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[bookmark: _Toc464131843]Scope and Purpose
This document is a case study that describes the qualification activities and artifacts necessary to qualify of the Kind 2 [1] model checker as a Tool Qualification Level 5 (TQL-5) tool. It follows the guidance provided in DO-178C: Software Considerations in Airborne Systems and Equipment [2] and DO-330: Software Tool Qualification Considerations [3]. 
This case study builds upon the work by Darren Cofer and Steven Miller entitled Formal Methods Case Studies for DO-333 [4]. 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: Formal Method Supplement to DO-178C and DO-278A [5]. In the work by Cofer and Miller, a case study for model checking establishes an approach to verify the Flight Guidance System (FGS) mode logic of a Dual Flight Guidance System avionics solution. This document focuses on the qualification of the Kind 2 tool to claim credit for the objectives laid out in that case study.
Section 2 gives an overview of the Kind 2 model checker and how it is used in the 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 Kind 2. Section 3.4 identifies additional objectives that are required due to the use of formal methods, which Kind 2 implements in the form of model checking. Section 4 provides an explanation of each objective, and how it is satisfied. The remainder of the document is a set of appendices that reference information relevant to the qualification activities. This includes a formal description of the grammar for the input to Kind 2, an installation guide, tool operational requirements, verification and validation test cases, and expected results from executing these test cases.
[bookmark: _Ref423419027][bookmark: _Ref423419497]

[bookmark: _Ref430345655][bookmark: _Toc464131844]Overview
Kind 2 [6] [7] is an open-source, multi-engine, satisfiability modulo theories [8] (SMT) based model checker for verifying safety properties of Lustre [9] programs. Kind 2 supports multiple SMT solvers, allow them to be used interchangeably through command line parameters. At the time of writing this document it supports CVC4 [10], Yices [11], and Z3 [12].
The input to Kind is a Lustre model that is annotated with invariant properties that serve as proof obligations. Kind 2 combines the use of bounded model checking [13], k-induction [14], and property directed reachability [15] to prove, or disprove, that a given Lustre model satisfies the annotated properties contained within it. It will produce a report that details which properties were valid, which were invalid, and those that are unknown. Invalid properties are accompanied with a counterexample, that is, a sequence of inputs that demonstrate how the property is violated.
Bounded model checking (BMC) [13] [16] is an algorithm that “unrolls” the model for some finite number k of execution steps.  This allows the problem to be formulated as an instance of satisfiability checking for which there are many powerful algorithms. BMC is useful for debugging a model by identifying counterexamples; however, it cannot prove properties without separate justification that evaluation over k steps is sufficient to reach all possible states. 
K-induction [14] [17] is an extension to BMC that uses the principles of logical induction to prove properties. That is, the problem is split into two proof obligations; the base step and the inductive step. In the base step, the property of interest must be shown to be true from all initial states in all states reachable in k-1 transitions. This is accomplished through the use of BMC techniques. Secondly, in the inductive step, it is assumed that if for a given arbitrary state S, if the property is true in state S and all states reachable from S in k-1 steps then it will be true in all states reachable from S in k steps as well. This represents the k-inductive proof obligation, a generalization of simple logical induction. If the base step and the inductive step are both proven valid, then the property is true for all execution traces on the given model.
Property directed reachability [15] [18] [19] [20] [21] (PDR), also referred to as IC3, is a different approach to proving properties. In it, states that violate the property are identified, and then attempts are made by the proof engine to connect those violating states to the initial states, thus demonstrating the property invalid. Traces that violate the property are examined and traces that partially or completely exist in the set of unreachable states, are discarded. This process is applied iteratively until either no counterexamples are found, or a valid counterexample residing in the reachable state space is found.
In the Software Life Cycle processes of the General Avionics Product’s FGS mode logic, Kind 2 is used to perform software verification processes. Low-level software requirements (LLRs) and software architecture are specified as a Lustre model and high-level software requirements (HLRs) are specified as safety properties annotated within the Lustre model. Kind 2 is used to verify that the given model (the LLRs) satisfy the given formal specification (the HLRs) using model checking. For each given property Kind 2 will provide a result of either valid, invalid or unknown. If the analysis provides the result of valid, then the LLRs are shown to satisfy the given HLR and the stated verification objectives are achieved. This process is shown in Figure 1.
[image: ]
[bookmark: _Ref423419479]Figure 1- Verification Process Overview
[bookmark: _Ref423419031]

[bookmark: _Ref430345765][bookmark: _Ref430353381][bookmark: _Toc464131845]Tool Usage in the Software Life Cycle Processes
In the Software Life Cycle processes, Kind 2 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), executing the analysis, and interpreting the analysis results, can be used to achieve DO-178C software verification objectives. The use of Kind 2 as shown in Figure 1 is one approach for achieving the DO-178C objectives shown in Table 1.
The following sections address the DO-178C objectives the tool is used to satisfy, determination of the Tool Qualification Level, and the relevant qualification objectives.
[bookmark: _Ref447633592][bookmark: _Toc464131846]DO-178C Objectives Satisfied
Using Kind 2 as described in Figure 1, the objectives from DO-178C Table A.4 can be claimed. Table 1 below summarizes the objectives that are satisfied through the use of the tool to be qualified, Kind 2. The rationale for claiming each objective is obtained by following the guidance provided in DO-333.
	Objective
	Description
	Reference
	Notes

	A.4.1
	Low-level requirements comply with high-level requirements.
	Section 3.1.1
	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 3.1.2
	

	A.4.4
	Low-level requirements are verifiable.
	Section 3.1.3
	

	A.4.5
	Low-level requirements conform to standards.
	Section 3.1.4
	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 3.1.5
	Partially claimed because traceability must be established bi-directionally and this approach only supports top-down (HLRs to LLRs) traceability.

	A.4.7
	Algorithms are accurate.
	Section 3.1.6
	

	A.4.8
	Software architecture is compatible with high-level requirements.
	Section 3.1.7
	

	A.4.9
	Software architecture is consistent.
	Section 3.1.8
	

	A.4.11
	Software architecture is verifiable.
	Section 3.1.9
	

	A.4.12
	Software architecture conforms to standards.
	Section 3.1.10
	Partially claimed because standards enforced by Lustre are a subset of overall standards.


[bookmark: _Ref423353741][bookmark: _Ref423354539]Table 1 - DO-178C Objectives Claimed through the use of Kind 2
In Table 1, there are four columns. The first column, labeled ‘Objective’ identifies the DO-178C objective that the row is addressing. The next column provides a description of the objective under consideration. The next column labeled ‘Reference’ identifies the portion of this document that fully discusses the rationale for why the Kind 2 tool satisfies the objective. Finally, the last column labeled ‘Notes’ captures any notable information related to the objective.
DO-333: Formal Method Supplement to DO-178C and DO-278A, provides guidance on the use of formal methods in the DO-178C paradigm. In sections 3.1.1 - 3.1.10, each DO-178C Table A-4 objective satisfied through the use of Kind 2 is addressed. In addition, the associated DO-333 guidance is also provided to provide clarify to the reader.
[bookmark: _Ref447551460][bookmark: _Toc464131847]Objective A.4-1: Low-level requirements comply with high-level requirements
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 is demonstrated by successfully proving the annotated properties (the formalized HLRs) of the given Lustre model representing the LLRs using model checking. The justification of derived requirements, however, cannot be shown through the use of formal methods and should be obtained through manual review or some alternative method.
[bookmark: _Ref447551568][bookmark: _Toc464131848]Objective A.4-2: Low-level requirements 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.
This objective is satisfied by modeling the LLRs in Lustre. Lustre has a formal semantics, and thus, by modeling a requirement in it, it is unambiguous. Consistency (the absence of conflicts) of the LLRs is demonstrated by the fact that a valid Lustre representation of the set of LLRs could not be realized if there were conflicts among any subset of LLRs.
[bookmark: _Ref447551657][bookmark: _Toc464131849]Objective A.4-4: Low-level requirements 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.
The objective is satisfied by capturing the LLRs as a Lustre model, which has a formal semantics.
[bookmark: _Ref447551694][bookmark: _Toc464131850]Objective A.4-5: Low-level requirements 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 published Software Design Standards, however, this objective is partially satisfied through the use of Lustre as a modeling language, to the extent that Lustre enforces the Software Design Standards. For example, if the standards prohibit the use of recursion, the use of Lustre as a modeling language enforces that standard.
[bookmark: _Ref447551702][bookmark: _Toc464131851]Objective A.4-6: Low-level requirements are traceable to high-level requirements
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.
This objective is partially satisfied by performing analysis by model checking as shown in Figure 1. This analysis demonstrates that each HLR was developed into an LLR. However, the analysis does not demonstrate that each LLR traces to an HLR; there could be superfluous LLRs. Traceability from LLR to HLR must be accomplished through an alternative method.
[bookmark: _Ref447551721][bookmark: _Toc464131852]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.
The accuracy of the algorithms employed in the LLRs is demonstrated by verifying the HLRs against the LLRs using model checking.
[bookmark: _Ref447551727][bookmark: _Toc464131853]Objective A.4-8: Software architecture is compatible with high-level requirements
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.
This objective is satisfied by model checking the Lustre model that captures the LLRs and software architecture. If the properties representing the HLRs are satisfied, then the software architecture is also compatible with the HLRs.
[bookmark: _Ref447551734][bookmark: _Toc464131854]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. 
This objective is satisfied by capturing the LLRs and software architecture as a Lustre model.
[bookmark: _Ref447551748][bookmark: _Toc464131855]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.
This objective is satisfied by capturing the LLRs and software architecture as a Lustre model.
[bookmark: _Ref447551756][bookmark: _Toc464131856]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 published Software Design Standards, however, this objective is partially satisfied through the use of Lustre as a modeling language, to the extent that Lustre enforces the Software Design Standards. For example, perhaps the standards restrict the use of software types to only those types that are representable in the Lustre language.
[bookmark: _Ref447633610][bookmark: _Toc464131857]Tool Qualification Level (TQL) Identification
Per 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. Kind 2 is used to obtain credit for the objectives in Table 1 in the verification of the FGS mode logic. The outputs of its analysis are not manually reviewed or verified and thus Kind 2 must be qualified according to the guidelines set forth in DO-178C and DO-330. This establishes the need for qualification.
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 Kind 2 tool is used to verify and validate Lustre models that serve as the LLRs and Software Architecture artifact. 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, Kind 2 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). Kind 2 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: _Toc464131858]Applicable Tool Qualification Objectives
DO-330 Tables T-0 through T-10 summarize the various activities necessary to qualify an arbitrary tool. Given the classification of TQL-5 for Kind 2, Table 2 below identifies the subset of 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: _Ref427054086][bookmark: _Ref430345772][bookmark: _Toc464131859]DO-333 Considerations
The use of formal methods introduces additional objectives that are defined in DO-333. These objectives are not satisfied through the use of the Kind 2, however, the use of Kind 2 (a formal method, in this case model checking) does require that they are addressed in the Software Verification Plan. The objectives for Kind 2 in this case study are shown in Table 3.
	Objective
	Description

	FM.A-4.14
	Formal analysis cases and procedures are correct.

	FM.A-4.15
	Formal analysis results are correct and discrepancies explained.

	FM.A-4.16
	Requirements formalization is correct.

	FM.A-4.17
	Formal method is correctly defined, justified, and appropriate.


[bookmark: _Ref426542095]Table 3 - DO-333 Objectives Resulting from the use of Model Checking
[bookmark: _Ref426631469][bookmark: _Ref430345777][bookmark: _Toc464131860]Tool Qualification Objectives (TQOs)
Table 2 outlines the comprehensive set of objectives outlined by DO-330 for qualifying a TQL-5 tool. TQL-5 tool qualifications do not address the processes used to develop the tool, instead focusing on the use of the tool in the intended operational environment. Essentially, the tool can be treated as a black box. It is only evaluated by how it achieves its stated Tool Operational Requirements; aspects of how the tool was designed, developed, and verified are not addressed. 
This section of the document addresses the relevant TQL-5 objectives and describe the activities necessary to meet each for the Kind 2 model checking tool.
[bookmark: _Toc464131861]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


Table 4 - TQL-5 relevant objectives from T-0
[bookmark: _Ref447633441][bookmark: _Toc464131862]Objective T-0.1 – Determining the Tool Qualification Need
This objective is satisfied by 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 3.1 identifies the DO-178C objectives automated by the use of the tool, and Section 3.2 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: _Ref447633446][bookmark: _Toc464131863]Objective T-0.2 – Definition of the Tool Operational Requirements (TORs)
The Tool Operational Requirements identify how the tool is to be used within the software life cycle process. This TQO is satisfied by the identification of the tool usage context, tool interfaces, the tool operational environment, tool inputs and outputs, tool operational requirements, and the operational use of the tool. Sections 0 - 4.1.2.6 discuss all of the aspects necessary to satisfy this objective.
[bookmark: _Ref426466943]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.
Tool Usage Context and Interface
The context of tool usage is described in Section 2 and illustrated in Figure 1. The Lustre model that represents the LLRs is manually generated from textual LLRs. Similarly, the annotated properties within the Lustre model that represent the HLRs are manually generated from textual HLRs. Since the two input artifacts are manually generated, Kind 2 does not actively interface with other tools in the Software Life Cycle Process.
[bookmark: _Ref464128026]Tool Operational Environment
Kind 2 is installed on an x86_64 machine architecture, on the Ubuntu 16.04 LTS operating system.
Tool Inputs and Outputs
Kind 2 accepts Lustre models that meet the grammar specified in Appendix A. The Lustre model (synchronous dataflow representation of the LLRs) and annotated properties (formal specifications representative of the HLRs) together provide a model analyzable by Kind 2. Example 1 shows a simple Lustre node that describes a system that accepts two inputs (both of type Integer) and returns their sum as a single output. 
	1
2
3
4
5
6
7
8
9
10
11
	node add(in1 : int; in2 : int) returns (out : int);
var
prop1 : bool;
prop2 : bool;
let
out = in1 + in2;
prop1 = ((in1 > 0) and (in2 > 0)) => (out > 0);
prop2 = ((in1 < 0) and (in2 < 0)) => (out < 0);
--%PROPERTY prop1;
--%PROPERTY prop2;
tel;


[bookmark: _Ref423361338]Example 1 - A simple Lustre example
In this example, the LLRs are described in the signature of the node on line 1, and in the definition of the output variable, out, on line 6. The HLRs are expressed in the logic defined on lines 7 and 8, and asserted as proof obligations on Lines 9 and 10.
Given a valid model that satisfies the Kind 2 Lustre grammar and passes type-checking, Kind 2 will analyze it and provide a result that indicates whether each annotated property is valid, invalid, or unknown. The additional output provided by Kind 2 is shown in Table 5.
	Valid
	Invalid
	Unknown

	Property Name
K-value
Time to Prove
	Property Name
K-value
Time to Find Violation
Counterexample Trace
	Property Name
K-value
Timeout Value
Inductive Counterexample


[bookmark: _Ref423361913]Table 5- Kind 2 Results and Additional Information
Kind 2 provides these output results to the standard output device by default. The result from executing the Lustre file described in Example 1 is shown below in Analysis Result 1.
	kind2 v1.0.1

-----------------------------------------------------------------------
Analyzing add
  with First top: "add" (no subsystems)

<Success> Property prop1 is valid by inductive step after 0.404s.

<Success> Property prop2 is valid by inductive step after 0.404s.

=======================================================================
Summary of properties:
-----------------------------------------------------------------------
prop1: valid (at 1)
prop2: valid (at 1)
=======================================================================


[bookmark: _Ref458416228]Analysis Result 1 - Results from analyzing Example 1
Tool Operational Requirements
The Tool Operational Requirements are captured in Appendix D.
[bookmark: _Ref464128692]Operational Use of the Tool
Kind 2 is run from a command line interface and has many flags that the user can set to change its behavior. For the purposes of this qualification, the amount of time the analysis is allowed to run is restricted. This is done by setting the command line flag shown in Table 6. All other flags are ignored for this qualification, leaving Kind 2 to run all of its default settings.
	Flag
	Argument Type
	Description
	Required
Setting

	timeout_wall
	Integer
	Sets the analysis value to timeout at the number of seconds specified by the user. Default Value is 0 (run forever).
	3600
(60 minutes)

	color
	Boolean
	If set to true, disables the color output to the Linux terminal. This also prevents unreadable characters making its way into the ASCII output
	false

	smt_solver
	String
	Sets the Kind2 SMT solver
	Z3


[bookmark: _Ref423425537]Table 6- Modifiable Kind 2 parameters
To execute Kind 2 with the recommended settings the following command is used at a Linux terminal:
	kind2 --color false --timeout_wall 3600 --smt_solver Z3 <filename.lus>


[bookmark: _Ref426970195]For convenience, there is a script that calls Kind2 with these settings. It is named kind2-qualification. The contents of this script enforce the settings and capture the exit code of Kind2’s analysis, even though it is not used in this qualification. 
	#!/bin/sh
DIR="$(dirname "$(readlink -f "$0")")"

# Increase stack size to 2048 MB, change this value if necessary.
ulimit -s 2048000

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

#Check if the provided argument is a file and if not, exit.
if [ ! -f $1 ]; then
	echo "Provided argument is not a valid file."
	exit 100
fi

# Run the PE version of Kind 2
kind2 --color false --timeout_wall 3600 --smt_solver Z3 $1

success=$?
if [ "$success" = 20 ]; then
	echo "Result 000: All properties proven valid."
	exit 0
elif [ "$success" = 10 ]; then
    echo "Result 010: One or more properties proven invalid."
    exit 0
elif [ "$success" = 2 ]; then
    echo "Result 002: Error"
    exit $success
else
    echo "Result " $success ": Undetermined error."
    exit $success
fi


Table 7 - The Kind 2 Qualification Script Contents
[bookmark: _Ref464130443]Performance Requirements
The wall-clock flag limits the time that Kind2 is allowed to analyze a file. If the threshold is exceeded, any properties that have not already been proven will be declared indeterminate. For this qualification, it is expected that all files will be analyzable within 60 minutes. 
Requirement #111 in Appendix D addresses the performance of Kind2 in this qualification.
[bookmark: _Ref447633452][bookmark: _Toc464131864]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.
Identifying the Tool Executable Object Code
Kind 2 is an SMT-based model checker. This means that it requires, as a dependency, an SMT solver to interface with. For this qualification effort the Z3 [22] solver will be used in Kind 2.
The version and Z3 and Kind 2 used in this qualification are found in Table 8.
	Tool Name
	Version

	Z3 SMT Solver
	4.4.2

	Kind 2
	1.0.1


[bookmark: _Ref424803449]Table 8 - Tool Executable Object Code
Tool Installation Report
Instructions for installing Kind 2 and Z3 are found in Appendix C of this document. 
Section C.1 describes the installation steps, C.2 provides steps for verifying the installation, and Section C.3 provides a place to record the installation results.
[bookmark: _Ref447633464][bookmark: _Toc464131865]Objective T-0.5 – Tool Operation complies with Tool Operational Requirements
This TQO demonstrates that the tool complies with its stated TORs. This TQO is covered in three parts. First, the review and analysis procedures used to verify the TORs are stated. Secondly, we identify a set of tests, referred to as the Tool Operational Test Cases and Procedures, that when executed, demonstrate that Kind 2 meets its TORs. Finally, the results of actually executing the test procedures within the Tool Operational Environment must be collected. This artifact is known as the Tool Operational Verification and Validation Results and is captured in Section 4.1.4.4.
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: _Ref423433400]Review and Analysis Procedures
A review of the Kind2 Lustre grammar was performed as part of this qualification. The outputs from the review are provided as supplemental information for the testing suite. The grammar review can be found in Appendix F. It contains a table of Requirement IDs, found in the left-most column. These IDs can be traced to the Requirement IDs in Appendix D, which defines the TORs for this qualification.
The right-most column contains review comments from the Kind 2 Lustre grammar, including line numbers and rationale for why the requirement is satisfied.
[bookmark: _Ref423433404]Tool Operational Verification and Validation Test Cases
The complete list of test cases to be executed as part of this qualification can be found in Appendix E. The testing package is structured by folders. Each folder addresses a different aspect of Kind 2’s capabilities. These folders are:
	Test Purpose
	Testing Package Folder

	Demonstrate Kind2 correctly handles user assertions
	/assertions

	Demonstrate Kind2 correctly handles user constants
	/constants

	Demonstrate Kind2 correctly validates user input
	/input_validation

	Demonstrate Kind2 correctly handles expression literals
	/literals

	Demonstrate Kind2 correctly handles user defined nodes
	/nodes

	Demonstrate Kind2 correctly handles supported operators such as +,-,*,/,div,mod,and,or,xor,implies, etc.
	/operators

	Demonstrate Kind2 performs analysis as expected
	/performance

	Demonstrate Kind2 correctly verifies user properties
	/properties

	Demonstrate Kind2 correctly performs type-checking
	/type-checking

	Demonstrate Kind2 supports data types
	/types


Table 9 - Organization of testing package
The testing package contains README files at every level of the folder structure. Each README describes the tests contained within it and the expected results. It is not documented further here.
[bookmark: _Ref423433406]Tool Operational Verification and Validation Test Procedures
A test procedure contains all of the information necessary to run a test case in the Tool Operational Environment. In this qualification effort, a series of make utilities are provided to run all of the tests automatically. Once the testing package is copied to the Tool Operational Environment, it can be executed by navigating to the top level and typing “make” at the command line.
[bookmark: _Ref423436604]Tool Operational Verification and Validation Results
The results from executing all of the tests are captured in Appendix E. Each test is listed and its result is listed as Pass/Fail. Failed tests are addressed in Section 4.4.1.
[bookmark: _Ref447633471][bookmark: _Toc464131866]Objective T-0.6 – Tool Operational Requirements are sufficient and correct
[bookmark: _Ref447633477]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: _Ref462307724][bookmark: _Toc464131867]Objective T-0.7 – Software Life Cycle Process needs are met by the tool.
This objective is satisfied by the review, analysis, and testing results used to satisfy the TORs. The results from executing the test cases are found in Appendix E. The review and analysis results are captured in Appendix F.
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: _Ref423426456][bookmark: _Toc464131868]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. The TQL-5 relevant objectives are shown below in Table 10.
	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


[bookmark: _Ref447633878]Table 10 - 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: _Toc464131869]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.
	7l
	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 11 - TQL-5 Objectives from 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: _Toc464131870]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, 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. For a TQL-5 effort all objectives, 1-4, are applicable.
	Objective
	Description
	DO-330 Section
	Discussion

	T-10.1
	Communication and understanding between the applicant and the certification authority are established.
	9.0
	Not addressed

	T-10.2
	The means of compliance is proposed and agreement is obtained.
	9.0
	Not addressed

	T-10.3
	Compliance substantiation is provided
	9.0
	Not addressed

	T-10.4
	The impact of known problems on the Tool Operational Requirements is identified and analyzed.
	9.0
	4.4.1


Table 12 - TQL-5 Objectives from DO-330 Table T-10
[bookmark: _Ref430334493]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.
[bookmark: _GoBack]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.
[bookmark: _Ref462256493][bookmark: _Ref462297948][bookmark: _Toc464131871]Objective T-10.4 Impact of Known Problems on TORs
Kind 2 failed several tests related to the validation of inputs. These failures were related to:
· Inability to identify illegal constants
· Inability to identify illegal division by zero
· Inability to identify cyclic references among constants
· Inability to identify cyclic references among types
· Inability to identify invalid integer subrange types
The impact of each failure is explained in the subsections 4.4.1.1 - 4.4.1.5.
Tool Qualification Data: This information provided in this section provides evidence to support the satisfaction of Tool Qualification Data item 10.1.16, Tool-specific information in the Software Accomplishment Summary. It does not provide a full treatment, but instead, identifies known in the tool, and describes their impact. 
[bookmark: _Ref464131229]Inability to identify illegal constants
The expression used to define the constant is substituted into the model for constants. If a constant is an illegal constant expression, that expression can still be used for analysis. Therefore, this error will not affect the accuracy of Kind 2’s analysis. The impact is that the user is not aware that the value is not truly a constant value, however the analysis will be accurate.
Inability to identify division by zero
Z3 handles division by zero in an interesting format; it considers the result to be arbitrary. The tests in this qualification package fail because when division by zero occurs the tool does not throw an error it simply returns an arbitrary value. This behavior isn’t harmful because if a property contains a value that was the result of a division by zero it can be assigned anything. The tool will not be able to prove any meaningful property that contains a variable resulting from division by zero.
Inability to identify cyclic references among constants
The tool crashes when Lustre programs with cyclic references among constants are provided. This is not ideal, but it is also not harmful. It will not provide incorrect or erroneous results.
Inability to identify cyclic references among types
The tool crashes when Lustre programs with cyclic references among types are provided. This is not ideal, but it is also not harmful. It will not provide incorrect or erroneous results.
[bookmark: _Ref464131748]Inability to identify invalid integer subrange types
The tool will emit proof obligations for variables with integer subrange types to determine if an assignment to the variable is within the subrange. If an integer subrange type is illegal, then the emitted proof obligation will try to check an impossible property. For example, consider the subrange “[255, 0] of int.” If an assignment is made to a variable x of that type, then the tool will emit an obligation that checks whether x is greater than 255 and less than 0. That property will always be invalid. If an input variable is of type “[255, 0] of int” then the tool will build an implicit assertion that the input is greater than 255 and less than 0. This will create an inconsistent model and the tool will report it to the user.
If this error is exercised assertions are emitted that create an invalid model. The tool outputs a warning for this circumstance so the user will be notified. The impact of this error is minimal.


[bookmark: _Toc464131872]Labor Actuals
Labor actuals were collected as part of developing this package for actual work performed. When the plan does not actually provide information to satisfy an objective, an estimate is provided. For example, the objectives from DO-330 Table T-8 was not performed, an estimate is provided there instead of an actual figure.
	
	Hours

	Table T-0
	

	T-0.1 - Determining Tool Qualification Need
	16

	
	

	T-0.2 - Definition of the Tool Operational Requirements
	

	Definition of Tool Usage Context and Interface
	2

	Definition of the Tool Operational Environment
	2

	Definition of Tool's Inputs and Outputs
	1

	Developing the Tool Operational Requirements
	24

	Defining the Tool Operational Use
	1

	Identifying Performance Requirements
	2

	
	

	T-0.3 - Installation of the Tool Object Code
	8

	Identifying the Tool Executable Object Code
	2

	Developing Tool Installation Instructions
	4

	Performing the Tool Installation
	2

	
	

	T-0.5 - Tool Operation Complies with TORS
	

	Development of Review and Analysis Procedures
	4

	Development of Tool Operational Verification and Validation Test Cases
	60

	Development of Tool Operational Verification and Validation Test Procedures
	24

	Execution of the Tool Operational Verification and Validation Test Cases
	8

	
	

	T-0.6 - Tool Operational Requirements are sufficient and correct
	2

	T-0.7 - Tool meets Software Life Cycle Process needs
	2

	
	

	Table T-8
	

	T-8.1 - Configuration Items are Identified
	4

	T-8.4 - Archive, retrieval, and release are established
	4

	
	

	Table T-9
	

	T-9.2 - Assurance is obtained that tool processes comply with approved plans
	4

	T-9.5 - Tool conformity review is conducted
	4

	
	

	
	

	Table T-10
	

	T-10.1 - Communication and understanding is established
	8

	T-10.2 - Means of compliance is proposed and agreement is obtained
	4

	T-10.3 - Compliance substantiation is provided
	4

	T-10.4 - Impact of known problems and limitations is understood
	8

	
	

	Total (Actuals + Esimates)
	204
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[bookmark: _Ref423418239][bookmark: _Toc464131874]– Kind 2 Lustre Grammar

	(* This file is part of the Kind 2 model checker.
   Copyright (c) 2015 by the Board of Trustees of the University of Iowa
   Licensed under the Apache License, Version 2.0 (the "License"); you
   may not use this file except in compliance with the License.  You
   may obtain a copy of the License at
   http://www.apache.org/licenses/LICENSE-2.0 
   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
   implied. See the License for the specific language governing
   permissions and limitations under the License. 
*)


%{
open Lib

module A = LustreAst

let mk_pos = position_of_lexing 

%}

(* Special characters *)
%token SEMICOLON 
%token EQUALS 
%token COLON 
%token COMMA 
%token LSQBRACKET 
%token RSQBRACKET 
%token LPAREN 
%token RPAREN 
%token DOTPERCENT

(* Tokens for enumerated types *)
%token ENUM

(* Tokens for records *)
%token STRUCT
%token DOT
%token LCURLYBRACKET 
%token RCURLYBRACKET 

(* Tokens for decimals and numerals *)
%token <string>DECIMAL
%token <string>NUMERAL

%token <string>STRING

(* Identifier token *)
%token <string>SYM 
      
(* Tokens for types *)
%token TYPE
%token INT
%token REAL
%token BOOL
%token SUBRANGE
%token OF
    
(* Tokens for arrays *)
(* %token ARRAY *)
%token CARET
%token DOTDOT
%token PIPE

(* Token for constant declarations *)
%token CONST
    
(* Tokens for node declarations *)
%token NODE
%token LPARAMBRACKET
%token RPARAMBRACKET
(* unused: %token FUNCTION *)
%token RETURNS
%token VAR
%token LET
%token TEL
    
(* Tokens for annotations *)

(* Inline annotations. *)
%token PERCENTANNOT
%token BANGANNOT
(* %token ATANNOT *)
(* Parenthesis star (PS) block annotations. *)
%token PSBLOCKSTART
%token PSATBLOCK
%token PSBLOCKEND
(* Slash star (PS) block annotations. *)
%token SSBLOCKSTART
%token SSATBLOCK
%token SSBLOCKEND
(* Generic annotations. *)
%token PROPERTY
%token MAIN
(* Contract annotations. *)
%token CONTRACT
%token IMPORTCONTRACT
(* %token IMPORTMODE *)
%token ASSUME
%token GUARANTEE
%token MODE
%token REQUIRE
%token ENSURE

(* Token for assertions *)
%token ASSERT
    
(* Tokens for Boolean operations *)
%token TRUE
%token FALSE
%token NOT
%token AND
%token XOR
%token OR
%token IF
%token WITH
%token THEN
%token ELSE
%token IMPL
%token HASH
    
(* Tokens for relations *)
%token LTE
%token GTE
%token LT
%token GT
%token NEQ
    
(* Tokens for arithmetic operators *)
%token MINUS
%token PLUS
%token DIV
%token MULT
%token INTDIV
%token MOD
    
(* Tokens for clocks *)
%token WHEN
%token CURRENT
%token CONDACT
%token ACTIVATE
%token INITIAL
%token DEFAULT
%token EVERY
%token MERGE
    
(* Tokens for temporal operators *)
%token PRE
%token FBY
%token ARROW
    
(* Token for end of file marker *)
%token EOF
    
(* Priorities and associativity of operators, lowest first *)
%nonassoc WHEN CURRENT 
%left PIPE
%nonassoc ELSE
%right ARROW
%right IMPL
%left OR XOR
%left AND
%left LT LTE EQUALS NEQ GTE GT
%left PLUS MINUS
%left MULT INTDIV MOD DIV
%nonassoc PRE 
%nonassoc INT REAL 
%nonassoc NOT 
%left CARET 
%left LSQBRACKET DOT DOTPERCENT

(* Start token *)
%start <LustreAst.t> main
%start <LustreAst.expr> one_expr

%%
(** Parser for lustre systems. *)

one_expr: e = expr EOF { e }


(* A Lustre program is a list of declarations *)
main: p = list(decl) EOF { List.flatten p }


(* A declaration is a type, a constant, a node or a function declaration *)
decl:
  | d = const_decl { List.map 
                       (function e -> A.ConstDecl (mk_pos $startpos, e)) 
                       d }
  | d = type_decl { List.map 
                      (function e -> A.TypeDecl (mk_pos $startpos, e)) 
                      d }
  | d = node_decl { [A.NodeDecl (mk_pos $startpos, d)] }
  | d = contract_decl { [A.ContractNodeDecl (mk_pos $startpos, d)] }
  (* | d = func_decl { [A.FuncDecl (mk_pos $startpos, d)] } *)
  | d = node_param_inst { [A.NodeParamInst (mk_pos $startpos, d)] }


(* ********************************************************************** *)


(* A constant declaration *)
const_decl: CONST; l = nonempty_list(const_decl_body) { List.flatten l }

(* The body of a constant declaration *)
const_decl_body:

  (* Imported (free) constant 
     Separate rule for singleton list to avoid shift/reduce conflict *)
  | h = ident; COLON; t = lustre_type; SEMICOLON 
    { [A.FreeConst (mk_pos $startpos, h, t)] } 

  (* Imported (free) constant *)
  | h = ident; COMMA; l = ident_list; COLON; t = lustre_type; SEMICOLON 
    { List.map (function e -> A.FreeConst (mk_pos $startpos, e, t)) (h :: l) } 

  (* Defined constant without a type *)
  | s = ident; EQUALS; e = expr; SEMICOLON 
    { [A.UntypedConst (mk_pos $startpos, s, e)] }

  (* Defined constant with a type *)
  | c = typed_ident; EQUALS; e = expr; SEMICOLON 
    { let (_, s, t) = c in [A.TypedConst (mk_pos $startpos, s, e, t)] }


(* ********************************************************************** *)


(* A type declaration *) 
type_decl: 

  (* A free type *)
  | TYPE; l = ident_list; SEMICOLON 
     { List.map (function e -> A.FreeType (mk_pos $startpos, e)) l }

  (* A type alias *)
  | TYPE; l = ident_list; EQUALS; t = lustre_type; SEMICOLON
     { List.map (function e -> A.AliasType (mk_pos $startpos, e, t)) l }

  (* A record type, can only be defined as alias *)
  | TYPE; l = ident_list; EQUALS; t = record_type; SEMICOLON
     { List.map 
         (function e -> 
           A.AliasType (mk_pos $startpos, 
                        e, 
                        A.RecordType (mk_pos $startpos, t))) 
         l }


(* A type *)
lustre_type:

  (* Predefined types *)
  | BOOL { A.Bool (mk_pos $startpos) }
  | INT { A.Int (mk_pos $startpos)}
  | REAL { A.Real (mk_pos $startpos)}

  | SUBRANGE;
    LSQBRACKET;
    l = expr; 
    COMMA; 
    u = expr; 
    RSQBRACKET 
    OF
    INT 
    { A.IntRange (mk_pos $startpos, l, u)}

  (* User-defined type *)
  | s = ident { A.UserType (mk_pos $startpos, s) }

  (* Tuple type *)
  | t = tuple_type { A.TupleType (mk_pos $startpos, t) } 

(* Record types can only be defined as aliases 
  (* Record type (V6) *)
  | t = record_type { A.RecordType t } 
*)

  (* Array type (V6) *)
  | t = array_type { A.ArrayType (mk_pos $startpos, t) }

  (* Enum type (V6) *)
  | t = enum_type { A.EnumType (mk_pos $startpos, t) }


(* A tuple type *)
tuple_type:

  (* Tuples are between square brackets *)
  | LSQBRACKET; l = lustre_type_list; RSQBRACKET { l } 


(* A record type (V6) *)
record_type:

  (* Keyword "struct" is optional *)
  | option(STRUCT); 
    f = tlist(LCURLYBRACKET, SEMICOLON, RCURLYBRACKET, typed_idents)
  
    { List.flatten f  }


(* An array type (V6) *)
array_type: 
  | t = lustre_type; CARET; s = expr { t, s }

(*
  (* Alternate syntax: array [size] of type *)
  | ARRAY; s = expr; OF; LSQBRACKET; t = lustre_type; RSQBRACKET { t, s }
*)

(* An enum type (V6) *)
enum_type: ENUM LCURLYBRACKET; l = ident_list; RCURLYBRACKET { l } 


(* ********************************************************************** *)


(* An uninterpreted function declaration *)
(* func_decl:
  | FUNCTION; 
    n = ident; 
    i = tlist(LPAREN, SEMICOLON, RPAREN, typed_idents);
    RETURNS; 
    o = tlist(LPAREN, SEMICOLON, RPAREN, typed_idents);
    SEMICOLON;
    r = contract_spec;
    { (n, List.flatten i, List.flatten o, r)  } *)


(* A node declaration *)
node_decl:
  | NODE; 
    n = ident; 
    p = loption(static_params);
    i = tlist(LPAREN, SEMICOLON, RPAREN, const_clocked_typed_idents); 
    RETURNS; 
    o = tlist(LPAREN, SEMICOLON, RPAREN, clocked_typed_idents); 
    SEMICOLON;
    r = option(contract_spec);
    l = list(node_local_decl);
    LET;
    e = list(node_equation);
    TEL
    option(node_sep) 

    { (n, 
       p,
       List.flatten i, 
       List.flatten o, 
       (List.flatten l), 
       e,
       r)  }


contract_ghost_var:
  | VAR ;
    i = ident ; COLON ; t = lustre_type; EQUALS ; e = expr ;
    SEMICOLON 
    { A.GhostVar (A.TypedConst (mk_pos $startpos, i, e, t)) }
(*  | VAR ; i = ident ; EQUALS ; e = expr ; SEMICOLON 
    { A.GhostVar (A.UntypedConst (mk_pos $startpos, i, e)) } *)

contract_ghost_const:
  | CONST; i = ident; COLON; t = lustre_type; EQUALS; e = expr; SEMICOLON 
    { A.GhostConst (A.TypedConst (mk_pos $startpos, i, e, t)) }
  | CONST; i = ident; EQUALS; e = expr; SEMICOLON 
    { A.GhostConst (A.UntypedConst (mk_pos $startpos, i, e)) }

contract_assume:
  ASSUME; name = option(STRING); e = expr; SEMICOLON
  { A.Assume (mk_pos $startpos, name, e) }

contract_guarantee:
  GUARANTEE; name = option(STRING); e = expr; SEMICOLON
  { A.Guarantee (mk_pos $startpos, name, e) }

contract_require:
  REQUIRE; name = option(STRING); e = expr; SEMICOLON
  { mk_pos $startpos, name, e }

contract_ensure:
  ENSURE; name = option(STRING); e = expr; SEMICOLON
  { mk_pos $startpos, name, e }

mode_equation:
  MODE; n = ident; LPAREN;
  reqs = list(contract_require);
  enss = list(contract_ensure);
  RPAREN; SEMICOLON {
    A.Mode (mk_pos $startpos, n, reqs, enss)
  }

contract_import:
  IMPORTCONTRACT ; n = ident ;
  LPAREN ; in_params = separated_list(COMMA, expr) ; RPAREN ; RETURNS ;
  LPAREN ; out_params = separated_list(COMMA, expr) ; RPAREN ; SEMICOLON ; {
    A.ContractCall (mk_pos $startpos, n, in_params, out_params)
  }


contract_item:
  | v = contract_ghost_var { v } 
  | c = contract_ghost_const { c }
  | a = contract_assume { a }
  | g = contract_guarantee { g }
  | m = mode_equation { m }
  | i = contract_import { i }

contract_in_block:
  | c = nonempty_list(contract_item) { c }


(* A contract node declaration. *)
contract_decl:
  | CONTRACT;
    n = ident; 
    p = loption(static_params);
    i = tlist(LPAREN, SEMICOLON, RPAREN, const_clocked_typed_idents); 
    RETURNS; 
    o = tlist(LPAREN, SEMICOLON, RPAREN, clocked_typed_idents); 
    SEMICOLON;
    LET;
      e = contract_in_block;
    TEL
    option(node_sep) 

    { (n,
       p,
       List.flatten i,
       List.flatten o,
       e) }


contract_spec:
  (* Block contract, parenthesis star (PS). *)
  | PSATBLOCK ; CONTRACT ;
    eqs = contract_in_block
    PSBLOCKEND
    { eqs }
  (* Block contract, slash star (SS). *)
  | SSATBLOCK ; CONTRACT ;
    eqs = contract_in_block
    SSBLOCKEND
    { eqs }


(* A node declaration as an instance of a paramterized node *)
node_param_inst: 
  | NODE; 
    n = ident; 
    EQUALS;
    s = ident; 
    p = tlist 
         (LPARAMBRACKET, SEMICOLON, RPARAMBRACKET, node_call_static_param); 
    SEMICOLON
        
    { (n, s, p) } 


(* A node declaration is optionally terminated by a period or a semicolon *)
node_sep: DOT | SEMICOLON { }


(* A static parameter is a type *)
static_param:
  | TYPE; t = ident { A.TypeParam t }


(* The static parameters of a node *)
static_params:
  | l = tlist (LPARAMBRACKET, SEMICOLON, RPARAMBRACKET, static_param)
    
    { l }  


(* A node-local declaration of constants or variables *)
node_local_decl:
  | c = const_decl { List.map 
                       (function e -> A.NodeConstDecl (mk_pos $startpos, e))
                       c }
  | v = var_decls { List.map 
                      (function e -> A.NodeVarDecl (mk_pos $startpos, e)) 
                      v }


(* A variable declaration section of a node *)
var_decls: 
  | VAR; l = nonempty_list(var_decl) { List.flatten l }


(* A declaration of variables *)
var_decl:
  | l = clocked_typed_idents; SEMICOLON { l }


boolean:
  | TRUE { true }
  | FALSE { false }

percent_or_bang:
  | PERCENTANNOT { }
  | BANGANNOT { }


    
main_annot:
  | PERCENTANNOT ; MAIN ; SEMICOLON { A.AnnotMain true }
  | PSBLOCKSTART ; MAIN ; option (SEMICOLON) ; PSBLOCKEND { A.AnnotMain true }
  | SSBLOCKSTART ; MAIN ; option (SEMICOLON) ; SSBLOCKEND { A.AnnotMain true }
  | BANGANNOT ; MAIN ; COLON ; b = boolean ; SEMICOLON { A.AnnotMain b }
  | PSBLOCKSTART ; MAIN ; COLON ; b = boolean ; option (SEMICOLON) ; PSBLOCKEND {
    A.AnnotMain b
  }
  | SSBLOCKSTART ; MAIN ; COLON ; b = boolean ; option (SEMICOLON) ; SSBLOCKEND {
    A.AnnotMain b
  }

property:
  | percent_or_bang ; PROPERTY ; name = option(STRING) ; e = expr ; SEMICOLON
    { A.AnnotProperty (mk_pos $startpos, name, e) }
  | PSBLOCKSTART ; PROPERTY ; name = option(STRING);
    e = expr; SEMICOLON ; PSBLOCKEND
    { A.AnnotProperty (mk_pos $startpos, name, e) }
  | PSBLOCKSTART ; PROPERTY ; name = option(STRING);
    COLON; e = expr; SEMICOLON ; PSBLOCKEND
    { A.AnnotProperty (mk_pos $startpos, name, e) }
  | SSBLOCKSTART ; PROPERTY ; name = option(STRING);
    e = expr ; SEMICOLON; SSBLOCKEND
    { A.AnnotProperty (mk_pos $startpos, name, e) }
  | SSBLOCKSTART ; PROPERTY ; name = option(STRING);
    COLON; e = expr ; SEMICOLON; SSBLOCKEND
    { A.AnnotProperty (mk_pos $startpos, name, e) }


(* An equations of a node *)
node_equation:

  (* An assertion *)
  | ASSERT; e = expr; SEMICOLON
    { A.Assert (mk_pos $startpos, e) }

  (* An equation, multiple (optionally parenthesized) identifiers on 
     the left-hand side, an expression on the right *)
  | l = left_side; EQUALS; e = expr; SEMICOLON
    { A.Equation (mk_pos $startpos, l, e) }

  (* Node annotation *)
  | a = main_annot { a }

  (* Property annotation *)
  | p = property { p }


left_side:

  (* Recursive array definition *)
  | s = ident; l = nonempty_list(index_var)
     { A.ArrayDef (mk_pos $startpos, s, l)}

  (* List without parentheses *)
  | l = struct_item_list { A.StructDef (mk_pos $startpos, l) }

  (* Parenthesized list *)
  | LPAREN; l = struct_item_list; RPAREN { A.StructDef (mk_pos $startpos, l) }

  (* Empty list *)
  | LPAREN; RPAREN { A.StructDef (mk_pos $startpos, []) }


(* Item in a structured equation *)
struct_item:

  (* Single identifier *)
  | s = ident
     { A.SingleIdent (mk_pos $startpos, s) }

(*
  (* Filter array values *)
  | LSQBRACKET; l = struct_item_list; RSQBRACKET 
    { A.TupleStructItem (mk_pos $startpos, l) }
  (* Select from tuple *)
  | e = ident; LSQBRACKET; i = expr; RSQBRACKET 
    { A.TupleSelection (mk_pos $startpos, e, i) }
  (* Select from record *)
  | e = ident; DOT; i = ident 
    { A.FieldSelection (mk_pos $startpos, e, i) }
 
  | e = ident; LSQBRACKET; s = array_slice_list; RSQBRACKET 
    { A.ArraySliceStructItem (mk_pos $startpos, e, s) }
*)

(* List of structured items *)
struct_item_list:
 | l = separated_nonempty_list(COMMA, struct_item) { l }

(* Running variable for index *)
index_var:
  | LSQBRACKET; s = ident; RSQBRACKET { s }

(* Two colons (for mode reference). *)
two_colons:
  | COLON ; COLON {}

(* ********************************************************************** *)

(* An expression *)
expr:
  
  (* An identifier *)
  | s = ident { A.Ident (mk_pos $startpos, s) }

  (* A mode reference. *)
  | two_colons ; mode_ref = separated_nonempty_list(two_colons, ident) {
    A.ModeRef (mk_pos $startpos, mode_ref)
  }

  (* A propositional constant *)
  | TRUE { A.True (mk_pos $startpos) }
  | FALSE { A.False (mk_pos $startpos) }

  (* An integer numeral or a floating-point decimal constant *)
  | s = NUMERAL { A.Num (mk_pos $startpos, s) } 
  | s = DECIMAL { A.Dec (mk_pos $startpos, s) } 

  (* Conversions *)
  | INT; e = expr { A.ToInt (mk_pos $startpos, e) }
  | REAL; e = expr { A.ToReal (mk_pos $startpos, e) }

  (* A parenthesized single expression *)
  | LPAREN; e = expr; RPAREN { e } 

  (* An expression list 
     Singleton list is in production above *)
  | LPAREN; h = expr; COMMA; l = expr_list; RPAREN 
    { A.ExprList (mk_pos $startpos, h :: l) } 

  (* A tuple expression *)
  (* | LSQBRACKET; l = expr_list; RSQBRACKET { A.TupleExpr (mk_pos $startpos, l) } *)
  | LCURLYBRACKET; l = expr_list; RCURLYBRACKET { A.TupleExpr (mk_pos $startpos, l) }

  (* An array expression *)
  | LSQBRACKET; l = expr_list; RSQBRACKET { A.ArrayExpr (mk_pos $startpos, l) }

  (* An array constructor *)
  | e1 = expr; CARET; e2 = expr { A.ArrayConstr (mk_pos $startpos, e1, e2) }

  (* An array slice or tuple projection *)
  | e = expr; DOTPERCENT; i = expr 
    { A.TupleProject (mk_pos $startpos, e, i) }

  (* An array slice *)
  | e = expr; LSQBRACKET; s = array_slice; RSQBRACKET
    { A.ArraySlice (mk_pos $startpos, e, s) }

  (* A record field projection *)
  | s = expr; DOT; t = ident 
    { A.RecordProject (mk_pos $startpos, s, t) }

  (* A record *)
  | t = ident; 
    f = tlist(LCURLYBRACKET, SEMICOLON, RCURLYBRACKET, record_field_assign)
    { A.RecordExpr (mk_pos $startpos, t, f) }

  (* An array concatenation *)
  | e1 = expr; PIPE; e2 = expr { A.ArrayConcat (mk_pos $startpos, e1, e2) } 

  (* with operator for updating fields of a structure *)
  | LPAREN; 
    e1 = expr; 
    WITH; 
    i = nonempty_list(label_or_index); 
    EQUALS; 
    e2 = expr; 
    RPAREN

    { A.StructUpdate (mk_pos $startpos, e1, i, e2) } 

  (* An arithmetic operation *)
  | e1 = expr; MINUS; e2 = expr { A.Minus (mk_pos $startpos, e1, e2) }
  | MINUS; e = expr { A.Uminus (mk_pos $startpos, e) } 
  | e1 = expr; PLUS; e2 = expr { A.Plus (mk_pos $startpos, e1, e2) }
  | e1 = expr; MULT; e2 = expr { A.Times (mk_pos $startpos, e1, e2) }
  | e1 = expr; DIV; e2 = expr { A.Div (mk_pos $startpos, e1, e2) }
  | e1 = expr; INTDIV; e2 = expr { A.IntDiv (mk_pos $startpos, e1, e2) }
  | e1 = expr; MOD; e2 = expr { A.Mod (mk_pos $startpos, e1, e2) }

  (* A Boolean operation *)
  | NOT; e = expr { A.Not (mk_pos $startpos, e) } 
  | e1 = expr; AND; e2 = expr { A.And (mk_pos $startpos, e1, e2) }
  | e1 = expr; OR; e2 = expr { A.Or (mk_pos $startpos, e1, e2) }
  | e1 = expr; XOR; e2 = expr { A.Xor (mk_pos $startpos, e1, e2) }
  | e1 = expr; IMPL; e2 = expr { A.Impl (mk_pos $startpos, e1, e2) }
  | HASH; LPAREN; e = expr_list; RPAREN { A.OneHot (mk_pos $startpos, e) }

  (* A relation *)
  | e1 = expr; LT; e2 = expr { A.Lt (mk_pos $startpos, e1, e2) }
  | e1 = expr; GT; e2 = expr { A.Gt (mk_pos $startpos, e1, e2) }
  | e1 = expr; LTE; e2 = expr { A.Lte (mk_pos $startpos, e1, e2) }
  | e1 = expr; GTE; e2 = expr { A.Gte (mk_pos $startpos, e1, e2) }
  | e1 = expr; EQUALS; e2 = expr { A.Eq (mk_pos $startpos, e1, e2) } 
  | e1 = expr; NEQ; e2 = expr { A.Neq (mk_pos $startpos, e1, e2) } 

  (* An if operation *)
  | IF; e1 = expr; THEN; e2 = expr; ELSE; e3 = expr 
    { A.Ite (mk_pos $startpos, e1, e2, e3) }

  (* Recursive node call *)
  | WITH; e1 = expr; THEN; e2 = expr; ELSE; e3 = expr 
    { A.With (mk_pos $startpos, e1, e2, e3) }

  (* when operator on expression  *)
  | e1 = expr; WHEN; e2 = expr { A.When (mk_pos $startpos, e1, e2) }

  (* current operator on expression *)
  | CURRENT; e = expr { A.Current (mk_pos $startpos, e) }

  (* condact call with defaults *)
  | CONDACT 
    LPAREN; 
    e1 = expr; 
    COMMA; 
    s = ident; LPAREN; a = separated_list(COMMA, expr); RPAREN; 
    COMMA; 
    d = expr_list 
    RPAREN
    { A.Condact (mk_pos $startpos, e1, s, a, d) } 

  (* condact call may have no return values and therefore no defaults *)
  | CONDACT 
    LPAREN; 
    c = expr; 
    COMMA; 
    s = ident; LPAREN; a = separated_list(COMMA, expr); RPAREN; 
    RPAREN

    { A.Condact (mk_pos $startpos, c, s, a, []) } 

  (* [(activate N every h initial default (d1, ..., dn)) (e1, ..., en)] 
     is an alias for [condact(h, N(e1, ..., en), d1, ,..., dn) ]*)
  | LPAREN; ACTIVATE; s = ident; EVERY; c = expr; 
    INITIAL DEFAULT; d = separated_list(COMMA, expr); RPAREN; 
    LPAREN; a = separated_list(COMMA, expr); RPAREN

    { A.Condact (mk_pos $startpos, c, s, a, d) }
    
  (* activate operator without initial defaults
     Only supported inside a merge *)
  | LPAREN; ACTIVATE; s = ident; EVERY; c = expr; RPAREN; 
    LPAREN; a = separated_list(COMMA, expr); RPAREN

    { A.Activate (mk_pos $startpos, s, c, a) }
    
  (* Merge operator *)
  | MERGE; 
    LPAREN;
    c = expr; SEMICOLON;
    l = separated_nonempty_list(SEMICOLON, expr); RPAREN 
    { A.Merge (mk_pos $startpos, c, l) }
    
  (* A temporal operation *)
  | PRE; e = expr { A.Pre (mk_pos $startpos, e) }
  | FBY LPAREN; e1 = expr COMMA; s = NUMERAL; COMMA; e2 = expr RPAREN
    { A.Fby (mk_pos $startpos, e2, (int_of_string s), e2) } 
  | e1 = expr; ARROW; e2 = expr { A.Arrow (mk_pos $startpos, e1, e2) }

  (* A node or function call *)
  | e = node_call { e } 


(* Static parameters are only types *)
node_call_static_param:
  | t = lustre_type { t }
      

(* A node or function call *)
node_call:

  (* Call a node without static parameters *)
  | s = ident; LPAREN; a = separated_list(COMMA, expr); RPAREN 
    { A.Call (mk_pos $startpos, s, a) }

  (* Call a node with static parameters *)
  | s = ident; 
    p = tlist 
         (LPARAMBRACKET, SEMICOLON, RPARAMBRACKET, node_call_static_param); 
    LPAREN; 
    a = separated_list(COMMA, expr); 
    RPAREN 
    { A.CallParam (mk_pos $startpos, s, p, a) }


(* A list of expressions *)
expr_list: l = separated_nonempty_list(COMMA, expr) { l }


(* An array slice *)
array_slice:
  | il = expr; DOTDOT; iu = expr { il, iu }
  | i = expr { i, i }


(* An assignment to a record field *)
record_field_assign: s = ident; EQUALS; e = expr { (s, e) } 


(* ********************************************************************** *)


clock_expr:
  | c = ident { A.ClockPos c } 
  | NOT; c = ident { A.ClockNeg c } 
  | NOT; LPAREN; c = ident; RPAREN { A.ClockNeg c } 
  | TRUE { A.ClockTrue }


(* ********************************************************************** *)


(* An identifier *)
ident:
  (* Contract tokens are not keywords. *)
  | MODE { "mode" }
  | ASSUME { "assume" }
  | GUARANTEE { "guarantee" }
  | REQUIRE { "require" }
  | ENSURE { "ensure" }
  | s = SYM { s }


(* An identifier with a type *)
typed_ident: s = ident; COLON; t = lustre_type { (mk_pos $startpos, s, t) }


(* A comma-separated list of identifiers *)
ident_list:
  | l = separated_nonempty_list(COMMA, ident) { l }


(* A comma-separated list of types *)
lustre_type_list:
  | l = separated_nonempty_list(COMMA, lustre_type) { l }
  

(* A comma-separated list of identifiers with position information *)
ident_list_pos :
  | i = ident { [mk_pos $startpos, i] }
  | i = ident; COMMA; l = ident_list_pos
    { (mk_pos $startpos, i) :: l }


(* A list of comma-separated identifiers with a type *)
typed_idents: 
  | l = ident_list_pos; COLON; t = lustre_type 
    (* Pair each identifier with the type *)
    { List.map (function (pos, e) -> (pos, e, t)) l }

(*
(* A list of lists of typed identifiers *)
typed_idents_list:
  | a = separated_list(SEMICOLON, typed_idents) 
    (* Return a flat list *)
    { List.flatten a }
*)

(* Typed identifiers that may be constant *)
const_typed_idents: 
  | o = boption(CONST); l = typed_idents 

    (* Pair each typed identifier with a flag *)
    { List.map (function (_, e, t) -> (e, t, o)) l }

(*
(* A list of lists of typed identifiers that may be constant *)
const_typed_idents_list: 
  | a = separated_list(SEMICOLON, const_typed_idents)
    (* Return a flat list *)
    { List.flatten a }
*)

(* A list of comma-separated identifiers with a type *)
clocked_typed_idents: 

  (* Unclocked typed identifiers *)
  | l = typed_idents

    (* Pair each typed identifier with the base clock *)
    { List.map (function (pos, e, t) -> (pos, e, t, A.ClockTrue)) l }

  (* Clocked typed identifiers *)
  | l = typed_idents; WHEN; c = clock_expr
  | LPAREN; l = typed_idents; RPAREN; WHEN; c = clock_expr

    (* Pair each types identifier the given clock *)
    { List.map (function (pos, e, t) -> (pos, e, t, c)) l }

  (* Separate rule for non-singleton list to avoid shift/reduce conflict *)
  | LPAREN; 
    h = typed_idents; 
    SEMICOLON; 
    l = tlist_tail(SEMICOLON, RPAREN, typed_idents); 
    WHEN; 
    c = clock_expr

    (* Pair each types identifier the given clock *)
    { List.map
        (function (pos, e, t) -> (pos, e, t, c)) 
        (h @ (List.flatten l)) }


(*
(* A list of lists of typed and clocked identifiers *)
clocked_typed_idents_list: 
  | a = separated_list(SEMICOLON, clocked_typed_idents)
    (* Return a flat list *)
    { List.flatten a }
*)

(* A list of comma-separated identifiers with a type and a clock that may be constant *)
const_clocked_typed_idents: 

  (* Unclocked typed identifiers *)
  | l = const_typed_idents

    (* Pair each typed identifier with the base clock *)
    { List.map
        (function (e, t, o) -> (mk_pos $startpos, e, t, A.ClockTrue, o)) 
        l }

  (* Clocked typed identifiers *)
  | l = const_typed_idents; WHEN; c = clock_expr
  | LPAREN; l = const_typed_idents; RPAREN; WHEN; c = clock_expr

    (* Pair each types identifier the given clock *)
    { List.map
        (function (e, t, o) -> (mk_pos $startpos, e, t, c, o)) 
        l }

  (* Separate rule for non-singleton list to avaoid shift/reduce conflict *)
  | LPAREN; 
    h = const_typed_idents; 
    SEMICOLON; 
    l = tlist_tail(SEMICOLON, RPAREN, const_typed_idents); 
    WHEN; 
    c = clock_expr

    (* Pair each types identifier the given clock *)
    { List.map (function (e, t, o) -> (mk_pos $startpos, e, t, c, o)) (h @ (List.flatten l)) }

(*
(* A list of lists of typed and clocked identifiers that may be constant *)
const_clocked_typed_idents_list: 
  | a = separated_list(SEMICOLON, const_clocked_typed_idents)
      { List.flatten a }
*)

(* The tail of a list of X *)
tlist_tail(separator, closing, X):
  | x = X; option(separator); closing { [ x ] }
  | x = X; separator; xs = tlist_tail(separator, closing, X)
    { x :: xs }

(* A list of elements between opening and closing, separated by separator, 
   the separator may occur at the end of the list *)
tlist(opening, separator, closing, X):
  | opening; l = tlist_tail(separator, closing, X) { l }
  | opening; closing { [ ] }

(* ********************************************************************** *)


(* An index *)
label_or_index: 

  (* An index into a record *)
  | DOT; i = ident
     { A.Label (mk_pos $startpos, i) } 

  (* An index into an array with a variable or constant *)
  | LSQBRACKET; e = expr; RSQBRACKET
     { A.Index (mk_pos $startpos, e) }

  (* An index into a tuple with a variable or constant *)
  | DOTPERCENT; e = expr; 
     { A.Index (mk_pos $startpos, e) }



(* 
   Local Variables:
   compile-command: "make -k"
   indent-tabs-mode: nil
   End: 
*)





[bookmark: _Toc464131875]– Kind 2 Command Line Flags

	Usage: kind2 [options] [input_file]
Prove properties over the Lustre program in <input_file> or from standard
input (in Lustre) if no file is given.
Global options follow, use "--help_of" for module-specific information.
  -h         Prints this message
  --help     Prints this message too
  --help_of <string>
    Explains and shows the flags for a Kind 2 module
    <string> should be a legal module identifier among
      smt             SMT solver flags
      ind             BMC / K-induction flags
      ic3             IC3 flags
      invgen          invariant generation flags
      c2i             C2I flags
      test            test generation flags
      interpreter     interpreter flags
      qe              quantifier elimination flags
      contracts       contract and compositional verification flags
      certif          Certification and proof production flags
      all             explanation and flags for all Kind 2 modules
  --lus_main <string>
    where <string> is node identifier from the Lustre input file
    Specifies the top node in the Lustre input file
    Default: "--%MAIN" annotation in source if any, last node
    otherwise
  --input_format <string>
    where <string> can be lustre, native, extension
    Format of input file
    Default: extension
  --output_dir <string>
    Output directory for the files generated:
    SMT traces, compilation, testgen, certification...
    Default: "<filename>.out"
  --timeout <float>
    Wallclock timeout in seconds
    Default: 0
  --timeout_wall <float>
    Same as "--timeout", for legacy
  --enable <string>
    where <string> can be IC3, BMC, IND, IND2, INVGEN, INVGENOS, C2I, interpreter
    Enable Kind module, repeat option to enable several modules
    Default: [BMC, IND, IND2, IC3, INVGEN, INVGENOS]
  --disable <string>
    where <string> can be IC3, BMC, IND, IND2, INVGEN, INVGENOS, C2I, interpreter
    Disable a Kind module
  --modular <bool>
    Bottom-up analysis of each node
    Default: false
  --compile <bool>
    Nodes proved correct will be compiled to Rust
    Note that uninitialized pre's are not allowed in this mode
    Default: false
  --lus_strict <bool>
    Strict mode in Lustre: uninitialized pre and undefined
    Local variables are not allowed when this flag is present
    Default: false
  --debug <string>
    Enable debug output for a section, give one --debug option
    for each section to be enabled
  --debug_log <string>
    where <string> is a file path in an existing directory.
    Output debug messages to file
    Default: stdout
  -qq        Disable output completely
  -q         Disable output, fatal errors only
  -s         Silence output, errors only
  -v         Output informational messages
  -vv        Output informational and debug messages
  -vvv       Output informational, debug and trace messages
  -xml       Output in XML format
  --color <bool>
    Display colors in ascii output (deactivated when using -xml)
    Default: true
  --weakhcons <bool>
    Use weak hash-consing.
    Default: false
  --version  Print version information and exit
  --         What follows on the command line is a filename.





[bookmark: _Toc464131876][bookmark: _Ref423432694]– Kind2 Installation Instructions
[bookmark: _Ref462245489][bookmark: _Toc464131877]Installation
Installation of Kind2, and Z3 involve simply decompressing and untarring the distribution tarball. The requirements for installing Kind 2 and Z3 are:
· The distribution tarball including Kind 2, and Z3
· 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. Kind2
b. Z3
c. Kind2 qualification script
3. Copy the decompressed files into a given directory
4. Add the given directory to the user’s path.
[bookmark: _Ref462245499][bookmark: _Toc464131878][bookmark: _Ref423434925]Verifying the Installation
Verifying the Z3 installation can be accomplished by issuing the following command and observing the following output:
[image: ]
Figure 2 - Verifying the Z3 installation
Verifying the Kind2 installation can be verified by issuing the following command and observing the following output:
[image: ]
Figure 3 - Verifying the Kind2 installation


[bookmark: _Ref462245466][bookmark: _Toc464131879]Recording Results
Please record your results from installing and verifying Kind2 and Z3:
Z3 Installation: Pass/Fail
Notes:







Kind2 Installation: Pass/Fail
Notes:
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[bookmark: _Ref462242356][bookmark: _Ref462243186][bookmark: _Toc464131880]– Tool Operational Requirements
	Requirement ID
	Requirement Text

	1
	The tool shall support the primitive type Integer.

	2
	The tool shall support the use of arbitrary precision integer literals.

	3
	The tool shall support the PLUS operation over integers.

	4
	The tool shall support the MINUS operation over integers.

	5
	The tool shall support the MULTIPLY operation over integers.

	6
	The tool shall support the DIVISION operation over integers.

	7
	The tool shall support the MODULUS operation over integers.

	8
	The tool shall support the arithmetic NEGATION operation over integers.

	9
	The tool shall support the GREATER THAN operation over integers

	10
	The tool shall support the GREATER THAN OR EQUAL TO operation over integers

	11
	The tool shall support the LESS THAN operation over integers

	12
	The tool shall support the LESS THAN OR EQUAL TO operation over integers

	13
	The tool shall support subrange typing for Integers.

	14
	The tool shall emit additional properties to identify that a variable typed by a subrange is within its legal bounds.

	15
	The tool shall support the primitive type Real.

	16
	The tool shall support the use of arbitrary precision real literals.

	17
	The tool shall support the PLUS operation over reals.

	18
	The tool shall support the MINUS operation over reals.

	19
	The tool shall support the MULTIPLY operation over reals.

	20
	The tool shall support the DIVISION operation over reals.

	21
	The tool shall support the arithmetic NEGATION operation over reals.

	22
	The tool shall support the GREATER THAN operation over reals.

	23
	The tool shall support the GREATER THAN OR EQUAL TO than operation over reals.

	24
	The tool shall support the LESS THAN operation over reals.

	25
	The tool shall support the LESS THAN OR EQUAL TO operation over reals.

	26
	The tool shall support the primitive type Boolean.

	27
	The tool shall support the use of the boolean literal TRUE.

	28
	The tool shall support the use of the boolean literal FALSE.

	29
	The tool shall support logical AND operation over boolean types.

	30
	The tool shall support the logical OR operation over boolean types.

	31
	The tool shall support the logical XOR operator over boolean types.

	32
	The tool shall support the logical IMPLIES operation over boolean types.

	33
	The tool shall support the logical NOT operation over boolean types.

	34
	The tool shall support the definition of user named types.

	35
	The tool shall support user named types of any legal type, including other user types.

	36
	The tool shall identify references to user types that are not defined.

	37
	The tool shall support record types within named types.

	38
	The tool shall not support record types within variable declarations.

	39
	The tool shall support the use of RECORD EXPRESSIONS.

	40
	The tool shall support FIELD ACCESS EXPRESSIONS of record-typed variables.

	41
	The tool shall identify invalid field accesses for record types.

	42
	The tool shall support non-destructive RECORD UPDATE expressions for record-typed variables

	43
	The tool shall identify invalid field updates for record types.

	44
	The tool shall support tuple types.

	45
	The tool shall support the use of TUPLE expressions.

	46
	The tool shall support the use of TUPLE INDEX expressions for tuple-typed variables.

	47
	The tool shall identify out of range tuple index expressions.

	48
	The tool shall support the use of non-destructive TUPLE UPDATE expressions for tuple-typed variables.

	49
	The tool shall identify out of range tuple update expressions.

	50
	The tool shall accept Lustre files with one or more nodes.

	51
	The tool shall accept Lustre files with zero or more constants.

	52
	The tool shall Lustre files with constants of any legal type.

	53
	The tool shall accept Lustre files with zero or more user defined types.

	54
	If a single node is annotated as the main node then the tool shall use it as its entry point for analysis.

	55
	The tool shall identify programs with more than one node annotated as the main node.

	56
	If zero nodes are annotated as the main node then the tool shall use the last node in the file as its entry point for analysis.

	57
	The tool shall accept Lustre nodes with zero or more inputs.

	58
	The tool shall accept Lustre nodes with zero or more outputs.

	59
	The tool shall accept Lustre nodes with zero or more local variables.

	60
	The tool shall accept Lustre nodes with zero or more equations.

	61
	The tool shall accept nodes with zero or more properties.

	62
	The tool shall accept nodes with zero or more assertions.

	63
	The tool shall consider assertions in subnodes by lifting them to the main node.

	64
	The tool shall support the EQUAL TO operation over all types.

	65
	The tool shall support the NOT EQUAL TO operation over all types.

	66
	The tool shall support the ARROW operator over all types.

	67
	The tool shall support the PRE operator over all types.

	68
	The tool shall support the use of IF THEN ELSE expressions over all types.

	69
	The tool shall support the use of NODE CALL expressions

	70
	The tool shall identify type-incorrect arguments for the logical AND operation.

	71
	The tool shall identify type-incorrect arguments for the logical OR operation.

	72
	The tool shall identify type-incorrect arguments for the logical XOR operation.

	73
	The tool shall identify type-incorrect arguments for the logical IMPLIES operation.

	74
	The tool shall identify type-incorrect arguments for the logical NOT operation.

	75
	The tool shall identify type-incorrect arguments for the arithmetic PLUS operation over reals.

	76
	The tool shall identify type-incorrect arguments for the arithmetic MINUS operation over reals.

	77
	The tool shall identify type-incorrect arguments for the arithmetic MULTIPLY operation over reals.

	78
	The tool shall identify type-incorrect arguments for the arithmetic DIVISION operation over reals.

	79
	The tool shall identify type-incorrect arguments for the arithmetic NEGATION operation over reals

	80
	The tool shall identify type-incorrect arguments for the arithmetic PLUS operation over integers.

	81
	The tool shall identify type-incorrect arguments for the arithmetic MINUS operation over integers.

	82
	The tool shall identify type-incorrect arguments for the arithmetic MULTIPLY operation over integers.

	83
	The tool shall identify type-incorrect arguments for the arithmetic DIVISION operation over integers.

	84
	The tool shall identify type-incorrect arguments for the arithmetic MODULUS operation over integers.

	85
	The tool shall identify type-incorrect arguments for the arithmetic NEGATION operation over integers.

	86
	The tool shall identify type-incorrect relational expressions.

	87
	The tool shall identify type-incorrect equivalence expressions.

	88
	The tool shall identify when the then and else branch of an if-then-else statement are not type correct.

	89
	The tool shall identify when the test condition of an if-then-else expression is not a boolean.

	90
	The tool shall identify type-incorrect arrow expressions.

	91
	The tool shall identify type-incorrect node call expressions.

	92
	The tool shall identify incorrect argument counts between node call arguments and the node call definition.

	93
	The tool shall identify type-incorrect constants.

	94
	The tool shall identify cyclic type definitions.

	95
	The tool shall identify cyclic constant definitions.

	96
	The tool shall identify invalid constant definitions.

	97
	The tool shall identify cyclic dependencies in expressions.

	98
	The tool shall identify cyclic node calls.

	99
	The tool shall identify when a variable is assigned more than once.

	100
	The tool shall declare each property in the main node valid,invalid, or indeterminate.

	101
	The tool shall provide an accompanying trace that demonstrates how a property can be invalid.

	102
	If the properties of a called node are in the cone of influence of properties in the main node then the embedded properties will be declared valid or invalid.

	103
	If the properties of a called node are not in the cone of influence of properties checked in the main node then the embedded properties will not be checked.

	104
	If division by zero can be determined statically, the tool will identify the occurrence to the user.

	105
	The tool shall identify duplicated type names.

	106
	The tool shall identify duplicated constant names.

	107
	The tool shall identify duplicated node names.

	108
	The tool shall identify duplicated variable names within nodes.

	109
	The tool shall identify declared but unassigned local variables within nodes.

	110
	The tool shall identify assignments of input variables within nodes.

	111
	The tool shall be able to analyze a given Lustre file in 1 hour or less.
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	Test
	Pass/Fail

	assertions/lifted_assertions/lifted_assertions_0.lus
	Pass

	assertions/lifted_assertions/lifted_assertions_1.lus
	Pass

	assertions/main_node_assertions/conflicting_assertions.lus
	Pass

	assertions/main_node_assertions/int_minus_operator_4.lus
	Pass

	assertions/main_node_assertions/real_greater_than_equal_operator4.lus
	Pass

	assertions/main_node_assertions/real_plus_operator_4.lus
	Pass

	constants/constant_types/constant_bool.lus
	Pass

	constants/constant_types/constant_int.lus
	Pass

	constants/constant_types/constant_real.lus
	Pass

	constants/constant_types/constant_record_type0.lus
	Pass

	constants/constant_types/constant_subrange.lus
	Pass

	constants/constant_types/constant_tuple.lus
	Pass

	constants/invalid_constants/illegal_constant1.lus
	Fail

	constants/invalid_constants/illegal_constant2.lus
	Fail

	constants/invalid_constants/illegal_constant3.lus
	Pass

	constants/invalid_constants/illegal_constant4.lus
	Pass

	constants/number_of_constants/constants_0.lus
	Pass

	constants/number_of_constants/constants_1.lus
	Pass

	constants/number_of_constants/constants_128.lus
	Pass

	constants/number_of_constants/constants_16.lus
	Pass

	constants/number_of_constants/constants_2.lus
	Pass

	constants/number_of_constants/constants_256.lus
	Pass

	constants/number_of_constants/constants_32.lus
	Pass

	constants/number_of_constants/constants_4.lus
	Pass

	constants/number_of_constants/constants_512.lus
	Pass

	constants/number_of_constants/constants_64.lus
	Pass

	input_validation/cyclic_references/cyclic_constants.lus
	Fail

	input_validation/cyclic_references/cyclic_expressions1.lus
	Pass

	input_validation/cyclic_references/cyclic_expressions2.lus
	Pass

	input_validation/cyclic_references/cyclic_expressions3.lus
	Pass

	input_validation/cyclic_references/cyclic_nodecalls.lus
	Pass

	input_validation/cyclic_references/cyclic_types.lus
	Fail

	input_validation/division_by_zero/division_by_zero1.lus
	Fail

	input_validation/division_by_zero/division_by_zero2.lus
	Fail

	input_validation/division_by_zero/division_by_zero3.lus
	Fail

	input_validation/division_by_zero/division_by_zero4.lus
	Fail

	input_validation/division_by_zero/division_by_zero5.lus
	Fail

	input_validation/multiple_assignments/multiple_assignments1.lus
	Pass

	input_validation/multiple_assignments/multiple_assignments2.lus
	Pass

	input_validation/unique_naming/duplicated_constants.lus
	Pass

	input_validation/unique_naming/duplicated_nodes.lus
	Pass

	input_validation/unique_naming/duplicated_types.lus
	Pass

	input_validation/unique_naming/duplicated_variable_names1.lus
	Pass

	input_validation/unique_naming/duplicated_variable_names2.lus
	Pass

	input_validation/variable_assignment/assigned_input.lus
	Pass

	input_validation/variable_assignment/unassigned_local.lus
	Pass

	literals/boolean_literals.lus
	Pass

	literals/integer_literals.lus
	Pass

	literals/real_literals.lus
	Pass

	nodes/main_node/multiple_annotated_nodes.lus
	Pass

	nodes/main_node/one_annotated_node.lus
	Pass

	nodes/main_node/zero_annotated_nodes.lus
	Pass

	nodes/node_calls/nested_node_calls_0.lus
	Pass

	nodes/node_calls/nested_node_calls_1.lus
	Pass

	nodes/node_calls/nested_node_calls_16.lus
	Pass

	nodes/node_calls/nested_node_calls_2.lus
	Pass

	nodes/node_calls/nested_node_calls_32.lus
	Pass

	nodes/node_calls/nested_node_calls_4.lus
	Pass

	nodes/node_calls/nested_node_calls_8.lus
	Pass

	nodes/structure/zero_equations.lus
	Pass

	nodes/structure/zero_inputs.lus
	Pass

	nodes/structure/zero_locals.lus
	Pass

	nodes/structure/zero_outputs.lus
	Pass

	operators/addition_int/int_plus_operator_1.lus
	Pass

	operators/addition_int/int_plus_operator_16.lus
	Pass

	operators/addition_int/int_plus_operator_2.lus
	Pass

	operators/addition_int/int_plus_operator_32.lus
	Pass

	operators/addition_int/int_plus_operator_4.lus
	Pass

	operators/addition_int/int_plus_operator_8.lus
	Pass

	operators/addition_real/real_plus_operator_1.lus
	Pass

	operators/addition_real/real_plus_operator_16.lus
	Pass

	operators/addition_real/real_plus_operator_2.lus
	Pass

	operators/addition_real/real_plus_operator_32.lus
	Pass

	operators/addition_real/real_plus_operator_4.lus
	Pass

	operators/addition_real/real_plus_operator_8.lus
	Pass

	operators/and/and_operator_1.lus
	Pass

	operators/and/and_operator_16.lus
	Pass

	operators/and/and_operator_2.lus
	Pass

	operators/and/and_operator_32.lus
	Pass

	operators/and/and_operator_4.lus
	Pass

	operators/and/and_operator_8.lus
	Pass

	operators/arrow_and_pre/bool_arrow_pre_bool.lus
	Pass

	operators/arrow_and_pre/int_arrow_pre_int.lus
	Pass

	operators/arrow_and_pre/real_arrow_pre_real.lus
	Pass

	operators/arrow_and_pre/record_type0_arrow_pre_record_type0.lus
	Pass

	operators/arrow_and_pre/subrange_arrow_pre_subrange.lus
	Pass

	operators/arrow_and_pre/tuple_arrow_pre_tuple.lus
	Pass

	operators/division_int/int_division_operator_1.lus
	Pass

	operators/division_int/int_division_operator_16.lus
	Pass

	operators/division_int/int_division_operator_2.lus
	Pass

	operators/division_int/int_division_operator_4.lus
	Pass

	operators/division_int/int_division_operator_8.lus
	Pass

	operators/division_real/real_division_operator_1.lus
	Pass

	operators/division_real/real_division_operator_16.lus
	Pass

	operators/division_real/real_division_operator_2.lus
	Pass

	operators/division_real/real_division_operator_4.lus
	Pass

	operators/division_real/real_division_operator_8.lus
	Pass

	operators/equal_to/bool_equals_bool.lus
	Pass

	operators/equal_to/int_equals_int.lus
	Pass

	operators/equal_to/real_equals_real.lus
	Pass

	operators/equal_to/record_type0_equals_record_type0.lus
	Pass

	operators/equal_to/subrange_equals_subrange.lus
	Pass

	operators/equal_to/tuple_equals_tuple.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator1.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator16.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator2.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator32.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator4.lus
	Pass

	operators/greater_than_equal_int/int_greater_than_equal_operator8.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator1.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator16.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator2.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator32.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator4.lus
	Pass

	operators/greater_than_equal_real/real_greater_than_equal_operator8.lus
	Pass

	operators/greater_than_int/greater_than_int_operator1.lus
	Pass

	operators/greater_than_int/greater_than_int_operator16.lus
	Pass

	operators/greater_than_int/greater_than_int_operator2.lus
	Pass

	operators/greater_than_int/greater_than_int_operator32.lus
	Pass

	operators/greater_than_int/greater_than_int_operator4.lus
	Pass

	operators/greater_than_int/greater_than_int_operator8.lus
	Pass

	operators/greater_than_real/greater_than_real_operator1.lus
	Pass

	operators/greater_than_real/greater_than_real_operator16.lus
	Pass

	operators/greater_than_real/greater_than_real_operator2.lus
	Pass

	operators/greater_than_real/greater_than_real_operator32.lus
	Pass

	operators/greater_than_real/greater_than_real_operator4.lus
	Pass

	operators/greater_than_real/greater_than_real_operator8.lus
	Pass

	operators/if_then_else/if_then_else_bool.lus
	Pass

	operators/if_then_else/if_then_else_int.lus
	Pass

	operators/if_then_else/if_then_else_real.lus
	Pass

	operators/if_then_else/if_then_else_record_type0.lus
	Pass

	operators/if_then_else/if_then_else_subrange.lus
	Pass

	operators/if_then_else/if_then_else_tuple.lus
	Pass

	operators/implies/implies_operator_16.lus
	Pass

	operators/implies/implies_operator_2.lus
	Pass

	operators/implies/implies_operator_32.lus
	Pass

	operators/implies/implies_operator_4.lus
	Pass

	operators/implies/implies_operator_8.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator1.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator16.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator2.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator32.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator4.lus
	Pass

	operators/less_than_equal_int/int_less_than_equal_operator8.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator1.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator16.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator2.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator32.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator4.lus
	Pass

	operators/less_than_equal_real/real_less_than_equal_operator8.lus
	Pass

	operators/less_than_int/int_less_than_operator1.lus
	Pass

	operators/less_than_int/int_less_than_operator16.lus
	Pass

	operators/less_than_int/int_less_than_operator2.lus
	Pass

	operators/less_than_int/int_less_than_operator32.lus
	Pass

	operators/less_than_int/int_less_than_operator4.lus
	Pass

	operators/less_than_int/int_less_than_operator8.lus
	Pass

	operators/less_than_real/real_less_than_operator_1.lus
	Pass

	operators/less_than_real/real_less_than_operator_16.lus
	Pass

	operators/less_than_real/real_less_than_operator_2.lus
	Pass

	operators/less_than_real/real_less_than_operator_32.lus
	Pass

	operators/less_than_real/real_less_than_operator_4.lus
	Pass

	operators/less_than_real/real_less_than_operator_8.lus
	Pass

	operators/minus_int/int_minus_operator_1.lus
	Pass

	operators/minus_int/int_minus_operator_16.lus
	Pass

	operators/minus_int/int_minus_operator_2.lus
	Pass

	operators/minus_int/int_minus_operator_32.lus
	Pass

	operators/minus_int/int_minus_operator_4.lus
	Pass

	operators/minus_int/int_minus_operator_8.lus
	Pass

	operators/minus_real/real_minus_operator_1.lus
	Pass

	operators/minus_real/real_minus_operator_16.lus
	Pass

	operators/minus_real/real_minus_operator_2.lus
	Pass

	operators/minus_real/real_minus_operator_32.lus
	Pass

	operators/minus_real/real_minus_operator_4.lus
	Pass

	operators/minus_real/real_minus_operator_8.lus
	Pass

	operators/mod/int_modulus_operator_1.lus
	Pass

	operators/mod/int_modulus_operator_16.lus
	Pass

	operators/mod/int_modulus_operator_2.lus
	Pass

	operators/mod/int_modulus_operator_32.lus
	Pass

	operators/mod/int_modulus_operator_4.lus
	Pass

	operators/mod/int_modulus_operator_8.lus
	Pass

	operators/multiply_int/int_multiply_operator_1.lus
	Pass

	operators/multiply_int/int_multiply_operator_16.lus
	Pass

	operators/multiply_int/int_multiply_operator_2.lus
	Pass

	operators/multiply_int/int_multiply_operator_32.lus
	Pass

	operators/multiply_int/int_multiply_operator_4.lus
	Pass

	operators/multiply_int/int_multiply_operator_8.lus
	Pass

	operators/multiply_real/real_multiply_operator_1.lus
	Pass

	operators/multiply_real/real_multiply_operator_16.lus
	Pass

	operators/multiply_real/real_multiply_operator_2.lus
	Pass

	operators/multiply_real/real_multiply_operator_32.lus
	Pass

	operators/multiply_real/real_multiply_operator_4.lus
	Pass

	operators/multiply_real/real_multiply_operator_8.lus
	Pass

	operators/negation_int/int_negation_operator_16.lus
	Pass

	operators/negation_int/int_negation_operator_2.lus
	Pass

	operators/negation_int/int_negation_operator_32.lus
	Pass

	operators/negation_int/int_negation_operator_4.lus
	Pass

	operators/negation_int/int_negation_operator_8.lus
	Pass

	operators/negation_real/real_negation_operator_1.lus
	Pass

	operators/negation_real/real_negation_operator_16.lus
	Pass

	operators/negation_real/real_negation_operator_2.lus
	Pass

	operators/negation_real/real_negation_operator_32.lus
	Pass

	operators/negation_real/real_negation_operator_4.lus
	Pass

	operators/negation_real/real_negation_operator_8.lus
	Pass

	operators/not/not_operator_16.lus
	Pass

	operators/not/not_operator_2.lus
	Pass

	operators/not/not_operator_32.lus
	Pass

	operators/not/not_operator_4.lus
	Pass

	operators/not/not_operator_8.lus
	Pass

	operators/not_equal_to/bool_not_equals_bool.lus
	Pass

	operators/not_equal_to/int_not_equals_int.lus
	Pass

	operators/not_equal_to/real_not_equals_real.lus
	Pass

	operators/not_equal_to/record_type0_not_equals_record_type0.lus
	Pass

	operators/not_equal_to/subrange_not_equals_subrange.lus
	Pass

	operators/not_equal_to/tuple_not_equals_tuple.lus
	Pass

	operators/or/or_operator_1.lus
	Pass

	operators/or/or_operator_16.lus
	Pass

	operators/or/or_operator_2.lus
	Pass

	operators/or/or_operator_32.lus
	Pass

	operators/or/or_operator_4.lus
	Pass

	operators/or/or_operator_8.lus
	Pass

	operators/xor/xor_operator_1.lus
	Pass

	operators/xor/xor_operator_16.lus
	Pass

	operators/xor/xor_operator_2.lus
	Pass

	operators/xor/xor_operator_32.lus
	Pass

	operators/xor/xor_operator_4.lus
	Pass

	operators/xor/xor_operator_8.lus
	Pass

	performance/active_standby.kind.lus
	Pass

	performance/add_two.lus
	Pass

	performance/bridge_and_torch.lus
	Pass

	performance/if_then_else.lus
	Pass

	performance/inv_gen.lus
	Pass

	performance/pilot_flying.lus
	Pass

	performance/simple_counter.lus
	Pass

	performance/temporal_operators.lus
	Pass

	performance/triangle-peg-impossible.lus
	Pass

	properties/embedded/embedded_properties.lus
	Pass

	properties/invalid/fibonnaci.lus
	Pass

	properties/invalid/xeno.lus
	Pass

	properties/valid/active_standby.kind.lus
	Pass

	properties/valid/dfa.lus
	Pass

	properties/valid/greater_than_int_operator16.lus
	Pass

	properties/valid/greater_than_real_operator8.lus
	Pass

	properties/valid/if_then_else_record_type0.lus
	Pass

	properties/valid/implies_operator_16.lus
	Pass

	properties/valid/int_greater_than_equal_operator4.lus
	Pass

	properties/valid/int_less_than_equal_operator8.lus
	Pass

	properties/valid/microwave.kind.lus
	Pass

	properties/valid/pid.lus
	Pass

	properties/valid/pilot_flying.lus
	Pass

	properties/valid/real_division_operator_32.lus
	Pass

	properties/valid/real_equals_real.lus
	Pass

	properties/valid/real_greater_than_equal_operator16.lus
	Pass

	properties/valid/real_multiply_operator_32.lus
	Pass

	type-checking/arrow/array_arrow_bool.lus
	Pass

	type-checking/arrow/array_arrow_int.lus
	Pass

	type-checking/arrow/array_arrow_real.lus
	Pass

	type-checking/arrow/array_arrow_record_type0.lus
	Pass

	type-checking/arrow/array_arrow_subrange.lus
	Pass

	type-checking/arrow/array_arrow_tuple.lus
	Pass

	type-checking/arrow/bool_arrow_array.lus
	Pass

	type-checking/arrow/bool_arrow_int.lus
	Pass

	type-checking/arrow/bool_arrow_real.lus
	Pass

	type-checking/arrow/bool_arrow_record_type0.lus
	Pass

	type-checking/arrow/bool_arrow_subrange.lus
	Pass

	type-checking/arrow/bool_arrow_tuple.lus
	Pass

	type-checking/arrow/int_arrow_array.lus
	Pass

	type-checking/arrow/int_arrow_bool.lus
	Pass

	type-checking/arrow/int_arrow_real.lus
	Pass

	type-checking/arrow/int_arrow_record_type0.lus
	Pass

	type-checking/arrow/int_arrow_subrange.lus
	Pass

	type-checking/arrow/int_arrow_tuple.lus
	Pass

	type-checking/arrow/real_arrow_array.lus
	Pass

	type-checking/arrow/real_arrow_bool.lus
	Pass

	type-checking/arrow/real_arrow_int.lus
	Pass

	type-checking/arrow/real_arrow_record_type0.lus
	Pass

	type-checking/arrow/real_arrow_subrange.lus
	Pass

	type-checking/arrow/real_arrow_tuple.lus
	Pass

	type-checking/arrow/record_type0_arrow_array.lus
	Pass

	type-checking/arrow/record_type0_arrow_bool.lus
	Pass

	type-checking/arrow/record_type0_arrow_int.lus
	Pass

	type-checking/arrow/record_type0_arrow_real.lus
	Pass

	type-checking/arrow/record_type0_arrow_subrange.lus
	Pass

	type-checking/arrow/record_type0_arrow_tuple.lus
	Pass

	type-checking/arrow/subrange_arrow_array.lus
	Pass

	type-checking/arrow/subrange_arrow_bool.lus
	Pass

	type-checking/arrow/subrange_arrow_int.lus
	Pass

	type-checking/arrow/subrange_arrow_real.lus
	Pass

	type-checking/arrow/subrange_arrow_record_type0.lus
	Pass

	type-checking/arrow/subrange_arrow_tuple.lus
	Pass

	type-checking/arrow/tuple_arrow_array.lus
	Pass

	type-checking/arrow/tuple_arrow_bool.lus
	Pass

	type-checking/arrow/tuple_arrow_int.lus
	Pass

	type-checking/arrow/tuple_arrow_real.lus
	Pass

	type-checking/arrow/tuple_arrow_record_type0.lus
	Pass

	type-checking/arrow/tuple_arrow_subrange.lus
	Pass

	type-checking/constants/check_constant_bool.lus
	Pass

	type-checking/constants/check_constant_int.lus
	Pass

	type-checking/constants/check_constant_real.lus
	Pass

	type-checking/constants/check_constant_record.lus
	Pass

	type-checking/constants/check_constant_subrange.lus
	Pass

	type-checking/constants/check_constant_tuple.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_array_array.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_bool_bool.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_int_int.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_real_real.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_record_type0_record_type0.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_array_tuple_tuple.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_array_array.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_bool_bool.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_int_int.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_real_real.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_record_type0_record_type0.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_int_tuple_tuple.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_array_array.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_bool_bool.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_int_int.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_real_real.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_record_type0_record_type0.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_real_tuple_tuple.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_array_array.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_bool_bool.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_int_int.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_real_real.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_record_type0_record_type0.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_record_type0_tuple_tuple.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_array_array.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_bool_bool.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_int_int.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_real_real.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_record_type0_record_type0.lus
	Pass

	type-checking/if_then_else/condition_is_bool/ite_tuple_tuple_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_array_bool.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_array_int.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_array_real.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_array_record_type0.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_array_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_bool_array.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_bool_int.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_bool_real.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_bool_record_type0.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_bool_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_int_array.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_int_bool.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_int_real.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_int_record_type0.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_int_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_real_array.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_real_bool.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_real_int.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_real_record_type0.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_real_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_record_type0_array.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_record_type0_bool.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_record_type0_int.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_record_type0_real.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_record_type0_tuple.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_tuple_array.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_tuple_bool.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_tuple_int.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_tuple_real.lus
	Pass

	type-checking/if_then_else/then_and_else_match/ite_bool_tuple_record_type0.lus
	Pass

	type-checking/integer_arithmetic/addition/int_plus_array.lus
	Pass

	type-checking/integer_arithmetic/addition/int_plus_bool.lus
	Pass

	type-checking/integer_arithmetic/addition/int_plus_real.lus
	Pass

	type-checking/integer_arithmetic/addition/int_plus_record_type0.lus
	Pass

	type-checking/integer_arithmetic/addition/int_plus_tuple.lus
	Pass

	type-checking/integer_arithmetic/division/int_intdiv_array.lus
	Pass

	type-checking/integer_arithmetic/division/int_intdiv_bool.lus
	Pass

	type-checking/integer_arithmetic/division/int_intdiv_real.lus
	Pass

	type-checking/integer_arithmetic/division/int_intdiv_record_type0.lus
	Pass

	type-checking/integer_arithmetic/division/int_intdiv_tuple.lus
	Pass

	type-checking/integer_arithmetic/minus/int_minus_array.lus
	Pass

	type-checking/integer_arithmetic/minus/int_minus_bool.lus
	Pass

	type-checking/integer_arithmetic/minus/int_minus_real.lus
	Pass

	type-checking/integer_arithmetic/minus/int_minus_record_type0.lus
	Pass

	type-checking/integer_arithmetic/minus/int_minus_tuple.lus
	Pass

	type-checking/integer_arithmetic/modulus/int_modulus_array.lus
	Pass

	type-checking/integer_arithmetic/modulus/int_modulus_bool.lus
	Pass

	type-checking/integer_arithmetic/modulus/int_modulus_real.lus
	Pass

	type-checking/integer_arithmetic/modulus/int_modulus_record_type0.lus
	Pass
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	Pass

	type-checking/integer_arithmetic/mutiplication/int_multiply_array.lus
	Pass

	type-checking/integer_arithmetic/mutiplication/int_multiply_bool.lus
	Pass

	type-checking/integer_arithmetic/mutiplication/int_multiply_real.lus
	Pass

	type-checking/integer_arithmetic/mutiplication/int_multiply_record_type0.lus
	Pass

	type-checking/integer_arithmetic/mutiplication/int_multiply_tuple.lus
	Pass

	type-checking/integer_arithmetic/unary_negative/negative_bool_returns_int.lus
	Pass

	type-checking/integer_arithmetic/unary_negative/negative_record_type0_returns_int.lus
	Pass

	type-checking/integer_arithmetic/unary_negative/negative_subrange_returns_int.lus
	Pass

	type-checking/integer_arithmetic/unary_negative/negative_tuple_returns_int.lus
	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/and/array_and_real.lus
	Pass

	type-checking/logical_operators/and/array_and_record_type0.lus
	Pass
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	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/and/bool_and_record_type0.lus
	Pass
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	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/and/int_and_real.lus
	Pass

	type-checking/logical_operators/and/int_and_record_type0.lus
	Pass

	type-checking/logical_operators/and/int_and_tuple.lus
	Pass

	type-checking/logical_operators/and/real_and_array.lus
	Pass

	type-checking/logical_operators/and/real_and_bool.lus
	Pass

	type-checking/logical_operators/and/real_and_int.lus
	Pass

	type-checking/logical_operators/and/real_and_real.lus
	Pass

	type-checking/logical_operators/and/real_and_record_type0.lus
	Pass

	type-checking/logical_operators/and/real_and_tuple.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_array.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_bool.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_int.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_real.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_record_type0.lus
	Pass

	type-checking/logical_operators/and/record_type0_and_tuple.lus
	Pass

	type-checking/logical_operators/and/tuple_and_array.lus
	Pass

	type-checking/logical_operators/and/tuple_and_bool.lus
	Pass

	type-checking/logical_operators/and/tuple_and_int.lus
	Pass

	type-checking/logical_operators/and/tuple_and_real.lus
	Pass

	type-checking/logical_operators/and/tuple_and_record_type0.lus
	Pass

	type-checking/logical_operators/and/tuple_and_tuple.lus
	Pass

	type-checking/logical_operators/implies/array_implies_array.lus
	Pass

	type-checking/logical_operators/implies/array_implies_bool.lus
	Pass

	type-checking/logical_operators/implies/array_implies_int.lus
	Pass

	type-checking/logical_operators/implies/array_implies_real.lus
	Pass

	type-checking/logical_operators/implies/array_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/array_implies_tuple.lus
	Pass

	type-checking/logical_operators/implies/bool_implies_array.lus
	Pass

	type-checking/logical_operators/implies/bool_implies_int.lus
	Pass

	type-checking/logical_operators/implies/bool_implies_real.lus
	Pass

	type-checking/logical_operators/implies/bool_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/bool_implies_tuple.lus
	Pass

	type-checking/logical_operators/implies/int_implies_array.lus
	Pass

	type-checking/logical_operators/implies/int_implies_bool.lus
	Pass

	type-checking/logical_operators/implies/int_implies_int.lus
	Pass

	type-checking/logical_operators/implies/int_implies_real.lus
	Pass

	type-checking/logical_operators/implies/int_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/int_implies_tuple.lus
	Pass

	type-checking/logical_operators/implies/real_implies_array.lus
	Pass

	type-checking/logical_operators/implies/real_implies_bool.lus
	Pass

	type-checking/logical_operators/implies/real_implies_int.lus
	Pass

	type-checking/logical_operators/implies/real_implies_real.lus
	Pass

	type-checking/logical_operators/implies/real_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/real_implies_tuple.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_array.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_bool.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_int.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_real.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/record_type0_implies_tuple.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_array.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_bool.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_int.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_real.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_record_type0.lus
	Pass

	type-checking/logical_operators/implies/tuple_implies_tuple.lus
	Pass

	type-checking/logical_operators/not/not_array_returns_bool.lus
	Pass

	type-checking/logical_operators/not/not_int_returns_bool.lus
	Pass

	type-checking/logical_operators/not/not_real_returns_bool.lus
	Pass

	type-checking/logical_operators/not/not_record_type0_returns_bool.lus
	Pass

	type-checking/logical_operators/not/not_tuple_returns_bool.lus
	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/or/array_or_real.lus
	Pass

	type-checking/logical_operators/or/array_or_record_type0.lus
	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/xor/array_xor_record_type0.lus
	Pass

	type-checking/logical_operators/xor/array_xor_tuple.lus
	Pass

	type-checking/logical_operators/xor/bool_xor_array.lus
	Pass

	type-checking/logical_operators/xor/bool_xor_int.lus
	Pass

	type-checking/logical_operators/xor/bool_xor_real.lus
	Pass

	type-checking/logical_operators/xor/bool_xor_record_type0.lus
	Pass

	type-checking/logical_operators/xor/bool_xor_tuple.lus
	Pass
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	Pass

	type-checking/logical_operators/xor/int_xor_bool.lus
	Pass

	type-checking/logical_operators/xor/int_xor_int.lus
	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass
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	Pass

	type-checking/logical_operators/xor/tuple_xor_array.lus
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	Pass
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	Pass
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	Pass
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	type-checking/node_call_expressions/argument_count/6_calls_8.lus
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	Pass
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	type-checking/node_call_expressions/argument_count/10_calls_11.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_2.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_3.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_4.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_5.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_8.lus
	Pass

	type-checking/node_call_expressions/argument_count/10_calls_9.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_1.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_2.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_3.lus
	Pass

	type-checking/node_call_expressions/argument_count/11_calls_4.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_1.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_13.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_14.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_5.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/12_calls_9.lus
	Pass

	type-checking/node_call_expressions/argument_count/13_calls_10.lus
	Pass

	type-checking/node_call_expressions/argument_count/13_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/13_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/13_calls_8.lus
	Pass

	type-checking/node_call_expressions/argument_count/14_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/14_calls_2.lus
	Pass

	type-checking/node_call_expressions/argument_count/14_calls_4.lus
	Pass

	type-checking/node_call_expressions/argument_count/14_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/15_calls_1.lus
	Pass

	type-checking/node_call_expressions/argument_count/15_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/15_calls_8.lus
	Pass

	type-checking/node_call_expressions/argument_count/15_calls_9.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_10.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_3.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_4.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/1_calls_8.lus
	Pass

	type-checking/node_call_expressions/argument_count/2_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/2_calls_5.lus
	Pass

	type-checking/node_call_expressions/argument_count/2_calls_6.lus
	Pass

	type-checking/node_call_expressions/argument_count/3_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/3_calls_4.lus
	Pass

	type-checking/node_call_expressions/argument_count/3_calls_5.lus
	Pass

	type-checking/node_call_expressions/argument_count/3_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/4_calls_10.lus
	Pass

	type-checking/node_call_expressions/argument_count/4_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/4_calls_7.lus
	Pass

	type-checking/node_call_expressions/argument_count/4_calls_9.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_11.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_12.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_13.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_15.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_8.lus
	Pass

	type-checking/node_call_expressions/argument_count/5_calls_9.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_bool_int.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_bool_real.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_bool_record_type5.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_bool_tuple.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_int_bool.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_int_real.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_int_record_type5.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_int_tuple.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_real_bool.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_real_int.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_real_record_type5.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_real_tuple.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_record_type0_tuple.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_record_type5_bool.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_record_type5_int.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_record_type5_real.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_record_type5_tuple.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_tuple_bool.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_tuple_int.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_tuple_real.lus
	Pass

	type-checking/node_call_expressions/argument_types/typecheck_node_call_tuple_record_type5.lus
	Pass

	type-checking/real_arithmetic/addition/real_plus_array.lus
	Pass

	type-checking/real_arithmetic/addition/real_plus_bool.lus
	Pass

	type-checking/real_arithmetic/addition/real_plus_int.lus
	Pass

	type-checking/real_arithmetic/addition/real_plus_record_type0.lus
	Pass

	type-checking/real_arithmetic/addition/real_plus_tuple.lus
	Pass

	type-checking/real_arithmetic/division/real_realdiv_array.lus
	Pass

	type-checking/real_arithmetic/division/real_realdiv_bool.lus
	Pass

	type-checking/real_arithmetic/division/real_realdiv_int.lus
	Pass

	type-checking/real_arithmetic/division/real_realdiv_record_type0.lus
	Pass

	type-checking/real_arithmetic/division/real_realdiv_tuple.lus
	Pass

	type-checking/real_arithmetic/minus/real_minus_array.lus
	Pass

	type-checking/real_arithmetic/minus/real_minus_bool.lus
	Pass

	type-checking/real_arithmetic/minus/real_minus_int.lus
	Pass

	type-checking/real_arithmetic/minus/real_minus_record_type0.lus
	Pass

	type-checking/real_arithmetic/minus/real_minus_tuple.lus
	Pass

	type-checking/real_arithmetic/multiplication/real_multiply_array.lus
	Pass

	type-checking/real_arithmetic/multiplication/real_multiply_bool.lus
	Pass

	type-checking/real_arithmetic/multiplication/real_multiply_int.lus
	Pass

	type-checking/real_arithmetic/multiplication/real_multiply_record_type0.lus
	Pass

	type-checking/real_arithmetic/multiplication/real_multiply_tuple.lus
	Pass

	type-checking/real_arithmetic/unary_negative/negative_bool_returns_real.lus
	Pass

	type-checking/real_arithmetic/unary_negative/negative_record_type0_returns_real.lus
	Pass

	type-checking/real_arithmetic/unary_negative/negative_subrange_returns_real.lus
	Pass

	type-checking/real_arithmetic/unary_negative/negative_tuple_returns_real.lus
	Pass

	type-checking/relational_operators/equal_to/bool_equals_int.lus
	Pass

	type-checking/relational_operators/equal_to/bool_equals_real.lus
	Pass

	type-checking/relational_operators/equal_to/bool_equals_record_type0.lus
	Pass

	type-checking/relational_operators/equal_to/bool_equals_subrange.lus
	Pass

	type-checking/relational_operators/equal_to/bool_equals_tuple.lus
	Pass

	type-checking/relational_operators/equal_to/int_equals_bool.lus
	Pass

	type-checking/relational_operators/equal_to/int_equals_real.lus
	Pass

	type-checking/relational_operators/equal_to/int_equals_record_type0.lus
	Pass

	type-checking/relational_operators/equal_to/int_equals_tuple.lus
	Pass

	type-checking/relational_operators/equal_to/real_equals_bool.lus
	Pass

	type-checking/relational_operators/equal_to/real_equals_int.lus
	Pass

	type-checking/relational_operators/equal_to/real_equals_record_type0.lus
	Pass

	type-checking/relational_operators/equal_to/real_equals_subrange.lus
	Pass

	type-checking/relational_operators/equal_to/real_equals_tuple.lus
	Pass

	type-checking/relational_operators/equal_to/record_type0_equals_bool.lus
	Pass

	type-checking/relational_operators/equal_to/record_type0_equals_int.lus
	Pass

	type-checking/relational_operators/equal_to/record_type0_equals_real.lus
	Pass

	type-checking/relational_operators/equal_to/record_type0_equals_subrange.lus
	Pass

	type-checking/relational_operators/equal_to/record_type0_equals_tuple.lus
	Pass

	type-checking/relational_operators/equal_to/subrange_equals_bool.lus
	Pass

	type-checking/relational_operators/equal_to/subrange_equals_real.lus
	Pass

	type-checking/relational_operators/equal_to/subrange_equals_record_type0.lus
	Pass

	type-checking/relational_operators/equal_to/subrange_equals_tuple.lus
	Pass

	type-checking/relational_operators/equal_to/tuple_equals_bool.lus
	Pass

	type-checking/relational_operators/equal_to/tuple_equals_int.lus
	Pass

	type-checking/relational_operators/equal_to/tuple_equals_real.lus
	Pass

	type-checking/relational_operators/equal_to/tuple_equals_record_type0.lus
	Pass

	type-checking/relational_operators/equal_to/tuple_equals_subrange.lus
	Pass

	type-checking/relational_operators/greater_than/bool_greater_than_int.lus
	Pass

	type-checking/relational_operators/greater_than/bool_greater_than_real.lus
	Pass

	type-checking/relational_operators/greater_than/bool_greater_than_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/bool_greater_than_subrange.lus
	Pass

	type-checking/relational_operators/greater_than/bool_greater_than_tuple.lus
	Pass

	type-checking/relational_operators/greater_than/int_greater_than_bool.lus
	Pass

	type-checking/relational_operators/greater_than/int_greater_than_real.lus
	Pass

	type-checking/relational_operators/greater_than/int_greater_than_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/int_greater_than_tuple.lus
	Pass

	type-checking/relational_operators/greater_than/real_greater_than_bool.lus
	Pass

	type-checking/relational_operators/greater_than/real_greater_than_int.lus
	Pass

	type-checking/relational_operators/greater_than/real_greater_than_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/real_greater_than_subrange.lus
	Pass

	type-checking/relational_operators/greater_than/real_greater_than_tuple.lus
	Pass

	type-checking/relational_operators/greater_than/record_type0_greater_than_bool.lus
	Pass

	type-checking/relational_operators/greater_than/record_type0_greater_than_int.lus
	Pass

	type-checking/relational_operators/greater_than/record_type0_greater_than_real.lus
	Pass

	type-checking/relational_operators/greater_than/record_type0_greater_than_subrange.lus
	Pass

	type-checking/relational_operators/greater_than/record_type0_greater_than_tuple.lus
	Pass

	type-checking/relational_operators/greater_than/subrange_greater_than_bool.lus
	Pass

	type-checking/relational_operators/greater_than/subrange_greater_than_real.lus
	Pass

	type-checking/relational_operators/greater_than/subrange_greater_than_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/subrange_greater_than_tuple.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_bool.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_int.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_real.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than/tuple_greater_than_subrange.lus
	Pass

	type-checking/relational_operators/greater_than_equal/bool_greater_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/greater_than_equal/bool_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than_equal/bool_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than_equal/bool_greater_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/greater_than_equal/bool_greater_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/greater_than_equal/int_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than_equal/int_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than_equal/int_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than_equal/int_greater_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/greater_than_equal/real_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than_equal/real_greater_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/greater_than_equal/real_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than_equal/real_greater_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/greater_than_equal/real_greater_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/greater_than_equal/record_type0_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than_equal/record_type0_greater_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/greater_than_equal/record_type0_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than_equal/record_type0_greater_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/greater_than_equal/record_type0_greater_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/greater_than_equal/subrange_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than_equal/subrange_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than_equal/subrange_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than_equal/subrange_greater_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/greater_than_equal/tuple_greater_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/greater_than_equal/tuple_greater_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/greater_than_equal/tuple_greater_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/greater_than_equal/tuple_greater_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/greater_than_equal/tuple_greater_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/less_than/bool_less_than_int.lus
	Pass

	type-checking/relational_operators/less_than/bool_less_than_real.lus
	Pass

	type-checking/relational_operators/less_than/bool_less_than_record_type0.lus
	Pass

	type-checking/relational_operators/less_than/bool_less_than_subrange.lus
	Pass

	type-checking/relational_operators/less_than/bool_less_than_tuple.lus
	Pass

	type-checking/relational_operators/less_than/int_less_than_bool.lus
	Pass

	type-checking/relational_operators/less_than/int_less_than_real.lus
	Pass

	type-checking/relational_operators/less_than/int_less_than_record_type0.lus
	Pass

	type-checking/relational_operators/less_than/int_less_than_tuple.lus
	Pass

	type-checking/relational_operators/less_than/real_less_than_bool.lus
	Pass

	type-checking/relational_operators/less_than/real_less_than_int.lus
	Pass

	type-checking/relational_operators/less_than/real_less_than_record_type0.lus
	Pass

	type-checking/relational_operators/less_than/real_less_than_subrange.lus
	Pass

	type-checking/relational_operators/less_than/real_less_than_tuple.lus
	Pass

	type-checking/relational_operators/less_than/record_type0_less_than_bool.lus
	Pass

	type-checking/relational_operators/less_than/record_type0_less_than_int.lus
	Pass

	type-checking/relational_operators/less_than/record_type0_less_than_real.lus
	Pass

	type-checking/relational_operators/less_than/record_type0_less_than_subrange.lus
	Pass

	type-checking/relational_operators/less_than/record_type0_less_than_tuple.lus
	Pass

	type-checking/relational_operators/less_than/subrange_less_than_bool.lus
	Pass

	type-checking/relational_operators/less_than/subrange_less_than_real.lus
	Pass

	type-checking/relational_operators/less_than/subrange_less_than_record_type0.lus
	Pass

	type-checking/relational_operators/less_than/subrange_less_than_tuple.lus
	Pass

	type-checking/relational_operators/less_than/tuple_less_than_bool.lus
	Pass

	type-checking/relational_operators/less_than/tuple_less_than_int.lus
	Pass

	type-checking/relational_operators/less_than/tuple_less_than_real.lus
	Pass

	type-checking/relational_operators/less_than/tuple_less_than_record_type0.lus
	Pass

	type-checking/relational_operators/less_than/tuple_less_than_subrange.lus
	Pass

	type-checking/relational_operators/less_than_equal/bool_less_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/less_than_equal/bool_less_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/less_than_equal/bool_less_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/less_than_equal/bool_less_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/less_than_equal/bool_less_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/less_than_equal/int_less_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/less_than_equal/int_less_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/less_than_equal/int_less_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/less_than_equal/int_less_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/less_than_equal/real_less_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/less_than_equal/real_less_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/less_than_equal/real_less_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/less_than_equal/real_less_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/less_than_equal/real_less_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/less_than_equal/record_type0_less_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/less_than_equal/record_type0_less_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/less_than_equal/record_type0_less_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/less_than_equal/record_type0_less_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/less_than_equal/record_type0_less_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/less_than_equal/subrange_less_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/less_than_equal/subrange_less_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/less_than_equal/subrange_less_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/less_than_equal/subrange_less_than_or_equal_tuple.lus
	Pass

	type-checking/relational_operators/less_than_equal/tuple_less_than_or_equal_bool.lus
	Pass

	type-checking/relational_operators/less_than_equal/tuple_less_than_or_equal_int.lus
	Pass

	type-checking/relational_operators/less_than_equal/tuple_less_than_or_equal_real.lus
	Pass

	type-checking/relational_operators/less_than_equal/tuple_less_than_or_equal_record_type0.lus
	Pass

	type-checking/relational_operators/less_than_equal/tuple_less_than_or_equal_subrange.lus
	Pass

	type-checking/relational_operators/not_equal_to/bool_not_equals_int.lus
	Pass

	type-checking/relational_operators/not_equal_to/bool_not_equals_real.lus
	Pass

	type-checking/relational_operators/not_equal_to/bool_not_equals_record_type0.lus
	Pass

	type-checking/relational_operators/not_equal_to/bool_not_equals_subrange.lus
	Pass

	type-checking/relational_operators/not_equal_to/bool_not_equals_tuple.lus
	Pass

	type-checking/relational_operators/not_equal_to/int_not_equals_bool.lus
	Pass

	type-checking/relational_operators/not_equal_to/int_not_equals_real.lus
	Pass

	type-checking/relational_operators/not_equal_to/int_not_equals_record_type0.lus
	Pass

	type-checking/relational_operators/not_equal_to/int_not_equals_tuple.lus
	Pass

	type-checking/relational_operators/not_equal_to/real_not_equals_bool.lus
	Pass

	type-checking/relational_operators/not_equal_to/real_not_equals_int.lus
	Pass

	type-checking/relational_operators/not_equal_to/real_not_equals_record_type0.lus
	Pass

	type-checking/relational_operators/not_equal_to/real_not_equals_subrange.lus
	Pass

	type-checking/relational_operators/not_equal_to/real_not_equals_tuple.lus
	Pass

	type-checking/relational_operators/not_equal_to/record_type0_not_equals_bool.lus
	Pass

	type-checking/relational_operators/not_equal_to/record_type0_not_equals_int.lus
	Pass

	type-checking/relational_operators/not_equal_to/record_type0_not_equals_real.lus
	Pass

	type-checking/relational_operators/not_equal_to/record_type0_not_equals_subrange.lus
	Pass

	type-checking/relational_operators/not_equal_to/record_type0_not_equals_tuple.lus
	Pass

	type-checking/relational_operators/not_equal_to/subrange_not_equals_bool.lus
	Pass

	type-checking/relational_operators/not_equal_to/subrange_not_equals_real.lus
	Pass

	type-checking/relational_operators/not_equal_to/subrange_not_equals_record_type0.lus
	Pass

	type-checking/relational_operators/not_equal_to/subrange_not_equals_tuple.lus
	Pass

	type-checking/relational_operators/not_equal_to/tuple_not_equals_bool.lus
	Pass

	type-checking/relational_operators/not_equal_to/tuple_not_equals_int.lus
	Pass

	type-checking/relational_operators/not_equal_to/tuple_not_equals_real.lus
	Pass

	type-checking/relational_operators/not_equal_to/tuple_not_equals_record_type0.lus
	Pass

	type-checking/relational_operators/not_equal_to/tuple_not_equals_subrange.lus
	Pass

	types/primitives/test_booleans.lus
	Pass

	types/primitives/test_integers.lus
	Pass

	types/primitives/test_reals.lus
	Pass

	types/records/invalid_field_access.lus
	Pass

	types/records/invalid_field_update.lus
	Pass

	types/records/invalid_record_type.lus
	Pass

	types/records/test_records.lus
	Pass

	types/subranges/invalid_subrange1.lus
	Pass

	types/subranges/invalid_subrange2.lus
	Fail

	types/subranges/invalid_subrange3.lus
	Pass

	types/subranges/test_subranges.lus
	Pass

	types/tuples/out_of_bounds_tuple_access.lus
	Pass

	types/tuples/out_of_bounds_tuple_update.lus
	Pass

	types/tuples/test_tuples.lus
	Pass

	types/user_types/count/usertypes_128.lus
	Pass

	types/user_types/count/usertypes_16.lus
	Pass

	types/user_types/count/usertypes_2.lus
	Pass

	types/user_types/count/usertypes_32.lus
	Pass

	types/user_types/count/usertypes_4.lus
	Pass

	types/user_types/count/usertypes_64.lus
	Pass

	types/user_types/count/usertypes_8.lus
	Pass

	types/user_types/valid/test_usertypes.lus
	Pass
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	Requirement ID
	Review-based Evidence

	1
	Kind grammar: line 258 defines the integer type.

	2
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 626 defines the integer literal. Kind2 represents integers as OCAML Big_Int data structure which supports arbitrary precision integers.

	3
	Kind2 grammar: Line 685 defines the expression that captures arithmetic additions of two elements.

	4
	Kind2 grammar: Line 683 defines the expression that captures arithmetic subtraction of two elements.

	5
	Kind2 grammar: Line 686 defines the expression that captures arithmetic multiplication of two elements.

	6
	Kind2 grammar: Line 688 defines the expression that captures arithmetic division of two integer elements.

	7
	Kind2 grammar: Line 689 defines the expression that captures arithmetic modulus of two integer elements.

	8
	Kind2 grammar: Line 684 defines the expression that captures arithmetic negation of two integer elements.

	9
	Kind2 grammar: Line 701 defines the expression that captures the relational operation of greater than on two elements.

	10
	Kind2 grammar: Line 703 defines the expression that captures the relational operation of greater than or equal to on two elements.

	11
	Kind2 grammar: Line 700 defines the expression that captures the relational operation of less than on two elements.

	12
	Kind2 grammar: Line 702 defines the expression that captures the relational operation of less than or equal to on two elements.

	13
	Kind grammar: lines 261 -269 define the subrange type for integers.

	15
	Kind grammar: line 259 defines the real type.

	16
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 627 defines the integer literal. Kind2 represents reals as Gnu Multi-precision rationals which supports infinitely precision.

	17
	Kind2 grammar: Line 685 defines the expression that captures arithmetic additions of two elements.

	18
	Kind2 grammar: Line 683 defines the expression that captures arithmetic subtraction of two elements.

	19
	Kind2 grammar: Line 686 defines the expression that captures arithmetic multiplication of two elements.

	20
	Kind2 grammar: Line 687 defines the expression that captures arithmetic division of two real elements.

	21
	Kind2 grammar: Line 684 defines the expression that captures arithmetic negation of two real elements.

	22
	Kind2 grammar: Line 701 defines the expression that captures the relational operation of greater than on two elements.

	23
	Kind2 grammar: Line 703 defines the expression that captures the relational operation of greater than or equal to on two elements.

	24
	Kind2 grammar: Line 700 defines the expression that captures the relational operation of less than on two elements.

	25
	Kind2 grammar: Line 702 defines the expression that captures the relational operation of less than or equal to on two elements.

	26
	Kind grammar: line 257 defines the Boolean type.

	27
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 622 defines the TRUE boolean literal.

	28
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 623 defines the FALSE boolean literal.

	29
	Kind2 grammar: Line 693 defines the expression that captures logical AND.

	30
	Kind2 grammar: Line 694 defines the expression that captures logical OR.

	31
	Kind2 grammar: Line 694 defines the expression that captures logical XOR.

	32
	Kind2 grammar: Line 696 defines the expression that captures logical IMPLICATION.

	33
	Kind2 grammar: Line 692 defines the expression that captures logical NOT.

	34
	Kind grammar: line 271-272 defines the user type.

	37
	Kind grammar: line 297 defines the structure of a record type. This structure only appears inside of type declarations (lines 233-250)  and not primitive types (lines 254 - 286). It is commented out on lines (277-280).

	39
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 663 defines how a record literal is constructed. It is composed of a smaller primitive, named record_field_assign. The definition for record_field_assign is shown on line 807. It allows the fieldname to be assigned to any arbitrary expressions which could lead to a value of any type describable in the language.

	40
	Kind grammar: Line 660 is a record projection expression (aka record access).

	42
	Kind grammar: Line 672-678 describes the expression for updating a structure (both a record or a tuple).

	44
	Kind grammar: lines 290-293 define the structure of a tuple type. This structure appears inside of the primitive type definitions (lines 254-286), making it a primitive type.

	45
	Kind grammar: lines 611 - 771 define the allowable expressions in the Lustre language accepted by Kind 2. Line 643 defines how a tuple literal is constructed. It is simply a comma seperated list of expressions that must contain at least one element. The expressions allowed within this list can be assigned to any arbitrary expression which could lead to a value of any type describable in the language.

	50
	Kind2 grammar: Line 185 defines a Lustre program as a list of declarations. The potential declarations are shown on lines 188-199. The node declaration is on line 196. Theoretically zero nodes are required for analysis but since they are the only place that properties can occur, to do any analysis, at least one node is required.

	51
	Kind2 grammar: Line 185 defines a Lustre program as a list of declarations. Constant declarations are defined on line 190. The list of declarations can contain zero or any arbitrarily large number of constant declarations, by construction.

	52
	Kind2 grammar: Line 224-226 defines a typed Lustre constant. The constructed typed_ident is on line 834-835, this defines that a constant can be of any legal Lustre type, which for this qualification is bool, int, real, tuples, records, and integer subrange types. 

	53
	Kind2 grammar: Line 185 defines a Lustre program as a list of declarations. Type declarations are defined on line 193. The list of declarations can contain zero or any arbitrarily large number of types declarations, by construction.

	57
	Kind2 grammar: Line 335-356 cover the declaration of a node. Inputs to a node are defined on line 339 and contain a list of identifiers, defined by const_clocked_typed_idents_list. Clocked identifiers are *not* supported in this qualification, but this list also includes unclocked identifiers (those that run at the base rate of the program) which this qualification supports. This is defined on line 955. By definition this list can range from empty (0 elements) to infinitely large.

	58
	Kind2 grammar: Line 335-356 cover the declaration of a node. Outputs of a node are captured in a clock_typed_idents list. Clocked identifiers are *not* supported in this qualification, but this list also includes unclocked identifers (those that run of the base rate of the program) which this qualification supports. This list is defined on line 885. By definition this list can range from empty (o elements) to infinitely large.

	59
	Kind2 grammar: Line 335-356 cover the declaration of a node. Local variables of a node are captured in simple list object. Local declarations in Kind 2 can be either NodeConstants or regular variables. The generic list object can be empty (o elements) to infinitely large.

	60
	Kind2 grammar: Line 335-356 cover the declaration of a node. Equations are captured in a simple list object (which can contain 0 or more elements) containing node_equation elements. A node equation can be an assertion, an equation, the main node annotation, and a property. As such, this list could contain 0 or more equations.

	61
	Kind2 grammar: Line 335-356 cover the declaration of a node. Equations are captured in a simple list object (which can contain 0 or more elements) containing node_equation elements. A node equation can be an assertion, and equation, the main node annotation, and a property. As such, this list could contain 0 or more properties.

	62
	Kind2 grammar: Line 335-356 cover the declaration of a node. Equations are captured in a simple list object (which can contain 0 or more elements) containing node_equation elements. A node equation can be an assertion, and equation, the main node annotation, and a property. As such, this list could contain 0 or more assertions.

	64
	Kind2 grammar: Line 704 defines the expression that captures the relational operation of equal to on two elements. It two expressions which can represent any type describable in the language.

	65
	Kind2 grammar: Line 705 defines the expression that captures the relational operation of not equal to on two elements. It two expressions which can represent any type describable in the language.

	66
	Kind2 grammar: Line 705 defines the expression that captures the relational operation of not equal to on two elements. It two expressions which can represent any type describable in the language.

	67
	Kind2 grammar: Line 765 defines the expression that captures the previous value of an element in the Lustre language.

	68
	Kind2 grammar: Line 708-709 define the expression that captures an if-then-else contruct. It captures three expressions, of any arbitrary type. 

	69
	Kind2 grammar: Line 771 defines the expression that captures a node call. Lines 780-793 define the various types of node calls. Lines 782-784 define a node call without static parameters. Static parameters are not supported as part of this qualification.
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