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_8_e2_3896_e3_3125.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_8_e3_786.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_8_e3_786_e7_4541.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9_e7_1843.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9_e7_1843_e1_5434.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9_e7_1843_e2_1145.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9_e7_1843_e3_5316.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/DRAGON_9_e7_1843_e7_2225.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_1_e2_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_1_e3_389.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_1_e3_389_e4_294.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_1_e3_389_e5_5.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_1_e7_217_e3_132.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e2_63.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e3_329_e4_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e3_329_e5_124.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e3_99.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e7_145_e2_169.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_2_e7_145_e3_222.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e2_148.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e2_63.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e3_207.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e3_442.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e3_442_e4_165.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e3_442_e5_260.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/durationThm_3_e7_334_e3_42.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3_e7_590_e7_590.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3_e7_655.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3_e8_381.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3_e8_381_e7_224.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/ex3_e8_381_e8_477.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_1.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_1_e8_747_e8_1041.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_1_e8_751.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_2.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_2_e8_460_e8_1920.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/fast_2_e8_976.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_10.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_10_e7_919_e2_3192.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_3.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_3_e2_2236.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_3_e2_2236_e1_2305.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_3_e2_2236_e2_1058.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_3_e2_2236_e7_3681.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e1_2552_e7_1169.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2229.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2884.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2884_e1_2678.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2884_e2_1492.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2884_e3_1882.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_5_e2_2884_e7_3594.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_8_e2_1711_e2_2673.lus.lfsc
	Success 000
	Success 000
	Pass

	lfsc/valid_valid/FIREFLY_9.lus.lfsc
	Success 000
	Success 000
	Pass

	lustre/twisted_counters.lfsc
	Success 000
	Success 000
	Pass

	lustre/add_two_int.lfsc
	Success 000
	Success 000
	Pass

	lustre/add_two_real.lfsc
	Success 000
	Success 000
	Pass

	lustre/car_3_e2_695.lfsc
	Success 000
	Success 000
	Pass

	lustre/car_6_e1_152.lfsc
	Error 001
	Error 001
	Pass

	lustre/car_all_e3_1068_e4_275.lfsc
	Success 000
	Success 000
	Pass

	lustre/dfa.lfsc
	Success 000
	Success 000
	Pass

	lustre/DRAGON_12_e2_1618.lfsc
	Error 003
	Error 003
	Pass

	lustre/DRAGON_1_e1_14612_e1_268_e7_501.lfsc
	Success 000
	Success 000
	Pass

	lustre/DRAGON_2_e1_2316.lfsc
	Error 003
	Error 003
	Pass

	lustre/durationThm_2_e3_329_e4_1.lfsc
	Success 000
	Success 000
	Pass

	lustre/FIREFLY_3_e2_2236_e2_1058.lfsc
	Success 000
	Success 000
	Pass

	lustre/FIREFLY_a3_e3_314_e2_2812.lfsc
	Error 001
	Error 001
	Pass

	lustre/ILLINOIS_2.lfsc
	Error 001
	Error 001
	Pass

	lustre/ILLINOIS_2_e2_2367_e1_3182.lfsc
	Error 001
	Error 001
	Pass

	lustre/inv_gen.lfsc
	Success 000
	Success 000
	Pass

	lustre/MESI_all_e4_1147_e7_497.lfsc
	Success 000
	Success 000
	Pass

	lustre/MOESI_2_e1_1753.lfsc
	Success 000
	Success 000
	Pass

	lustre/MOESI_2_e8_926.lfsc
	Error 001
	Error 001
	Pass

	lustre/rtp_1.lfsc
	Success 000
	Success 000
	Pass

	lustre/rtp_8.lfsc
	Error 001
	Error 001
	Pass

	lustre/simple_counter.lfsc
	Success 000
	Success 000
	Pass

	lustre/stalmark_e7_27.lfsc
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_4_e8_420_e8_1525.lfsc
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_all.lfsc
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_all_e7_907_e7_1363.lfsc
	Success 000
	Success 000
	Pass

	lustre/ticket3i_3_e7_1312_e8_1916.lfsc
	Success 000
	Success 000
	Pass

	performance/active_standby.kind.lfsc
	< 10 minutes runtime
	12.41 seconds
	Pass

	performance/cd.lus.lfsc
	< 10 minutes runtime
	0.74 seconds
	Pass

	performance/channel_str.lus.lfsc
	< 10 minutes runtime
	3.84 seconds
	Pass

	performance/microwave01.lus.lfsc
	< 10 minutes runtime
	2.83 seconds
	Pass

	performance/pid.lfsc
	< 10 minutes runtime
	9.17 seconds
	Pass

	performance/triangle-peg-impossible.lfsc
	< 10 minutes runtime
	5 minutes 41 seconds
	Pass

	performance/triplexVoter_str.lus.lfsc
	< 10 minutes runtime
	2 seconds
	Pass

	signatures/kind.plf/base_and_step/test.step.-10.lfsc
	Fail
	Fail
	Pass

	signatures/kind.plf/base_and_step/test.step.-404.lfsc
	Fail
	Fail
	Pass

	signatures/kind.plf/base_and_step/test.step.-6.lfsc
	Fail
	Fail
	Pass

	signatures/kind.plf/base_and_step/test.step.0.lfsc
	Fail
	Fail
	Pass

	signatures/kind.plf/base_and_step/test.step.1.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.10.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.100.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.11.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.12.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.13.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.14.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.15.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.16.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.17.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.18.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.19.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.2.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.20.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.21.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.22.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.23.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.24.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.25.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.26.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.27.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.28.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.29.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.3.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.30.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.31.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.32.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.33.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.34.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.35.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.36.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.37.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.38.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.39.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.4.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.40.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.41.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.42.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.43.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.44.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.45.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.46.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.47.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.48.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.49.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.5.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.50.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.51.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.52.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.53.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.54.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.55.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.56.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.57.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.58.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.59.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.6.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.60.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.61.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.62.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.63.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.64.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.65.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.66.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.67.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.68.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.69.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.7.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.70.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.71.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.72.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.73.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.74.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.75.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.76.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.77.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.78.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.79.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.8.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.80.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.81.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.82.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.83.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.84.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.85.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.86.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.87.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.88.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.89.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.9.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.90.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.91.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.92.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.93.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.94.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.95.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.96.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.97.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.98.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.99.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.-1.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/base_and_step/test.base.-10.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/base_and_step/test.base.-404.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/base_and_step/test.base.-6.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/base_and_step/test.base.0.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/base_and_step/test.base.1.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.10.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.100.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.11.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.12.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.13.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.14.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.15.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.16.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.17.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.18.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.19.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.2.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.20.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.21.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.22.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.23.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.24.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.25.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.26.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.27.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.28.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.29.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.3.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.30.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.31.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.32.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.33.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.34.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.35.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.36.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.37.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.38.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.39.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.4.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.40.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.41.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.42.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.43.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.44.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.45.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.46.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.47.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.48.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.49.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.5.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.50.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.51.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.52.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.53.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.54.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.55.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.56.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.57.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.58.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.59.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.6.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.60.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.61.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.62.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.63.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.64.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.65.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.66.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.67.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.68.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.69.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.7.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.70.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.71.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.72.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.73.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.74.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.75.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.76.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.77.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.78.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.79.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.8.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.80.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.81.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.82.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.83.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.84.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.85.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.86.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.87.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.88.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.89.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.9.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.90.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.91.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.92.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.93.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.94.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.95.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.96.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.97.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.98.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.base.99.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/base_and_step/test.step.-1.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/inv+obs/inv+obs.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/inv+obs/inv+obs.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/inv+obs/inv+obs.names.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/invariant/invariant1.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/invariant/invariant1.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/invariant/invariant1.names.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/invariant-implies/invariant-implies.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/invariant-implies/invariant-implies.names.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/invariant-implies/invariant_implies.good.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/kinduction/kinduction.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/kinduction/kinduction.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/kinduction/kinduction.names.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/obs_eq/obs_eq.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/obs_eq/obs_eq.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/obs_eq/obs_eq.names.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/safe/safe.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/safe/safe.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/safe/safe.names.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/weak_obs_eq/weak_obs_eq1.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/kind.plf/weak_obs_eq/weak_obs_eq1.good.lfsc
	Pass
	Pass
	Pass

	signatures/kind.plf/weak_obs_eq/weak_obs_eq1.names.lfsc
	Fail
	Fail 
	Pass

	signatures/sat.plf/satlem/satlem.bad.lfsc
	Fail
	Fail 
	Pass

	signatures/sat.plf/satlem/satlem.good.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem/satlem.names.lfsc
	Fail
	Fail 
	Pass

	signatures/sat.plf/satlem_simplify/SEQ011_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ013_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ015_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ015_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ017_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ017_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ019_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ019_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ020_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ032_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ032_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ035_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ042_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ042_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ050_size2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/SEQ050_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/z3.1184131.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/z3.1184147.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/z3.1184163.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl065.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl066.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl067.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl068.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl069.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1009.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1010.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1036.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1037.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1040.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1046.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1049.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1052.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1100.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1101.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1122.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1128.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1133.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1134.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1137.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1138.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1172.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1182.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1183.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1189.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1190.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1239.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1240.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1253.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1261.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1262.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1263.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1272.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1276.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1282.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl1283.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl204.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl205.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl212.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl215.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl216.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl217.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl220.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl221.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl222.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl223.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl224.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl225.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl226.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl244.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl245.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl246.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl247.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl248.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl251.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl308.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl309.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl315.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl316.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl317.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl318.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl378.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl388.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl406.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl407.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl408.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl409.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl410.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl411.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl412.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl442.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl443.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl444.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl445.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl446.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl459.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl460.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl470.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl483.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl484.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl485.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl486.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl487.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl488.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl489.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl498.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl499.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl788.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl967.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl_sk010.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl_sk012.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl_sk013.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/NEQ004_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/NEQ016_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/NEQ023_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/NEQ032_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ010_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ011_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ012_size3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ018_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ019_size4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ019_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/PEQ020_size5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond99.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/gensys_icl057.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/gensys_icl060.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/gensys_icl062.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn056.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn057.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn058.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn059.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn060.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn061.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn062.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn063.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn064.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn066.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn067.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1012.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1020.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1027.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1032.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1055.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1059.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1067.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1082.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1084.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1086.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1092.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1093.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1094.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1097.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1175.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1177.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1178.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1180.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1181.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1187.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1225.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1228.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1297.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1299.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1303.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1312.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1322.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1323.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn1324.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn157.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn171.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn208.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn217.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn219.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn223.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn229.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn240.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn245.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn246.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn252.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn269.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn317.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn322.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn391.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn397.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn419.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn424.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn439.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn452.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn454.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn457.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn458.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn465.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn474.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn477.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn491.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn492.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn493.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn505.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn507.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn787.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn788.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn801.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn802.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn826.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn830.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_brn879.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl019.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl021.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl022.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl024.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl027.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl028.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl031.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl032.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl034.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl035.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl036.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl037.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl038.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl039.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl040.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl047.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl049.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl050.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl051.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl052.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl053.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl054.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl055.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl056.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl058.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl059.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl061.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl063.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/iso_icl064.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd015.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd016.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd022.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd050.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd051.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd062.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd063.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd_sk001.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/dead_dnd_sk002.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond1.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond10.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond100.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond11.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond12.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond13.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond14.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond15.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond16.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond17.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond18.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond19.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond2.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond20.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond21.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond22.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond23.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond24.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond25.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond26.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond27.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond28.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond29.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond3.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond30.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond31.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond32.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond33.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond34.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond35.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond36.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond37.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond38.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond39.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond4.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond40.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond41.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond42.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond43.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond44.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond45.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond46.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond47.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond48.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond49.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond5.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond50.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond51.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond52.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond53.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond54.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond55.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond56.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond57.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond58.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond59.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond6.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond60.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond61.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond62.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond63.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond64.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond65.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond66.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond67.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond68.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond69.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond7.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond70.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond71.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond72.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond73.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond74.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond75.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond76.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond77.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond78.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond79.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond8.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond80.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond81.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond82.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond83.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond84.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond85.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond86.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond87.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond88.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond89.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond9.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond90.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond91.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond92.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond93.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond94.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond95.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond96.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond97.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/satlem_simplify/eq_diamond98.smt2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.6.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.6.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.6.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.1.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.7.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.1.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.8.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.1.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.9.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.41.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.1.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.42.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.1.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.10.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.2.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.3.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.4.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.5.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.6.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.7.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.8.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.43.9.lfsc
	Pass
	Pass
	Pass

	signatures/sat.plf/simplify_clause/test.44.1.lfsc
	Pass
	Pass
	Pass
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	signatures/smt.plf/not_impl_elim/not_impl_elim.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_impl_elim/not_impl_elim.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_impl_elim/not_impl_elim.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_impl_elim/not_impl_elim.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_1/not_ite_elim_1.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_1/not_ite_elim_1.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_1/not_ite_elim_1.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_1/not_ite_elim_1.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_2/not_ite_elim_2.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_2/not_ite_elim_2.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_2/not_ite_elim_2.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_2/not_ite_elim_2.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_3/not_ite_elim_3.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_ite_elim_3/not_ite_elim_3.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_3/not_ite_elim_3.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_ite_elim_3/not_ite_elim_3.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_not_elim/not_not_elim.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_not_elim/not_not_elim.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_not_elim/not_not_elim.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_not_elim/not_not_elim.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_not_intro/not_not_intro.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_not_intro/not_not_intro.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_not_intro/not_not_intro.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_not_intro/not_not_intro.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_or_elim/not_or_elim.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_or_elim/not_or_elim.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_or_elim/not_or_elim.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_or_elim/not_or_elim.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_xor_elim/not_xor_elim.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/not_xor_elim/not_xor_elim.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_xor_elim/not_xor_elim.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/not_xor_elim/not_xor_elim.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/or_elim_1/or_elim_1.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/or_elim_1/or_elim_1.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/or_elim_1/or_elim_1.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/or_elim_1/or_elim_1.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/or_elim_2/or_elim_2.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/or_elim_2/or_elim_2.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/or_elim_2/or_elim_2.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/or_elim_2/or_elim_2.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/xor_elim_1/xor_elim_1.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/xor_elim_1/xor_elim_1.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/xor_elim_1/xor_elim_1.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/xor_elim_1/xor_elim_1.names.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/xor_elim_2/xor_elim_2.bad.lfsc
	Fail
	Fail
	Pass

	signatures/smt.plf/xor_elim_2/xor_elim_2.complex.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/xor_elim_2/xor_elim_2.good.lfsc
	Pass
	Pass
	Pass

	signatures/smt.plf/xor_elim_2/xor_elim_2.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/apply/apply.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/apply/apply.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/apply/apply.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/arrow/arrow.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/arrow/arrow.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/arrow/arrow.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/cong/cong.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/cong/cong.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/cong/cong.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/refl/refl.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/refl/refl.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/refl/refl.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/symm/symm.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/symm/symm.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/symm/symm.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/trans/trans.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_base.plf/trans/trans.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_base.plf/trans/trans.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/division/th_int_division.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/division/th_int_division.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/division/th_int_division.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/greater_than/th_int_greater_than.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/greater_than/th_int_greater_than.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/greater_than/th_int_greater_than.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/greater_than_equal/th_int_greater_than_equal.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/greater_than_equal/th_int_greater_than_equal.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/greater_than_equal/th_int_greater_than_equal.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/less_than/th_int_less_than.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/less_than/th_int_less_than.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/less_than/th_int_less_than.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/less_than_equal/th_int_less_than_equal.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/less_than_equal/th_int_less_than_equal.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/less_than_equal/th_int_less_than_equal.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/minus/th_int_minus.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/minus/th_int_minus.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/minus/th_int_minus.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/multiply/th_int_mult.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/multiply/th_int_mult.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/multiply/th_int_mult.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/plus/th_int_plus.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/plus/th_int_plus.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/plus/th_int_plus.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/unary_negation/unary_negation.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_int.plf/unary_negation/unary_negation.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_int.plf/unary_negation/unary_negation.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/division/th_real_division.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/division/th_real_division.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/division/th_real_division.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/greater_than/th_real_greater_than.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/greater_than/th_real_greater_than.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/greater_than/th_real_greater_than.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/greater_than_equal/th_real_greater_than_equal.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/greater_than_equal/th_real_greater_than_equal.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/greater_than_equal/th_real_greater_than_equal.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/less_than/th_real_less_than.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/less_than/th_real_less_than.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/less_than/th_real_less_than.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/less_than_equal/th_real_less_than_equal.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/less_than_equal/th_real_less_than_equal.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/less_than_equal/th_real_less_than_equal.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/minus/th_real_minus.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/minus/th_real_minus.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/minus/th_real_minus.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/multiply/th_real_mult.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/multiply/th_real_mult.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/multiply/th_real_mult.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/plus/th_real_plus.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/plus/th_real_plus.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/plus/th_real_plus.names.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/unary_negation/unary_negation.bad.lfsc
	Fail
	Fail
	Pass

	signatures/th_real.plf/unary_negation/unary_negation.good.lfsc
	Pass
	Pass
	Pass

	signatures/th_real.plf/unary_negation/unary_negation.names.lfsc
	Fail
	Fail
	Pass

	lustre/twisted_counters.lus
	Success 000
	Success 000
	Pass

	lustre/add_two_int.lus
	Success 000
	Success 000
	Pass

	lustre/add_two_real.lus
	Success 000
	Success 000
	Pass

	lustre/car_3_e2_695.lus
	Success 000
	Success 000
	Pass

	lustre/car_6_e1_152.lus
	Error 003
	Error 003
	Pass

	lustre/car_all_e3_1068_e4_275.lus
	Success 000
	Success 000
	Pass

	lustre/dfa.lus
	Success 000
	Success 000
	Pass

	lustre/DRAGON_12_e2_1618.lus
	Error 003
	Error 003
	Pass

	lustre/DRAGON_1_e1_14612_e1_268_e7_501.lus
	Success 000
	Success 000
	Pass

	lustre/DRAGON_2_e1_2316.lus
	Error 003
	Error 003
	Pass

	lustre/durationThm_2_e3_329_e4_1.lus
	Success 000
	Success 000
	Pass

	lustre/FIREFLY_3_e2_2236_e2_1058.lus
	Success 000
	Success 000
	Pass

	lustre/FIREFLY_a3_e3_314_e2_2812.lus
	Error 003
	Error 003
	Pass

	lustre/ILLINOIS_2.lus
	Error 003
	Error 003
	Pass

	lustre/ILLINOIS_2_e2_2367_e1_3182.lus
	Error 003
	Error 003
	Pass

	lustre/inv_gen.lus
	Success 000
	Success 000
	Pass

	lustre/MESI_all_e4_1147_e7_497.lus
	Success 000
	Success 000
	Pass

	lustre/MOESI_2_e1_1753.lus
	Success 000
	Success 000
	Pass

	lustre/MOESI_2_e8_926.lus
	Error 003
	Error 003
	Pass

	lustre/rtp_1.lus
	Success 000
	Success 000
	Pass

	lustre/rtp_8.lus
	Error 003
	Error 003
	Pass

	lustre/simple_counter.lus
	Success 000
	Success 000
	Pass

	lustre/stalmark_e7_27.lus
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_4_e8_420_e8_1525.lus
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_all.lus
	Success 000
	Success 000
	Pass

	lustre/SYNAPSE_all_e7_907_e7_1363.lus
	Success 000
	Success 000
	Pass

	lustre/ticket3i_3_e7_1312_e8_e8_1916.lus
	Success 000
	Success 000
	Pass
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